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• before 1989 

History 

Design activities at LBL, ANL, FNAL, Universities 
Design activities In Japan and Europe 

• 1989 September Formation of a single collaboration 

• 1989 December 1st collaboration meeting 
Established governance document 

·1990 March 

• 1990 May 

Selection of spokesperson/technical manager 

Submission of Expression of Interest (Eol) 

• 1990 November Submission of Letter of Intent (Lol) 

• 1991 January 

• 1992 April 

Approved to proceed to develop a full technical 
design 

Submission of Technical Design Report (TOR) 

L-------------~JJII 
···JI'~;: 

SOC Collaboration 

country institutions collaborators 

U.S.A. 53 561 

Canada 7 26 

Japan 17 101 

France 1 21 

Italy 3 27 

U.K. 4 15 

C.I.S. 9 106 

PRC 2 35 

Israel 1 2 

Eastern Europe 4 12 

Brazil 1 5 
(Eol) (73) (500) 

(Lol) (84) (647) 

TDR 102 911 

L------'-------W1i£1 
!.~~"5i;: 
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PAC REVIEW 

Overview and Detector Summary 

Takahiko Kondo (KEK) 

May4.1992 

History and Collaboration 
Motivation and Requirements 
Technological choices 
Detector summary and integration 
Principal functions of detector subsystems 
Radiation effects on detector components 

<:> 
<:> 
<:> ... 
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• Operational potentiality for luminosity Increase beyond 1033 
cm-2s-1 and sufficient functionality up to 1034 cm o2s-1 

• Cost I performance optimization 

• Upgrade capability 

However exceptions that have NO upgrade capabilities are 

- central tracking volume 
- Iron toroid thickness 
- calorimeter depth 

Their reductions would lead to unacceptable technIcal 
and performance risks 

'------------W\{E:I ~~~~ 
l·JI~"':iiii:' 

Decision on Tracking Volume (August, 1991) 

• One of fundamental detector parameters 
Pressure from cost reduction 

• Comparison: (radius, half length) = (170 cm, 400cm ) 
( 150 cm, 300cm ) 

• Shrinking the tracking volume will 
- substantially reduces the space available for Intermediate 

tracking and makes track triggering difficult In that area 
• Increases neutron fluences by -2 in tracking cavity 
• Increases radiation doses In calorimetry near 1]=3 
• significantly reduces the radial region for straw tracker 
• reduces rapidity range covered by outer barrel tracker 
• degrade momentum resolution by 30% 
- reduce cost by approximately $21M 

• Decision was made to keep the tracking radius at 170 cm 

~1:ri')1 
~--------------------------------------------------------------------~~~ 
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Motivation of SOC detector 

• General purpose detector , 
for redundant Identlflcatlon of Interesting processes 
for new unexpected phenomena 

• Balanced combination of tracking, calorimetry and muon system 

• Measurement of multiple Independent quantities 
e/J! Identification 
Isolation measurement 
sign of charge and energy measurement of leptons 
Isolated photons 
jet energy and direction 
detection of secondary vertices 
,charged particle multiplicity 
detection on non·lnteractlng neutrals via Pr balance 

• Past experience with colllder detectors has demonstrated that a 
detector with multiple Independent measurements Is far better 
that the sum of subsystems 

• Successful CDF experience 

Requirements on SOC detector 

• Challenging experimental environment: 

relative to the Tevatron 
20·fold Increase in energy 
- 1000·fold Increase in luminosity 

10000000000000 

• It requires unprecedented demands on 

• speed·of·response 
• pattern recognition capabilitv 
• excellent momentum resolutIOn 
• segmentation to Identify fine structures 

• The detector m'ust be sufficiently robust and resistant to 
radiation for many years of operation 

~----------~~~!J.t.:J 
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Technological choices (cont.) 

• Solenoid magnet styles 

type-S ( short collI non-magnetic returns) } Sep.1990 ~ 
type-I (short collI Iron endcap ) type-(SI) 
type-L ( long collI non-magnetlc endplug ) 

• Central calorimetry 

scintillating tile calorimeter with waveshifling bar readout 
scintillating tile calorimeter with waveshifting fiber readout 
scintillating fibers embedded In the absorber ("spaghetti") 
liquid argon Ionization calorimeter 
warm liquid Ionization calorimeter 

\ Nov. 1990 

tile fiber calorimeter 
liquid argon calorimeter 

~ Sep. 1991 

tile fiber calorimeter 
o 
o 
o 
~ 
w 

I....-.---------------~~;l 
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Technological choices (cont.) 

• Time digitizer for straw chamber 

TVC/AMU 
TMC 

} ____ S,:.;:e"'p.c..1.:.,;9:.;:9.:..1 -----> 

• Central outer tracking devices 

TMC 

modular straws } Nov.1991 ) { straw system 
hybrid tracker with strawslflbers fiber system 
scintillating fibers 

• Absorber material of calorimeter 

EM/Had : Pb/Pb }_....!!NO"-'Vc:... • ...:.;19""9'-'-1 ____ ~) Pb/Fe 
EM/Had : Pb/Fe 

• Barrel muon chambers 

octagonal tube } 
round tube without field shaping Feb. 1992 
round tube with field shaping ) round tube with g 
oval tube with field shaping field shaping ~ 
jet cell chamber .... 

~-------------------~~ "I',"""",,, ••• 

BENEFITS OF A SOLENOIDAL DETECTOR 
-The momentum Information makes the detector a fine exploratory 

tool for the study of a wide range of physics at all PI and 
at a wide range of luminosities. ... 

-Determination of electron signs up to at least PI =1 TeV IS provided. 
-Momentum/calorimetry provides effective electron ID. 

Reconstructed segments In outer layers allow an effective 
high-PI electron tri!;lger. . 

-Momentum Information Is necessary to Interpret vertex. 
detector measurements. 

-Momentum measurement helps provide In-situ monitoring 
of calorimetry. 

-Muon momenta can be precisely measured. 
-Jet fragmentation at high PI can be studied. . 
-Charged particle multiplicity for tracks of PI above a 

fixed value can be useful for removal of some backgrounds. 

~-----------------------------~~ 
'.J\\.~J." 

Technological choices 

• Technology choices have been made through extensive 
reviews by selection committees based on 

- technical feasibility 
- adequacy' of performance 
- survivability 
- acceptable technical risk 
- affordable cost 
- strong Interest of SDC members 

• R&D programs sponsored by SSCL as well as R&D abroad 
provided significant Influences on the SDC technology choices 

• Decision process in most cases: 
1. definition of requirements 
2. preparation of conceptual design reports 
3. oral presentations 
4. recommendations by ad-hoc review committee . 
5. review and recommendations by the Technical Board 
6. ratification by the Executive Board 

o 
o 
o 
~ 
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SOC DETECTOR SUMMARY 
SOLENOID MAGNET \2 Tesla) 

Tracking Volume: 3.4 m diameter by 8.6 m long 

CENTRAL TRACKING AND HIGH RESOLUTION VERTEX DETECTION 
(COVERING 1111 < 2.5) 

Inner Silicon Systems in both Barrel & Intermediate-Angle Region 
Outer Straw-Tube or Scintillating-Fiber System in Barrel Region 
Outer Gas/Mlcrostrlp or Sci-Fiber for Intermediate-Angle Region 

PRECISION HERMETIC CALORIMETRY(COVERING ITtI < 3) 
Scintillating Tile with Fiber Readout with Pb (EM), Fe (Had.) Absorber 
High Spatial Resolution EM Shower Max Scintilla lion Detector 

FORWARD CALORIMETRY(COVERING 3 < 1111 < 6) 

MUON SYSTEM WITH IRON MAGNETIC TOROroS (covering 1111 < 2S) 
Tracking Chambers and Scintillation Counters 

ID & PRECISION ENERGY MEASUREMENT OF ELECTRONS/MUONS 
Electrons: Central Tracking Plus Calorimetry 
Muons : Central Tracking Plus Muon System 

'--------------~~:I 

forward CoIorlmoter 

Scintillation 
Counters 

y~ 
,/z 

RING CENTER The SOC Oet~cti:Jr 
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SOC Detector Integration 

• stability of the barrel toroid against floor motion Is 
maintained by the distributed hydraulic lacking system 

• access capability to the back of calorimeter 
access to Inner trackers by retracting endcap calorimeter, 
FW1 and absorber 

GfW:, L _________________________ ~~. 
,?J\'\:~;: 

Principal functions of SOC subsystems 

Silicon tracker • pattern recognition Inside lets 
• b tagging via secondary vertex finding 
• track triggering ( 2nd level) 

0.8 I I TI 
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0.5 
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Expected Performance of SOC Detector 

6.Pt 
@ 1 TeV ,,=0 16 % charged particle 

PI 
" = 2.5 60% charged particle 

~p, 
@ 1 TeV ,,=0 11 "/0 muon 

PI 
" = 2.5 18 % muon 

~(EM) 1,,1 < 3 
14 % EB 0.01 

E. - ..JE.-

~E~I (Had) /,,1 < 3 60 % EB 0.04 (single Tt) -.JEt 

~§.. (Had) 100 % 
0.08 3 < 1,,1 < 5.5 --{Eo EB E, 

~~:, 
..,\.~~ 

SOC CAPABILITIES 

ELECTRON ID -- (EM calor. energy) I (track momentum), 
Hadronlc/EM response, transverse shape in fine-grain 
detector at shower maximum 

MUON 10 -- Traversal of > 14 A., double measurement 
of momentum (central tracker, muon toroids) 

TAU 10 _. Low multiplicity let, proper kinematics 

NEUTRINOS (OR OTHER NON-INTERACTING PARTICLES) 
Transverse energy unbalance In hermetic calorimeter 

QUARKS AND GLUONS -- Jets of hadrons in calorimeter 
and tracking system 

B QUARKS -- Displaced vertices measured in silicon system 

PATTERN RECOGNITION IN COMPLEX EVENTS 
High resolution and excellent tWo-track separation of 
silicon tracker 

Clffr::1 '-------------------------- ~~, 
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Superconducting Magnet 

a Technical challenges: 1. material transparency - 1.2Xo 
2. compressive force (1700 tonf) 

In addition to predictable and stable operation 
safety against quenches 

a Solutions: 

[A] ~{stored energyJ_ = 74 kJoulelkg (L'i = 0.4Xo) 
M(cold mass) . 

- 51n past 
-) development of high strength aluminum 

stabilized superconductor 
-) Increase of quench propagation velocity 

by pure aluminum strips 

[8] lighter material for outer vacuum vessel (/\ = o.2Xo) 
-) Isogrld (grid-stiffened) shell or 

brazed aluminum honeycomb panel 

L.-------------@;;~:I-
, ..... -

Prototype Superconducting Magnet 

a started In 1991 and will be completed In 1993 
a one quarter length with a full diameter 
a Joint work by KEK and FNAL 

L------------~~:f-',., .... :-- . 

Q 
Q 
Q 
C.o) 
~ 

Q 
Q 
Q 
C.o) 
~ 

Outer & Intermediate-angie trackers 

• accurate momentum measurement 
• track triggering ( 1 st and 2nd level) 

50.0 
1.0 

- - _ .... i 0.8 
10.0 P •• 1000 CoV/e 

5.0 ~ 06 w . 
EH above 20 GeV/c • 0.96 

P •• 100 CaV/e Ju 
1.0 

P •• 10 CoV/_ I-

0.5 
0.2 

p, • l CeV/c 

O·b.o 0 
0.5 1.0 1.5 2.0 2.5 0 10 20 30 40 

Pleudorlpldlly 7) PI (GeV/c) 

FIG. 4-6. Track param.l.r .rrors .s. rapldhy lor •••• ral 
trantvene momentum Ph c) lranlve~ momentum Ph 

FIG. 4-15. Thresbold curv. lor Ih. IWI>-oul-ol-Ih,,'c Q 

lup.rlay.r OTD Lev.1 1 Iriuer. 
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Superconductlng 
Magnet 

• provide an axial magnetic field of 2 Tesla 
• thin In Xo and A. for calorimeter performance 
• long term stability 

Tabl.5-1 
General requirements of SOC IOlenold. 

M"IIU!' envelope 
CryoI,at Inner ,.dilll 1.70 m 

OutH radiu. 2.05 m 
Tot.1 h_Ir 1enlth 4.389 m 

Nominal m1llnetic Reid 2 T 
Transparency (,,=0) 1.2 X. 

0.25 ~, 
Cool down time 
Quench recovery tb .. 

< 14 day. 
<.f. Itt 

FIG. 5-2. Field contour plol ror an axlnl coll
Iron aeparaUon of 470 RIm. The fiell! I!I In 
leslu. 
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Central 
calorimeter 

20 

• meas. of energy and direction of let, e, 'Y, v 
• Identification of e,'Y,t,v 
• trigger Information on energy, Isolation & timing 
• correction of EM energy by massless gap 
• tagging of ~l 

g .. ... 10 

, , , 
DElI + I" Pb(HAD) 
+ Ell + I" F.(HAD) 

~ 15 
5 

0 

, .. 
10 

O~~~~~~~~~~~U 
o 2 4 

Lead thickness (mm) 

FIG. &.8. Stochastic resoluUoa term In the EM 

calorimeter as • runctlon of the thicknesl or the lead 

radiator plata. 
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Shower max detector 

• measurement of center 
of gravity of EM shower 

sigma. 2.41 mm MCPMT 
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Forward calorimeter 

• measurement of Jet energy for 
missing Er and WW fusion tagging 
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Offline 
computing 

• capabllllles for production, analysis and 
simulallon 

• processing rmN data, storage and data access 
• network with high data transfer capability 
• regional computing centers 

Table 10-2 
Deslp paramelen Cor SDC oflllDe compulinl!. 

Dala recordiDI! rale 
Raw data eveDt aloe (maximum) 
Live lima per year 
Raw plus proceaaed event sl.e 
Expected DST eveDt al •• 
Total Dumber oC eveDta per year 
Total raw data alse per year 
Total processed data lile per year 

Requlremenl 

100 H. 
1 Mbyte 

10
7 

-
2 Mbyte 

10· bytes 
10" 

1011 byles 
1011 bytes Q 

Q 
Q 
~ 
W 

L-______________________________ ~ 

Radiation Effects on Detector Components 

Silicon • dose rate = 1012_1013 particles/year at Lo 
• polyethylene liners reduces albedo neutrons much 
• detector tests Showed lifetime of -10-100 years 

• no anode damage to 2C/cm (>100 years) 
• cathode tested to 0.3C1cm (15-60 years) 

Straw 

Scint fiber • base material is tested to be radialion tolerant 
• radiation test of fibers and waveguides is underway 

Gas mlcrostrlp • effect on resistive substrate to be Investigated 

Tile/fiber • dose rate = 2.7-570 kradlyear at Lo 
calorimetry • extensive tests showed commerCially available 

& Shower max scintillators are adequate for barrel calorimeter 

Forward cal. 

Front-end 
electronics 

• removable EM endcap with two longit. samplings 
• removable hadronic endplug at '111>2 

• dose rate = 0.1-100 MRadlyear at Lo 

• fast bipolar Is IntrinSically radiation hard 
• radiation-hard CMOS exists and looks promising 

Q 
Q 
Q 
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Muon system • muon triggering 
• Idenlfflcation of muons 
• improve momentum measurement 

Fro. 7.2. Triuer efIIdency venul transverse 
momcmtum ror three different lime difference 
Lhreshoids. . 
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FIG. 7·4. Mon.entum rpolulion f';r muous uslug 
combined measurement. rrom the Inner lrn('ker 
and tI,e muon .ystem (solid lines) and from Ih. 
Inner tracker alone (dul,ed lines). 
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Electronics • Front end: signal processing and buffering 
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• DAQ: event building, fiftering and recording 
Trigger: 108 interactions/sec ~ 50-100 events/sec 
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Physics Performance 

Pb,..ic. Procell 

Associ.ted llill' Production 

Direct Hint Production 

Ililll Man Boeon rain 
Reqw.r. iatqr.ted lumino.lty or 
at leut 60 fb- I ror complete studies 

DiscO\'ery or , Quark 

Man M.uurnDent or t Quark 
Sequential Dilepton Mode 

Lepton + Jell + 6-t'l Mode 

NOD-It.ad.reI • Dec.,. 
VIol.UOD of T UnlvtrlalitJ' 
Peak lit '-Jet Mus Diltributlon 

Glulno .ad Squark Seaubes 
Miainl-E. + Jel. 
Lib-Sip DUeptonl 

New Z Searchet 
DbcoYery 
Width IUld A.,mmetry 

CompoliteDeil 

M ... Resion (G.V) Physic. Sip.twa 

80 - UO 

130 - 110 
110 -100 
500 -100 

1-2 Tty 

oS 1 TeV 

.s500 

.s500 

H_ZZ'_41 
H-ZZ-41 
H_ ZZ_21211 

z., ...... '+1-"1 
W+z ...... ,+,.,-., 
W+W+ ...... t+,+ 

tl- W+W- +X _e:*:p'tf. +X 

'I, one t_ W"j W- ell; '_p+X 
the other' ...... 3 Jeu 

tl, ODe t ...... W+Xi W _t., 
the other t- WII ........ + 2 Jet. 

MH;$M..,,-15 t ...... Hf:.II; Hf:. ...... .,.:tvj T:t_.*+X 
MH .s M .. , - 25 , ...... H:lbj H:l ...... d 

300 - 1000 
200 - 2000 

.s4 Tty 

.s2 Tty 

jj ...... E;nw + 3~6 Jels 
jj ...... If:.t:t: + .. Jet. 

A ~ 25 TeV Inchlllive Sioll:le Jet Spectrum 

L----------------------------~~l 

Summary 

• SOC is a world wide collaboration with >900 collaborators. 

• After 2 years of intense efforts on design and R&D by the SOC, 
a teChnical design is proposed with most of relevant parameters 
fixed and with most of detector technologies selected. 

• By requiring excellent capabilities in tracking, calorimetry, muon 
and electronics system, we believe that the proposed detector 
embOdies maximum redundancy for establishing rare new 
phenomena in an ocean of backgrounds. 

• Given adequate support in participating countries, the SOC is 
prepared to meet the schedule of collider turn-on for physics ,late 
1999. 

'--------~----~~:I 
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SDC Central Tracking 

One of main emphases of SDC is on track
ing and its contribution to measurement and 
identification of leptons and secondary vertices. 
It is also a key element of the SDC trigger. 
Because of the very high event rates, density 
of particles in events and high momenta, the 
traclcing system uses several technologies to meet 
the detector performance goals in an optimum 
way. 

I will try to first briefly summarize the physics 
goals which drive the design and then outline 
the design and rationale for the baseline track
ing system. 
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2) Tracking contribution to trigger: 

(a) First level trigger with momentum resolution U Ptlp; -
10 TeVlc-1 - implies - 10% error for a 10 GeV/c 
lepton. 

(b) First level trigger efficiency ~ 96% ~er track,. with 
< 0.05 false triggers per calorimeter tngger .p bm per 
crossing, over the range 11)1 :5 2.5. 

(c) Second-level trigger with momentum resolution uPtlp; = 
5 TeV/c- l . Gives a 20% error for a 40 GeV/c lepton. 

Provides a factor of 10 reduction of first level trigger rate 
and rejection of most conversion electrons at second level 
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Some Key Requirements for Tracking System 

First set mainly motivated by desire to do Higgs physics. Typ
icaly involves rare -events with multi-leptons. Want to keep 
as many events as possible. 

1) Acceptance, efficiency, and P, resolution: 

(0) 11)1 coverage at least out to 11)1 = 2.5 (HO _ 4 charged 
lepton geometrical efficiency ~ 60% for mil ~ 200 
GeVlc2). 

(b) Reconstructed (as opposed to parametric) vertex con
strained momentum resolution for isolated charged 
tracllSofuPtlp; < 20% TeVlc- 1 for 11)1 :51.8,allowed 
to rise to up,/p; _ 100% TeV Ic- I as 11)1- 2.5. 

(c) Reconstruction efficiency within this acceptance greater 
than 90% for detecting all four leptons from HD _ 4 
charged leptons, exclusive of lepton identification and 
trigger cuts. 

(d) Material in the traclcing volume, averaged over 11)1 :5 
2.5: ~ 7% X. inside 50 cm, ~ 15% X. for all radii. 
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Second set of requirements is mainly- motiVll:ted ~y desire to 
do detailed studies of the top quark. Need to Identify leptons 
and do tracking and vertexing for b jets. 

3) b tagging efficiency for top studies with 125 GeVlt? :5 
MllIp :5 250 GeVlt?: 

(0) Reconstruction efficiency ~ 80% for tracks of PI > 
5 GeV Ic, for b tagging using leptons. 

(b) b tagging efficiency ~ 25% using detached vertiCl7" 
Implies impact parameter resolution :5 20 pm for stiff 
tracks, :5 100 pm for p, = 1 GeV Ic, and ~ 85% 
efficiency for finding tracks with p, > 1 GeV Ic within 
jets of p, up to 100 GeV I c. 
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4) Discovery potential-hard to quantify. In general ~t 
~aximum. cD:pabilities from .detector. Based on history, 
highest pnonty (other than ISOlated lepton of Higgs case 
above) would be reconstruction and impact parameter 
measurement of leptons within jets up to the largest jet p, 
possible (at least ~ 500 GeV Ie). Desired reconstruction 
efficiency ? 50%. 
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Goals for TJ acceptance and Pt resolution drive 
the outer dimensions of detector, resulting in 
an outer radius = 170 cm and half-length = 
430 cm. 

Goals for b tagging drive the inner radius, re
sulting in an inner radius of 9 cm. 

Trigger requirements determine the number of 
layers for the devices participating in the trig
ger. 

Reconstruction efficiency and Pt resolution drive 
the number of layers overall. 

00057 
Fiber Tracker Option 

The baseline central tracking system has been 
chosen based on the present status of the var
ious R&D efforts for tracking within the SDC. 
In the case of the outer tracker, very significant 
progress has been made in the two major op
tions: tracking based on straw tubes and track
ing based on scintillating fibers. The former is 
less of an extrapolation from existing devices 
and has, therefore, been selected as the base
line choice. 

An outer tracker based on scintillating fibers 
would also provide a powerful device and have 
some advantages, particularly in the case of lu
minosities Significantly beyond the SSC design 
value. This technology is maturing rapidly and 
the SDC collaboration expects to be able to 
make a final choice in 1992. I will discuss the 
fiber option after going over the baseline de
sign. ' 



00058 

Silicon Tracking System 

Covers same T} region as muon system: IT} I < 
2.5, using barrel detectors in the central region 
and planar disks at larger rapidities. 

Detectors are double-sided, providing measure
ments of ,p on one side and small angle stereo 
measurements on the other. 

Number of layers chosen to provide excellent 
track finding efficiency even at several times 
the design luminosity. 

Participates in second level trigger, not first 
level. 
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STS detector arraY' (pic&oriaJ view). 

0.8 r-....... -..-T-..--,....,....,....r-----.., 

0.5 

g 0.4 • all otJ:aar J.t. 
o!! 
~ 
.. 0.3 .. 
oS i 0.2 

0.1 

h "&ging efficiency vs. jet 1'. for the full tracking system. 
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. Barrel Straw Tracking System 

. Made of 3 axial and 2 stereo superlayers. 

The track reconstruction and trigger use local 
track segments made from hits in the straws 
within a superlayer. 

The direction of a track segment in an ~al 
layer provides a rough Pt measurement which 
is used directly in the trigger. 

To achieve both excellent backgroun.d reject~on 
and very high efficiency requires a tIlgger usmg 
two out of three stiff track segments. The st~a~ 
system has three axial superlayers, :he muu-

. 'din some mum required for the tIlgger, prov1 g 
redundancy and robustness. 

Two ~ther superlayers provide z informatio~ 
using small angle stereo. The 11 coverage 1S 

1111 !5 1.8. 
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Completely .. sembled barrel outer tracker 
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Intermediate Tracking System 

Triggering from 1111 of 1.8 to 2.8 is provided by 
a system of projective gas microstrip tiles. 

To provide sufficient background rejection and 
Pt resolution three ¢ measurements, widely spaced 
along z, are required. To provide very high ef
ficiency each measurement is gotten from an 
"or" of two closely spaced layers. 

To provide radial information each of the three 
measuring superlayers has two stereo measure
ments, with positive and negative stereo an
gles. Thus, each superlayer can provide a sep
arate space point. 

The microstrip detectors are arranged in four 
annuli , which each cover roughly .25 units in 11 
and are separately linked to form a trigger. 
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Silicon System: Made of 6,712 individual wafers 
and 50,640 readout chips. Area is about 17 m 2 

and 6.48 x106 individual strips. Lifetime at 
design luminosity varies from about 10 years 
at inner radius to about 100 years at outer ra
dius. 

Straw Tube Tracker: 720 modules and 1.37 
x 105 individual straws. Lifetime at design lu
minosity is > 15 years. 

Intermediate Tracker: About 3,120 gas mi
crostrip tiles and a total of 1.36 X106 individ
ual anodes. Expected to have excellent rate 
capabilities; requires choice of optimum detec
tor substrate. 

1.0 
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Performance numbers including local 
alignment errors. 

Silicon Detector: 17 p.m error, each side. 
Occupancy typically 10-3

. 

Straw Superlayer: 85 p'm error. 
Occupancy varies from 9.6% at smallest ra
dius to 2.6% at outside. 

Gas Microstrip Detector: 100 p.m error. 

Occupancy 4 x 10-3. 

The resolution of coordinate measured using 
stereo is about 1.5 rom for all tracking devices. 

Silicon provides excellent pattern recognit~on 
capaHility, particularly in jets or at very high 
luminosity. Outer tracker improves momentum 
resolution by a factor of 10 and polar angle 
resolution by a factor of 5. 
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Efficiency of single tracks with p, > 1 CeV Ic as a function 
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Superlayer Radius (em) /l.q eo.u.,e Occupancy 
Bl 60.0 2.3 0.011 
B2 16.0 2.3 0.013 
B3 92.0 2.3 0.012 
a. 108.0 2.1 0.006 
B5 136.0 1.9 0.003 
B6 165.0 1.1 0.002 
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Paramete .. and Characteristics or the Superlaye .. or the ScintiUatinl Fiher Tracker 

R&di&! Fiber Fiber Scifi /l.q Waye- Tot&! Expected mean 
locatioD laye .. ehanaeLo !enlth cover.,_ pde fiber no. or photo-

(em) x=0JdaI perod for 0JdaI lencth lenlth electro ... clctected 
U=aterco fibe .. (m) (m) for 92S em mam. 
v::atetCO (m) lat q - ilj 

110 2x,2x 15.9K 3.00 2.3 6.93 9.93 

["1 
18 2x,2x 20.IK 3.115 2.3 11.12 9.17. 4.8 
92 2x,2x 24.4K 

2u,2v 24.4K 4.30 2.3 5.31 11.81 4.5 
lOS 2x.2l\ 28.6K 4.30 2.1 5.15 9.45 4.6 
136 2x,2x 36.0K 4.30 1.9 4.S1 9.11 •. 1 
165 2x,2x 43.6K 4.30 1.1 4.58 8.88 4.9 

2u,2v 43.6K 
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I SOC CALORIMETER SYSTEM I 
May PACISSC 

Dan Green 

for the 

SOC Calorimeter Group 

8",lt..REL 
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I SOC CALORIMETER SYSTEM I 
REQUIREMENTS 
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1. Measure the energy. interaction time and direction of quarks Gets). 
electrons. neutrinos and photons. Provide triggers based on these 
properties. 

2. Provide identification capabilities for electrons ( EMIHAD compartments ) 
and photons. Tag muons as noninteracting partides deep in the system. 
Provide hermetic coverage to allow for neutnno identification. Provide for 
tau identification with sufficient EM and HAD granularity. 

3. Granularity must be sufficient to avoid pileup errors. Depth in EM must 
be sufficient to preserve precision of the energy measurement. Depth 
of HAD must be sufficient to contain 10 TeV dijet masses. Transverse 
scales are set by EM and hadronic shower sizes. 

4. Angular coverage must be sufficient to avoid spurious missing Et' 
generation. Precise electron energy measurement must extend over 
a sufficient angular range to be efficient for 2 gauge boson final states 
decaying into leptons. 0""'\ <., ) '~I4!; 3 ) 
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EM calorimeter cOIlStant tum budget. 

00085 

Source of cOIlStant term Contribution 

Calibration tower to tower 
Leakage 

• 'Irulsverse UDiformity 
T"J1e-iO-tlle variatioIlS 
iDd. thic:kDess variatioIlS 
aDd longitudmal mulciug 

Ab.orber thickness variatioDs 

• Radiation damase 

Total (added in quadrature) 

0.2% 
0.3% 
0.5% 
0.5% 

0.2% 

0.5% 

<1.0% 
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I SOC CALORIMETER SYSTEM I 
DESCRIPTION 

ooo~~ 

• CENTRAL CALORIMETER Scintillator tile (4 mm) with WLS fiber (1 mm) 
Barrel 

Massless Gap Readout first layer in each tower independently. 

EM 

SM 

HAD 

Endcap 

Correct for EM showers initiated in solenoid 
Make a precise energy measurement in tower 
of size 0.05 in etalphi. Absorber is 4 mm Pb, 21 Xo. 
Precise ( 2 mm ) measurement of shower eg. Scale 
of strip size in etaIphi is 0.0518< Moliere radius. 

Measure hadronic energy sufficient for jets. 
Longitudinal segmentation to tag and control 
leakage. Hermetic to 1% for missing Et Scale 
of tower in eta (0.1) is hadronic shower sjze. Fe, 
HAD1 (24 mm) + HAD2 (54 mm) s 10 int lengths. 

Granularity constant until shower size dominates. EM longitudinal 
segmentation to tag and control radiation damage. Endcap EM and 
endpIug hadron repairable. 

.• FORWARD CALORIMETER 
Coarse segmentation and energy measurement Tag and measure 
iets for missiM Et and WW fusion. 

r 
SOC CALORIMETER SYSTEM 1 

SUMMARY 

1. SOC Calorimetry is defined by "SOC Calorimeter Conceptual Design Report" 
and the TDR. Details Will appear in the parallel sessions. 

2. The calorimetry for SOC has been optimized for the Physics using both 
Monte Cario simulations and an extensive program of beam testing. Tests 
of EM, SM, and HAD test modules were performed at FNAL in 1991. 

3. In general, SOC has evolved to emphasize EM resolution, which has 
precise scales such as Z widthlmass rather than HAD resolution whefe the 
basic quarks require a less accurate energy measurement due to inherent 
difficulties in jet definition. 

4. Steel absorber and scintillator sampling are chosen on the basis of data. 
The resulting need for radiation damage studies and extensive calibration 
systems is being addressed. An exiStence proof for the barrel has been 
made. R&D for the endcap is in progress. Replacement plans exist 

5. The ne xt step for the caIoIimeter group of SOC is to build and leSt a full size 
"preproduction prototype" of a barrel wedge. This must be done in 1993 
if the SSCL schedule for SOC is to be met 

6. The forward calorimeter options have been reduced to 2 and the geometry 
has been chosen (backstop), Rnal technology choice is in progress. 
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SDC Muon System Overview 

G. Feldman 
SSC PAC Meeting 
May 4,1992 
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00102 

Plan of the Talk 

The muon system has three main functions: 

(a) to trigger the detector on a muon over a 
threshold p, 

(b) to identify a charged track as a muon 
(c) to improve the precision of the momentum 

measurement by the central tracker .. 

Each function places different demands on the muon 
system, and, in general, each component contributes to 
more than one function. 

The plan of this talk is to fIrst 
(a) introduce the components, and then to 
(b) explain the demands of eal=h function. 

In parallel talks tomorrow and Friday, I will attempt to 
explain why we made various design choices. 
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Toroids 

The toroids are key elements of the muon system. They 
are essential for providing 

(a) the fIrst level trigger 
(b) a second momentum measurement for muon 

identification 
(c) improved momentum resolution in the forward 

direction. 

trli Range 

Central 0-1.4 
Forward 1.4-2.5 

Thickness 
(m 
1.5 
3.0 

The forward e kick varies between 860 /PI rnr to 268/PI mr 
as TJ varies from 1.4 to 2.5. 
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Scintillation Counters 

Scintillation counters are used to define the bunch crossing 
of a muon signal. 

The drift chambers will have drift times of up to 1 !JoS, or 
60 bunch crossings. The scintillation counters are needed 
to localize an event to the 16 ns spacing between bunches. 

In the central regions, we use one layer of counters, with 
each counter viewed by two photomultipliers. The 
counters are about 2 m long and 50 cm wide. They are 
aligned with the long direction in the e measuring 
direction, so that they can be associated with e chambers 
at the first level nigger. They also give a n/16 cp 
measurement, which can be used to associate triggers with 
the calorimeter towers and muon cp chambers. 2240 
counters. 

In the forward regions, where background rates are higher, 
we use TWO layers of counters in coincidence, with each 
counter viewed by one photomultiplier. The coincidence 
of these counters gives an angle independent PI threshold. 
They give either a n/12 or n/8 cp measurement, depending 
on TJ. 2256 counters. 
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Cerenkov Counters 

As a possible future upgrade, and not part of the baseline 
design, we have included plans for Cerenkov counters in 
the forward direction to aid in the trigger. These counters 
are directional and insensitive to low energy backgrounds. 

00111 

0011(, 

) 
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Wire Chambers 

The wire chambers are of a novel design. They are made 
from long (up to 9 m) cylindrical tubes which are epoxied 
to thin plates to make a structural unit. 

The wires are supported only at their ends, and are indexed 
by NCN-milled endplates. 

The tubes have simple field-shaping electrodes to give 
relatively uniform drift fields, which are aligned 
perpendicular to the direction of high Pr tracks by rotating 
the cylindrical tubes. 

The central tubes are 9.0 crn inner diameter. This is the 
largest radius which allows a 1 IlS drift time for normal 
gases. The forward tubes are either 4.2 or 5.7 cm inner 
diameter. The smaller diameters are for reasons of space 
and occupancy. [Background rates go as the diameter 
squared for charged particles and the diameter cubed for 
neutrons.] 
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Tubes are positioned to measure e, cp, and stereo in the 
central regions, and to measure e and two stereo directions 
in the forward regions: 

Central Chambers 

Label Coor- Number Channels 
dinate of Layers 

BWI e 4 10674 
cp 4 

BW2 e 4 9136 
IW2 
BW3 e 4 37814 
IW3 ell 4 

s 2 
Total 22 57624 
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Forward Chambers 

Label Coor- Number Channels 
dinate of Layers 

FWI e 4 4390 -
FW2 e 2 11904 

sl 2 
e 2 

s2 2 

FW4 e 4 4310 
FW5 e 2 11636 

sl 2 
e 2 

~ 
2 

Total 24 32240 

In addition, room is being left between the two forward 
toroids for an additional 4 layers of e tubes. This upgrade, 
which is not part of the baseline design, would allow a 
determination of whether there had been a large-angle 
muon scatter in one of the toroids, and allow for a correct 
point-line measurement in the other. 
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Trigger 

The basic fIrst level trigger is generated by measuring the 
local bend in e of a muon candidate outside the toroid. 
This is done by measuring the time difference in signals 
from projective wires. 

Since a low momentum track can fake a high momentum 
track by passing on opposite sides of a wire, a coincidence 
of two measurements is required. 

With a 20 GeV/c PI threshold, the fIrSt level trigger rate is 
estimated at about 6 kHz, a number which is somewhat 
marginal. There is flexibility to enhance the fJrSt level 
trigger if necessary: 

Require a stiff e stub in BWI. (Reduces triggers 
from large scatters in the calorimeter.) 

• Require a stiff cp stub in BWI or BW3. (Reduces 
the cosmic ray trigger from -1kHz to a negligible 
level.) 

• Require isolation in the calorimeter. (Most triggers 
are from heavy quark decay.) 

-----

Estimated Occupancies 

Scintillation counters 
Central 
Forward 

Chambers 
Central before torrid 
Central after toroid 
Forward (worst case) 

210-6 
210-5 

00122 . 

These relatively low occupancies indicate that the muon 
system will operate satisfactorily at luminosities an order 
of magnitude above design. 

High transverse 
momentum track 

'. 

..' 

00124 



00125 

..: ....... / .... . 
Assumed possible .: / .: 
high momentum tracks -=::::::t--.t_/ 

./ \/. ....... 

Actual low 
momentum 
track 
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The second level trigger must refme the PI measurement to 
sharpen the threshold. In the central region the primary 
method is to match a track from the inner tracker to a $ 
measurement in BWI or BW3 (or JW3). 

In the forward region. the primary method is a line-line 
measurement in e with FWl-FW2 and FW4-FW5. 

., ... -.-...... ~ ............... f··············· ~ ............... ~ ........ . 
. . 

.. ............ .I.. ............. ; ............... ; .............. J.1.5. .... . 
: ! ) oo~~i~~ 
· : : Coo' c 1/ 

·-·--··-·-···T··-···········~···-·-·········f··~·~·~·T .. ~.~ ..... . 
• ; : 1/ 1/ " : a::: c 
: : : :;~:;:c~ ··········:··············:···············:···u··(,)··(,)··: .. 'Sr'"1: ..... . 

L"'I+++~m . . · . . . 

00126 

........ 
OU 
"''-.. -> 

Q) 
(;) 

~E 
-,3 

c:: 
oQJ 
oE 
-0 

:::E 
Q) 

Ou> co .... QJ 
> 
U> 
c:: 

00 
Ul .... 

r-

· . . . . 0 ............. .,. .............. :...... , ............... , ............. -.t 

·.· ... t .. ;=+::.:~*:·~~~r.:.:.:.:::.r:·:: •. 
co Ul o 
c:i o 

,-{:)uapHB Ja55Pl 

00128 
Muon Identification 

The key question for the muon system is whether a track 
found by the inner tracker is a muon. 

A match must be made in e. $. and momentum. Studies 
of high-PI b jets show that both the e and $ matches are 
required to avoid confusion at the 20 to 30% level. 

The match in momentum is necessary to distinguish lTUe 
muons from the decay products of hadronic showers. This 
is done by the toroidal measurement. 
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Momentum Measurement 

The primary momenrum detennination comes from the 
solenoidal measurement with the inner tracker. However. 
since the effect of the solenoidal field extends out until it is 
returned in the calorimeter. at very high-pt. themomenrum 
measurement in the central region is improved by cp 
measurements in the muon system. 

The forward toroids contribute to the overall momentum 
resolution at high Tj. and become the primary momenrum 
measurement for PI > 300 GeV/c and Ir)I > 2.2. 

Tj=O 0.11 

Tj = 2.5 0.18 

~~---------------
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Schedule Highlights 

Start FUll-scale Prototype Fabrication Oct 92 

Start Central Toroid Procurement Oct 92 

Start Forward Toroid Procurement Jun 93 

Start Counter and TUbe Fabrication Jan 94 

Start Supertower Assembly Dec 94 

Complete Central Toroid Fabrication Apr 96 

Start Supenower Installation Jun96 

Complete Forward Toroid Fabrication Dec 96 

Complete System Ready for Test Mar 99 
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SDC 

ELECTRONICS SYSTEMS 

An Overview for the SSCL PAC 

A. J. Lankford 
for the Solenoidal Detector Collaboration 

May 4, 1992 
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NEW CHALLENGES 
for SSC ELECTRONICS SYSTEMS 

In addition to the problems of extremely high rates and 
very large numbers of channels, particular challenges 
arise from: 

Time between crossings < Detector response times 
Time between crossings < Time of flight 
Time between crossings < Trigger decision time 

Requires systems with new features: 

• "deadtime-Iess" electronics system 
with simultaneous analog signal processing 
and digital readout. 

• pipelined trigger and data systems. 

00135 
SDC ELECTRONICS 

Address the challenge of transforming signals from 

-107 detector chan~els for 10S interactions/sec 
to 50 - 100 events/sec of record length < 1 MByte 
while retaining "all interesting physics data. 

Front-end Electronics: 
perform signal processing of detector signals 
correlate detector signals with particular beam crossings 
buffer data during trigger decisions 
filter data according to Level I & Level 2 triggers 
digitize event data 
output event fragments to the Data Acquisition System 
develop primitive information for the Trigger System 

Data Acquisition System: 
coHect event fragments from Front-end Electronics 
build complete event records from event fragments 
filter events according to Level 3 trigger 
record selected events for offline analysis 

Trigger System . 
receive trigger primitives from Front-end ElectrOniCs 
process trigger data 
select event candidates for further processing 
control Front-ends, Data Acquisition & Trigger 

BASIC ARCHITECTURAL APPROACH 
to SDC ELECTRONICS SYSTEMS 

Choose a coherent architecture for all detector 
subsystems. 

• must meet the requirements of all subsystems 

• optimizes cost, reliability, and ease of debugging 

Perform as much signal processing on the detector as 
practical. 

• minimizes bandwidth transmitted from detector 

• requires dedicated data paths to trigger 

• made practical by extensive use of custom Ie's 
for high channel densities and low cost 

Exploit parallelism throughout architecture . 

• avoids bandwidth bottlenecks 

• allows capability for upgrade and high luminosity 

Implement a 3-level trigger and readout architecture. 

• makes efficient use of bandwidth and processing 

00137 
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DATA FLOW DL\GR.HI 
of 3-LEVEL ARCHITECTURE 
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PHYSICS GOALS of the SDC TRIGGER 

o The physics goals of the SDC involve signatures 
comprised of high-Pt leptons, photons, and jets and of 

missing E t. Consequently, the trigger must: 

identify, measure, and count 

e±, Il±' y, jets, missing E t . 

o The trigger must also acheive thresholds of physics interest 
within allowable trigger rates. 

o The trigger should identify the basic physics quanta by 
their local signatures in the detector, with minimal use of 
topological criteria (e.g.: isolation) particularly at the 
earliest levels of the trigger. 

o The selection criteria employed by the trigger should be 
compatible with (and not determine) the identification 
criteria which will be used for offline analysis. 

o The trigger must be measurably efficient. 

o Benchmarks for Trigger Performance 
o e'sandJ.l.'s from inclusive W's and Z' s 

at high-Pt (overlap with lower..J 5 ) y's and jets 

• Missing Et 
from H -? 2F2u and SUSY 
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PHYSICS and TECHNICAL CHALLEl'iGES 
to SDC TRIGGER DESIGN 

0013!J 

Physics Challenge: 
The trigger is the stan of the physics event selection 

process. It must retain interesting physics from .the 
TeVatron range to the highest masses accessible at the 
SSe. 

Technical Challenge: 
loB interactions/sec ------------> 50 -100 triggers/sec 

106 rejection 

Architectural Approach: 
Multilevel trigger with nearly the same sophistication 

as offline physics analysis. Exploit simple fast electronics 
at first levels, high-performance commercial processors at 
high levels, and transition from simple to more complex 
processors at intermediate levels. 

Design Approach: 

.. 
!I 
~ 
.§, 
'" II 
.~ ... 
II. 

~ e-
" 0 .so. 

= I 
2 

~ e 
II. 

.~ 
1-
II. 

o Specify the physics quanta upon which to trigger. and 
define the criteria by which the quanta are identified. 

o Specify the detector data required by the id criteria. 
and assign the id criteria as algorithms to the trigger 
levels. 

o Design data paths to the trigger levels. 
o Design trigger processors at each level. 
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STRA TEGY of TRIGGER LEVELS 

Levell: 
Identify Physics Objects 

e±, J.l±, 'Y, jets, "u" 

and Combinations of Physics Objects 

Level 2: 
Refine Identification of Physics Objects 

e.g.: Sharper Pt. Et cuts 

Reject conversions 

Level 3: 

00142 

Identify Signatures of Physics Processes 
With full event data and capability of full analysis 
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CHAR-\CTERISTICS of TRIGGER LEVELS 

Levell: 
as fast as possible to minimize buffering 
decision each 16 ns with < 4 J.lS latency 

=> fully pipelined with much parallelism 

rejection in range 103 - 104 

subset of detector signals on separate data paths 
hardware processor 
fixed decision time 

Level 2: 
can be iterative or event parallel 
prompt, but may use programmable processors 

rejection in range 10 - 102 

still a subset of data on separate data paths 
decision time is variable, 10' s of J.lS 
event order is preserved 

Level 3: 
full event and full resolution is available 
full power and flexibility of general-purpose CPU's 

rejection in range 10 - 102 

ELECTRON TRIGGER 

Level I: Identify electromagnetic shower 
Calorimeter trigger towers with E.m> Thresh 

and E..,jE.m< Cut 
Reject PMT discharge 

Shower max hit within calorimeter tower 
Demand track associated with shower 

Stiff outer tracker segments 
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pointing in cjI to trigger tower and shower max hit 
Option: Iso/ation (Sunounding lrilger towers below threshold) 

Level 2: Reject 'Y conversions 
By demanding hits in inner silicon layers 

Reject x+ _xo overlaps 
S patiai match of track with shower max in ~ 

Reject x+ showers 
Loose EIP cut 

Option: Isolation (Sunoundina trigger towers below threshold) 

Level 3: Sharpen E t measurements 

Using full calorimeter segmentation and resolution 
Advanced pattern recognition for electron id 

With calorimeter and shower max profiles 
Refine spatial match between tracks and showers 

Using shower max profile and finer tracker resolution 
Perform calorimeter energy corrections 

For cracks and inert material 
Refined rejection of photon conversions 

With additional track reconstruction 
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ELECTRON TRIGGER RATES 

Single e/7 Trigger Barrel + Endcap 

Solid: Tower E, > Thrsh 
Dash: HIE 
Dols : HIE and Track 

··:···:···,···,c; .... 

...... -.:.-.; 

! I ! ! ! ! I! ! ! , I ! ::··;· .. :·"j'"· ... ·d 
10 20 30 40 50 

Eleclron E, lhreshold (CeV) 
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PHOTON TRIGGER 

Levell: 
Identify electromagnetic shower 

Calorimeter trigger towers with Eem> Thr 

and Eu!Eem < Cut 
Reject PMT discharge 

Shower max hit within calorimeter tower 
Option: Isolation (Surrounding trigger towers ~low threshold) 

Level 2: 

Reject rf1 conversions 
by examining shower max profile 

Option: Isolation (Surrounding trigger towers below threshold) 

Level 3: 
Sharpen Ec measurements 

Using full calorimeter segmentation and resolution 
Perform calorimeter energy corrections 

For cracks and inen material 
Advanced pattern recognition for photon id 

With calorimeter and shower max profiles 

l\I{jO~ TRIGGER 

Levell: 
High Pt track segment in outer muon chambers 

Pt detennined by toroid and e chambers 
Crossing tagged by muon scintillators 
Option: Associated stiff aliter tracker segment 

00147 

Option: Isolation (Calorimeter trigger towers below threshold) 

Level 2: 
Match muon segments to central tracker segments 

in 4> and Pt 

Improved Pt resolution 
using momentum in central tracker 

Option: Reduce cr(Pt) due to beam spot (using added e layer) 

Option: Isolation (Calorimeter trigger towers below threshold) 

Level 3: 
Perform complete 3-D tracking 
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JET TRIGGER 

Levell: 
Localized calorimeter energy above threshold 

e.g.: 1.6 x 1.6 overlapping grids of trigger towers 

Level 2: 
Improved clustering or fixed-cone algorithms 

Level 3: 
Sharpen E t measurements 

Using full calorimeter segmentation and resolution 
Refined jet clustering/cone algorithms 

Using full calorimeter segmentation and resolution 
Perform calorimeter energy corrections 

For cracks and inen material 
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"KErTRINO" TRIGGER 

Levell: 
Missing Et > Threshold 

determined from calorimeter trigger towers above cut 

Level 2: 
Refined Missing Et measurement 

by correcting for muons 
option: determined by summing over energy clusters 

Option: Demand direction not aligned with dead region. 

Level 3: 
Sharpen Missing Et measurement 

Using full calorimeter segmentation and resolution 
Perform calorimeter energy corrections 

For cracks and inert material 

DATA PATHS 
to TRIGGER PROCESSORS 

Front end 
electronics 

Level' 
Local 

Processors 

Global 
Level 1 
Trigger 

DAO boff., 

DAQ& 
Level 3 
Trigger 

Lavel2 
Local 

Proclssors 
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Examples of LEVEL 1 TRIGGER RAT~S 

Trigger Threshold 

Electron 20GeV 

Photon 30GeV 

Muon 20GeV 

Jet (1.6 x 1.6 sum) 140 GeV 

MissingEt 80GeV 

2 electrons lOGeV 

2 photons 20GeV 
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STATUS of TRIGGER 

Status: 
Model3-level architecture exists. 
Model algorithms to trigger on principal physics exist. 
Triger data paths have been identified. 
Prototypes of many trigger "primitive" IC's exist. 

We believe that we know how to select the most 
interesting physics events. Now we must thoroughly study 
the effectiveness of our strategy and optimize its 
implementation. Then we can move on to detailed design 
and implementation. 

What's Next?: 
Optimize algorithms and architecture. 
Thoroughly evaluate effectiveness of system. 
Implement algorithms as trigger logic and processors. 

Timescale: 
1993 Complete conceptual design 
1994-5 Perform detailed design 



DESIGl'i CHALLEl'iGES 
for SDC FRONT·El'lD ELECTROl'iICS 

Technical Challenge: 
Fast, low-power, often rad-hard, reliable readout 

systems with Level I and Level 2 bllffering and with 
simultaneous signal processing and data readout, 

Architectural Approach: 
Readout based upon high-performance custom 

integrated circuits for analog signal processing and data 
storage. High degree of architectural uniformity for all 
detector systems. 

00154 

e.g.: 8-chan fast. low-noise. rad-hard bipolar pre:unp/shaper/discriminator chip 
for wire chamber readout. . . 
Hi-chan 63-MHz CMOS transient recorder chIp WIth 411SOc deep memory 
for calorimeter re~dout . 
128-chan rad-hw CMOS data-driven hit buffer for silicon stnp readout 

Design Approach: . 
• Develop critical IC technology and designs. 
• Develop conceptual designs of complete systems, 

including lrigger outputs. daq interface. calibration. etc. 

• Prototype large systems with full functionality. 
including operation of analog signal processing in close proximity 

to simultaneous digital contrOl and readout. 

• Complete designs. 

00156 

A "GENERIC" FRONT·END SYSTEM 

THI=IEE POSSIBLE LOCATIONS 

SIGNAL ;;; FOR ANAL.
OG7° frAt CONvERSION 7 

DETECTOR 'ROCES. L.EVE~ , LEVEL. 2 REAOOUT 
ELEMENT SING STORAGE STORAGe STORAGE 

40': 1/ ii ii 
1.1 

r-l.!..:.:"'-;:..J CAlMAFL1 

~ OATA~TS 
CAUlRATK)N TRtGGfA SVI EM LEVEl 1 L.EVEL.2 LEV!L2 TO DAO SYSTEM 

STAOBE DATA. ClOCK TAtG S'fAOI.E TNG 

Functions: 
• perfonn signal processing of detector signals 
• correlate detector signals with panicular beam crossings 
• buffer data during trigger decis ions 
• filter data according to Levell & Level 2 triggers 
• digitize event data 
• output event fragments to the Data Acquisition System 

develop primitive infonnation for the Trigger System 

Implementation is generally a pair of multichannel custom Ie's 
• Bipolar signal processing Ie 
• CMOS data storage Ie 

DETECTOR·;\IOl'l'iTED, INTEGRA TED 
FRONT·END SYSTEMS 

Why are we developing custom integrated circuus: 

Past and Present Motivations: 

• improved analog performance 
increased immunity to RF pickup 

• connection density 
• limited cable space 

• cost effectiveness 
• space efficiency 
• reliability 

Additional Motivations at SSC: 

• reduced power dissipation 
• increased functionality 

(e.g.: multiple event buffering. trigger solutions) 

.. 
j 

~~ ~ 
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:i:i ..J 
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00157 
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Wire Chamber Readout 

Specifications 

• Minimum Detectable Charge 

• Time Resolution 

• Peaking Time 

• Double pulse Resolution 

• Power Dissipation 

=lfC 

< 0.75 ns 

5·7 ns 

20·30 ns 

<20·25mW 
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DESIGN CHALLENGES 
for SDC DATA ACQUISITION 

Technical Challenge: 
Transport up to /0 GBytesisec from F.E.'s to Level 3. 
Provide processing power for Level 3 trigger. 
Control data flow in F.E .• thru Level 3. to storage. 
Monitor operation and performance of detector. 
Acheive a manageable, cost-effective solution. 

Architectural Approach: 
• Extensive use of parallelism. 
• Highly buffered data collection from f.e. chips. 
• Extensive use of commercial hardware and software 

from rapidly evolving computer and communications 
industries. 

• Modular, scalable hardware/software architecture. 

Design Approach: 
• DefInition of requirements: functional & performance. 
• Conceptual design of scalable architecture. 
• Extensive behavioral simulation of architecture. 
• Detailed design of system and components. 

STATUS of FROl'T·END ELECTRONICS 

Status: 
Prototypes of nearly all custom IC's exist. 
Conceptual designs of all readout systems exist. 

00159 

The front-end Ie's and systems are our long lead-time 
items. Equipped with prototype Ie's and system concepts, 
we must now demonstrate that our systems will operate 
with full performance and full ftmctionality and must 
complete detailed system designs. 

What's Next?: 
Complete the evaluation of custom IC's 
Optimize. design. prototype. and evaluate svstems. 
Build large test systems for electronics evaluation 
and for detector prototypes. 
Assemble and implement systems. 

Timescale: 
Major systems in test beams in 1993. 
Complete systems as early as 1996 for some 
subdetectors . 

DATA ACQUISITION BLOCK DIAGRAM 
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PIIt or 0nIine~ ... System 

~------+--.~~~~ 
f----+--~=~ 

----
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DATA SOURCES to DATA ACQUISITION 

# Crates & # Data 
System DAQCPUs 

Silicon Tracker 10 

Gas Microstrip Tracker 10 

Straw Tracker 8 

Central Calorimeter 96 
including Shower Max 

Forward Calorimeter 2 

Muon System 64 

Levell Trigger S9 

Level 2 Trigger 25 

Total: 274 

SDC DAQ 
Requirements 

• Performance requirements 

· lluia1,dll lAvel 2 Tricrn' S)'ItaIIl input nca: 
· lIuIalllll Level 3 (Oabn. Pnce ... rl S...,.. .. in"" rau: 
· N_oIind. __ ........... . 
· lluilllum bandwidth dl.rnch £veDt Illilder SuDaysYm 

_ ... 10kl! •• 1 ..... byooo ... -U 
• Mimaawa. pnee.liar powe1' in online ranD 
· Maaiawa. .... nr. ... (for a ca1ibncion nent) 
• ExpeccH .ftnt •• (4aca .. onu}; dUa • .....u.-r nHCb lway 
• w..a.'Im ... 1&Clom clud.c:ilDe 
· Nu:ilDwn ....... j ... y DAQ -,"",Go .... &iat.. 

• Partitioning and stand-alone operation requirements 

Links 

10 

10 

32 

192 

2 

64 

S9 

25 

394 
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_Ita 
1O.DOO1ta 
G) 

10 GipByta_ 

10-1 MIPS 
2OM!I,w 
1MB,... 
111" 
IS 

Mast be able to 0.,..... aepuate __ iDtUferiDC DAQ -_ for 

~:=~U::-:.!~~"'=;;~"'ford.b""'and 
caJibraCioD of iJldiWlual .w..y.-

• Other Requirements 

Scalability 
a.Iiability 
Vejnrp;n,hjUey 

• DAQ Contro1lMonitoring requirements 

Sdup (dowDloodl _ dotector iDto Ia>aWII ClllUlition 
Track operation ofboch DAQ .,.- and cI-...r.w..y._ 
:a-rd canditiiona WIder wbich dota oro taken 
Allow for calil>raCioD dota acquiaiCioD Allow for __ data aequi.lition 

Detect and record error condition 
Priamizod alazm IJI-
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SDC DATA ACQUISITION REQUIREMENTS 

• Performance Requirements 

• Partitioning and Stand-alone Operation Requirements 

• Control and Monitoring Requirements 

• Scalability, Reliability, Maintainability 

00165 

STA Tl~S of DATA A CQl.JISITlON 

Status: 
Architectural modelling of components and system. 
DefInition of requirements and functionality 
of system and interfaces. 
Conceptual design of architecture. 

We know what we need to accomplish, we can present 
a case that the tools exist, and we have a conceptual 
design of the architecture. Now we must commence 
designing and implementing the system. 

What's Next?: 
Architectural model of the complete readout system 
(in lieu of a large prototype). 
Crisp defInition of the modular pieces of the system. 
Design and implementation of full system 
with all features. 

Timescale: 
Test beam systems in beams in 1993. 
Complete systems as early as 1996 for some 
subdetectors. 
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SUMMARY 

We have developed a conceptual design of electronics 
systems which address the challenges of event selection 
and readout of the SDC Experiment at the SSe. 

Its chief features are: 

• Three-level architecture 

• Extensive use of custom IC's for 
• signal processing 
• data storage 

on the detector. 

• Event selection based on: 
• local signatures of physics quanta 

at early levels, 
• complete physics signatures 

at final level. 

• Data acquisition with 
• common front-end protocols 
• extensive use of: 

• parallelism 
• commercial products. 
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PhYsics Performance of the SDC Detector 

K. Einsweiler 
Lawrence Berkeley Laboratory 

Solenoidal Detector Collaboration 

1. Introduction 
2. Overview of Detector Models 
3. Electroweak Symmetry Breaking 

a) Light: 80 < M < 130 GeV 

b) Intermediate: 130 < M < 180 Ge V 

c) Heavy: 180 < M < 800 GeV 
d) SUSY Extensions 
e) Strong Symmetry Breaking 

4. Heavy Gauge Boson Searches 
5. Compositeness Searches 
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Overview of Detector 
Tracking Models: 

00170 

• Use parametrized tracking resolution for baseline 
detector including multiple scattering, detector 
resolution, and alignment effects. 

• When necessary, use results of detailed GEANT 
simulations including generation of all secondaries in 
tracking volume. Detector response models generate 
hits. Actual pattern recognition, reconstruction, and 
fitting algorithms are used. 

Parametrized resolution versus TJ : 

0.8 

.. 
.e::. 0.4 
Z' 

"" 'j 
;; 
c 0.2 

0.0 L....L-.l....L.-L...L....L..1...J...Ju-........ .l....L.-L...L...l-L....L..1...J...J'-'-w 
0.0 0.5 1.0 1.5 2.0 2.5 

Eta of Track 

Curves are for constant Pt of 100, 250, 1000 Ge V. 
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Introduction 
• Sun'ey physics relevant to SDC dectector. 00165 

• Attempt to isolate most demanding aspects and 
derive corresponding detector requirements. 

• Maintain scepticism about model details-physics 
understanding may evolve and change. 

• Use certain physics processes as archetypes to study 
general capabilities required of an SSC detector. 

• Use simple detector models to capture essentials. 

• Start from baseline detector concept and vary 
parameters to understand impact on physic~ 
performance. 

Unless otherwise stated, plots are for 1 SSC year of 
integrated luminosity (10 fb-l). 

Phvsics Topics: 

1. Electroweak Symmetry Breaking Studies 
2. Top Physics 

3. Supersymmetry Searches 
4. Heavy Gauge Bosons 

5. Compositeness Searches 
6. QCD Tests 

SSC ·P.K ~ '.10 :'00: 
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Calorimeter Models: 00171 

• Use shower parametrizations for EM and HAD 
shower shapes derived from EGS (EM) and ZEUS 
data (HAD). 

• Use resolution parametrizations for single particles 
from EGS (EM) and CAL0R89 (HAD): 

u(E) = .~ e b (Barrel) or ~ e b (Endcap) 
E V~ vEl 

• Use CALOR89 parametrization for 7f/e response 
(assuming calibration forces 7f/e = 1 at 300 GeV): 

fj 
7f/e = 0 - Elf.I5 

Calorimeter parameters used: 

Parameter Barrel Endcap 

Co"t-erage I'll < 1.4 1.4 < I'll < 3.0 
Radius of front face (m) 2.10 
z position of front face (m) 4.47 
COmpartment depth 

0.9 EM (+ Coil) 1.1 
HADI 4.1 S.1 
HAD2 4.9 6.0 

EM re.olu tion 
a 0.14 0.17 
b 0.01 0.01 

HAD resolution 
a 0.67 0.73 
b 0.06 0.08 

HAD nonlinearity 
1.13 1.16 Q 

{3 0.31 0.35 

Forward 

3.0 < I'll < 6.0 

12.00 

13.0 

0.50 
0.05 

1.00 
0.10 

1.16 
0.38 
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Muon Models: 00172 
• Use parametrized tracking resolution for baseline 

detector including multiple scattering, detector 
resolution, and alignment effects for combined inner 
tracking and muon systems_ 

-Parametrized resolution versus 7] : 

0.30 r-r"'I'""T"TT-r-T""r"1r-r-T"'T'TT-,-,-,-I'""T"T"'T''''''''''''' 
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------------___ 1 
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0.00 '--1-J...J..-'--L-'-'--'-'-'-J...J....l.-.L--'--'-'-,-,-.LJ....l.-.L..J-J 
0.0 0.5 1.0 1.5 2_0 2.5 

Eta of Muon 

Curves are for constant Pt of 100, 250, 1000 GeV. 
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Jet Reconstruction: 00174 

• Use transverse energy deposition in calorimeter cells. 

• Use Seed towers with Et > 5 GeV to define initial 
jet axis. 

• Collect all cells above a threshold of Er > 100 MeV 
inside a cone of radius R = J(~7])2 + (~4»2. Iterate 
the cone axis. 

• The vector sum of energy vectors pointing to cells 
defines the jet momentum; the scalar sum of cell 
energies defines the jet energy. The resulting jets 
acquire a mass. 

• Studies with ISAJET, using the calorimeter parameters 
defined previously, lead to a jet energy resolution of: 

u(E) = O.! e 0.016 
E vE 

The constant term has been reduced by averaging 
many single particle measurements. 

Lepton and Photon ID: 0017:; 

• Assume global efficiency of 85% for analyses 
requiring isolated leptons or photons (includes trigger 
effiCiency and all selection criteria). 

• Use results from current experiments 
estimate expected rejections against 
backgrounds (for Pt ~ 20 GeV): 

(CDF) to 
dominant 

* Photon identification: major source of background 
is a jet fragmenting into a leading neutral meson 
(7!'0, 7], K2). CDF rejection (ratio of background 
in inclusiye photon sample to two jet cross section) 
is ....... 5 x 10-4 with a strict isolation requirement. 

* Electron identification: major background sources 
are oyerlaps of charged track and neutral meson, 
early showering hadrons, and conversion electrons 
from photons in jets_ CDF rejection (ratio of 
background in inclusive electron spectrum to two 
jet cross section) is .... 1 x 10-5 with a minimal 
isolation requirement. 

* Muon identification: major background sources are 
decay-in-flight (non-prompt muons) and hadronic 
punch-through. CDF muon system not representatiYe, 
take UA1 results. Rejection (ratio of background 
in inclusive muons to two jet cross section) is 
....... 5 x 10-5 with no isolation requirement_ 

SSC-PAC .; :'1.:: 199, 
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Electro\\'eak SYmmetrY Breaking 00175 

In the Minimal Standard Model, bosons and charged 
fermions get their masses from interactions with a 
fundamental scalar field whose vacuum expectation is 
not zero. One component of this field manifests itself as 
the Higgs boson. 

A general purpose SSC detector must be capable of 
observing the Standard Model Higgs boson at any 
allowable mass, either verifying its existence or forcing 
consideration of alternative scenarios. 

Present discussion will cover: 

• Standard Model Higgs searches 
• Minimal SUSY Higgs searches 
• Strongly-coupled Higgs scenarios 
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Production of Standard :tvlodel Higgs: OU176 

The dominant production mechanisms for Standard 
Model Higgs bosons at the sse are : 
1. Gluon-gluon fusion via heavy quark loop (solid) 
2. WW or ZZ boson fusion (dots) 
3. Associated production with·a ff pair (dot-dash) 

4. Associated production with a W or Z boson (dash) 

Note: Assume a standard value of Mtop = 150 GeV in 
all subsequent discussions. 

Production cross sections for the Standard Model Higgs 
at the sse: 
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Low 11ass Higgs (80 < M < 130 GeV) 0017& 

LEP-II searches are unlikely to extend much beyond 80 
GeV, due to statistics and backgrounds from ZZ pair 
prod uction. 
Direct production with H -+ =y=y: 

• Large continuum background from QeD production 
of photon pairs. 

• Large background from QeD two jet production. 
• Mass resolution requires accurate knowledge of 

photon directions. 
Signals for MHiggs = 80, 100,120, 140, and 160 GeV: 

~ 10000 
.:. 
~ 5000 

~ 
~ 
'$ 2000 

" li 1000 

500.~~~~~~~LL~wULw~wu~ 
60 80 100 120 140 160 

Two Phot.on Inftrianl )las. (GeY) 

Only backgrounds from photon pair production are 
included. The photon direction resolution is assumed to 
be 1 mrad. 

SSC-P.-'.C , ~I" !9f~ 
K Einswoiie: Pb'·s Perf-IO 

Decays of Standard ~Iodel Higgs: 
Higgs ~Iass (GeY) 

140 
160 
200 
400 
800 

Higgs Width (GoY) 

0.01 
0.1 
1.4 

30 
270 

0017; 

In Low and Intermediate mass region, the Higgs boson 
is very narrow-mass resolution is critical. 

10° 

80 120 160 200 240 
Hi". w .... (GoY) 

In Heavy region, WW and ZZ decays dominate. 
BR(H -+ tt) is always less than '" 20%. 

• H -+ 'Y'Y small but significant below 160 GeV. 
• H -+ ZZ" or ZZ significant above 140 GeV. 

• H -+ WW and H -+ TT both interesting but difficult. 
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Subtract expected two photon background to study 
significance of residual signal: 

200 

~ 
~ 100 
u 
en 

~ 0 .. 
" '$-100 

" ~-200 
_300~~LL~~~~LL~~Lu~~~ 

60 80 100 120 140 
Two Photon Invarianl )las. (GeV) 
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Signal for M = 140 GeV has significance of 5eT, ignoring 
systematic errors arising from background subtraction. 
There are several hundred events in the peak. 

Marginal signal suggests looking for other processes with 
less background. 
Associated production of Higgs with W or t quark gives 
an additional lepton tag which significantly reduces 
background. 



SSC-PAC .; :.10: :~S~ 
K. Ei:lsweile: P:'ys Pe::"-: 3 

Associated production with H -+ '"'IT 001 Sf! 

The processes IV + H, Z + H, and tt + H all contribute 
to the l + "1"1 + X final state. The dominant source is 
tt+H. 
Several issues must be addressed, including the effects 
of the complexity of the final state (especially tt + H): 
• Efficiency for signal events 
• Identification of photons and leptons 
• Expected mass resolution, including pileup effects 
• Expected backgrounds and signal significance 

Efficiency for tt + H detection versus Pt and 7]. 

Co) (b) 

,'" ! 0.4 

0.1 

1.0. 15 10 " 100 1&$ 110 
......... _...- .. _CGo., 

Dotted (solid) curves are for M = 80 (160) GeV. The 
four curves are for 7] coverages of 1.5, 2.0, 2.5, and 3.0. 

This analysis requires Pt > 20 GeV and 17]1 < 2.5 for the 
lepton and both photons. 
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Effect of pileup on identification and reconstruction: 
The energy measurement appears more sensitive than 
the identification procedure, so study mass resolution in 
tt + H events. 
Use 2 x 2 and 3 x 3 cell arrays for energy reconstruction 
(EM and HAD1 segments used to include EM shower 
leakage). 

Cal - Id CeIlIn'aT (b) ... 
~IOO ~ .. I .10 

.00 

j-
100 

10 

!lO -I 0 • 10 !ID -I 0 I 10 _.-____ C ... ., _.-____ C ... ., 

Different transverse segmentations have been explored, 
including isolation cuts. 
The solid curve is 0.05 EM and HAD segmentation at 
design luminosity. The 0.05 EM and 0.2 HAD (dashed), 
and 0.1 (0.2) EM and HAD dot-dashed (dotted) curves 
are at five times design luminosity. 
• Mass resolution is a strong function of EM 

segmentation, and values larger than 0.1 are not 
acceptable. 

• Mass resolution is a weak function of HAD 
segmentation. 
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Two regions are rele\"ant for lepton/photon identification. 
• The "identification" region immediately surrounding 

the lepton is the minimum area required to identify 
and reconstruct the lepton/photon. 

• The "isolation" region is a larger area (typically 
a radius of R = 0.3) used to select events with 
the correct topology, thereby further reducing 
backgrounds. 

Focus particularly on problems of identifying and 
measuring electrons and photons in calorimeter (muons 
are simpler due to lack of confusion outside of the 
calorimeter) . 
Distribution of excess E t in a cone of R = 0.3 around 
photons in associated Higgs production: 

.00 Y + H Pneea Co) 

Efficiency for excess Et < 10 GeV require_ment on lepton 
and photons is 93% (73%) for W + H (tt + H) events. 
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Consider several classes of backgrounds: 00183 

• Two photon backgrounds (W +"1"1, bb+n, tt+n). 
• Backgrounds with one real photon and one mis

identified jet (tt + "I). 
• Backgrounds where both photons arise from mis-

identified jets. 

In the latter two cases, the major source of jets in the 
events is from the decay of the tt system, and hence 
higher-order QCD corrections are Dot essential. 
Assuming jet rejection of 5 x 10-4, the only significant 
sources of background involve two real photons. 
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Background curves are (in ascending order) bbn, ttn, 
and W"I"I. The tt"l"l background increases by a factor 3 
if M top = 100 GeV instead of 150 GeV. 
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Expected signal typically 15-20 events (including 
isolation cuts and all efficiencies): 00184 

Ma W + H events W + H events tt + H events ti + H events 
'W Produced Detected Produced Detected 

80 25.0 4.0 49.6 12.2 
100 22.0 4.2 48.9 13.7 
120 18.4 3.7 45.5 13.7 
140 10.2 2.2 28.0 U . 
180 1.6 0.4 S.O 

Signal significance versus calorimeter performance: 
Define the significance d = Signal/ VBackground. 
The significance d decreases like v'Resolution for fixed 
integrated luminosity (a factor 2 in resolution is worth 
a factor 2 in running time). 
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The curves are for a constant term of 1 % and stochastic 
terms of 7.5%, 10%, 15%, and 20%. 
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Intermediate Mass Higgs (130 < M < 180 GeV) 
In this region, the decay H -+ Z Z* -+ 4£ provides a 
distinctive signature. 
Several issues must be addressed: 
• Efficiency for signal events 
• Identification of leptons 
• Expected mass resolution, including bremsstrahlung 

effects 

• Expected backgrounds and signal significance 

Efficiency for H -+ ZZ* detection versus Pt and 1]: 

Curves are for M = 120 GeV (solid), 140 GeV (dotted), 
and 160 GeV (dashed). The four curves are for 1] 
coverages of 1.5, 2.0, 2.5, and 3.0. 

This analysis requires Pt > 20 GeV for two leptons and 
Pt> 10 GeV and 11]1 < 2.5 for all four leptons. 
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Define a high performance option with stochastic terms 
of 0.09 and 0.14 in Barrel and Endcap respectively 
(Baseline has 0.14 and 0.17 stochastic terms in Barrel 
and Endcap). 

10~-r~rrT7~~rr~rrTT~~-n 
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o~~~~~~~~-U~~~~~ 
100 120 140 160 

W (HilliS) (CeV) 

The solid curves are the baseline calorimeter with 0.5%, 
1 %, and 2% constant terms. The dotted curves are a 
high performance option with constant terms of 0.5% 
and 1%. The dashed curve is a 0.10/VB calorimeter 
with no constant term. 
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The decays oftt pairs are a major SOurce of multi-lepton 
backgrounds. TopolOgical isolation requirements are 
very effective in reducing such backgrounds. 

Distribution of excess Et in a cone of R = 0.3 around the 
leptons for the H -+ Z Z* signal and the tt background. 

Leptons from b ~d lish:te.r qu~k decays can be strongly 
sup~r:ssed, while retammg high signal efficiency, by 
requumg that the excess E t < 5 GeV. 

This requirem:,nt is 94% efficient for signal leptons. FOr 
leptons from tt events, where the lepton comes from b 
quark decay, find: 

* For 10 < pf < 20 GeV, an efficiency of 0.11 

* For 20 < pf < 30 GeV, an efficiency of 0.05 

* For 30 < pf < 50 GeV, an efficiency of 0.01 
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For the low Pt leptons that characterize the H - Z Z < 

process, the tracking system provides better resolution 
than the calorimeter (assume AI = 140 GeV): 
• Parametrized resolution for the 4p final state is O.S 

GeV. 

• Calorimetric mass resolution for the 4e final state is 
1.9 CeV. 

The relatively large amount of material present in the 
tracking volume degrades the tracking resolution for 
electrons due to bremsstrahlung effects. 

Results of a full GEANT simulation of the tracking 
system resolution for H ..... ZZ· with M = 140 GeV: 

.. " . 
(1)) 
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100 

1 
.. ~ 

1 .,. .. .. 
,~ l~ l~ 1~ 

, .. a-v- IaftriaDt ..... (Ge'f) 

For this analysis, we use the calorimeter to reconstruct 
electrons. 
More sophisticated momentum fitting algorithms could 
reduce the sensitivity to bremsstrahlung. 
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Heayy Higgs (180 < M < 800 GeV) 
Consider several possible decay modes: 
• Clean but statistically limited modes. 

* H ..... ZZ ..... 4i 
* H ..... ZZ-2ivI1 

00190 

• Larger branching ratios, accompanied by much larger 
backgrounds. These modes are discussed to illustrate 
general capabilities of jet spectroscopy and forward 
jet tagging. 
* H ..... ZZ ..... 2i+2jets 
* H ..... WW ..... iv + 2jets 

00189 
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Several classes of backgrounds ha\'e been considered: 

• Continuum Z Z production from qq and 99 initial 
states. The latter has been approximated 1>Y scaling 
the former by 1.65. 

• Production of Z + bb and Z + ft, with the heavy 
quark pair providing two additional leptons. 

• Production of tt with subsequent decay into four 
leptons. 

The latter two sources are significantly reduced by the 
lepton isolation requirement. 
Signal for MHiggs = 130, 140, 150, 160, and 170 GeV. 
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The curves are for the backgrounds listed above (from 
lowest to highest). 

H ..... ZZ ..... 4i: 
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Efficiencies for H ..... Z Z detection versus Pt and 11: 

This analysis requires Pt > 20 Ge V for two leptons and 
Pt > 10 GeV and 1111 < 2.5 for all four leptons. 

Background sources are the same as those discussed 
for the ZZ· mode, but the second Z mass constraint 
eliminates all but the ZZ continuum background. 
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Highly boosted Z's produced in heavy Higgs decay 
produce leptons which frequently lie close together- This 
has implications for the EM calorimeter segmentation. 

The distance in (71, ¢) space between pairs of leptons for 
an 800GeV Higgs decay: 
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Winlmum Delta R Belween Leptons 

High efficiency for AR > 0.3 is required, suggesting that 
EM calorimeter cells of size 0.1 are not acceptable. 
(Two electrons will hit adjacent 2 x 2 cell arrays.) 
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H -+ ZZ -+ 2£vii: 00194 

Branching ratio is factor six larger than 4£ decay 
mode, but two neutrino decay mode more sensitive 
to background. 

The major additional source of background is Z + jets, 
where one of the jets is mis-measured or lost, thereby 
simulating the presence of neutrinos. 

Expected signal from 800 GeV Higgs if calorimeter 
coverage stops at 71 = 3: 

104 ET"",.,...,......-r-,.,...,......-r-T"T.,......-,..-,....,.. ........ -,..-~ 

lola - 800 GeV 

---"'-""----,--
slCnal '_-, __ 

1 __ 

1 00 u-':-:: ....... -'--'~:'-'-'-L....l.. ....... -'-L....l..-'-'-'-u 
400 &00 800 700 

Wissinc-E, (GeV) 

The Z + jets background overwhelms the signal for this 
71 coverage. Studies indicate that a coverage to 71 = 5 is 
appropriate for Higgs searches. 
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E::-..-pected signals for 1\!Higgs = 200, 400 GeV: 00193 
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Expected signals for MHiggs = 800 GeV: 
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A Pt(Z) > 200 GeV requirement reduces the background 
with little loss of signal. Expect about 14 signal above 
6 background in one SSC year. 
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Other sources of background include: 00195 

• Continuum production of ZZ pairs. 
• Production of Z + bb or Z + tt. 

The signal and backgrounds for an 800 GeV Higgs: 

o __ t-o _.;.., • __ • - • 

300 400 500 800 700 
WissiDI-Et (GeV) 

The dashed line is the continuum background, the dot
dashed line is Z + jets, and the dotted line is tt. The 71 
coverage for jet detection was taken to be 5.0. 
This signal, in combination with that from the 4£ final 
state, would provide strong evidence for an 800 GeV 
Higgs after one SSC year. 
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• Branching ratio roughly 150 times that of 4t decay 
mode. 

• Additional large backgrounds from W + jets and tt. 

Concentrate on two capabilities relevant for high mass 
symmetry breaking studies : 

• W / Z --+ 2-jet reconstruction. 

• Reconstruction of forward jets from the WW/ZZ 
fusion process. 

W/Z --+ 2-jet Reconstruction: 

Use example of high Pt W / Z produced in decay of 1 TeV 
Higgs: 

The W/Z has Pt > 250 GeV, and decays with a mean 
opening angle of about AR = 0.5. The highly boosted 
jets produced in the decay are much narrower than 
ordinary jets. 

==C-P.l..C 
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Study mass resolution as a function of calorimeter 
segmentation for high Pt ~y decays: 

100 
100 

100 (0) 

.~~ 
(1)) 100 

:i 
) ... 
! 

... 
zoo 

• 
100 

... 

... 

Dotted curve is W + jets background before cuts (aetual 
background is 30 times larger), dashed is after requiring 
two narrow jets inside the initial jet cone. 
ConclUSions: 

• Little dependence on calorimeter energy resolution. 
• Degradation starts for HADI segmentation of 0.2. 

• Reconstructing two narrow jets inside a standard jet 
cone is a powerful signature of high Pt W decay. 
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The two decay jets are typically contained in a single jet 
definition cone of R = 0.6. Use small cones of R = 0.15 
to reconstruct these jets. 

A typical event, with Pt(W) = 713 GeV, is shown: 

a 
TJ 

Lego plot of E t in calorimeter. 
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The energies of the two narrow jets provide a measure 
of the decay angle: 

cosO.,..., El-~ 
El+~ 

which is sensitive to the W/Z polarization. 
Behavior of cos O· distribution for signal and background: 

400 :-·:n 
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• Hi~gs produces polarized W bosons which decay with 
sin 0* distribution. 

• W + jets background produces forward/backward 
peaked distribution due to soft spectrum of second 
"jet" . 

Gives additional handle on signal/background separation. 
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Forward iet tagging: 0020u 

The WW/ZZ fusion process for Higgs production 
becomes dominant at high Higgs masses, and proYides 
a unique kinematic signature that could be used to 
distinguish it from backgrounds. 

Could also allow separation of 99 fusion and WW/ZZ 
fusion mechanisms, thereby measuring the couplings of 
the Higgs to t quarks and W/Z bosons. 

Kinematic signature is a large E jet_ 

• Single Tag: 1 jet with Pt > 50 GeV, E> 3 TeV. 

• Double Tag: 2 jets with Pt > 50 GeV, E > 1.5 TeV. 

Signal efficiencies: 
Parton Jet 

Fiducial region PI> 50 GeV 1'1 > 50 GeV 

2.5 < rl < 6 
0.32 

Single tag 2.5 < '1 < 5 0.26 0.23 
2.5 < '1 < 4 0.076 0.068 

2.5 < n < 6 0.090 
Double tag 2.5 < '1 < 5 0.072 0.052 

2.5 < '1 < 4 0.015 0.012 

Fiducial coverage out to 1] = 5 is required for reasonable 
acceptance. 

Summary: 
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00202 
Use a combination of cuts to isolate H -> Wl-V: 

• W/Z -> 2-jets reconstruction 

• Veto events with second central jet (defined using 
R = 0.6) 

• Require single forward tag jet 

These cuts result in the following: 

• A signal efficiency of'" 10%. 
• A W + jets rejection of", 500. 

• A tt rejection of '" 104. 

• Remaining signal to noise ratio of roughly 1:5. 

Results are promising and indicate importance of 
reconstructing W/Z -> 2-jets and tagging forward jets 
in the SDC detector. 
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Segmentation and Energy Resolution requirements: 

Angular and Pt resolution for jets yersus Segmentation: 
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Solid curve is 0.05, dashed (dotted) is 0.2 (0.4). Dot
dashed is extreme of 0.8. Segmentation in range 0.2-0.4 
is acceptable. 
Pt resolution for jets versus Energy Resolution: 

Solid curve is perfect detector. Dotted (dashed) curves 
are for 100%/v'E e 10% (80%/v'E ffi 5%) calorimeter 
resolution. Energy resolution is not critical. 
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Supersvmmetric Extensions to the Higgs Sector: 00203 

Consider more complex Higgs sector containing two 
doublets, resulting in five physics Higgs bosons (hO HO 
AO, and H±). ' , 

The minimal supersymmetric extension of the Standard 
Model is a simple, elegant example of such a model. 

• Two free parameters, taken to be M A and tan /3 (the 
ratio of the vacuum expectation values for the two 
Higgs doublets). 

• Large radiative corrections recently calculated 
giving the bound MhO ::; llO (140) GeV fo; 
Mtop = 150 (200) GeV. This implies that hO may be 
inaccessible to LEP-II. 

• Production cross sections and branching ratios are 
all modified. 

Study implications for Standard Model searches. 
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Branching ratios for neutral Higgs decays to ~r.: OU204 

o 

~W3 .. 
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10-6 l4. ....... ~-'-L..J....u. ................ J...;L..J....L..J...L..J...J....w 
100 200 300 400 500 

Higgs Kass (GeV) 

Solid curve is for hO, dotted (dashed) are for HO (Ao). 
For large values of MhO, hO -+ 77 is observable. For 
small tan~, AO -+ 77 should be observable. 
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Summary (assuming 3-5 years at SSC design luminosity): 

• For small MA, hO observable at LEP-II, t -+ H±b 
observable at SSC. 

• For moderate MA and small tan~, hO observable at 
LEP-II, HO -+ ZZ and t -+ H±b observable at SSC. 

• For moderate MA and large tan~, none ofthe Higgs 
bosons may be observable. 

• For large MA, hO -+ 77 observable at SSC. 

These statements are valid for Mtop = 150 GeV. If the 
t quark is heavier, the discovery regions are enlarged. 

Basic problem is that for large regions of parameter 
space, Higgs' decay to heavy quarks and ar~. alm.ost 
unobservable. Searches for TT decays are promISing and 
may enlarge the regions where minimal SUSY Higgs 
bosons are observable. 
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Branching ratios for neutral Higgs decays to Z Z: 
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Solid curve is for he, dotted (dashed) are for HO (Ao). 
For large values of tan~, hO -+ ZZ· observable. For 
small values of tan~, HO -+ ZZ observable. 
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Stronglv Coupled Higgs Models: 00207 

Two complementary approaches to searching for a 
strongly coupled Higgs sector exist. 

Resonant Channels: 
New strong interactions (e.g., Technicolor) may produce 
resonances in gauge boson pair channels (ZZ, WW, 
WZ, or Z7) in the 1-2 TeV region. These resonances 
are analogous to the p and w mesons. The signals are 
distinctive but small => high luminosity is required. 

An example of a Techni-w decaying to Z7: 

1200 1300 1400 1500 1800 1700 
Kass(Z7) (GaV) 
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Non-resonant Channels: 00205 

A strongly interacting Higgs sector should also enhance 
non-resonant channels such as W+~V+. Again, the 
signals are smalL 

106 rT"TT-r-T"T"1-r"..--rT"T"TT--'-'--'-'---'-'''-'-..-r-T"' 

o 400 600 BOO 1000 
Lepton Pt (GeV) 

Signal (assuming strong coupling) given by solid curve. 

• Lowest order qq and gg diagrams for producing 
transversely polarized backgrounds don't exist. 

• Major experimental backgrounds: 
a) Opposite-sign backgrounds: qq-+ W+W- (dotted) 

and gg -+ tt -+ W+W- + X (dashed). 

b) Like-sign backgrounds: gg -+ tt -+ W+bb + X -+ 

t+t+ + X (dot-dashed). 

SSC.PAC .; ~Ia)" Ig9: 
K. Emsweiler P hys Perf-.3 

Heavy Gauge Bosons 00210 

W'Searches: Discovery up to 5 TeV should be 
straighforward, there are ~ 10 events for typical L - R 
Symmetric models for this mass. 

Z, Searches: Concentrate on this to understand how well 
properties (and therefore the underlying model) can be 
determined. 
• Choose class of Z, which arise in E6 models (there is 

one free parameter: cos a). 

Properties to be measured: 

• Mass and Width 
• Cross section (determines couplings, but depends 

on assumptions about branching ratios to exotic 
channels). 

• Angular distributions (determine couplings) .. In 
particular, forward/backward asymmetry is a 
powerful measurement. 

Properties of several Z' arising in E6 models: 

Property 

r~M - 800 GeV) r M - 4000 GeV) 
,,1\1,.,800 GeV) 
" AI '" 4000 GeV) 

coso z: -0.6 

B.5 
42.3 

2.1 
0.004 

z. 
5.0 

25.2 
1.2 
0.0032 

Z .. 
4.2 

21-0 
1.1 
0.0027 

Zx 
9.2 

46.2 
2.4 
0.0051 

SM Couplings 

21.4 
106.9 

4.3 
0.010 
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For pf '" 100 (500) GeV, need 10-5 (10-3) background 
rejection. 

• Charge measurement is critical. 

• For tt events, some rejection comes from topology 
cuts (e.g., central jet veto). 

• Up to a factor of 103 obtainable against non-isolated 
leptons with Pt ~ 100 GeV using isolation cuts. 

Study charge measurement in detail, using full GEANT 
simulation and track reconstruction algorithms. 

Fix pi = 500 GeV, and assume a luminosity of 3 x 
1033cm-2s-1. 
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Plot reconstructed curvature, look for tracks with wrong 
sign. Results indicate mis-measurement ~ 10-3 for 80% 
tracking efficiency (a tight X2 requirement was made). 

Separation will improve for lower Pt values. 

Mass plot for 800 GeV Z': 
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Cool., - -0.1 (lo' 

.... 

Dotted curve is a perfect detector. Solid (dashed) curve 
is for Z, -+ ee (Z' -+ p.p.). 

Mass plot for 4 Te V Z': 

With adequate statistics, it is possible to measure both 
mass and width over this range using the ee final state. 
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Asymmetry plot for 800 GeV Z' (Plong(Z') > 500 Ge'·): 

-0" 0.0 ... 1.0 _. 
Dotted curve is a perfect detector. Solid (dashed) curve 
is for Z' -+ ee (Z' -+ p.p.). 

Asymmetry plot for 4 TeV Z' (Plong(Z') > 1000 GeV): 

.. (.) -: c..(.) • -o.e (lo) , • J ~ 

j 
:-

i ! 

• 0 ..... fA ... 1.0 -u ..... ... ... LO -... _. _. 
With adequate statistics, it is possible to measure 
asymmetry and distinguish two models. 
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Compositeness Searches 00214 
If quarks are made of more fundamental objects, expect 
4-fermion interaction of form: 

g2 _ _ 
.c = - 2A2('ih'Y/JUL + dL'Y/JdL)(UL'Y/JUL + dL'Y/JdL) 

Inclusive jet cross section receives contribution from 
interference with gluon exchange. du / dEt does not fall 
as steeply with Et as QCD predicts. 

Normalize QCD prediction to data at low Et (Et < 2 
TeV). Look for deviations at large E t . This technique is 
sensitive to non-linearities in the jet energy scale. 

Previous SDC studies: 
• Statistical limit A ~ 30 TeV after 1 SSC year. 
• If jet response perfect below 2 TeV, and wrong by 

2% at 5 TeV, this limit is reduced to A ~ 25 TeV. 
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Comments on searching for Z' - 2-jets: 00213 

Study case of Standard Model Z' with mass of 2 Te\" . 

2000 2500 3000 3500 
M(Jet.1et) (GeV) 

Signal to noise ratio improves with reduction in TJ 
coverage since QCD background is more forward peaked. 

Observe signal to noise ratio at peak of roughly ",1:100. 
This is similar to the UA2 W/Z -+ 2-jets analysis at 
SPS Collider (not impossible, but very difficult). 

The Z' mass resolution is a weak function of 
the calorimeter resolution. The baseline gives a 
mass resolution of '" 100 GeV, dramatic changes in 
calorimeter resolution alter this by less than 20%. 
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What is the impact of non-linear "Ii / e response on this 
measurement ? 

1.05 1"T'1.,.,....--.--.-....... ..-n....--r-r-r ....... ,.....,., 

~ 
1i 

1.00 

2! 0.115 
::s 
I 
~ 
~ 0.90 
.!l 

0.85 ....... .u.L_-'--'-............. .&.I-_'--......... ...u...&..LIJU 
60 100 600 1000 6000 10000 

True Jet Et (GeV) 

Plot jet non-linearity due to non-linear single particle 
response (uses ISAJET two-jet event sample). 

Recall SDC calibration scheme normalizes '11'/ e == 1 at 
300 GeV. 
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The important issue is what is the uncertainty on the 
non-linearity . 

.. 
t .. 1.01 

'i 
~ 1.00 f-------"""":::::..---= 
u 

" rt 0.99 

0.9S 

100 500 1000 500010000 
True Jet Et (GeV) 

Solid curve assumes perfect knowledge of 7r / e response 
up to 100 GeV, and a 5%/TeV extrapolation error 
above this energy. Dash (dot-dash) assume a 2%/TeV 
extrapolation error starting from 500 (1000) GeV. 

Conclude that if calorimeter is properly calibrated, non
linearities do not significantly degrade capability for 
compositeness searches. 





sse-?.:......: 
).[ ).[.\::~;...::- ?~.: - ? ... :: 

00215 

Physics Performance of the SDC Detector II 

Michelangelo Mangano 
INFN Pisa, ITALY . 

Solenoidal Detector Collaboration 

1. Top Quark Physics 

a) SM Top: detection and mass measurement. 

b) Top -+ H+ + b. 

2. Supersymmetry 

a) g'9 -+ jets + lit 
b) gg -+ l±l± + jets 

c) XX -+;::: 3l's 
3. QCD 

sse·PAC , :.1.,:. :: .. :.: 
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00220 
Main Identification Tool in SDC: 

semileptonic decay(s) + b-tagging 

It will be used to: 

• Detect the top quark 

• Measure its mass mt 

• Study its branching ratios 
• Search for t -+ bH+ and - if found - measure m H+ 

and BR(t -+ H+b) 

Analysis performed using ISAJET pp -+ tf and detector 
response as described previously (Einsweiler) 
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Top Quark Phvsics 
• Missing piece of the Standard Model 
• Huge production cross section: 

102 rr-'-,-,-.,-r-r"T""r-r-r-r-r"T"'1r-r"T""'1""'T"11 1 09 

1 0-2 ::-'-~'-':=-,-'-..J.....J-L..J.....J-'-.J.-.l--'-..L....L....L..J 105 
100 300 400 500 

t Quark Mass (GeV) 

• Possible window onto beyond-the-SM Physics 
(e.g. t -+ H+b) 

• Source of Higgs bosons via pp -+ tfH 

0021I:J 

• Background to rare and exotic phenomena (e.g. High 
energy WW scattering, multilepton final states from 
WWWorSUSY) 

S5e·p.~~- ~ \ ("', :c:s·~ 
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Top Detection and 
mt Measurement 

Three techniques: 

I. Isolated di-Ieptons: 

tt -+ (t -+ evb) + (f -+ l.wb) 

I I. Isolated lepton + non-isolated muon: 

if -+ (t -+ X) + (f -+ lVI J.w~ c) 

III. Lepton plus jets: 

if -+ (t -+ evb) + (f -+ jets) 

00221 
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I: Isolated Di-leptons 
00222 

• Require a pair of isolated e and IJ. with P~ > 20 GeV, 
1771 < 2.5. 

• Background free (at the percent level) 

• Yields 106 events/yr for mt = 150 GeV 

• Comparison with O'~CD and using SM branching 
ratios results in: 

6.mt '" 10 - 15 GeV 

Comments: 

• After subtraction of Z and DrelI-Yan we can compare 
the e±IJ.T signal with the l±lT and establish e/IJ. 
universality 

• The e±IJ.T signal provides a pure sample of b jets on 
which to tune and debug the b-tagging 

mt measurement: 

SSC·PAC .; .\L.:: ~~.,,:._ 
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Fit the mel-' distribution tuning mt in the MC. 
Shown here the case of mt = 150 Ge V (leftmost 
curve, lefthand scale) and mt = 180 GeV: 

:; 
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II: Isolated Lepton + non-isolated Muon 

• Comparison with (I) measures the t -. Wb 
branching ratio. 

• Provides a better measurement of mt: will show case 
of mt = 150 GeV 

Selection cuts: 

a) e: Pt > 40 GeV and L:,t:e Et < 4 GeV within 
6.R < 0.2 

b) IJ.: Pt > 20 GeV and L:,t:1-' Et > 20 GeV within 
6.R> 0.4 

c) pt(eIJ.) > 100 GeV 

d) 6.¢>(e, IJ.) < 800
, to reduce opposite charm background 

SSC·PAC ; '\I~': :!l9: 
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Check consistencv applying different Pt(eIJ.) cuts (from 
the lower to the upper curve: Pt(eIJ.) > 60, 100 and 140 
GeV): 

~ 70 e .. 
'i 80 Po. 
:I. 
I .. 50 -0 .. .. 40 :; 
c ., 30 
~ 

20 
100 120 140 160 180 200 

t Qu .... k Mass (GeV) 

Backgrounds: 

WW, Z - 'T'T: negligible 
Wbb: 0.7 % (3%) for mt = 150 (250) GeV 

Statistical Error on mt: 

mt = 150 GeV: 6.mt = 0.5 GeV (70,000 events/yr) 

mt = 250 GeV: 6.mt = 0.8 GeV (17,000 events/yr) 
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Svstematic Errors on me: G022fi 
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• b - B fragmentation function: modeled using 
Peterson fragmentation, f as measured by Aleph 
varied within ±lu: 

Amt = 1.5 (3) GeV at mt = 150 (250) GeV 

• top Pt distribution: 

:;-e 52.5 

.!:: 
:. 50.0 
~ 
I 
" 47.5 -o .. 
:: 45.0 
:z 

100 200 300 
Pt of t Quark (GeV) 

Varying initial state Radiation in ISAJET: 

Amt = 1.9 (2.6) GeV at mt = 150 (250) GeV 

Final Result 

Amt(mt = 150 GeV) = ±0.5 (stat) ± 2.4 (syst) GeV 
Amt(mt = 250 GeV) = ±0.8 (stat) ±3.9 (syst) GeV 
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Two jet invariant mass 
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III: Lepton + Jets 0022; 

Will measure the invariant mass of the t - 3 jet system, 
using large-pt top to reduce combinatorial background. 

• Jets: cone size R = 0.4, 1111 < 2.5 

• Lepton: Pt > 40 GeV, 1111 < 2.5, I:",l Et < 0.25p~ 
within AR < 0.4 

• Apply jet-by-jet energy corrections, to account for 
calorimeter response, out-of-cone corrections 

Require: 

• ~ 3 jets with rl > 30 GeV and A¢(j, 1) > 90° 

• A b-tag among these jets (- force 11Ibjetl < 2) 

• p~jet > 200 (300) GeV for mt = 150 (250) GeV . 

Rates: 

160,000 (40,000) events / year 

- Amt(stat) < 100 MeV 
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Plot m3jet, requiring 1m2 jet - mwl < 15 GeV: 00229 

(0) 

00 10 100 ISO 100 ZIG aGO 
-ja\ .. -.., ..... (coo) 

~) 

°O~~G~~IL®~I~~~"'~~"'~~_ 
!lane-tel IImtriaal ..... (C.~ 

Plot m2jet, requiring 1m3 jet - mtl < 15 (25) GeV: 

i 
.... (0) alGI ~) ..... -.... ...... .. 

I .... ~ 1000 
u 

i .... i -! I-
I 
or; 

• - 0 
0 G 100 IG -0 ___ (Gao) 
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Fitting the mass plots with Gaussian distributions gives: 

(m2jet) = BO.5 GeV (mW=BO GeV), (j = 7.5 GeV 

(m3jet) = 147.9 (243.6) GeV, (j = 9 (14) GeV. 

Fixing the absolute energy calibration using the value 
of the W mass gives: 

llmt < 3 GeV 

SSC·PAC oj ~Iay 199~ 
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HmH+< mt-mb the BR(t - H+b) can be of the order 
of BR(t - Wb): 

1.000 =~=r-n.,..,,--r-T"rTrTTTT"----'r-r-rT-a:zo 
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Charged Higgs Boson 00231 

• Present in any extension of the SM with t'vo SU(2)L 
Higgs doublets HI, H2 

• Necessary in Supersymmetrv 

Will assume the most common implementation: 

where Q = (u, d), L = (/.Iz, l) 

Couplings of H+ are uniquely determined by fermion 
masses and: 

Vi = (HP) 

SSC·P.\C _ ,la, :c·~': 
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Detection of the H+ 

Strategy: Trigger on a SM semileptonic decay of one t 
and reconstruct the t - H+b decay of the other. 

Trigger: Inclusive lepton, pO 40 GeV, 1771 < 2.5 

Require: 

• Lepton isolation:~#l Et < 0.25p~ within llR < 0.4 

• b-tag: b-jet with Pt> 30 GeVand 1771 <2 

H+ reconstruction: 

I. H - T/.IT (large tan,B) 

II. H - c8 - 2 jet (small tan,B) 



I: H -+ TVr 
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Use the measured a(tt -+ eJ.L) (from isolated dileptons) 
to evaluate the expected number of observed tt -+ IT. 
Check for possible violation of universality. 

Use T -+ 1W and T -+ Kv 

• pr> 50,100 GeV 
• :E=FI Et < 0.25pr within .D.R < 0.4 -+ jet rejection 

better than 10-3 

T polarization effects render the T detection efficiency 
for the H -+ TV decay larger than for W -+ TV: 

m, mH+ e'-lr1, eo-.., en en 
(GeV) (GeV) Pt(rr) > 50 Pt(7r) > 100 

100 no H*' 0.35 0.10 0.044 0.0022 
100 75 0.34 0.13 0.16 0.020 
100 85 0.35 0.OS7 0.18 0.04 
100 95 0.36 0.066 0.27 0.077 

150 no~ 0.39 0.27 0.065 0.011 
150 75 0.38 0.28 0.18 0.043 
150 125 0.39 0.22 0.29 0.09 
150 140 0.40 0.20 0.32 0.12 

200 no H= 0.46 0.31 0.091 0.018 
200 125 0.46 0.30 0.31 0.11 
200 175 0.46 0.26 0.39 0.16 

SSC-PAC ~ )'Ia\" 1£0[·: 
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Parametrise the significance of the signal by: 0023fi 
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Number of IT pairs without H+ decays: 

NI~M = 2 Nti BR(W -+ Iv)el-trigeb-trig 

BR(W -+ Tv)BR(T -+ 1l'v)e% 

Number of IT pairs with H+ decays: 

Nt:s = (1- BH)2 NI~M + BH(l- BH)Nt! 

where 

Nt! = 2 Nti BR(W -+ Iv)el-trigeb_trig 

BR(H -+ Tv)BR(T -+ 1l'v)e~ 

In presence of H+ decays the number of observed eJ.L 
events would be 

N~s = (1 - BH)2 Ng",M 

and the universality prediction for IT: 

Nt,.niv = (1 - BH)2 NI~M 

II: H -+ 2 jets 

SSC-P .. K 0 ),[,," 199~ 
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• Study the mass distribution of the two non-b 
jets recoiling against the lepton (same as previous 
analysis for tt -+ I + jets): 
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• Fit the curve with the superposition of the W + 2 jet 
and H -+ 2 jet contributions 

• Extract BR(t -+ bH) x BR(H+ -+ cS) and mH+ 

• Assess the H+ -peak significance by subtracting the 
combinatorial W-tail background in a 30 GeV region 
around the H+-peak and defining: 

~ak _ Nbackgd 
NSD = r===r: v Npean. 
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Supersymmetry 

• Best candidate to solve the mass Hierarchy problem 
and to connect SM and gravity 

• Several possible models, but large set of model 
independent predictions and features (e.g. missing 
Et signatures, ug(mg), ... ) 

Will consider here the Minimal SUSY Model: 
Spectrum: 
* scalar partners of matter fermions: q, l 
* fermionic partners of gauge and Higgs fields: g, w, 

~,~, h. USu~! r~r~~nted b.!oth~mass eigenstates 
mdicated as. g, Xi (,-1,2), Xi (,-1, .. ,4) 

* additional scalar Higgs fields: H±, h, A. 
Parameters: 

* tan/3 = V2/Vl (defined earlier) 
* p.: H mass at the GUT scale 
* M: common gaugino mass at the GUT scale 

* scalar masses 
There exists a lightest stable SUSY particle, X? 

SSC-P.~\.- .,:."" 
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Summary of Charged Higgs Search 

C' 
~ 150 e 

18-1 100 102 

tanp 

()023G 

• H+ can be detected for all values of tan/3 > 0.1 via 
the channels: 

H+ - cl for tan/3 < 1 
H+ - rVr for tan/3 > 0.5 

• mH+ determined to within 10% in the H+ - cl 
channel 

• Work in progress to determine m H+ in the H+ -
rVr channel (use p~ spectrum?) 

Comments: Use the determination of BR(t - Wb) from 
the study of isolated dilepton vs. isolated lepton plus 
non-isolated muon to overconstrain the system or extract 
possible evidence for additional top decay modes. 

SSC-PAC ~ 'lay :,)~,: 
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Will consider: 

• Production of gluino pairs and detection via: 
a) decays to like-sign dileptons and jets: 

99 - Z±l± + (n 2: 4)jets 

b) missing Et in multi-jet events 

00241 

• Direct production of weakly interacting gaugino pairs 
and detection via multileptonic (n 2: 3) decays. 



ijij ---+ jets + Ilt 
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Consider the more difficult case of a light gluino: mg = 
300 GeV. Assume also mq > mg. Gluino decays are 
then dominated by the following channels, 

9 ---+ xtqq' (BR'" 60%) 

9 ---+ X~qq (BR '" 15%) 

9 ---+ xgqq (BR '" 25%) 

followed by the subsequent X decays towards the stable 
state X~: 

xt ---+ X~ + X 

xg ---+ X~ + X 

where X contains at least a quark or lepton pair. 

We will theref~re require at least 3 jets with P1 > 70 
GeV, and study the 1h spectrum. 

Backgrounds: 

• (Z ---+ vv) + jets, QQ ---+ v + jets (Q = b, t) 

• Jet energy mismeasurement ---+ I/t 
• Jets lost in the forward ---+ I/t 

SSC·PAC -l ~Ia\' 199::: 
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Jet E t mismeasurement 00243 

• Dominated by non-gaussian tails (modeled ci la CDF) 

• Dominated by I/t vector aligned with a large-pt jet 

Require: 

• t:::..¢(I/t ,jet) > 20° 

1h from forward jets 

• Large rate of FWD jets at large Pt(> 100 GeV) 

• Vetoing not sufficient: too large signal rejection 

• Need segmentation sufficient to impose t:::..¢(I/t ,jet) 
cut (jet size = t:::..TJ x t:::..¢ '" 0.5 x 0.5) 

• Constant term in energy resolution: sufficient 10% 

• Need coverage down to ITJI < 5 
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140 160 180 200 
Kissina-E, (CeV) 

Dot-dashed line: Z+jets. Dashed line: . Et 
mismeasurement and jets beyond ITJI > 5. Dotted line: 
QQ final states, with 1h from neutrinos. 

Left with'" 106 eventsfyr with 1h > 100 GeV. Physical 
backgrounds can be subtracted 



SSC-?-\: \~. :~.~<_' 

~l. :'lan:;:Ull/ PilY~ Pe=:·-~t.:: 

00 -+ [±[± + (n > 4)iets 00246 

Look for the following decay chain for each {;: 
9 -+ xrqq (BR '" 60%) 

xr -+ l±/JX~ (BR'" 20%) 

The total B R is about 2%, half of which corresponds to 
same-sign lepton pairs. This corresponds to: 

• 2 x 106 eventsfyr if mg = 180 GeV 

• 25 eventsfyr if mg = 2 TeV 

We will consider here the case mg = 300 GeV, and will 
require: 

• ~ 4 jets with 1771 < 3 and Pt > 50 GeV 

• P~ > 20 GeV for both leptons, or p~l > 40 GeV and 
p~2 > 15 GeV 

• l:!.R/jet > 0.5 (to remove tt background) 
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X pair production and decay 0024fi 

Independent probe into the couplings of gauge fermions 
Study purely leptonic chain decays. Require: 

• ~ 3 leptons with 1771 < 2.5, P~ > 20 GeV and Pi> 15 
GeV 

• l isolation: 1:#/ lEt < 2 GeV within l:!.R < 0.2 

• Absence of jets: 1:#/ lEt < 30 GeV within 1771 < 2.5 

Production rates (pb) for multi-Ieptonic final states 

f.J. (GeV) M (GeV) 3 l 5 l 

-80 100 
-80 200 

-150 100 
-150 200 

top bkgd mtop = 150 
top bkgd mtop = 200 

0.22 
3.4x10-2 

0.26 
9.7xlO-2 

0.26 
8.2xlO-3 

7.3xlO-3 

7xlO-4 

2x10-4 

2.1xlO-3 

< 10-4 

< 10-4 . 

Mass spectrum (GeV) of the neutralino-chargino sector 

f.J. (GeV) M (GeV) x~ xg xg x~ xt x~ 
-80 100 51 72 118 141 90 145 
-80 200 72 104 108 225 94 224 
-150 100 51 108 166 178 111 182 
-150 200 96 144 172 225 155 226 
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SUSY Conclusions 

• Gluinos can be discovered and their mass measured 
in the range 180 < mg < O(TeV) using two 
independent decay channels 

• Weak gauge fermions can be detected in their 
multi-Ieptonic decay channel in a large portion of 
parameter space and for mt ~ 150 GeV 

• Supersymmetry will manifest itself in several 
different phenomena (Higgs properties, top decays, 
$t , multi-leptons). The coincidence and consistency 
of the various signals will help selecting the particular 
model. SDC ability to cover all of these channels 
will be the key to disentangling the richness of these 
phenomena into a coherent picture 

• More work will be needed to extract additional 
information from the study of various sources of 
SUSY signals 
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QCD and Standard Model Physics 00250 

• Several of the predictions for important SSC Physics 
are affected by theoretical uncertainty (structure 
functions, behaviour of initial state radiation, higher 
order corrections, underlying event multiplicity, ... ). 
Addressing these issues by performing Standard 
Model Physics measurements will be one of the 
initial priorities of SDC. 

• The initial lower luminosity running will offer 
a unique opportunity to determine some of the 
unknowns involved in the theoretical calculations 
and to debug critical components of the detector in 
a rather clean environment. 

• Typical measurements will cover: 
1. Inclusive- and multi-jet rates and fragmentation 

properties 
2. Heavy Quark production cross-sections and properties 

3. Electroweak boson production: 'Y, W± and Z 
inclusive cross-sections, Pt and 11 distributions 

4. Associated production of EW gauge bosons and 
(multi-) jet systems 

5. Multiple production of gauge bosons 

• More work needed to fully explore the SM Physics 
potential of SDC. 
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Physics Performance: Conclusions 00251 

• SDC is fully committed to engage in a widely scoped 
study of both Standard Model and beyond the 
Standard Model Physics. 

• A study of Standard Model phenomena during earlv 
running will allow SDC to consistently check th~ 
reliability of theoretical models used to predict 
Physics rates and to possibly fix yet poorly known 
ingredients 

• Detection and study of the properties of the most 
outstanding missing links of the Standard Model -
Higgs and Top quark - is guaranteed within the full 
domain of parameters allowed by the SM. 

• SDC has the ability to confirm whether the Higgs and 
the Top quark behave as predicted by the SM and to 
possibly detect anomalous properties signalling new 
Physics. 

• SDC is sensitive to several different manifestations 
of possible new Physics (e.g. Supersymmetry, new 
gauge bosons, compositeness ... ) and can constrain 
the properties of these new phenomena using the 
redundancy of its detection tools. 

• The examples discussed represent only a sample of 
expected new Physics. SDC's ability to cover all of 
the above gives us confidence in SDC's adequacy to 
look for and detect the unexpected 
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Summary of SOC Detector U.S. Cost Estimate by Subsystem 
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Tracking SOO.OM (15%) 

Hili COnY1lltIo1III1 Flellill •• 
$1UM (2.4%) 

CompuUng S9.3M (1.8%) 

Cllorlmetry $182.4101 
(28%) 
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SOC MANAGEMENT 
(May 4,1992) 

Spokesperson: 
Pro). Manager/Co-Spokesp.: 
Deputy SpoKespersons: 

Act. Pro).lTech. Manager: 
Chair, Inst. Board: 

G. Trilling (lBL) 
T. Kirk (SSCL) 
G. Bellettlnl (Pis a) 
D. Green (Fermllab) 
T. Kondo (KEKl 
M. Gllchrlese ( BUSSCl) 
A. Goshaw (Duke) 

SOC Executive Board 
R. Amendolla (Plsa) J. Elias (Fermllab) 
S. Errede (illinois) G. Feldman (Harvard) 
E. Gabathuler (Liverpool) K. Kondo (Tsukuba) 
A. Makl (KEK) S. Morl (Tsukuba) 
Y. Nagashlma (Osaka) T. Ohsugl (Hiroshima) 
R. Orr (Toronto) L. Price (ANl) 
R. Ruchti (Notre Dame) A. Selden (U.C.S.C.) 
J. Siegrist ISSCL) M. Strovlnk (lBL) 
R. Thun (M chlgan) N. Tyurln (Protvlno) 

Notes: T. Kirk Is replacing M. Gllchrlese as Project Manager. 
The Exec. Board will be expanded by 3 members In the next 
month: 2 from U.S./Canadlan universities and one from the 
former Soviet Union. g 
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SOC Technical Board 
(May 4, 1992) 
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T. Thurston (SSCL) 
Y. Watase (KEK) . 
A. Yamamoto (KEK) 

A. D. Baden (Maryland) 
J. Bensinger (Brandels/SSCL) 
M. Campbell (Michigan) 
K. Einsweller (lBL) 
D. Etherton (SSCL) 
W. Ford (Colorado) 
I. Gaines (Fermilab) 
D. Green (Fermilab) 
R. Kephart (Fermilab) 
T. Kondo (KEK) 
A. Lankford (U.C.I.) 
S. Morl (Tsukuba) 
L. Price (ANl) 
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Development of Responsibility Matrix 
For Non-U.S. Collaborators 

We have broken up all subsystems Into the major elements which 
contribute to the cost. 

On a subsystem by subsystem basis, we have made a preliminary 
determination of what fractions of these elements will tie contributed 
by our various non-U.S. collaborators. 

Corresponding to those fractions, we are determining the cost offsets 
to estimate the U.S. part of the detector cost. 

This process stili needs considerable iteration and refinement. However It 
appears that there exIsts a plausIble match between the Interests, 
aspIratIons, and technIcal capabilities of the non-U.S. SDC COllaborators 
and the needs of the detector at the level of about a $200M cost offset. 
Contributions from the former Soviet republics and the PRC will probably 
have to Involve partial hard currency payments, Which are Included in the 
above estimates of net offsets. 

<:> 
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Comments on Responsibility Matrix Definition 

The process Is highly Iterallve. It will require more iterations to make It 
self-conslstent. Furthermore the responsibilities of Individual U.S. 
Institutions, as well as those of Individual non-U.S. Institutions, will have 
to be defined before the process can be considered close to complete. 

The above statement of plausibility Is based on the stated Interests 
and capabilities of collaborating physicists. We have no firm assurance 
from any of the countries of non-U.S. SOC collaborators, except France 
(Saclay), as to what level of funds, If any, will actually be provided. 
Real commitments will probably not come unfil1993. 

It Is worth recognizing that the detector cost offsets will be less than the 
total contributions to the SOC program made by the countries of the 
collaborators. This Is because some of these contributions will have to go 
Into supporting, and equipping the non-U.S. groups for effective 
participation In SOC detector construction and eventual physIcs analysis. 

This whole process Involves many sensitive Issues, and requires the 
greatest of care. 
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How Do We Solve the Shortfall? 

BUILD A CHEAPER DETECTOR 
Minimizing costs, while maintaining capability, has been a constant 
theme of the SOC design efforts. It Is the strong view of the SOC that 
further descoplng will substantially reduce the detector capabilities. 
The Issues of requirements and scope will be further addressed In the 
parallel sessions. 

LOCATE MORE NON-U.S. COLLABORATORS 
Given the existence of HEP programs all over the world Which compete 
for resources, It may be difficult to find more contributions from abroad. 
Nevertheless we shall continue to seek additional resources both 
Intellectual and financial from outside the U.S. 

STAGE THE DETECTOR TO REDUCE PRESENT FUNDING NEEDS 
Everyone wants a complete detector by the time that the SSC reaches 
design luminosity. If one postpones some of the funding until after turnon, 
detector completlon will be many years delayed, hardly consistent with the 
expectation of top priority for the SSC program. The collaborators want to 
see Important physics within their lifetimes. 

GET MORE U.S. FUNDING 
(See next transparency) <:> 

c 

'---___ --wum~ _I 
Potential Further Resources from the U.S. 

In Its report, the Witherell SUbpanel suggests that funding for small 
SSC experiments might be available In the laHer part of the 1990's from 
the base program on a competitive basiS, and recommends not 
committing the $80M(FY92) presently held In reserve for such 
experiments until funding for the large detectors Is secure. 

If the SSCL chooses to follow up on this possibility, and allows 
assignment of 1/2 of the $80M(FY92) to the SOC detector, the 
shortfall would be reduced by nearly a factor of 2. 
The remaining shortfall of ~S50M would amount to about $6MJyear. 
The SOC would hope to cover this amount through redirection 
of existing engineering/technical personnel, supported by base 
program funds, Into SOC efforts. This Is already happening at a 
modest level In the collaborating natlonallaboratorles. 

If the SSCL does not allow consideration of the $80M(FY92) for 
the large detectors, the shortfall will go from $6M to $10M per 
year, a figure that we would stili hope to cover via base program 
redirection, but with much greater difficulty. ., 

These figures do not Include potential TNRLC support. Present 
support for SOC work Is at ~$2MJyear. If continued, this would 
provide substantial help In completing the funding. g 
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SOC DETECTOR FUNDING SUMMARY 

(All amounts expressed In FY1992 dollars) 

Estimated Detector Cost 

Estimated Cost Offset (Non-U.S.) 

Net U.S. Cost 

Anticipated SSCL Funds 
($275M In FY1990$) 

$584M 

~ $200M 

~ $384M 

$292M 

Shortfall ~ $92M 

Note: T"eh"~" above reflects the substantial uncertainty 
n t e cost offset from non-U.S. contributions. 
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CONCLUDING REMARKS 

The SDC has achieved Its Immediate goal of submitting, on schedule, 
Its Technical Design Report and associated documents, and has 
demonstrated Its ability to work collaboratlvely In an effective fashion. 

The SDC management has been greatly strengthened through the 
appointment of Tom Kirk as SDC Project Manager and Co-Spokesperson. 

The process of responsibility allocation between U.S. and non-U.S. 
collaborators Is well under way (and will be discussed In more detail on 
May 7). It will require further Iteration and refinement; and, of course, 
the support and approval of the relevant funding agencies. 

The allocation of responsibilities within U.S. Institutions Is beginning. 
Many of the U.S. efforts will Involve close collaboration, even within 
subsystems, with non-U.S. Qroups. There Is therefore a close linkage 
with the process of responsibility definition for the non-U.S groups. 

o 
o 

'---_____ t4Um ~ 
RI 

FINAL CONCLUSION 

The SDC Is on schedule In developing Its design, setting up Its 
organization, and trying to solve Its full funding problem. 
It has built up an enormous amount of momentum and excitement 
among physicists and engineers who have committed large or total 
fractions of their creative time to the SDC detector project. 

It Is critical, for the sake of maintaining this momentum and advancing 
the process for full commitment of non-U.S. contributions, that the SSC 
Laboratory and the Collaboration work together to move through the 
approval process as expeditiously as possible. Our expectation Is to 
Initiate the construction project by January 1993 to achieve our goal of 
having a powerful Instrument, well matched to the SSC physics 
opportunities, ready for data taking at the turnon date. 
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PARALLEL SESSION A: 

SUPERCONDUCTING SOLENOID 
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R. Kephart 

SOC Solenoid Design Review 
May 5,1992 

AGENDA 

9:00 - 9:30 Introductlorl, Phyt1~C:s Goal!>, 
/'jeneral Requirements (R. K~ph&.·~} 

9:30 - 10:30 Sol9nold Design (A. Yam&mczla) 

10:30 - 11:00 Break 

11:00 - 11:30 Solenoid Design (A. Yamamoto) 

11:30 - 12:00 Cryogenic system, Helium refrlger~tr.~, 
transfer lines, e~!ect Of VLPC (A S~eb: ik) 

12:00 -1:30 

1: 30 - 3:00 

Lunch 

. Prototype coil R&D 

Conductor, coil winding, cold mess 
support R&D ( A Yamamoto) 

3:00 - 4:00 

4:00 - ? 

Outer Vacuum Shell R&D (R. Ke~hart) 

Cost and Schedule ( R. Stanek) 

Questions I Comments I adjourn (Penal) 

Charles Collins 
Jim Krebs 
Bob Richardson 

Industrial Participants: 

Paul Slysh Assoc. 
Toshiba 

SSCL 
SSCL(FNAL) 
SSCL 

SumHomo Light metal 
IHI 

USA 
Japan 
Japan 
Japan 
Japan Furakawa Electric 
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Introduction: 

The work presented today Is the result of the efforts of the 
SOC Super conducting Magnet Working Group. This a 
US - Japanese collaborative effort. 

SOC Magnet Working Group 

Co-Ieaders: A. Yamamoto (KEK) I R. Kephart (FNAL) 

Contributors: 

Ron. Fast 
John Grlmson 
Chuck Grozls 
Bob Kephart 
Ang Lee 
Rich Stanek 
Andy Stefanik 
Bob Wands 

Yoslkunl Dol 
Nobuhlro Kimura 
Taka Kondou 
Yasuhlro Maklda 
Ken-Ichl Tanaka 
Aklra Yamamoto 
Hiroshi Yamaoka 

Physics Goals: 

FNAL 
FNAL 
FNAL 
FNAL 
FNAL 
FNAL 
FNAL 
FNAL 

KEK 
KEK 
KEK 
KEK 
KEK 
KEK 
KEK 
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The physics goals of the SOC collaboration require the 
study the properties of Proton-Proton collisions at the 
unprecedented center of mass energy of ..JS = 40 TeV I c 
and at very high lumlnosHy 10- - 10M cm·as·.· 

The SOC collaboration has proposed a general purpose 
detector designed to explore the Physics of this new 
energy and lumlnosHy frontier. (Many difficult technical 
problems to be overcome I) 

The detector proposed Is optimized to measure quarks 
and gluons ( Jets ), leptons, photons, and Individual 
hadrons over the large .. possible solid angle. 

A major feature of this proposed detector Is a large 
superconductlng solenoid magnet that provides the 
magnetic field to momentum anelyze charged particles 
emerging from the colliSions. 
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Design considerations: 

o The overall geometry of SOC was chosen after 
extensive Monte Carlo evaluations of the Physics 
Performance of various detector configurations. 

o The SOC central detector design consists of a large 
SCintillating tile calorimeter enclosing the 
superconducting solenoid. A large central tracking 
system is immersed in the axial magnetic field 
provided by the solenoid 

o The radiator plates of the hadronic calorimetry are 
made of Iron and provide the solenoids's magnetic 
flux return. 

o Large muon torolds surround the central detector 
and serve to Identify muons and remeasure their 
momenta. 

2-< 
00279 
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o The SOC coil diameter and central field were 
specified based upon the required momentum 
resolution of the SOC central tracking system. 

6PT I P~ = 0.15 (where PT Is In TeV I c) 

00275 
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o Radiation damage to the central calorimetry and 
channel occupancy of the central tracking system at 
high luminosity were also Important conSiderations. 
Both argue for a large diameter high field coli. 

o Since all particles entering the central 
electromagnetic calorimetry must first pass through 
the aolenold, the magnet Is required to be thin In terms 
of radiation lengths ( A..) and Interaction lengths ( ;..). 

o The desired SOC Electromagnetic calorimeter 
performance a(E) lEe 0.14/..JE: • • 01 requires 
that the effective thickness of the coli be less than 
about 3 ·4 A... (fig) 
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Design considerations (cont.) : 

• For maximum pseudo-rapidity coverage (Tl ) 
Tl = -In( tan(e I 2 ) of the tracking system it is desirable 
to have the magnet be as long as possible. However, 
the effective thickness of the magnet near Its ends 
grows rapidly as the magnet becomes longer. 

I." = tlsln(e) where e = fan··(2R I L ) 

and R = coli radius 
L = coil length 
t = coil thickness at e = 90' 

this effect limits the maximum practical length of the coil. 

• Finally, overall detector COST issues argue for 
minimizing the coli Radius and Length • 

The magnet design presented today was a result of an 
overall optimization that attempted to balance all these 
considerations to achieve the best overall Physics 
performance within the SDC overall budget constraints. 

00284 

SOC Superconducting Solenoid 

General Requirements: 

Diameter: ID 3.4 Meters (useful bore) 
OD 4.1 Meters 

Length: 8.8 Meters 

Central Field: 2.0 Tesla 

Type AI Stabilized {Indirectly cooled 

Thickness ~ 1.2 ~ @ 90· Incidence 
~ 0.25 At 

Operational Requirements: 

Cooldown time: .. 14 days 

Quench recovery time: .. 4 hours 

Charge time to 2 T: -60 minutes 

Slow discharge time const.: .. 500 sec. 
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Detector requirements: 

Coli mounts: 

Cryogenic Services: 

Cryogenic plant: 

~ 

I 

Collis attached to steel of 
SOC Barrel Hadronlc 
calorimeter 

30 em diameter vertical 
penetration for chimney 
at one end of coli. Chimney 
extends vertically to control 
dewar location above 
muon toroid Iron. 

The SOC cryo plant must also 
provide Helium for tracking 
VLPC's ( visible light photon 
transducers) 

no. IJ.L no DC_ 

no.lN.no __ 

~ 
~~ 
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Other requirements: 

Solenoid location: 

Utilities location: 

Access: 

Radiation dose: 

Construction: 

Safety codes: 

Axis of solenoid located 50 m 
below grade. 

Refrigerator and power supply 
located at surface level =_ 
130 m long cryo lines and bus 
work. 

SOC will be located In an 
Interlocked radiation araa. 
Acc .. s will be very rastrlcted 
=- high operational reliability 

Solenoid must be d .. lgned to 
withstand> 10 years at 
10:lt em ..... luminosity ==> 
» 6 megarads without damage. 

All welded construction 
(e.g. no o-rtngs etc., 

DOElSSCL requires prassura 
v ..... s to be built to ASME I 
CGA code. Code approved 
allowable stress levels. 
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The SOC Magnet Working Group 

The approximate division of design effort Is as follows: 

Conductor development, coli winding, support system, 
radiation shields, prototype coli (Japen) 

Magnetostatlc analysis, Cryogenics, He refrigerator, Power 
Supply/controls ,Utliltles, detector Integration. (USA) 

Quench analysis, stress analysis, outer vacuum shell R&D 
(shared Us-Japan) 



Other considerations: 
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The SDC solenoid will be at the heart of very 
complicated $580 M detector. Once assembled, access 
for repairs to the solenoid would require an extended 
major disassembly of the detector and would be 

- catastrophic to SDC and to the SSCL Dhvsics program. 

==> 
A predictable deSign, combined with comprehensive 
R&D, prototype, quality control and testing programs 
are of paramount Importance to insure success. 

Conclusion: 

The SDC magnet working group believes that It has 
developed a design that can meet the requirements of 
SDC and the details of that design are presented In the 
talks that follow. 





Table 5-1 
General requirements of SDC solenoid. 

Magnet envelope 
Cryostat Inner radius 

Outer radius 
Total half length 

Nominal magnetic field 
Transparency ('1=0) 

Cool down time 
Quench recovery time 

1 . General Design 

Design Bases: 

The solenoid with n = 2 T and X = 1.2 Xo 

to be used with a calorimeter with either a 
Feromagnetic iron abosrber or with a 
non-magnetic absorber. 

Technical Concerns: 

1.70 m 
2.05 m 

4.389 m 
2T 

1.2 Xo 
0.25 ).1 

< 14 days 
< 4 hr 

- Strong Electromagnetic Force initiated by B = 2 T 

- Thermal Stress after Quench due to thinness of 1.2 Xo 

o 
o 
w 
o .... 

3 

o 
c 
w 
o 
l>.) 

4 

SDC SOLENOID DESIGN 

Presented by 

Akira Yamamoto 

(KEK) 

• to be IJresented al SDC Technical Review hy SSCL on May 5, 92. 

CONTENTS 

1 . General Design 

2. Coil Design 

3. Superconductor Design 

4. Radiation Shield 

5. Cryostat Vacuum Vessel 

6. Coil Support 

7. Chimney 

8. Thermal Design and Cooldown Characteristics 

9. Diagnostics and Instrumentation 

10. Magnet Assembly and Initial Test 

o 
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"" " .. .. Table 5-2 
" B_liDe design parameters of SOC solenoid. 0 

" 0 .. DimeDSious: :a Cryostat Inner radius 1.70 m 
!I 
:; Outer radius 2.05 m .. 

Half length 4.389 m .. 
i Coil Effective radius 1.84 m 

" "5 Half length 4.12-4.18 m 

I ~ 
Conductor Thickness 44mm 

Ii Outer support cylinder Thickness 31mm 
... 

" :8 EIec:Ukal parameters 
Ii Central !eld 2.0T g 

NomiuJ. CUlftDt 8,000 A ; lDductallce 4.6 B 

~ Stored eDerV 146 MJ ... Stored -cy / cold _ 7.4 kJ/kg .. 
i Typical chargiDg time 1 hour 

:3 
MecbaDical parameters 

~ Effective cold _ 20 toanes 

I 5 Total weicht 25 toanes 
E Radial mapetic prasure 1.6 MN/m2 

; "" Azial compressive Corce 11 MN tl~) 1i 
." 
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Table 5-5 
Design parametel'l of the SDC superconductor. 

Aluminum stabilized superconductor 
Superconductor material Nb Ti/ Cu . 
Stabilizer Al (99.999% +200 ppm Zn) 
Area ratio (Nb/Ti/Cu/ AI) 1/1/29.8 
Conductor size 43.8 x 4.37 =2 

Superconductor strand 
Strand diameter 
Nb Ti filament diameter 
Number of &laments. 

Superconductor cable 
Overall size 
Number of cables 
CabliDg pitch 
Je in Nb Ti (at 5 T, 4.2 K) 
Critical current (at 5 T, 4.2 K) 

Characteristics of stabilizer 
RRR(Cu) 
RRR(Al) 
Yield Strength of Al (at 11 K) 
Shear strength b /91 Cu / Al 

Conductor welding joint 
Joint resistance (at 4.2 K) 

~'" " ... !o . 

'" '" 

1.271 = 
20 I'm 
4100 

6.4 x 2.5 =2 
10 (2 x 5) 
50-60 mm 
2500 A/mm2 
16,000 A 

100 
500 
61 MPa 
20 MPa 
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1. The combined boop and axial Ilress, or Itress Intensity, In tbe luperconductor during ma",.1 
operation In air. This generate. a maximum sbear str ... (2T = '1 - '2) in tbe pure aluminum, al Ibe 
axial coil center. 

2. Tbe .bear stress al tbe boundar)' between tbe coil and tbe outer support c),linder due 10 the axial 
electromaJP:Delic force, which is'a maximum at tbe coil end. 
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Table 5-3 
Transparency of the .solenoid. 

Element Thickness 
[mmJ 

Outer vac. wall (Isogrid) 11 
(Honeycomb) (7.1) 

Outer rad. shield 2.0 
Outer sup. cylinder 31.0 
Superconductor 
(AI stab) 39.0 
(Nb.Ti/Cu) 2.9 
(GFRP ) 3.1 
(AI Strip) 2.0 
Inner rad. shield 2.0 
Inner vac. wall 6.0 
Super-insulation 2.0 

Total ( w / isogrid ) 
(w I honeycomb) 
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QUENCH PROTECTION 

BASIC CONSIDERATION: 

CONDUCTOR STABILITY 

MINIMUM QUENCH ENERGy..... > 0.1 J 

QUENCH SAFETY 

MAX. TEMP. AFTER QUENCH... 100 K 

NEW CONCEPT FOR FAST QUENCH PROPAGATION: 

PURE ALUMINUM QUENCn PROPAGATOR 

V(phi) 
J. L. e s 

r, (6.-8.) 

'/~ 
Vel) = (kl" k,) . '11-.. 

AXIAL QUENCII SPEED MAY DE INCREASED 
INDEPENDENTJ.Y BY USING AXIAL PURE AL STRIP. 
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DESIGN OF AXIAL SUPPORTS OF THE COIL 

IDR RE.REvISED Table 5-8 
(APRIL 28) Design load of the coil support system. (eADII\,- s "M'<Ie"T) 

MATERIAL FOR SUP. GFRP GFRP 
TYPE SINGLE SINGLE Function Upward Downward Left/right FIB-ward 

DlA. OF SUPPORT .20mm .20mm (1. ) 

EFFECTIVE LENGTH 300mm 300mm (24.) 

MATERIAL FOR BASE TI.Alloy AI·Alloy(707S) 

DlA. OF BASE .SOmm .SOmm 
LENGTH OF BASE -ISOmm -ISOmm 
1/ OF AXIAL SUPPORT 14 14 

Global force 
Coil weight (ton) -20 20 
Applied load (ton) 40 40 40 40 
Design load (ton) 20 60 40 40 
Force constant (t/mm) 2 2 2 2 

TENSILE FORCE/14RDS. ~30010nnes ~30010nnes 
BUCKLING FORCE/14RDS. 10010nne5 10010nne5 
THERMAL LOADS/14RDS. -600mW ~600mW 

BUMP IN TRANSPARENCV 3.7 1.4 

Support stiffness (t/mm) >10 >10 >10 >10 

(MAX) 0111=1.4 811R=60mm (lR=60mm) 
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CRYOSTAT VAC.UUM WAll. D'ESMtN 

Table 5-6 
Outer vacuum shell requirements. 

Vacuum load 
Design standard 

Radial collapse pressure 
~al buckling load 
Allowable stress 

Material 
Construction 

1 atm radial and axial 

> 2 atm 
> 2 atm 
Based on ASME press. vessel code 
Aluminum alloy 
Welded joints 

c:-
0 
w 
w 
oJ 

•• 

SUPPORT FOR CRYOSTAT &BULKHEAD STRESS ANALYSIS 

1 ATM. 
HOT) 

16 FOLD SYMMETRY 8 FOLD SYMMETRY 

MAX 
STRESS 

DISPLACE. MAX DISPLACE· 
MENT STRESS MENT 

0.65 kgr/mml 0.04 mm 
(6.5 MPa) 

0.78 0.04 

1 ATM+Fz(40ton) 3.1 0.16 3.1 0.16 

I ATM·Fz(·40T) 4.4 0.23 5.1 0.13 
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Table 5-10 
Cooling design parameters in the initial cool down. 

Boundary conditioDS 
Coil cold mass (aluminium) 
Radiation shield mass (aluminium) 
Temperature difference in coil during cool down 

Coil cooling 
Initial cooling speed 
GHe maas flow required 
Initial cooling power 
Initial inlet pressure 
Pressure drop in cooling paas (25 mm , )( 250 m) 

Shield cooling 
Initial cooling speed 
GHe maas flow required 
Initial cooling power 
Initial inlet pressure 
Pressure drop in cooling paas (15 mm 'x 400 m) 

Table 5-11 

20 toDS 
1 ton 
<50 K 

1 K/hr 
21 gls 
4.4 kW 
0.7 MPa A 
0.2 MPa 

1 K/hr 
1.2 gls 
250W 
0.7 MPa A 
<0.035 MPa 

Cooling design parameters in steady state operation. 

Coil 
Typical coil temperature 
Quality of two phase helium 

He mass flow required 
Pressure drop in cooling paas 

Current leads mass Bow 
Radiation shield 

Max. shield temperature 
Inlet He gas temperature 
Helium gas mass Bow required 
Heat exchange efficiency 
Pressure drop in cooling paas 

Inlet 
Outlet 

4.4 K 
0.8 
0.5 
7 gls 
small 
1-2 gls 

< 70 K 
60 K 
15 g/s 
0.5 
small 

4) 

CONSIDERATIO"-l ON ~'rOSTAT vile:. WALL 

Table 5-7 
Comparison oC solid, isogrid, and honeycomb outer vacuum shells. 

Aluminum aHoy 
Total thickness (nun) 
Skin thickness (nun) 
Skin layers 
Node configuration 
Effective thickness (mm) 
Weight reduction ratio 
Radiation thickness (Xo) 
Maximum size of plate (m x m) 
Units to be welded 

Solid 

5083 
27 

27 
1 

0.303 
2 x 6.4 

8(=2x4) 

Isogrid 

5083-H32 
46 
4.0 

single 
triangle 

11 
1/2.5 
0.123 

2.2 x 4.3 
12 (= 3 x 4) 

Brz. honeycomb 

6951/4045-T6 
46 

3.0+3.0 
double 

hexagon 
7 

1/3.9 
0.079 

1.2 x 4 
21(=3x7) 

THERMA'- LOAD ANI) COOLI Nft CHAItAC.'11:.~IS'\CS 

Table 5-9 
An estimate oC steady state thermal loads for the SDC solenoid. 

Component 300 to 77 K 77 to 4.2 K 300 to 4.2 K 

Thermal radiation 300 30 
Conduction 

Coil support rods (n = 24-36) 24 2.5 
Shield support rods (n = 12) 3 
Chimney and service port 36 4.5 

Current leads (8 kA pair) 30 
Total thermal load 363 W 37 W 30 L/hr 



Table 5-13 
Diagnostic iDBtrumentation in the SOC solenoid. 

Element Coil RIS Support VIV Chimn. 

Voltage taps (short pair tap) 13 4 
Quench heater 3 
Temperature sensors 
Pt-Co (300 K-4.2 K) 24 24 4 4 6 
CGR (high resol. 04.2 K) 17 

Strain gauge (pair oC~, z) 12 8 36 16 4 
Position sensor (r, ~) 8 8 
(z) 4 4 
Pressure 3 
Total 83 32 40 20 26 

Table 6-14 
General requirements on the cryogenics for the SDC solenoid. 

Typical refrigeration capacity 
Liquid helium transfer rate 
Liquid helium storage capacity 
Cold gas helium mass 80w at 60 K 

1,500 W at 4.4 K 
750 L/hr (after quench) 

5,000-10,000 L 
12 gls 

c;"I 
c 
w 
~ 
tit 

4't 

. Table 5-12 
Cooling parameters in excitation and after quench. 

Excitation oC the coil 
Static heat-in-leakage 
Eddy current loss in support cylinder 
Quality oC two phase helium 

He mass flow into cooling pass required 
He mass flow into current leads 

Quench recovery in coil 
Energy dumped into coil 
Recovery time assumed 
Cooling power required 
Cooling efficiency assumed 
Liquid (two phase) helium flow required 
Total liquid helium Cor recovering 

5.3.9. Diapostia and instrumentation 

(01 mT/s) 
Inlet 

Outlet 

(2 x 8,000 A) 

37W 
88W 
0.8 
0.5 
23 g/s 
1 g/s 

88 MJ 
4hr 
6;2 kW 
0.8 
28 g/s (830 L/hr) 
3,300 L 

A aubetanlial amoUDt or iDltnunentation is required to monitor the cooldoWD and steady-.tate operation 
0( the magnet and to pnwide diagnostic data. The monitoring and diagnosis functions include: 

• Maintaining the appropriate cool-down rate, aDowahle temperature distrihution, mechanical stres. 
and thermal contraction. 

• Monitoring the magnet during excitation and operation hy measuring the temperature or the cold 
mass, thermal .hields and support intercept.; tbe stress in the outer .upport cylinder and support.; 
the magnet current and voltage; and the magnetic field. 

• Monitoring the magnet during and after a quench to verify the sarety or the system. Current, voltage, 
temperatures, pressures and stresses will be measured as a runction or time. 
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Overall schedule for the prototype solenoid and the production 
solenoid. The Japanese fiscal year begins April 1 of the year 
indicated. 

JFY1991 Prototype Magnet Development 
-Superconductor fabrication 
-Winding machine development 
-Outer support cylinder fabrication 
-Isogrid vacuum wall development 

JFY1992 -COil winding 
-cryostat element fabrication 

JFY1993 -Assembly of the magnet 
-COol-doWD and excitation in air 

JFY1994 Production Magnet Fabrication 
-Superconductor fabrication 
-Cryostat element fabrication 

JFY1995 -Coil winding 
-Magnet assembly 

JFY1996 -Magnet assembly continued 
-Cool-down and excitation test in air 
-Transportation to SSCL 

JFY1997 -Cool-down and excitation in iron 
-Field mapping 

... 
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Summary 

1. THE SOC SOLENOID DESIGN HAS BEEN 
OPTIMIZED TO PROVIDE: 

B=2T 
V = 3.B m dia xB.B m 
1.2 A.. (at 1) = 0) 
0.25 Ai 

2. TO MINIMIZE MATERIAL IN THE SOLENOID, 
THE FOLLOWING TECHNICAL CONCEPTS 
HAVE BEEN INCLUDED IN THE SOLENOID 
DESIGN: 

G0351 

E 
Ii ... 
A 

::;; 
"" ... 

00353 

• HIGH ElM RATIO OF 7.5 KJ/KG WITH HIGH 
SPEED QUENCH PROPAGATION USING PURE 
AL-STRIP QUENCH PROPAGATOR TO 
SUPPRESS LOCAL TEMPERATURE RISE • 

• HIGH STRENGTH PURE ALUMINUM 
STABILIZER (Y.S.> 65 MPa) HAS BEEN 
DEVELOPED WITH RRR = 500. 

• HONEYCOMB OR ISO-GRID OUTER 
VACUUM WALL FOR CRYOSTAT 

~ G03~" 
3. OVERALL COIL SAFETY PARAMETERS SUCH 

AS SUPERCONDUCTOR STABILITY, 
TEMPERATURE RISE AFTER QUENCH, 
MECHANICAL STRESSES, ETC. ARE SIMILAR 
TO OTHER SUCCESSFUL SOLENOIDS IN 
OPERATION. 

4. MATERIAL CORRESPONDING TO 0.6 A.. CAN 
BE SAVED; 0.4 Ar IN THE COIL AND 0.2 A.. IN 
THE OUTER VACUUM WALL 

5. AN EXTENSIVE R&D PROGRAM IS IN PROGRESS 

• PROTOTYPE SOLENOID WITH HIGH ElM 
RATIO IS BEING BUILT. 

• TEST OF AL-STRIP QUENCH 
PROPAGATORS IN PROTOTYPE COIL 

• HIGH STRENGTH AL-STABILIZED 
CONDUCTOR (Y.S. > 67 MPa) 

• TESTS OF COIL WINDING AND 
BONDING TO OUTER SUPPORT CYLINDER 

• TESTS OF HONEYCOMB AND ISO-GRID 
OUTER VACUUM WALL 

• 1/4 LENGTH FULL DIAMETER 
PROTOTYPE MAGNET TESTED BY 1993 





SDC CRYOGENIC SYSTEM 

WORK PLAN: fOUl PMENT {SYSTEM SUPPLY 

SOLENOID MAGNET. CHIMNEY. SERVICE PORT - KEK 

SOLENOID POWER SUPPLY CIRCUIT - FNALISSCL 

VLPC SYSTEM FOR FIBER TRACKER - TRK GRP 

CONTROL DEWAR - FNAl 

TRANSFER II NES - SSCL 

HELIUM REFRIGERATOR/LIOUEFIER - SSCl 

NITROGEN SYSTEM - SSCl 

CONTROL SYSTEM - SSCL 

SOC CRYOGENIC SYSTEM 

DESIGN PHflOSOfl:lY 

1. SAFETY: GOAL IS TO OPERATE IN RISK ZONE 3 ON 
SSCL RISK ASSESSMENT MATRIX. 

2. RELIABILITY: GOAL IS TO MAXIMIZE SYSTEM 
AVAILABILITY ~> SIMPlE YET ROBUST SYSTEM. 
MTBF DATA. SAFETY ANALYSIS, ACCESS FOR REPAIR, 
SHORT TERM OPERATION WITH COlDBOX SHUTDOWN. 

3. MINIMIZE THE RADIATION AND ABSORPTION LENGTHS 
OF COMPONENTS IN FRONT OF THE EM CAlORIMETER. 

4. ENGINEERING ANALYSIS AND TESTING (PREDICTABILITY). 

SOC CRYOGENIC SYSTEM 

HELIUM 
SYSTEM 

NITROGEN 
SYSTEM 

SUPERCONDUCTING 
SOLENOID 

KEK FNAL SSCL 

Presented by A. M. Stefanik - FNAl 

SOC CRYOGENIC SYSTEM 

WQRKPlAN 

1. ESTABLISH DESIGN REQUIREMENTS 

2. SUPPl Y (DESIGN -> DELIVERY) 

3. INSTALLATION 

4. COMMISSIONING 

5. OPERATION 

6. MAINTENANCE 

c' o 
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SOC CRYOGENIC SYSTEM 

SOLENOID SYSTEM 

RISK ASSESSMENT AFTER ABATEMENT 

1. PERSONNEL AND THE ENVIRONMENT ARE NOT EXPOSED 
TO HAZARDS IN RISK ZONES 1 AND 2. 

2. EQUIPMENT (EQUIPMENT LOSS, TEST UNIT DOWNTIME 
AND OAT A COMPROMISE) ARE NOT EXPOSED TO 
HAZARDS IN RISK ZONES 1 AND 2 IN MOST CASES. 
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SOC CRYOGENIC SYSTEM 

QESIGN PHILOSOPHY 

S. ESTABLISH QUALITY ASSURANCE REQUIREMENTS. 

6. COMPLIANCE WITH DOE ORDERS, CODES AND STANDARDS. 

7. MINIMIZE OPERATING EQUIPMENT IN THE DETECTOR HALL. 
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SOC CRYOGENIC SYSTEM 

SOLENOID SYSTEM 

RISK ASSESSMENT AFTER ABATEMENT 

3. EXAMPLES OF EQUIPMENT EXPOSED TO HAZARDS IN 
RISK ZONES 1 AND 2: 

- LOSS OF THERMAL INSULATION VACUUM, 1-(-1 

- THERMAL SHORT AFTER FINAL ASSEMBLY, 1-0-2 

- ISOGRID OR HONEYCOMB OUTER VACUUM SHELL IS 
UNACCEPTABLE AFTER IT IS BUILT, 1-0-2. 
REPLACE WITH NEW ISOGRID OR HONEYCOMB SHELL 
(1-0-2) OR SOLID PLATE (1-E-3). 
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SOC CRYOGENIC SYSTEM 

LOCATION OF SOLENOID SYSTEM 



SOC CRYOGENIC SYSTEM 

COOUNG OF SOLENOID THERMAl RAPlATlQN SHIELD 

SINGLE SHIELD • CASE 2 

.-~----------------~ 
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SOC CRYOGENIC SYSTEM 

HEUUM CQQUNG TUBE ON OUTER SUPPORT CYLINDER 

1. DESIGN PRESSURE IS BASED ON PRESSURE GENERATED 
DURING SOLENOID QUENCH - 6.5 MPa -A (945 PSIA) 
CURRENTLY (250 METER LENGTH, ONE-WAY VENTING). 

2. CONSIDER ANSI B31.3 - 302.2.4, "ALLOWANCES FOR 
PRESSURE AND TEMPERATURE VARIATIONS, METALUC 
PIPING", IN SETTING THE DESIGN PRESSURE. 

o 
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SDC CRYOGENIC SYSTEM 

COOLING OF Call/OUTER SUPPORT CYLINDER 

THE COIL AND OUTER SUPPORT CYLINDER ARE COOLED WITH 
FORCED FLOW, TWO-PHASE HELIUM IN A SINGLE PASS 
COOLING TUBE WHICH IS ATT ACHED TO THE OUTER SUPPORT 
CYLINDER (OSC) . 

OTHER METHODS CONSIDERED: 

I. SINGLE PHASE LIQUID HELIUM - LOWER HEAT TRANSFER 
COMPARED TO TWO-PHASE HELIUM . 

2. THERMOSIPHON - RADIAL SPACE REQUIRED FOR SUPPLY 
AND RETURN MANIFOLDS 

o 
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SDC CRYOGENIC SYSTEM 

COOLING Of SOLENOID THERMAL RADIATION SHIELD 

I. FORCED FLOW, TWO-PHASE NITROGEN 

ADVANTAGES: MAINTAIN SHIELD COOLING DURING 
SHORT DURATION COLDBOX SHUTDOWNS, AIR 
SEPARATION PLANT ON THE SITE. 

2. HELIUM GAS FROM INTERMEDIATE STAGE IN THER/L 

ADVANTAGES: SINGLE CRYOGEN SIMPLIFIES THE 
SYSTEM, REDUCES LIQUID NITROGEN ODH IN THE 
DETECTOR HALl. 

o 
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SOC CRYOGENIC SYSTEM 

CHIMNEY - CURRENT DESIGN 

1. VACUUM VESSEL RELIEVING PRESSURE IS D.l 5 PSIG. 

VACUUM VESSEL DESIGN PRESSURE IS D.6 PSIG. 

Z. VACUUM PUMPING THROUGHPUT IS 2 xlD"-3 ATM-CC/SEC 
AT Z.Z xl0A-5 TORR (COF SOLENOID TRIP POINT). 

CDF LEAK RATE WITH LIQUID HELIUM WAS DETERMINED TO 
BE ABOUT 1.5 xlOA-7 Ant-CCISEC. 
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SOC CRYOGENIC SYSTEM 

HELIUM COOLING lUBE: MAXIMUM PRESSURE AND HELIUM 
VENTING RATE DURING A QUENCH 

1. CALCULATE SUPPORT CYLINDER HEATING RATE ASSUMING 
ADIABATIC EDDY CURRENT HEATING (NO QUENCH-BACK). 

2. CALCULATE PEAK PRESSURE WITH EQUATION DEVELOPED 
BY MILLER ET AL (ORNL) USING MAXIMUM HEATING RATE 
CALCULATED IN #1. CHECK APPlICABILITY. 

3. CALCULATE HELIUM VENTING RATE FROM COOLING TUBE 
DURING EDDY CURRENT HEATING TO SIZE THE RELIEF 
VALVES. 

4. Will INCLUDE QUENCH-BACK FROM THE OUTER SUPPORT 
CYUNDER. 

~ 
c:;. 
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SOC CRYOGENIC SYSTEM 

CHIMNEY 

1. PASSAGE FOR CRYOGEN LINES c!r SUPERCONDUCTING LEADS 

2. FLOW CHANNEL FOR PRESSURE RELIEF c!r VACUUM PUMPING 

3. PROVIDE ACCESS TO THE FIELD JOINTS 

4. INSTRUMENTATION CONNECTOR BOX 

S. ACCOMMODATE DIFFERENTIAL MOVEMENTS 

6. SPACE LIMITATIONS 

c-. 
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SOC CRYOGENIC SYSTEM 

TRANSFER LINES - ALL LINES FOLlOW THE SAME ROUTE 

1. 10" CRYOGENIC TRANSFER LINE: LIQUID HELIUM SUPPLY 
AND RETURN, AND EITHER HELIUM GAS OR LIQUID 
NITROGEN SUPPLY AND RETURN. 

2. CURRENT LEAD FLOW RETURN (ONE LINE FOR EACH LEAD) 

3. CooLDOWN 

4. NITROGEN GAS SUPPLY 

5. PROCESS NITROGEN RETURN 

6. WATER COOLED ELECTRICAL BUS 

7. VLPC SYSTEM 



SOC CRYOGEN I C SYSTEM 

MINIMUM 4.35 K COOLING POWER REQUIREMENT 
FOR THE REFRIGERATOR/LIQUEFIER 

I. STEADY STATE: 304 WATTS PLUS 1.2 G/S 
RETURNING AT 300 K -) 425 WATTS 

2. CHARGING: 88 + 425 = 513 WATTS 
(35 MINUTES) 

3. COOLDOWN: 700 WATTS 
(14DAYS) 

4. QUENCH RECOVERY: 2500 WATTS AT 4.5 K 
(4 HOURS) 

c:-. 
o 

'-______________________________________ -J~ 

SOC CRYOGENIC SYSTEM 

SOLENOID OUENCH RECOVERY 

1. 3300 LITERS OF LIQUID HELIUM REQUIRED. 

2. 10,000 LITER STORAGE DEWAR - ENOUGH LIQUID IS 
AVAILABLE TO RECOVER FROM 2 BACK-TQ-BACK 
QUENCHES. 

3. COMPRESS AND STORE THE GAS. RELIQUEFY DURING 
STEADY STATE OPERATION -> 12 HOURS/QUENCH WITH 
1 500 WAn REFRIGERATOR/LIQUEFIER. 

4. A PRESSURE OF 0.31 MPa (45 PSIG) IS NEEDED IN THE 
LIQUID HELIUM SUPPLY DEWAR AT THE START OF QUENCH 
RECOVERY TO DELIveR THE REQUIRED FLOW RATE OF 
28.5 GRAMS/SEC (3300 LITERS IN 4 HOURS). DEWAR 
NORMAL OPERATING PRESSURE IS 0.07 MPa (10 PSIG). 
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SOC CRYOGENIC SYSTEM 

STEADY STATE 4.35 K LIQUID HELIUM REFRIGERATION LOADS 

ESTIMATED 

I. SOLENOID SYSTEM 37 WATTS 

2. CONTROL DEWAR 13 

3. TRANSFER LINE 50 

4. 10,000 LITER LHe DEWAR 4 

5. VLPC SYSTEM - DISTRIBUTION 200 (BUDGET-?) 

TOTAL 304 WATTS 
c· 
o 
(.0) 
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SOC CRYOGENIC SYSTEM 

STEADY STATE HELIUM LIQUEFACTION LOADS 

ESTIMATED 

1. VAPOR COOLED 
CURRENT LEADS 

GRAM/SEC 

2. VLPC SYSTEM - CASSEnES 0.2 

TOTAL 1.2 GRAMS/SEC 

c· 
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SOC CRYOGENIC SYSTEM 

STEADY STATE LlOUID NITROGEN SYSTEM LOADS 

ESTIMATED 

1. SOLENOID SYSTEM 363+ WATIS 

2. CONTROL DEWAR 125 

3. TRANSFER LINE 165 

4. 75,000 LITER LN2 DEWAR 340 

5. PIPING &I EQUIPMENT 325 

TOTAL 1318+ WATIS 
C> 
0 
Coo) 
(l) 

C"> 

SOC CRYOGENIC SYSTEM 

REFRIGERATOR/LIOUEFIER SIZE - CURRENT ESTIMATE· 

FULL REFRIGERATION CAPACITY OF 1500 WATIS AT 
4.35 K IS REQUIRED BASED ON THE STEADY STATE, 
CHARGING, COOLDOWN AND QUENCH RECOVERY 
REQUIREMENTS. 

c
o 

'-------------------____________________ --J~ 

SDC CRYOGEN I C SYSTEM 

EFFECT OF TWO-PHASE HELIUM IN THE RETURN LINE 
( FROM THE SOLENOID - 40 METER ELEVATION CHANGE 

BOTH CASES ASSUME A FLOW RATE OF 23 GIS AND 
A RETURN TEMPERATURE TO THE RIL OF 4.35 K. 

1. QUALITY = 0.5 AT SOLENOID EXIT -

OPERATING CONDITIONS AT SOLENOID EXIT: 
0.128 MPa-A, 4.48 K. 

2. QUALlTY= 0 AT SOLENOID EXIT (WORSE CASE) -

OPERATING CONDITIONS AT SOLENOID EXIT: 
0.15 MPa- A, 4.68 K. 

:,., 
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SOC CRYOGENIC SYSTEM 

HELIUM STORAGE ESTIMATE 

1. LIQUID 

10,000 LITER NOMINAL CAPACITY 

2.5 METER DIAMETER BY 5.5 METER OAL 

QUANTITY: 1 

2. GAS 

7100 NmA3 

3.35 METER DIAMETER BY 16.5 METER OAL 

QUANTITY: 4 c:' 
c 
to) 

'-______________________________________ J~ 

SOC CRYOGENIC SYSTEM 

NITROGEN STORAGE ESTIMATE 

1. LIQUID 

75,000 LITER NOMINAL CAPACITY 

3 METER DIAMETER BY 16.5 METER OAL 

QUANTITY: 1 

2. GAS 

NONE 

c: 
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Table 2. Design parameters of the alu.inu.-stabi I ized superconductor for the 

SOC and TOPAZ detector. 

AI-stabi I ized superconductor TOPAZ SOC 

Cu/NbT I Insert 
type .ono Ii th cable 
dioe~sion thickness •• 1.8 2.2 

width •• 3.3 6.4 
corner R •• 0.2 

CulHbTi rat 10 1 1 
ri I alent diallleter II. 50 20 
twist pitch •• <30 ?:1 
RRR of Cu >120 >100 

A I-stab iI I zed superconductor 
dimension thickness •• 3.59/161 4.4214.32 

width •• 18 43.8 
corner R •• 0.3 0.4 

position of Cu/NbTI central central 

Ic kA >7 at 2.4T >16at5T 
RRR of AI stabilizer >1000 500 
yield strength of AI kg/ ... 2 >6 at 77X 

(expected) >6.5 
share strength of A\-SC >1 >2 

. kg/ ... 2 
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Super conducting Solenoid Magnet 

R&D Program 

Presented by 

A. Yamamoto (KEK) and R. Kephart( FNAL) 

Presented at SOC Technical review May 5, 1992 . 

CONTENTS 

IIIGII STRENGTH ALUMINUM STABILIZED 
SUPERCONDUCTOR (Y.S.> 67 MPa), 

COIL WINDING AND BONDING OUTER SUPPORT 
CYLINDER, 

PROTOTYPE MAGNET WITH 1/4 LENGTH. 

IIIGH ElM RATIO UP TO 15 KJ/KG IN A R&D 
SOLENOID. 

UNIFORM ENERGY DUMP WITH PURE ALUMINUM 
STRIP QUENCH PROPAGATOR, 

HONEYCOMB AND ISOGRID VACUUM WALL. 
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Figure 3. The dependence of the yield strength (77K) and RRR on 
the cold reduction ratio for AI-Si and AI-Zn. 

Colel reduction rDtlo (:) 

Figure 2. The dependence of yield strength (77K) and RRR about usual 
high purity aluminum on cold reduction ratio. 
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Figure 4. The relationship between the Y·leld strength (RT) and RRR 
for AI-5i and AI-Zn alloys. 
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Figure 5. The dependence af the yield strength (RT) on the Quantities of 
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Table 1 Mechanical strength and RRR of alu.lnu. utrix on production stales 

Step at RT(ksf/.II2) 
0'8 u0.2 

1. 5" (based uteria)) 2.3 
2. Alloyed (200ppdn) 
3. Extruded 5.2 2.3 
4. Cold-worked(J2S) 6.6 6.5 
5. Curred 6.3-6.6 5.3-5.6 
6. Aged a t IT (a fter &.onths) 

at 77K (kgf /.2) 
0'8 uO.2 

-3 
13.6-15.5 2.6-3.6 

15.7 2.9 
15.9-17 7.5-8.9 
15.6-16.1 6.5-7.3 

salle as above 

III 

Z. 500 
680 
630 
490 
530 

.~ fter Cured 
600 

~ o 0 • 

• • 
'" '" ~oo 
'" Before cured 

200 

8 10 

~, 
Yield strength ot 77K (kCf/_2) 

0 c· 

"'" 0 c "'" .... c 
Figure 10. The relationship between the yield strength (77K) and RRR of aluoinu. l\J 

.atrix on the cold reduction ratio for the full-sized SOC conductor. 
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Fgure II. Yield strength (77K) and RRR of alUllinul lIatrix on production stage. 
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A STRESS- STRAIN CURVE OF HIGH STRENGTH 
PURE AI ( 4N ) 
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CHARACTERISTICS OF 5DC SUPERCONDUCTOR 00409 a .. 
ITEM SPEC 

blimenslon(mm) 
5tnnd DIa. 1.277 
Cable 

tblenus -2.5 
wldtb -6.4 

Conductor 
IblekDes.(L) (4.42) 

(5) (4.32 
wldlb 43.8 
corner '0.5 

AOCUlNbTI Ritio 27.91111 

TWbI piteb(mm) 

Ie(A)'· 
at 3.0T 
al 4.0 T 
al 5.0 T ;t16000 
al 6.0 T 
a17.0 T 
al 8.0 T 
4.2k,10· lIllcm 

kItR Ai Cu 

al Of -600,100 
al 1.0 T 
al 2.0 T 
al 3.0 T 
al 4.0 T 
al 5.0 T 

lMfore Curlnl 

1.273 

2.34 
6.14 

4.42 
4.35 
43.8 
0.4 

27.9/0.97J 

27 

23950 
19750 
16025 
12600 

9225 
5890 

AI Cu 

4" 95 
215 79 
162 66 
140 55 
127 47 
118 41 

afler Curlnl 

24580 -2 
20250 
16475 
13075 

9500 
6120 

AI Cu 

506 97 
243 81 
198 67 
184 56 
178 48 
176 42 



MECHANICAL CHARACTERISTICS OF SDC (i041IJ 
SUPERCONDUCTOR 

TEST RESULT 
rrDI SPEC bolo" Carlile .feer Curine 

5 C SInIMI RT 71k UK RT 17K 4.21( 

T.5. 1 ... ".",21 .U llLl 150.3 
.("') (l21.8) (155.7) 
119A) lULl) (144.9) 
(11.6) (12l.l) 

Y.S.(8.l") 40.2 41A 16.9 
Ikcfl_21 (41.9) (46.1) (76.9) 

(31.6) (45.0) (76.8) 
(39.0) (50.4) 

Eloption 1'110) 3.0 1.5 1.6 
( 3.0) ( 1.5) 1.6) 
( 3.0) ( 1.5) 1.6) 
( 3.0) ( 1.5) 

StablilUr IT 17K UK RT 17K 4.2K 

T.S. Ikef,.",21 U 14.1 30.4 6.0 14.5 30.2 
( 1.2) (1406) (30.6) (6.0) (14.4) (30.2) 
( 1.4) 114.1) (30.1) (6.0) (14.5) (30.2) 

Y.S.(O.l") 6.0 La 9.7 5.2 6.7 7.4 
P<&fI_21 6.0 ( 5.1) ( Le) (10.0) (5.4) ( 6.6) ( 7.0) 

(1.2) ( 1.9) ( 9.3) (4.9) ( 6.7) ( 7.7) 

Eloptlon 1"1 2l.4 53.9 55.0 33.4 61.4 54.7 
(23.0) (5SA) (55.0) (32.8) (64.1) (5U) 
(lU) (52A) (34.0) (58.6) (52.7) 

Onnll iT 17K 4.2K RT 17K 4.2K 

T.5. Iklf/lllm2) 11.2 17.9 10.7 16.8 30.2 
(11.2) (17.1) (10.7) (16.7) ( ) 
Illol) (11.9) (10.7) (16.8) ( ) 

Y.S.(O.l") 10.3 ILl 7.9 8.1 
P<&fImall (l0.2) (l1.O) (8.0) (7.7) ( 

(l0.3) (IlA) (7.8) (8.4) ( 

EIoption 1"1 10.1 15.6 11.9 16.8 
111.0) (15.3) (11.9) (16.8) 
(l0.5) (15.1) (11.9) (16.7) 

b .. rtnl(AI/Cu) AT 17k 4.2K AT 17K 4.2K 
Ikef,mall J.9 5.1 4.5 3.7 5.7 8.7 

( 3.9) ( SA) (4.5) (3.9) (6.6) (8.7) 

N 

COIL.. WINPIN\?r R z.. D 

COIL.. WIIJD'''<>r CO"Ic.EPT 
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PROTonPE MAANET R ~ D 

5.7.1. Prolotype coB 

The development of a fuU diameter, ODe quarter Jencth prololype macaet bu bwD undenrq IIna 
1991. The purp_ of the prototype development are: 

• to develop an alumlaum etabWsed lUperconductor of hi,h )'leJd Itrencth and RJUl; 

• 10 become skilled in lhe fabrication or a fuD dlameler coli uslnc inner wIncIIq tecbDlqua; 

• 10 demonslrate that a coli with ElM of about 8 1cJ/kc can he qUfllChed aaCel7 and without dUlllp 
or reduced performance; and 

• 10 apply eleclromacnetic loads to Ihe conductor and ouler 'upport cylinder equal 10 IhOle expecled 
in the detector maIDel and to verily Ihe performance under Ih_ loada. ThiI can be achieved by 
operatine lhe prototype 10 10-12 kA. 
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Table 5-16 
Desigu parameters of the prototype R&D solenoid. 

Dimensions 
Cryostat Inner radius 1.70 m 

Outer radius 2.06 m 
Half length 1.17 m 

Coil Uective radius 1.85 m 
Half length 0.95 m 

Conductor Thickness 44mm 
Outer cylinder Thickness 33 mm 

Transparency Radiation thickness 1.23 Xo 
Interaction length 0.26 AO 

Electrical parameters 
Central field 1.54 
Nominal current 11,250 A 
Inductance 0.68 H 
Stored energy 48 MJ 
ElM 10 kJ/kg 

Mechanical parameters 
Uective cold mass 4.5 tons 
Total weight 8 tons 
Radial mag. pressure (Oz =0) 1.73 MPa 
Axial compressive force 16.7 MN 
Maximum hoop stress 43 MPa 
Maximum axial stress -19 MPa 
Maximum shear stress 62 MPa 

Peak field in coil 3.8 T 
Load line ratio 70% 

&0424 
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FIG. 5-11. Short-sample characteristics of the 
SDC conductor and the operating load line. 
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RESE.ARCH !'till -HIQH ElM MA~NET 

( ASTROMAEir iaSi COIl...) 

Maln para •• tAln of the ASTRQMAG tae. coU 

Dl •• naton. 
COU outer d .... tAlr 

inner ct. .... tAlr 
"nlCoh 

Coli •• paratiOn 
(center to centAlr) 

Cryostat outer d. .. ...ter 
_nlth 

Electric 
Curnnt 
No. of turn. 
N·1 
Inductance 
Central "aid 
..... i ... u. [~ In coil 
Stond enerlY 
Hoop force 
Axial repulaive forc. 
Diet.ctrie atrenlth 

P.rsiatAlnt current switch 
Switchinc 
Wlndinl 
Current 
orr resistanee 
Coolin, 

Wei,he. 

1.71. 
1.5 II 
0.18. 
2.2. 

%.1. 
z.& • 

800 A 
80_28 
2.018 HAT 
32.311 
1.5T 
5.8 T 
10.3 HJ 
t40 tonr 
27 tonr 
1000 Y turn to turn 
2000 V layer to lay.r 

heater (27 W) 
non-inductive 
1000 A 
ZOO 
indirect cooUnl 

Coil .... (t coil) 330 k' 
Cold .... (1 coil) 380 Ic:I 

(coilll_rt includln. supporL cylinder) 
Cu'ostat .... -lOOO k. 
Tow.... -%000 kC 

CooUn ••• thod indirect coolin. 

\~ 1c:I/ .. S ".5 ":l/ .. ~ l'''UUO) 

.. . . ... 
~I~ 
~ .. 
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3. PERFORMANCE TEST RESULT ON EACII COIL li0436 
Before coupHnl the two colla In • harisollt&l er"oatat ... huw .. prevlou.\)', 

...,h of LII.. has _n ._ned on Ita _neUe ... rro ........... ill • v.rUcaI 
Cl'108tAt. 

The coU .. ._acIed II" triple .tap ndIe&IoD .bIeIda. The LB... _,.me1 t_ a -., _ .. to tile eull-t&nII. 

r 
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L 

ElM in various auperconducUnl ... net. 
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04000 10 eoo '~lrAI -11'7"-. 
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• Temperalun: rK}-
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SUMMARY 
FOR 

PROGRESS OF THE SDC SOLENOID R&D 

I. DEVELOPMENT OF HIGH STRENGTH ALUMINUM 
STABILIZED SUPERCONDUCTOR HAS BEEN 
SUCCESSFUL TO REACH Y.S. = 80 MPa WITH RRR = 500. 

Z. COIL WINDING MACHINE DEVELOPMENT IN PROGRESS, 

3. EPOXY BONDING STRENGTH BIW COIL AND CYLINDER 
HAS BEEN VERIFIED TO BE SUFFICIENTLY STRONG 
ENOUGH TO SUSTAIN AXIAL MAGNETIC FORCE OF 
1300 TONNES 

4. ENERGY DUMP TEST INTO A MANGET WITH AN ElM RATIO 
OF 7.5 KJ/KG HAS BEEN SUCCESFULL Y MADE. THE 
RESULT liAS BEEN CONSISTENT WITH OUR PRESENT 
DESIGN CONCEPT FOR THE SDC SOLENOID. 

S. HONEYCOMB 'AND ISOGRID R&D IS IN PROGRESS. 

6. PROTOTYPE MAGNET DEVELOPMNET IS BEING CARRIED 
OUT AND TO BE COMPLETED IN JFYI994. 

itS 





Purpose: 

SOC Solenoid 
Outer Vacuum Shell R&D 

(j044~ 

The soc solenoid is required to be thin in tef'!11s of 
radiation lengths. If this shell were made with conventional 
techniques (e.Q. Welded shell of solid aluminum) then it 
would be a maJor contributor to the overall thickness of the 
coil in terms of radiation lengths. (.3 At) For this reason the 
SOC magnet group beaan a program to develop an 
improved technique to fabricate this shell. 

Outer Vacuum Shell Specifications: 

outer radius 

total length 

High Reliability 

Radiation tolerant 

Safe - predictable 

Option 1) Honeycomb 

2.0Sm 

a.72m 

metallic - welded 

> 6megarads 
(10 yrs @ 1()34 cm-2 S-l) 

built to ASMElCGA codes 

(,0447 

Characteristics of Brazed Aluminum 
Honeycomb Panels 

• Near optimal use of material for high stiffness 

• High Thermal Resistance. -> Weld able 

• High Reliability (no epoxy adhesives) 

(j0446 

Plan: 

The outer vacuum shell thickness for a solid shell is 
determined by elastic stability criterion for a cylindrical shell 
under extemal pressure. 

The SOC magnet group evaluated various fabrication 
techniques intended to achieve the equivalent stiffness of a 
solid plate but with much less material. 

We chose to pursue R&D on two techniques that we judged 
most likely to lead to a practical shell that would meet the 
requirements of SOC: 

1) Brazed Aluminum Honeycomb 

2) Aluminum ISO grid 

R&D is in progress at this time on both techniques. I will 
discuss our progress and plans: 

&044& 



Honeycomb Vacuum Shell 
DAsinn Specifications 

Honeycomb Outer Vacuum Shell 

Aluminum alloy A6951/A4045 

Total thickness 45 mm 

Skin thickness 3.0 mm + 3.0 mm 

Skin layers double 

Node configuration 

Effective thickness 

Weight reduction ratio 

Radiation thickness 

(.LL'I) r 

NIt 

i~ 
o ' .... -

hexagon 

7.1 mm (AI) 

1/3.S3 

O.OS Xo 

Progress with Welding Brazed 
Honeycomb Panels 

&045\1 

• With reinforcement Skin-Skin welding 
of Honeycomb panels works 

• 

• 

• 

• 

Cores do not melt 

No affect to brazed jOints 

Deformation is acceptable 
(large Stiffness) 

Welded jOints are leak tight 

Conclusion: Welding seems to have few problems 

R&D on Bending Brazed 
Honeycomb Panels 

(Results of 1 st Effort 3 Point Panel Bending) 

Panel size - 0.9 mx 1.S m 

Panel thickness - 30 mm <_ ... 

Facing thickness - 3 mm and 2 mm 

&0452 

-. note tIR is the same at R .. (30 mml45 mm)x2.05m-1.4 m 

RESULTS 

Radius Formed To: 

Plate 1 1.S0 m 

Plate 2 1.36 m 

Plate 3 1.07 m 

Plate 4 0.69 m 

Thickness: 

29.2mm 

29,0 mm <----.-
2S.9mm 

2S.5mm 

CONCLUSIONS 

1. Decrease of the panel thickness is due to the buckling of 
the core material. 

2. Large shearing deformation observed at both ends. 



R&D on Bending Brazed 
Honeycomb Panels 

(2nd Effort) 

IJlJ453 

3 point panel bending with constraint fixture 
(the fixture was expected to prevent shearing deformation) 

Panel size was same as the 1 st effort 

RESULTS 

1. A decreue of panel thickness (core material buckling) 
was found at a relatively large radius. 

2. Panel had deformation in the rolling direction and near 
free edges. 

(,0455 

Conclusions of Honeycomb 
Panel Bending R&D 

• At this time collapsing (buckling) of the core material 
is a problem. 

• Shearing deformation has to be controlled. 

• 3 point bending will probably not work • more R&D is 
required to develop an altemative technique. 

• The next attempt will be to use 4 point bending. 

~ ot th;~~ wo..S Jso 
toc.thci aX K!.lc..t:~y l~~ \«LiUS. 

(R ~ 2200_) 

Po-nel \.os detOl'"mod. like. iollow;r\CI 
t;~. a 

fk~ ot .l- t )ot-c.J"8 0 pt-e vent 
-Skec..ri"Q- cie.tcrlNLobons. 

(,0456 

I 3 POINT BENDING 
with Bending Roller 4 POINT BENOING 
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HONEYCOMB VACUUM STRUCTURE 

RESEARCH AND DEVELOPMENT 

(3RD EFFORT) 

4 POINT PNAEL BENDING WITH CONSTRAINT FlXTUR-ES 

RESULTS 

(,0457 

I. BENDING SUCESSFUL DOWN TO Rtf IlATlO OF 46 WITHOUT 
BUCKLING, 

:z. RADIAL SPRING BACK OF 10 ~ OBSERVED AFTER 
RELEASING. 

(S"',4oI) 
3. 119I1SII.,,:Ii-SAGITA OF 15 MM. 

(IT COULD BE ELIMINATED WITH ANOTHER CONSTRAII\'T 
FIXTURE). 

G0459 
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&U467 

• Large experience base : 

In use on major space progrems, extensively 
Investigated by NASA, military, and Industry. 

Fermllab has received structural analysis and 
engineering design assistance from P.S. 
Associates 

Companies with ISO grid construction 
experience are available for R&D and for 
production of final Shell. (e.g. machining, 
welding, bending) 

Option 2) ISO grid Shell 

Characteristics of Aluminum 
ISO grid construction 

• A lattice of Intersecting ribs forming an array of 
equilateral triangles. 

• Isotropic (no directions of Instability or weakness) 

• Efficient use of material for either compression 

• 

and/or bending 

Ughtwelght 

Proven analysis techniques 

Can be optimized for wide range of loading 
Intensities 

Readily reinforced for concentrated loads 
and cutouts 

Regular pattern of nodes provides attach 
pofnts for other structures 

Easily fabricated from solid AI plate wHh Ne 
machine tools yielding a very reliable material 
of known costs. 

&U460 
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R.OIO 

.150--*,-

SUPERCONDUCTING SOlENOID 
OUTER VACUUM SHELL 

ISOGRID TYPICAL RIB CROSS SECTION 

.250 

NOTE: 

I.NODE SPACING IS 7.092 IN 

2. EFFECT! VE TH I CKNES5 IS 

0.407 IH. 

J.MATERIAL-AlUM. 508J-HJ21 

4/16/92 

.180 

~~,~n 
2.200 

. ~ 
1 1_ 2.000 ~ 1 .250 

~J.'5O~ 

SUPERCOfI)UCT I NG SOLENO I D 
OUTER VACUlN SHELL 

ISOGRID PANEL TO PANEL WELD DETAIL 

4/16/92 

SORe I-DEAS VI: Sol IdJlodel Ing ... , .... : ....... , .. '1... : .... ter .. v ••• r ... : ...... , 
I,s .... J-It... IU'" 

14-NOY-91 II: 59. 
Unu, 

OtIP.e,: MID slore' DI' 
I ... : ,-IM"I 

U L ... I: Full 

~-------------16.0IA. ---------------~ 

O-RING GROOYE(PROTO-TYPE ONLY) 

SUPERCONDUCTING SOLENOID 
OUTER VACUlN SHELL 

ISOGRID(CHIMNEY PENETRATION) 

l' 
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ISO grid Vacuum Shell 
Design Specifications 

ISO grid Outer Vacuum Shell 

Aluminum alloy 5083 

Total thickness 46mm 

Skin thickness 4.0mm 

Skin layers single 

Node configuration triangle 

Effective thickness 11 mm (AI) 

Weight reduction ratio 112.5 

Radiation thickness 0.12 Xo 

&0474 
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Progress with Welding Aluminum 
ISO grid Panels 

• Weld samples of Panel to Panel joints 
have been made using 2219-T351 
material. (5083 soon) 

• No detectable leaks 

• Possible to leak check main welded 
jOints before cryostat assembly 
(probably true with Honeycomb also) 

• Deformation at joint is very small 
(large Stiffness) 

Conclusion: Welding ISO grid panels seems also 
to have few problems 

Conclusions of ISO grid R&D 
and Plans 

01.1479 

• Technique is likely to be successful but somewhat 
less efficient than Aluminum honeycomb. 

• SOC magnet group decided to fabricate prototype 
shell using this technique. (3 AI plates 2.5 m x 5 m 
are on order from Alcoa) 

• We will fabricate a large test panel from 5083-H321. 
This will have exact circumferential and longitudinal 
weld configurations as Prototype shell. Test panel 
will be formed to 2.05 m radius. 

• More weld joint tests will be done with 5083-H321 

• Decision for tina} shell will depend on outcome of 
Honeycomb R&D effort. 

l1u478 

R&D on Machining and Bending 
ISO grid Panels 

Machining 

Panel size- 0.63 m x 1.1 m (two panels) 

Panel thickness - 46 mm 

Sin thickness - 4 mm 

Bending ResuLTS 
Radius Formed To: 

Plate 1 2.05 m 

Plate 2 2.05 m 

Thickness: 

46mm 

46mm 

CONCLUSIONS 

1. No significant problems in brake forming plates if skin is 
on outside radiUS. No buckling or web cnppling 
observed. 

2. Small deformations observed near edge 
nodes .•• understood and easily fixed •• -> no problems 

00480 

Expected Performance of SOC 
Vacuum Shell 

(Effective Thickness vs pseudo-rapidity) 
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SUMMARY STAniS OF COST DATA 

4.1.1 Superconductin, Coil 

4.1.2 Power Supply System 

4.1.3 Control Dewar System 

4.1.4 Controls I< In5l. 

4.1.5 Sarety Report 

4.1.6 Assembly I< Test 

4. 1. 7 MaJllet Map Device 

4.1.8 Mgm't I< lot.,ration 

Cosl/Shcdulc estimate: 
-Supplied by hpan 

COSt estimate: 
.Vendor quote 
-Enlineer cSlim.ne 

COSI estimate: 
-Based on replacement COS I 

of CDF control dewar. 

COSI estimate: 
-Engineer estimate based On 

communication with vendor. 

Cost/Schedule estimate: 
-Based on FNAL experience 

Cost/Schedule estimate: 
- Enlineer estimate 

Cost/Schedule estimate: 
- Engineer estimale based On 
FNAL experience (Zip Track). 

COSI estimate: 
- Engineer estimate based on 
CDF experience, 

(J049) 

SOC SOLENOm/CRYOGENIC SYSTEM 
COST /SCIi EDULE DRIVERS 

DllRATION ~IILESTONE 

PROTOTYPE ~I,\GNFr 2.25 YEARS FEB 'M TEST/JAPAN 

SOl.ENOl1l COli 4.25 YrARS rE8 q7 TEST/JAPAN 

IIUJII.I ~-YSTI:~I -l.7:\ Y[;AllS JUI. q7 TEST/sseL 

INSTI\\JATKIN '" Tl~T O,iS YEARS JUN q8 ~IAP ~IAG 
"INIII\Il." 

MAT'I. 

'" '16 SUB '16 
lAB mIll mlA TOT CONT CONT TOT 

4.0 ~ ~II\GNn nl 3.1 10'16 32.3 10.1 

4.1 SC SOI.f.NOlll 2.l.8 I.~ 7'16 2!1i.(, 83 

4.2 CRYOGENIC SYST~"'I 5.4 1..1 19'16 6.7 l.8 

Supermnducling Coil ;,as Ol 96 of Tabl ~.t COIlS - 75.8% 

Helium Rcfriler.uion Srsu~m as a % of Tot31 ~.2 (OIlS - 55.5% 

31'16 ~2.-l 

33'16 33.9 

27% 8.5 

4.2.1 Refrigcn.tion SYSlems 

4.:!.2 TrOinsfer Systems 

4.2.3 Aux. Cry(t Sy5lems 

"4.2.4 Vacuum Syslems 

4.2.5 Sarety Report 

4.2.6 Assembly I< Test 

4.2.7 M,m·t I< IOte,ralion 

Cost/Schedule estimate: 
-Vendor quote 
-Engineer cstim:ne 

Cost/Schedule estimate: 
-OetOliled engineer estim:ue 

Cosl/Schedule estimate: 
-Engineer estimate 

Cost estimate: 
-Vendor quote 

CostlSchedule estimate: 
-Based on FNAl experience 

CostlSchedule estimate: 
- Engineer estimate 

Cost estimate: 
- Engineer estimate based on 
CDF experience. 

iJ0492 

COST NUMBERS SUPPLIED BY TAKA KONDO: 
WBS' Cont. BaseS 

PROTOTYP£ SOLENOID SS.4M 4.1.1.8 6811> 3.27M 

Desi ................. t S.36M 
Supen:onduaor SUM 
Coil Windin~ S1.2 M 
Cryostat I< ies SI.OM 
Power Supply for Test S.86M 
MonitorS S.14M 
Assembly I< Inspeetion S.29M 
ExciIIIionTest S.36M 

SOC SOLENOID $26.1 M 4.1.1 

Less 1n.ta1lation Costs - 51.1 M .•••.••• _ •.• .$2S.7 M 

Desi ... Mana_t Sl.4 M 4.1.1.7 38'1> I.02M 

~:"..:~ SS.7M 4.1.1.1 24'1> 4.60M 
S5.6M 4.1.1.2 28'1> 4.38M 

Cryostat 55.4M 4.1.1.3 24'1> 4.36M 
Monilc<Sysoom S1.2 M 4.1.1.4 24'1> .968M 

Assembly " Inspection S3.6M 4.1.1.5 32'1> 2.73M 
_Test 52.IM 4.1.1.5 32 .. 1.$9M 
Transpatwion S.7l M 4.1.1.6 16 .. . 612M 

_I<Test Sl.lM 

140 yen -SI 
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• Compare Manpower ESlimalc of SDC with CDF Experience 

MalDet Supporl 

Classific3lion: 

Engineer 
Engineer Assoc. 
Draftin, 
Technicians 

Electrical Support 

Classificalion: 

Engineer 
Engineer Assoc . 
Drafling 
TechniCians 

CDF Experience 

7.S manyears 
1.S manyears 
2.0 miDyears 
2.0 manyears 

CDF Experience 

2.S manyears 
2.S manyears 
2.S manyears 
5.0 manyears 

Refri.erator Support 

Ciassificilion: CDF Experience 

Engineer 
Engineer Assoc. 
Drafting 
Technicians 

TOTAL SUPPORT: 

Classification: 

Engineer 
Engineer Assoc. 
Draftin, 
TechniCians 

6.0 manyears 
1.S manyears 
2.0 manyears 
S.O manyears 

CDF Experience 

16.0 manyears 
S.SO manyears 
6.S0 manyears 
11.0 many.ars 

SOC Estimace 

7.S manyears 
1.S manyears 
3.0 manyears 
4.1 min years 

SOC Estimate 

S.O manyears 
1.0 min years 
2.3 manyears 
7.S manyears 

SOC Estimate 

10.7 manyears 
1.S manyears 
3.7 manyears 
6.& manyears 

SOC Estimate 

23.2 manyears 
4.00 manycars 
9.00 manyears 
18.4 ma.years 

00496 

It appears thai the le.el of manpower estimated for SOC is 
comparable with that used for CDF in some areas. As cJtpec:ted. the 
level of manpower is bilher in total. 
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"£$tim~ti"; me CO .. I of Supen;ond~cnnJ \lllgncts and the Rc~ng:er.uors to 

Kccp Them Cold" 

Cost Equiltion!O for Solenoid \II:l:g'nclS' 
.66~ 

C(MS)·0.523IE(:-IJ)1 .0.523 [1461 
.662 

- 14.1 :'vIS 

.577 3 .577 
e(MS).0.868IV(Tm )1 .0.868 [US] .. 15'4:-15 

SOC Estinwes 

Cost Equations for Helium Refriceration 
.7 .7 

C(MS). \.51 [R(kW») • \.5 I [1.51 

SOC Estimaes 
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SDC SuperconduCling Solenoid Cost Summary lJ049& 

III; Total wi 

llarls. La .... , lOlA - ConL CQnL ConL 

(Sk) (Sk) (Sk) (Sk) (Sk) ... (Sk) 

0 %1,123 7,'11 32JI ZI.'" -. 1,213 :zu I 

_S,.blm 173 .55 '27 27.1 SI2 

'38 12. 32.D 5' 
120 ,so 31 21.0 ,n 
,n 358 '58 ... , 511 

'73 1507 2.3 .0.0 150 - .2. '6, 38.0 585 

23,l11' 711 '.77' 25 1,337 32JI 33. 

SDC Cryogenics System Cost Summary 
&0500 

III; 

llarls. LabO' EDIA 
(Sk) (SI!) (Sk) 

leSS • 

-(Sk) 

ConI. 
(Sk) 

1,252 

332 

., 
21 

1.712 

Totllw' 

CDnL ConL 
,., (Sk) 

as 
22J) 

Uo. 
25.2 

%1.7 

15.7 

22.' 

:ze.a 1.U2 
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U.7 

~6 
May-97 
AUI·97 
Oct-97 

4.2.1 

4.2.l 

gt.l];; 

~~ 
May·97 
101-97 

gt.l];; 
Apr-96 

11111-97 
101-97 

Macnetic Field Mapptnc EquiplIIIIU 

~STONf PESCBrmpN 
piele desip of eqUipment 

Complete fabriaDon or equipment 
Equipment dcji~d 10 SSa. 
Av:uiable TOH 

4.2 Cryogenic Systems 

Rerricention Systems 

MD,.I;Smrre DESCSJP'OQN 
Issue connct (or helium re&ilCfl,tor 
Camplete delif.n or inlOpau:cl cryo ..... 1)'$ .... 

=~y~";' :i:o.-ar 

=:l! ia11ea: u SSa. 

Transf ... Syst ..... 

un E$TQtffi PESCSJP'J]QN 
Compieto desip or ....... 1Od _or JY*mS 
Assembiy Stan al SSa. 
Aacatbly COIIIp1c~ at SSa. 
TcsDnI comp_ 

V_mSystltnl 

MIl£STONE DESCBJmON 
Complc .. desip or __ sysems 
Complete ~ or_syselDS 
"-bly c:ampieto u SSa. 

-
J \J05UI 

lJ1l50;1 2 

4.1 

4.1.1 

gt.l];; 
Mav-94 
MU-9S 
Feb-96 
Oc,·96 
Feb-97 
Mar·97 
Apr·97 

4.Ll.8 

gt.l];; 
Feb-93 
Feb-93 
Oc,-93 
Feb-94 

4.1.1 

gt.l];; 
Nov·9!5 
May-96 
Nov-96 
Dec-96 

4.LJ 

gt.l];; 
Mar-96 
Fcb-97 
Mar-97 
May-97 

4.1.4 

gt.l];; 
Mar-9S 
Mar-96 
May·97 

8_2 

Solenoid Subsystem Milestones 

SUpereoftdUClinc Coil 

Mn.ESTPNf QE$CBrmoN 
Complete Fixed Des, .. Repon/SQrt F:abnaIioo SUpen: __ 1Od 

CampI ... WUldinl or SC Coil 
Complete macnct ISSem biy In cryosw 
M:lpet teSted. (tn au) 
Alrives ou SSCL 
Avilii.:able TOH 

Proto,yp. Coil 

Mn.eSmNf PESCRIPTION 
Completc windlnl or SC Coil 
Vacuum vcsscl delivered to Japan 
Complecc malnet assembly in cryostat 
Ma ......... d (in air) 

Po ... r Supply System 

MIL£sm"ffi psSarp7!ON 
Compieto desillD or..,..,.,. supply" QPM 
Fabrica", _ IUpplylQPM 1)'$-
Tell syscem 
Power supply 1)'$- dellvere<l OJ lapan 

Canlnll DewIr System 

MU.Esmm PESQrmnN 
Comple", deslp or eon .... 1 c.wv 
Compieto rabrlCllion or eon .... 1 c..,ar 
Tes, Conaol Dewar 
eon"", Dewar uti ..... SSa. 

Controls and lDaru ...... tatian 

MILEsmNE PESCRJP'DQN 
Comple", desillD or iD ..... 1Od can .... 1s 1)'$-
Compte .. rabnciDan or in .. 1'IIIC! con""" 1)'$ ..... 
eon""" sys ..... avoiIabte .. SSa. 

Installation & Test Major Milestones 

MILESIONE PESCRIPTION 

Installation and Ilst 

Hall AVailabil~y lor Support System Installation 
Begin Muon Barrel Installation 
Hall Benlficial Occupancy (Baseline) 
Muon B."..I Ioroid Steet at I.O.H. 
BatNI Ioroid St ... Complete 
Begin Conventional Systems Installation 
Coil Installation Compllte 
Barrel Cal. Toroid Ready at T.O.H. 
Phase I Muon Complete 
Solenoid & Chimney & Electronics arrives at SSCL 
Ready to Begin Solenoid Installation 
Blgin Calonmlter Connect SignaI/Power Cool 
End Toroid StHI at T.O.H. 
End Cap Calonmoters at T.O.H. 
Muon BatNI Chambers at T.O.H. 
Sotonoid Installation Complete 
Ready to Begin F,,1d Mapping 
FJotd Mapping Compllte 
Ready to Install Tracking System 
Contral Trackers Ready lor Ins!. 81 T.O.H. 
SilPixII Tracker Ready for InstaIJalion T.O.H. 
Muon End Chambers at T.O.H. 
Forward Calorimeter 81 T.O.H. 
Begin Sollnold Installation 
lrunn. Tracker Ready lor Installation T.O.H. 
Rlady to Begin SoIlnoid Filld Mapping 
Roady to Install Etactronics lor Tracking Systems 
Forward Muon System Ready for Installation 
TrackingSystlml~ationCompl"-
Delector Rlady 10 Rollin FOtW8rd Muon ToroicI Sys. 
BatNI Tracking System Electronics lnat. & Chlld<cul 
End Cap CalS I~ad 
Forward Muon Systlm Installad 
Begin Accelerator Work. 
Electronics Tracking Systlm Installation Complete 
End Cap Calonmlt" InstallatiOn Complltl 
Begin ElectronicslnstaJlation & Test 
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Oct·9S 
Jan-96 
Jan-96 
Flb-96 
Aug-96 
Slp-96 
Doc-96 
Apr-97 
May-97 
Jul-97 
Aug-97 
Oct·97 
Oct-97 
Nov·97 
00c-97 
00c-97 
Mar ... 
Jun-98 
Jun-98 
Jun-98 
Sep-98 
Slp-98 
Oct-18 
Nov-98 
Jan-99 
Jan-99 
Jan-!19 
Flb-99 
Mar-99 
Mar-99 
Mar-99 
Apr-99 
Apr .. 9 
Apr-99 
Apr-99 
Apr-99 
May-99 



Accelerator Complete 
Detector Tum-on 
Conventional TrxtcillG System lnetalled 
End caps calorimeter Installed 
Hall Conventional Systems Installation Complete 
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Jul-99 
Oct-99 
Oct-99 
Oct-99 
Oct-99 
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Tracking System: Requirements and Overvievv 

• Solid Angular Acceptance 

• Tracking System Layout and Detector Parameters 

• Momentum Resolution Considerations 

• Lepton Identification 

• Non-Isolated Track Efficiency and Vertex Nleasurement 
(b tagging and top Physics) 

• Trigger 

• High Luminosity Considerations 



Requirements for Isolated Charged Tracks 

• Acceptance out to 1771 = 2.5. 

(HO -' £+£-£,+t- geometrical efficiency ~ 60% per event. 
for mH ~ 200 GeV jc2.) 

• Reconstruction efficiency ~ 97% per track (Pt ~ 10 Ge V ). 

(~ 90% per event for HO --+ £+£-£'+£'-.) 

• Momentum resolution: qPt/p¥ < 20'10 (TeV/e)-l. 

(ZO -' /-L+/-L- mass resolution ~ the natural width; sign 
of charge to Pt"'" 1 TeV /e.) 

'"' 0" '->, 
IJ051l e:.:. '-</ ~,\ '"' "I " F , I" I«i 

~I I ~ , 
\ / 

\ ___ h_\ ~ 

I I 

~ \ 
..,..-

- r 
\ L. -

I 
\- r - r--

~ rr -
r-... -- -'" Q - ... ,.. - = .. 

0 

II , r-
, . 

:= ! ; 
- -- -- -- -

r lIn 
I ~ ~ I 

-1--+1-1+-+..1" ::; 
..,.. 

\ '+I+-+-----l I 1I! .. -+--!-'; 
. -.... _-- _._-_.- - .... 

iiu51u 

::::- 1 1 '" 
-. "' 01- l:, .,..,. 

II..l l.L n 
I",.J 

t > 
..... '" I cS () 
~ :£ 8 :r: - CI 

• .. ~:r 
~ 0 0 .. 

'" 0 0'" 0 '" co • ~! .. d d d d d .08 1:::-
fi 

.... -ti~ 
s;tl~ ... ~ ~~~:Y.1" 10 tlan"".:; ~i¥ 

~ .s>-
:::t? 
08 

qJ f: ., .:r .J ., "' .. t "1'"'1''' '/ 'i '" !~ , I ~:I 
J 

C> -'" .J , ~ oJ / 
, 

<oJ 

'" / >' (! 

l 
,. ,/ o ., 

'" 00 

'" -- rl r: .-
'" -' 

~ .! ",' .. ::s .. ' 0 
C> e-> !'" • "' I 

~ 

~ \l.. 'i .. .,.. 
C> 

~ cq co ... N C! 
C> d d c:i 0 

SltlllM PlIldll""" 10 tl0ll"lI.Il 

iJll512 

Tracker Measurement Resolutions 

Silicon strip detectors (STS) 0 < 1771 < 2.5 

· 8 layers, barrel+disks 
· double-sided with 10 mrad stereo 
· 12 cm long strips 50 /-Lm pitch 
· 2-side layer resolution: q(r¢) = 12 /-Lm q(z or r) = 1.2 mn 
· Pixel option for inner layers 

Straw tube detectors (OTD) 0 < 1771 < 1.8 

· 5 barrel superlayers in two longitudinal sections 
· 6-8layers/superlayer 4 = pitch 120/-Lm/layer 

3 a.."dal/trigger superlayers @8 layers: q(r¢) = 83 /-Lm 
· 2 (±3°) stereo superlayers @6 layers: q(r¢) = 87 /-Lm 

q(z) = 1.2 mm 
· local vector direction: q(o:) = 7-11 mrad 

Gas micros trip detectors (lTD) 

· 3 disk superlayers each end 
· IDOSaiC of trapezoidal panels 
· 4 layerS/disk: r¢, +8°, -8°, r¢ 
· disk resolution: q(r¢) = 50 /-LID 

1.8 < 1771 < 2.8 

200-500 /-Lm pitch 
,..., 100/-LID/layer 
q(r) = 500 /-Lm 
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';cintillating Fiber Option 0< 17): < 2.3 

· 6 barrel super layers in two longitudinal sections 
· 2-4 layer pairs/superlayer 1 mm pitch/2 
· 4 a."'cial superlayers @21ayer pairs: O"(r¢) = 115 pm 
· 2 a.-dal/stereo superlayers: 2r4> pairs, 2 ±6° pairs 

q(r4» = 90 p.m O"(z) = 1 mm 
· local vector direction: O"(a) = 13 mrad 

E 
..:; .. 
0 ... ... 
II 

• .. 
~ ... 
II ... 
f-

Trae.1.. P"'f"4W\~ee.r ... 
400

0 

300 

200 

a 

0.5 

cfpt/ptOl'reV= 0.164 
db- 13.0 microns 
dphi- 0.066 mrad 

1 1.5 
Radius (m) 

2 

li051J 
E rro r 5 (l _0 ';l 

3 

2.5 3 

dcot(theta)= 1.25 mm/m 
dzO- 0.77 = 

(0) 
." '"~'." 

'. -:-~';"." ... ~~-.-.:'.~~~ .... " . 

(ttl (c) 

.. 

.. 
~ .... 

v051 .. 

(10516 



, 
~~ 
" " + 
OJ 

t 
o 
ot4J 
11 
'1 • 
'X 

E .. 
<t 
... 

..::r 
'" I! ... 
~ 

-! 
~ 

«! 

,.... ... 
$ 
OJ .. 

.:;. 
it" 
~ 

.!! ....., .. 
:s 

-t 
~ 
!I 
01 

...: 

lIu51? ~ 

1=1 
1-1 
H_ 
~ 
fj 
g 
t 
1r 
~ s: 

10 
eli 

o 
eli 

5:" 
>. ..., 

U)=8 ...;-a 
IS. 

'" o 
'0 

0:1: 
.~ -~ 

10 
c:i 

Po. 

~ 
i 

t, ,': ... , .. , . , ... , I , ' , • I , , ' .J C! 
o c ~ • N 00 
...; 0 d 0 0 c:i 

.!~m7 

.. 
z 
~ 
~ 

~ 
~ 
on 

I.., .. . 
=-
" ,. .. 

oS 

~ ,... .... 
A 

r' 
~ 

v 

~s=-

~::: 
.., '""d' 

.~ j 
~ 

..." It 

~~ 
~ 6 
L. .. .,...,.. 
... s: 
~ .. 
~ ~ 

~ r 
~ ~ 
:I ... 
~~ 

I..~&,,,,,, 'PJ.. 'fe.,l;rulolA {nt-M w,,~, bo1'>. "C.'1I1t~;c,,~ 

tiU519 

40 TeV 
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Some Processes Dependent on O'(Pd 

Objective Req'd O'(Pd/p'l 
(T~VIG)-I . 

Process 

H -+ ZZ*, Z -+ P./J, (M(H) = 130 - iso GeV/c2) 
O'[M(p.p.)] ,...., .42fz:::: .01MZ 0.2 

H --+ ZZ, Z --+ p.p. (M(H) = 200 - 800 GeV/c2) 
(same) 0.2 - lI.05 

H --+ Z Z, Zl --+ p.p., Z2 -+ vii, jet jet 
(same) 0.2 - 0.05 

(W, Z) production, Z -+ p.p. (e.g., techniresonances) 
(same) 0.2 - 0.02 

Z' --+ p.p., (M(Z') = 200 - 4000 GeV/c2) 
O'[M(p.p.)] ,...., .01Mz ·0.05-0.005 
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Transverse Momentum. Resolution 
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Electron Identification 

Transverse profile in EMCal: confined to 2 x 2 towers 
(D..rj) = D..TJ = .05) 

Longitudinal profile: HAD/EM<cut 

Isolation: energy within cone centered on the shower 
Jt:..rj)2 + D..TJ2 <cut 

Geometrical match of track with shower at shower max 
layer 

Track momentum/shower energy match: 
0.7 < E/p < 1.4 

.. I . 

(,U53J 

I. Col 

Lepton Identification Requirements 

• j\io more tban 0.15 radiation lengtbs of material, ~ .07_\'0 
inside 50 cm. 

(Match between calorimeter energy and track momentur~l 
for electrons.) 

e Position resolution at tbe calorimeter sbower ma.xLnum 
detector 5 5 mm in rrj) (wbere bremsstrahlung smearing 
occurs) and 5 2.5 mm in z. 

(Track/shower position match to minimize 7['0 -;. ~( back
ground for non-isolated electrons.) 

e Alignment to tbe muon system of 2 mm in z. 

(Match trajectory through toroid spectrometer for high 
momentum, low multiple scattering muons.) 

• Alignment to tbe muon system of 100 J.Lm in rrj). 

(Measure sagitta in rrj) just inside the solenoid, for high 
momentum muons.) 

(,0532 

Tracking System Radiation Lengths 

30 

20 

--------'--,""----

.... -
0.5 1 1.5 2 2.5 3 

Pseudorapidity 

Average for 0<17<2.5: 13.57. 
Silicon alone: 7.47. 



Requirements for Kon-Isolated Charged 
Tracks and Vertex Measurement. 

• Reconstruction efficiency ~ 80% for tracks of Pt > 5 Ge \", 
witb less tban 10% fakes, v-itbinjets ofpt up to 100 Ge\-. 

(Leptons from b decay.) 

• Impact parameter resolution :5 20 J.1.m (for stiff tl3.cks, 
:5 100 J.1.m for Pt = 1 GeV), and ~ 85% efficiency for 
finding tracks v-itb Pt > 1 GeV witbin jets of Pt up to 
100 GeV. 

(Efficient b tagging by detached vertices - at least 25%, 
with ~ 90% purity.) 

• Resolution for tbe z component of tbe ·vertex of 2 mm 

(Separation of pileup interactions.) 

• Jet charged multiplicity measurement within 15% for jets 
up to Pt = 500 GeV 

(QeD studies and background modelling) 
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Impact Parameter Resolution 
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Triggering Requirements 

• First leFel trigger efficiency 2:: 96% per track, with mo
mentum resolution t:Tpt/PE::; 10 (TeV/c)-I. 

(Threshold rise over 1 - 2 GeV/c for a 10 GeV lepton, 
e.g., from HO -+ (+(-('+('-.) 

• First level false trigger rate::; 0.05 per calorimeter tr:gger 
¢ bin (271/64) per crossing. 

(Preserve factor 5-10 rate reduction for single electrons.) 

• Second-Ie""'el trigger with momentum resolution t:Tpt/p¥ ::; 
5 (TeV/c)-I. 

(Threshold rise over 8 Ge V / c for a 40 Ge V / c lepton from 
Z -+ (+(-, l-V -+ (v, e.g., for calorimeter calibratiou.) 
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Requirements for Luminosity Upgrades, 
Discovery Potential 

• Detection of isolated leptons with efficiency ~ 90% ar 
10 x design luminosity 

• Reconstruction and impact parameter measurement of 
leptons within jets up to the largest jet Pt possible (at 
least ~ 500 GeV, with reconstruction efficiency ~ 50%). 

(Discovery potential.) 

• Survivability at standard L for ~ 10 years, upgradable to 
~ 10 years at lOx standard L. 

(Emphasize detection of rare processes, capabilities indi
cated by experience from initial running.) 
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Parametric Resolutions for the Barrel Tracker 
(atTJ=O) 

Track parameter (J" 

D.pt!Pt at 1 TeV/c (20 J.Lm beam constraint) 0.15 
D.pt!Pt at 1 TeV Ic (no beam constraint) 0.17 
D.¢>o (mrad) 0.066 
D. cot e 0.0013 
D.b (impact parameter, J.Lm) 13 . 
D.zo (mm) 0.77 

Extrapolation error in calorimeter 

r¢> at shower ma.."\":. (mm) 0.14 
z at shower ma.."(. (mm) 2.5 
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Summary 

The SDC baseline tracking system is well matched to its 
requirements for 

• Efficient detection of isolated electrons and muons 

• Sign of charge determination to 1/1000 at 1 TeV/c 

• Match to the calorimeters and muon detectors for lepton 
identification 

• Detection of non-isolated leptons, e.g., from b decay 

• Detached vertex detection, b tagging 

• Moderately efficient tracking of charged hadrons in jets 

• Stiff track contribution to the trigger 

• Survivability and functionality at luminosities at least 
several times design 
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SDC SILICON TRACKING SYSTEM 

Innermost part of the Central Tracking Detec
tor whose elements function together to meet 
the SDC goals for tracking performance. 

A. Seidp.n 
May 5,1992 

tJ055,~ 

SILICON TRACKING FOR THE SSC 

Why: Excellent precision and two-track separation based 
on 50 J.Lm pitch. 

Speed of response, about 20 nsec, is well matched 
to the SSC collision period. 

Excellent performance at high luminosity since 
occupancy at design luminosity is very low, about 
10-3. 

Double-sided measurement give'! space-points for 
pattern recognition after hit association. 

One of the few choices with sufficient radiation 
hardness and segmentation to allow many years 
of operation at radii smaller than 50 em. 

Essential to meet SDC goals for momentum resolu
tion. large rapidity coverage, vertexing, pattern recog
nition, and luminosity capability. Will contribute to 
Higgs search, top studies, and broad-based searches 
for the unexpected. 

lJ0552 

U.S., Japanese, U.K, Italian, Russian Collaboration 
California Institute of Technology 

University of California. Davis 
University of California. Riverside 

U ni versi ty of California, Sanla Cru% 
University of Hawaii 

Johns Hopkins University 
University of New Mexico 
University of OJdahoma 
University of Pittsburgh 

Fenni National Accelerator Laboratory 
Lawrence Berkeley Laboratory 

Lo. Alamos N ationa! Laboratory 
Superconductinr; SupercoUider Laboratory 

Hiroshima University 
Hiroshima Institute of Technology 

ICEIC. National Laboratory for Hir;h Energy Physics 
Nar;oya University 
Niigata University 

Okayama University 
Wakayama Medica! College 

Universities of Pisa and Sassari. and INFN-Pisa 
University of Milan 

University <Ii Payia and INFN-Milano 
University of Bristol 
University of Oxford 

Ruth.rford Appletou Laboratory 
Joint Institute for Nudear Roscart'h, Dnbna 

Based on work on silicon tracking (or: 

MARK II. CDF. and ZEUS 
and R&D (or Pixel Detectors. 

Have also collaborated on R&D with several European 
groups who are not part o( SDC. 
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b tAminl! efficiency VI. jet 1'. Cor the Cull tracking .y.tem. 

oPt Resolution 

Straws + silicon from 9 em - 36 em 

Straw + 4 silicon layer from 9 em - 21 em 

15.9% at 1 TeV. 

28.5% at 1 TeV. 

Barrel 

8 layers 
Inner radius = 9 em 
Outer radius = 36 em 
Half length = 30 em 
Number of detectors = 3,600 

Forward and Backward System 

13 disks on each side 
On average about 7 layers hit for each track 
Inner radius = 15 cm 
Outer radius = 46.5 em 
Half length = 258 em 
Number of detectors = 3,112 

Full System 

Total area = 17 m2 

uU55ii 

Number of channels = 6.5 million (2 x 50,000 chips) 
Power per channel = 1 m W 

All detectors are double-sided . 
t/> measurement on one side, 
10 mrad small angle stereo on other side. 
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Simulated Detector Signals 
CR·RC shaping. 20 nsec 
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Yearly Fluence Versus Radius 

Radius (em) 

10 

15 

20 

25 

45 

Fluence 

Particies/cm2 

11 X 1012 

5.9 x 1012 

3.3 x 1012 

2.2 x 1012 

0.95 x 1012 

Number of Years to Reach 

1014/cm2 

9 

17 

30 

45 

105 

t 
;J;..e/ .. As. J:.. .. 1r.-
o-j: .:l SQ,~ 
~4eY. 

1I1156!:-

(i057n 
We have developed a simulation program to 
help in the design of the detector and electron-
ics. The program includes: 

Calculation of electric fields in detector. 

-- Landau fluctuations in energy deposit. 

-- Drift of electrons and holes, including B 
field effect. 

Amplifier shaping. 

Electronic noise. 

Discrimination. 

For the barrel detectors, with: 

Threshold = ! mip. 

1500 e- noise. _ 60.1 ..., IUSO eo-

Shaping time = 20 nsec. 

Predict: 

Efficiency 
Resolution 

p side 
.995 
10 p.m 

%!...Side 
.999 Fe ... ,.~ R 
8 p.m- •• .u...-..s. 

j.7p.""tI4.) • 
;..J .. a;~ .L~ .. '"'t\: 

Above numbers are robust against 10-20% changes 
in parameters chosen above. 



SILICON TRACKING SYSTEM 

FORWARD REGION PLANAR ARRAY ITypical1 

COOLING RING 

SUPPORT FLEXURE 
AND COOLING RING 

INTERNAL SUPPORT 
RING / FLEXURE 

SILICON WAFERS Irar sidel 

Los Alamos 

SILICON TRACKING SYSTEM 

SILICON W4F£RS AND SPAC£ FRAM£ 

LOS ALAMOS ( --=-=c) .......... --

SILICON TR~CKING SYSTEM 

LOS ALAMOS 
(~==c) 
" .. , .rt· ... 4..·,,.. .... 

~ S!LICOI~ TRACKING SYSTEM 
~~ ___________ E_ND ___ V_'_E_W __ C~EN_T_R~A~L~R~E~G~'~O~N~ ______________ _ 

3.3 CIA WIDE WA~ERS 
7 •• • 

<: 
-:~~~~~---------------------------------------------~ SIL-VG-RR-IOI9 W. 

Los Alamos ~ 
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RESPONSIBILITIES 

\)1l571, 

Design and Fabrication of Parts: 

Detectors 
Electronics 

Japanese and Italian Groups 
LBL,UCSC,RAL 

Major Mechanical 
DAQ and Trigger 

LANL 
U.K. and Italian Groups 

Module Assembly and Testing: 

Central Region 
Forward Disks 

Japan 
U.S. and Italian Groups 

Integration and Overall Assembly: 

LANL 
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STS Top Level Requirements 

BIg,""", --< 3'l'o 0 IICIIlIIIIIncIdence • Low-Z .......... ulIrIIIghIweIgh 
IIrUcIIIft, 1ow_1IIcIIIcII 
~ 

A., A, Z-5,IO, 250 jlllllItpICIIveIy .I.IInIlIIIIe, ullrHlllllIJIIIICIII 
IIrUdInIIIId IIIIIIIIIII 

• KfnImIIIc ..... "'..,... .SyIIIm~ 

13 kW 0 2 mWIdwIneI hilt • E~ cooling IJIIHI (phMe dIIIipIIIan dIIngI 0 COIIIIInIIImp) 

• Nan-carroIIw tIuId compIIIIIIIIy with 
tIecIronIc dn:ulll1IId IIrIp deIIIctor 

OOC IIIcon strip deIIIctor operIIIon • Hydrocarbon IVIpOIII/Ye cooling lluld 
11_1 UnoIpheg tBuIIM) 

10 IIrId, 1IwughouI10 ,en 
• Sefect I'III-IIIrd IIIIIerfIIs .... 1IIt 

AccestIbIIIy IIId deIIIctor....-. • ........... 1IIcon module 1Ub- e liliiii atrucIInI c:. 
tJ1 

Los Alamos 
c.c 

MEE-1:bWM-I11 

STS Top Level Requirements 

Alignment 

• Maximum local misalignment (resolution of alignment measuring 
equipment) 

Silicon 

Globel 

5 11m 
250 11m 

80 11m 
10 J1IIld's 

Circumferential 
Z (berrels) or R (disks) 
R (barrels) or Z (disks) 
AzImuthal rotation of silicon vs straws 

or g88 mlcrostrlps 
Common centering silicon VB straw 
Common centering silicon vs gas 

mlcrostrlps 
Centering of tracker on beam 

• Maximum placement error (complete STS) 

Silicon Circumferential 
Z (barrels) or R (disks) 
R (barrels) or Z (disks) 

Los Alamos 

UEE-I2/NM-I12 

Silicon Tracking System (STS) . 

Mechanical Design Review 

PAC Meeting 
May 4-9, 1992 

Superconductlng Super 
CoWder Laboratory 

W. Miller 
Los Alamos National Laboratory 

STS Mechanical Design 

Topics 

• Design Requirements 

• Construction Description 

• Material Considerations 

• R&D Accomplishments 

• Future Work 

C". 
.::. 
e,;. 
~I 

Los Alamos V' 

MEE·I2tWM·104 

Los Alamos 
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Los Alamos 
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MEE·,2iW11k125 

STS Silicon Shell (Gravity Loading) 

Maximum Radial 
Dlsplac:ement 
Mid-Span on 
Silicon Module· 12 ~m 

Los Alamos 

Silicon Detector 
Description and Quantities 

Component Cioll:ll BlSIlgO 

Silicon Wafers 3600 

Electronics Modules 1800 

5O~m Strips 2,304,000 

Silicon Layers 8 

Silicon Subassemblies 12 

Silicon Detector Modules 1080* 

FOIYtIIli B~glgO 
(lgJlI} 

3112 

1632 

4,177,920 

26 

26 

1632 

12-cm-long modules total, 1440 of which are structurally 
Joined to form 720, 24-cm-long assemblies 

Los Alamos 

c 
.=., 
CJ1 
(J; 
~, 

MEE-''llWMS71 

Silicon Detector 
Module Specifications 

ClmDlI Bllligo 

Shape: Rectangular 
Active Detector Width: 3.2cm 

Number of Channels: 1280 (640 per side) 
Heat Dissipation: 1 mW per channel' 

Module Heat Load: 1.28W 
Thermal Conductive Area: 0.8 cm x 3.3 cm 

(at cooling surface) 
Module Heat Flux: 0.5W/cm2 

(at cooling ring surface) 
Operational Temperature: O°C 

(at silicon detector surface) 
Cant angle: 7.4° 

E!)[wI!1I Begl!)o 

Trapezoidal 
-6.4cm 
2560 (1280 per side) 
1 mW per channel' 
2.56W 
-0.8 cm x 6.5 cm 

0.5 W/cm2 

O°C 

0° 

• Cooling system design point 2mW/channei 

Los Alamos CJ' 
(J; -. 



Silicon Tracking System 

CooUog 81", NDT Eyafultlon 
(Ultrasonic) 

r ' '---I 

8 111:- \ .--, 

los Alamos 

Loa AlamO; 
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Graphite/Epoxy SandwIch Panel 
CoreSt 

1.0 .t 

J& H 
&.80' T 
Et.cIng_loa.4 Gl'a 

17.78 mm Thick Core (HI 
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1IIIIIIII ~ 

m C/IoppId GIIp/I/It .1IokIIIIII1lllllrlll1or fIIIraI/ng compIa ling geometry 

fIIIrJCpnIII &lit min • Low COIIIItIent 01 ThInnII ExpInIIon (CTE) 
• Low COIIIItIent 01 ..... ExpInIIon (ellE) 

• ....... 1IrudurII dllIOIIonI fnIm IhtnnII gradiIntI 
• AIdII1Ion.-...m. _ CNIp IIructIn 
.1IgIr IIdIIIIon ....... (25 CIII/ 

• 1IaIdIIIII ......... far NplIcdng CGmpItx..-try 

.1Ic:roIIrucIIn IIIIorIbIe (4 I'JII, pen lid .... ' to IChItve 
opIInun wIddng beIIIvIar 

.1IgIr IIdIIIIon ..... 

• AIdII1Ion ..... 

• UIIrIIhin ....... Iea..-pltble to frKIIn 
• SIndWIIcII ..... ~ """ ullrlllow .... dInaIIy, 

1.2.,.2 

• 0uIII1IoIrGpIc fIdng lhIeI_trucIIon far ~ nun......, 
Las Alamos 

Silicon Tracking System 

Wick Deyefogment 

Los Alamos 

Silicon Tracking System 

~--------------------------------------
TV HOLOGRAPHY INSPECTION TECHNIQUE 

C" 

OPTICAL BEAM PATH FRINGE "ATTERN 5; 

'-tIt ' .. wtr,I.· ... l los Alamos 
~ 
<-" 



MEE·12/WIU11 

I' KEY STS NEAR TERM GOALS 

• Complete mold development Proc:eu steps for full 3&0" cooling ring 
• Dlmenslonsl quellty 
• Materlsl property unHormlty 
• High tranSVWM thermsl conductivity 

• Successful performance demonstration of a fully Integrated cooling rlnglmolded 
polystyrens wick 

• Artery fMd Integration 
• Performance boundsrles 

• Silicon shell (central region) stability demonstration tnt (O"C) 
• 5 "'" stability 

• Complete demonstration of assemblylellgnment of large silicon shell structures 
• Haso.1e construction 
• llelntalneble 
• 25 "'" pllIC8IMnt 

• Completion of materiel compstlbHIty tests In radletlon environment 
• Detector 
• Graphite/cyanate ester 
• Electronic chlpe 

• Demonstrations of kinematic mount performance for silicon substructures 

Los Alamos 
c
o 
C> 
C 
''::' 

STS Materials Summary (cont) 

IIIltlIIl 
UHM Graphite' Flberl 
Cyanate Ester 25 j.IIII 
prepnII 

...... Matrix COmposIte 
(Mg-grsphlte) 

Key Crltlrll 

• ConstrucUon .. me .. support 
cytln .... 

• P8I1 of STS IUpport concept 
requires maximum stlffnns 
.nd stability 

• Low voltage power transmission 
for electronics . 

• Require high radiation length 
(35 em) 

• SoIcIerebIe 
• Maximum stIffnns .nd stability 

to limit potentlll distortion 
from 5 meter truss -metro
Iogy-frems 

• StIffnns 50% > Glcyan.te .. ter 
• .... r zero CTE .nd zero CME 
• Zerocresp 
• Impervloua tobul.ne .nd 

radI.tlon 

Los Alamos 

KEY STS MAJOR MILESTONES 

• Conceptual STS design .nd prellmln.ry structur.1 studies completed 
• ".terl.ls for all m.lor components have been selected 
• Butene evaporative cooling proof-of-prlnclple testa, with machined polysty

rene wick completed 
• Demonstrated mold.blilty of polystyrene wicks to desired microstructure 
• Compr .. slon molded ultra-thln (450 ""') high thermal conductivity cooHng 

ring segments (P75Icy.nste ester • 30" arc segments) 

• Developed mold process steps for graphna/polymerlc composfte cooling ring 
• Demonstrated dur.bliity and fabrlc.bUlty of 24 cm long edge-bonded silicon 

detector module 
• Established construction techniques for uftra-ilght weight (1.2 kg/m2) gr.phltal 

composite sandwich shell 

• Demonstrated 5 11m stabUIty of trusa core panel after exposure to 1x1015 nlcm2 

• Verified butane .nd composfte material compatibility In r.dl.tlon environment 
• Preliminary assessment of strip detector compatibility with butane, .dheslves, 

and graphne composite m.ter .... complete 

• Developed alignment methods for achieving 25 11m pl.cement .ccur.~ (H.) 

Los Alamos 

c:: 





Front-End Electronics and Detector Modules for 
the SDC Silicon Tracker 

Basic Concept 

Strip electronics register hH/no-hH 
Pixels also record analog Information 
Beam creasing 01 M recorded 
Readout alter receipt 01 level 1 trigger 

Oetector subdivided 
a) at z-O (:6 em depending on layer) 
b) in B •.. 12 sections In" (banel + disks) for each radius 

Available information 
Layer address (associated with cable) 
Se<:lion address (associated with cable) 
Chip address 
strip address 
crossing time 
pixels: signal charge 

All electronics through data lparslfication and lOcal bus drivers 
in custom ICs on detector. 

\.Iu604 

100 

I ". 
1M 

10 

1.0 S.O •. 0 '.0 '.0 7.0 '.0 '.0 to .• 

Fi,. 14 Comparitcm of the experimental data £:om the 25°1 corrolation band and a 

theoretical Vavilov caleulation for charco deposited in 300 microns of silicon. 

PUlSt "UGHt IUM11S Of .1 
Faa. 5. hbI MI,)n "'ntNlion lor _llIlliurn ---. ""r· ..... 

FlC. "'14. STS cIcc«\or art.,.. (P"Wrial .w.). 

I '~~III,"II ,I 1 I, 
! ! ! 

D 110 lDD 1110 - lI60 SDD 

z(cm) 

FIG. +-2. Silicon tracker cIeoip. 
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Requirements 

Nolle 
Time Resolution 
Power Diaalpatlon 
OeadTime 

0,,< 1200 .. 
At< 16nsfor 1 fC:sOl:sBfC 
P- 1 mW /channel for 12 em atrIpa 
-50 ns 111* 

(two IUCCeIIIw 4 fC pu'-) 

Radiation resIatanca .C+~- 1014 crn-2 
(IlmIIed by type ItMnIon In deIecIor) 

DoH,. 5Mn1d 

0em0nsIrated for both datacIar'I 
and eIecIlonlca (analog + dIgIIaI). 

Readout within 101'. alter receipt of level 1 trigger 
(alao for high-denslty jets) 

Calibration Inputs 
Externally adjustable thresholds (dllferentlallnputs) 
Chip disable 

SOC_T_F_.£Nl ___ _ 

PAC_ 



Implementation 

AC coupled, double1kled ct.IecIDra 
(strip pitch- 5OJ'm, stereo angIeao10 mracI) 

128 channels per Chip laid out on < 50 J' m pitch 

BJT Analog chip: preamplifier 
Shaper 

timing comparator 

CMOS digital chip: time stamp/data buffering 
sparse readout 
differential drivers 

Base~ne design: 

One readout Une per aection (<p) and !eyer/ring (r) 
Local Signal transmission by Iow-maa AI/Kapton ribbon cables 
Intermediate Bus Selector Chips to IimH bus loading 
Fiber drivers/r_iVars al outer shell of Si tracker 

.. - 160 ... 240 liber linka (300 Mb/s) al each end 

AIIematives being imIeatigated: 
low-cost 60 MHz fiber links developed at Oxford 

(e.g. 1 fiber Unk per module) 
Arrangements that eIIrnInIIte the Bus Selector Chips 

(more cables) 

need to balance 1echnology, material, cost 

SDC __ F _____ _ 

'AC_ 

AnaloglC 

Key concepta vwIfied in _ cIrcuIta dellgned and 1e8Ied at 
UCSC. 

v060k 

Full analog chennellhat meets sse requirements designed at 
LBL and aubmill8d for fabrication. 

DigitallC 

Digital tIme.ice buller ctockecI al10 MHz deaigned, fabricated 
In rad-hard CMOS (UTMC), and 1e8Ied aI UCSC 

Various buffering ~ Simulated aI RAL 
(tesI1Ca in fabrication) 

Selection of final configuration: end 1882 

lJu6u', 

Responsibilities: 

1. Front-End Electronics: LBL + UCSC 

2. Detector Module Design: LBL 

3. Local signal transmission and cabling: LBL 

4. Fiber links and external DAQ: Oxford/RAL 

Sl>C_T ___ ~ __ _ 

'.lie.."., 
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NOISE MEASUREMENT ON $I STRIP FRONT-END FOR ZEUS 
TEKTRONIX PROCESS (0. DORFAN + N. SPENCER, UCSC) 

80 

60 
. ~.". 

~ -~~ 
20 l':t-_ ...... ~._. 

o 
~w..~~~ 

1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 

Input c:haIgel1Cl 

.. On-BOO .. rma 

IN GENERAL: 

BIPOLAR tea SHOW GOOD AGREEMENT WITH CALCULATED 
NOISE LEVELS. 

MEASURED NOISE RATES VB. THRESHOLD IN GOOD 
AGREEMENT WITH THEORY. 
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Vendor Selection for Analog Ie: 

Criteria: 1. Adequate speed 
2. Radiation res~ 
3. Circutt density (CircuH on pHch <45I'm) 

3 vendor. with aultable p __ IdenUu.cs 

1. AT&T 
2. Tektronix 
3. WestinghOuse 

Some technlc.1 laau .. : 

1. AT&T 
Wen characterized (also radiation effects) 
Currently available process (CBIC-U2) 

relatively slow with large feature size. 
High-densHy process with Improved speed 

to be releeaed in late aummer 
2. Tektronix 

Wen characterized (alSO radiation effects) 
High speed and CIrcuit density 
lateral PNP tranSistors 

(low current gain after irradiation) 
Vertical PNPs In preparation 

3. Westinghouae 
Need more data on radiation effects 

(have oblalned .. devices) 
Good apeed and circuit density 

Expect that .n three vendora will have comparable proceaes 
(speed,~, radlation~) byencl of 1992. 

Note that for equivalent circuits (same functions for each) 
the currently available processes differ in power only by -100I'W. 

$DC SiIic:rM 1'Mdr.r,,.,<&tI ~~,.....,... 
rAC_ 

Silicon Tracker (sse) 
Fron .... End Bipolar IC (AT&T) 

~ 

Strip Lellith 
Strip Capacitance (U pF/em) 
LeUaae Current (l00 DA/cm. ~1014 em,2. T.o ee) 

Biu Reaiator 
Blocking Capacitance 

~ 

Equivalent Input Noise Charp 
Differential Comparator TbnIshold 
Time Walk [l te ' 8 tel 
power Consumption 
High Impedance Output 

~[ClimiDIO: ~imllJlljgD BlIl.Jlt.l !3:S:hlbllClIl 

Output Noi ... Voltage 
Transfer Gain 
Equivalent lnput Noise Charp 
Peak Output Current 
Comparator Threshold (40) 
Time Walk 11 te· 8 tel 
Supply Volt&p 
Power Consumption 

12 
14.4 
1.2 
200 
144 

1250 
40 
16 
1 

39 
180 
1350 
400 
155 
12 
3.5 
950 

em 
pF 
pA 
kn 
pF 

enns 

naec 
mW 

mVnns 
mVIfC 
erms 
pA 
mV 
nue 
V 
j.lW 

1.0_ ...... Iey 1Abora .... 12 Fetmaary 1M2 
IllY ItIpnJI 

To allow valid comparison between vendors, specifically to assess 

circuli trade-offs 
radiation resistance of specific drcuH 
die 5Ize ($$$) 
yield ($$$) 

we ..ad to fabricate test lOs through all three vendors. 

Circuits to be designed to same speciflcationa with same basic circuit, 
but details tailored to specifiC process. 

Choice for f1r.t run: AT&T 

Circutt and preliminaty layout submmed (LBl) 
PO issued (UCSC) 
ICs expected in September 

At least two different lOs: 
1. Individual circuit blocks 
2. Complete 64 channel front-end 

+ perhaps 
3. Array of preamplifiers 

Goal Is still to have 128 channels/IC In final design, but we selected 
64 ch. for this run to obtain beIIer yield data. 

Extensive pre-qualification of multiple vendors is 
designed to reduce risk in final mass production run. 
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CAOSS-TAU< BETWEEN ADJACENT CHAHNElS 
(INClUDING DETECTOR) 
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Silicon Tracker (sse) 
Front-End Bipolar IC (AT&T) 

Noise Power Contributions 

dO"[V2j 'I> 

Total 1533 100 

Q1 725 "7_3 
-Ie -300 -19_6 
-Ib -300 -19.6 
orb -125 -8.1 

Detector Shot Noise 269 17.6 

Rr 181 11.8 
Q\ of adjacent channel 93 6.1 
Q\ of adjacent channel 93 6.1 
Detector Bias Resistor 58 3.8 
R. 21 1." 
Other « 1'1> each) 93 6.1 

Note5. 

-. Adjacent channelJ contribute - 1~ ... the .... !pUt DOiae yolta,e 
UncnaH the eqwvalent in""t ...... chap .". - 8~). 

~'!":..~.::.::=.IIIIiH. Q\ oonlributee 14~ of the IiAcle chanDel 
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Detector Modules 

Module: 

A detector subassembly that combines 
detectors, electroniCS, and cabling to provide a 
self-contained and completely testable unit. 

Dedicated power and signal bussing for 
groups of modules (sections) to minimize 
global cross-coupling through cables. 

Module conceived so that components can be 
tested at key stages of the assembly process. 

Problems: 
Cross-talk from electronics to detectors 
Cross·taIk from cables to detec\otS 
Decoupling of electrical supply lines 
Mass bonding (-3.\07 connections) 
Structural Praci$ion 
Cooling 
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Module Connectlona (CUIe Tr_) 

I. DC YOItagu/wrrenls 

1. DeIecIor bias PoIIItive Biu 
Negatlvw Biu 
ground m. 

2. Analog PowerVCC· 3.SV 
Preamplfier Current Set 
Analog ground 

~ 

= 
-!! 

2+1 

2+1 

3. Comparator threshold (dillerenu.I) 2 
use _log ground for me-

4. calibratiOn lev.! (dlllerenllaq 2 
(also 2 pullellnes. _ below) 
use _log ground for me-

5. Digital "-Vdd· $V 

Logic + Drivels 

E 
~ .. 
3 
() 
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c 
0 

a; 
c 
~ 
·iii 
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"" 

Digital Ground 2 + 1 

Teal DC U,*,: 10 + 3 

PulMd Slgnli. (.U cmr.r.ntIII) 

1. C8IItntion (011 + 3 combinaIIons) 2 x 2 

2. Muter ReNt 1 x 2 

3. Chip Control (send. ~ + 2 0Iher modes) 2 x 2 

4. 60 MHz clock 1 x 2 

S.I/OBus 12x2 

Tolal Data Unes: 18 x 2 
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CONNECTION SCHEME FOR DOUBLE-SIDEO DETECTORS 

ANALOGIC DlGITAl-IC CABLE V( .... ) 

.~l 
L : L.ocII SlglIII L.oap 

One eann.ctian per ChennII. 
bill only One CIImn*I ........ per 0IIp. 
L.ocII L.oap ... High ImpednIe 
to DigIW "-8IJppIy LNL 

\.10625 

SCHEMATIC CABLE LAYOUT 

zzzz 
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Critical Issues 

Unlike existing deteetOls, signal deI8ctlon and readout activity are 
occurring Simultaneously. 

Note that ~ip Ip8lSfflcation with only hit/no-hit output does not 
allow Signal _lySis to reject !SpUrious pickup alter readout. 

CrItical to control CfOSSotaik from 
a) chip to detector 
b) buses to de\eCtonI 
c) bus to bus 

(c~upling through common impedances) 

Front-.nd circunry and bussing scheme apeclflcally designed to 
reduce clock pickup and common mode coupling. 

Signal transmission on metal lines fully differential with small line 
spacing (150 I'm lines broadSide coupled with 50 I'm spacing) 

Initial measurements with digital test ICs and cables coupled to 
detector have yielded promising results. 

Goal for 1992: 
Assemble detector module with cabling and 
test at react-out rates typical of sse operation. 

Note thet this does not requite final electronic system. but 
only front..oo clrcultly with the same bendwldth end _dout 
clrcultly 8nd drivers capable of the same IIJteI 
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Silicon Tracking System Detector R&D Program 

( continued) 

• Behavior of Silicon bulk under radiation is independent of ge
ometry. Properties can be influenced by details of operation 
(cooling, adjustment of voltages). 

• A large amount of engineering work goes into the surface: 
Careful lay-out of edges and treatment of surfaces 
Careful engineering of the coupling capacitors 
Polysilicon bias resistors on both junction and ohmic side 
P-implants to isolate the n strips on the ohmic side 
Minimize the width of p strips to reduce the parasitic 
capacitance on the junction side 
Maximize the width of the p-implants to reduce the parasitic 
capacitance on the ohmic side. C" 

c.. 
0> 
W 

Silicon Strip Detectors 

for the SDC Silicon Tracking System 

• Detector Development 

• Radiation Hardness 

Hartmut F.-W. Sadrozinski 
D.C. Santa Cruz 

SSCL PAC, May 5 1992 

STS Detector R&D Program 

• Program to develop radiation tolerant double-sided silicon strip 
detectors for production in 1994. 

• SDC Mainstream: Collaboration between Japanese SDC 
members (T. Ohsugi et al.) and Hamamatsu Photonics. 

• At the same time, collaboration with European groups who de
velop detectors at 8.1., Micron, VTT, CSEM. 
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Silicon Tracking System Detector R&D Program 

(continued) 

• Behavior of Silicon bulk under radiation is independent of ge
ometry. Properties can be influenced by details of operation 
(cooling, adjustment of voltages). 

• A large amount of engineering work goes into the surface: 
Careful lay-out of edges and treatment of surfaces 

Careful engineering of the coupling capacitors 

Polysilicon bias resistors on both junction and ohmic side 
P-implants to isolate the n strips on the ohmic side 

Minimize the width of p strips to reduce the parasitic 
capacitance on the junction side 

Maximize the width of the p-implants to reduce the parasitic 
capacitance on the ohmic side. 
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detector chip 

~ 
~ 

I!lued to make ladder 

bonded tGJ!ether two detectors 

electronia mounted 
on the detector 

Complete Unit Detector 
for barre I part 

Detector Module ConstrucLion 

lJu63H 

\)u532 

Specifications of Double-sided Silicon Strip Detector (Barrel Part) 

1) Substrate 
Type: 
Resistivity: 
Thickness: 

2) Size 

n-typ<, 
4-8 kO·cm 
300 ± 10 I'm 

Overall dimension: 60 mm x 34.1 mm 
Effective area: 58.8 mm x 32.0 mm 
Dead area: 600 I'm from edge 

3) Strip . 
Pi tch: 50 I'm on both surfaces 
Strip isolation of ohmic side: 

Pattern accuracy 
p+ hlocking line method 

Position: ±l I,m 
Size: ±1 I'm 
Relative position of both sides: ::; 5 I'm 

4) Bias Resistor 
Poly-crystalline silicon line on bot.h surfaces 
Resistance value: 250 ± 50 kO 

5) Electric properties 
Initial leakage current: ::; 1 I,A (overall) 

::; 100 nA/channel 
Bias voltage range: 80 - 150 V 
Decoupling capacitance of strip 

Breakdown voltage: ~ 100 V 
Capaci tance: ~ 30 pF I em 

Readout capacitance: ::; 1.2 pF Icm (junction side) 
::; 1.4 pF/cm (ohmic side) 

6) Fiducial mark for integration 
(Pattern and position are defined in Fig. 30.) 
Position accuracy relative to strips: ± 1 I'm 

7) Dicing 
Full cutting by diamond saw 
Cutting ZODe: ± 30 iJm 
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Radiation Hardness 

• Radiation is only one of the environmental concerns we have-to 
consider for the survival of silicon micros trip detectors: 

Radiation (charged particles, neutrons) 

Temperature (O°C) 

Liquids-Gases (coolant) 

• We consider mainly radiation due to the p-p interactions, i.e. 
minimum bias events. 

• Our SSCL collaborators are starting to work on other beam 
related sources of radiation. The present understanding is that 
the largest potential source is the beam halo, not beam acci
dents. 

Radiation Hardness 

( continued) 

• "Radiation is bad for solid state devices" applies to silicon _ 
microstrip detectors as well as to all electronics in the detector 
(especially inside the tracking volume). 

• We understand radiation levels during normal operations. 

• For frontend electronics, we have characterized the radiation 
hardness of the bipolar and CMOS technologies we want to use. 
The radiation effects are included in the design$. The superior 
radiation hardness of the bipolar transistors has influenced our 
choice of a mixed bipolar-CMOS frontend. 
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Drain Current vs Gate Voltage for Rad Hard CMOS transistor 

Irradiation or 1.2 I'm CMOS Chip rrom UTMC with 3.1 MRad Co" 
• ., AI ..tr.i • ., ., . ..tr.i 

.. ,: 

.MOO/o.... (VI 

,~:, .. -e.. II I I I I I I -::.n 

•. 000 •• c •• '0.. ,. 

"-liro· .ao 
.ssoo/.,.. I VI 

•. 00. '0'. 

100":00 

Threshold Voltage Shift < 200mV for n, p transistors 

Radiation Hardness 
(continued) 

• For silfcon microstrip detectors, we understand the radiation 
induced increase of the leakage current and of the depletion 
voltage, including temperature dependence and annealing. 

• The detector design has features to increase the radiation tol
erance: 

Polysilicon resistors as biasing scheme 

Reduced value of the biasing resistors 

High breakdown voltage of the coupling capacitor 

• We will operate the detectors to maximize the radiation toler
ance: 

Lowered operating temperature 

Biasing on both sides 
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Le.kege current on a silicon detector 
et dillerent temperatures 
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STS R&D FY 1988-91 

• Feasibility Studies 

Simulations 

Design Studies 

• Investigations of Existing Advanced Technologies 

Radiation Hardness 

• Prototypes 

of Detectors and Electronics 

Front-end Electronics Development 
(Amp-Comp, Pipeline) 

Cooling Systems 

Finite Element Analyses 
of Large-scale Support Structures 

STS R&D WORK IN FY 1992 

Fast, low power, low noise bi-polar amplifier-comparator chip 

Rad-hard CMOS digital storage chips (clock driven, data driven) 

Double-sided detectors 

Wedged detectors 

Low-mass cables 

Data transmission system (16 fibers x 62 MHz = 1 Gbit/sec) 

Evaporative cooling system 

Crucial mechanical subsystem (Cooling rings, detector modules, 
1200 segment of shell) 

SDC Silicon Tracking System (STS) 

R&D and Engineering Program 

• Critical Requirements 

• R&D Work in FY 88-92 

• R&D Program in FY 93 

• lv1ilestones for FY 93 

Hartmut F.-W. Sadrozinski 
D.C. Santa Cruz c .=. , ... 

SSCL PAC, May 5 1992 f.' 

The R&D Program for the Silicon Tracking System is driven 
by two considerations: . 

• Design requirements 

low-power, low-noise, radiation-hard electronics 

radiation tolerant detectors 

low-mass, ultra-stable mechanical structures 

low-mass, vibration-free cooling system 

efficient data transmission, DAQ and triggering systems. 

• Schedule 

Date for ToH : July 1998 implies 
a start of electronics and detector production in early 1994. 

Fabrication of mechanical systems start in 1995. 



Silicon Tracking System R&D FY 1993 

• Final Prototypes 

Barrel Detectors 

Forward ('wedged') Detectors 

Bipolar Amp-Comp Chips 

CMOS Digital Data Storage Chips 

Data Transmission 

DAQ (Data Receipt) 

Cooling Ring 

(Japan, UCSC) 

(Japan, JHU, LBL, UNM, 
Pitt, UCR, SSCL) 

(LBL, UCSC) 

(UCSC, U.K., LBL) 

(U.K., UCSC) 

(U.K.) 

(LANL) 

Lmm 

~mm 

STS R&D FY 1992 
(colltinued) 

• Radiation Hardness Studies 

Detectors 

Front-end Electronics 

Optical Fibers and LED's 

Mechanical Samples 

• Initial Integration 

Module = Detector + FEE Chips + Read Out 

Investigations of Clock Noise, Pick-up , 
Silicon Shells 

• Development of Alignmen~ & Manufacturing Concepts 

• Simulations 

STS R&D Status at the End of FY 1992: 
I 

• We know that detectors and electronics will function through more than 10 years of 

SSC data taking. We know how they are affected by radiation, lowered temperature 
and butane coolant. 

• We have designs of detectors and electronics which meet the design requirements for 
efficiency, deadtime and power consumption. 

• We will have working prototypes for detectors, amplifier-comparator chips, data storage 
chips, the data transmission and the data acquisition communicating with the frontend. 

• From the chip prototypes from two bipolar foundries (AT&T and Tektronix) and two 
CMOS foundries (UTMC and Harris) we will be able to extract design parameters for 
the pre-production prototypes. We can also estimate the yield which is important for 
costing. 

• Mechanical prototypes allow us to predict the properties of larger structures. 

• The evaporative cooling concept is mature. 

• We will have working modules which integrate detectors, FEE chips and read out into 
a mechanically stable structure; clock and read out noise is suppressed. 

• Assembly and alignment concepts are developed. 
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STRAW-TUBE TRACKER 

SUMMARY 

G. HANSON 

SOC p, ••• ntolion to PAC 

M.y5.1992 

SUMMARY OF TRACKING SYSTEM 
REQUIREMENTS 

Tracking system used for almost all physics! 

I. 1,,1 covenge S 2.5 
2. ap,J,.r S w.. TeV·t forllJi S I.S. vertex COllSI .. ined 

3. Recon.<tNction cfficiency 2: 97% fa, isoillted track. with T'T 2: 10 GcV .1 

design luminosity. willi SO.I false lr.1cks of T'T 2: 10GeV pe' trigser 

(2: 90% efficiency for ffO __ 4 charged leplons) 

4. Reconstruclion efficiency for iso"'led Ir3CIts as above 2: 9O'l& al 10 x 

design luminosity 

S. Efficiency 2: SO'l& for tagging alle .. 1 one />-jel from Ii decay 

6. Malerial S I S% Xo- averaged over IIJI S 2.S 

7. Posilion resolulion al calorimeter shower tlWtimUm deteCtor S S mm in 

r •• S 2.S mm in : 

8. Alignment to muon system 10 S 100 11m in r •• S 2 mm in! 

9. Jet charged multiplicilY measurement 10 I S'lO. for jets willi Pr S SOO Gc V 

10. a, ofven .. S 2 mm 

II. l.cvell trigger willi ap,J,.r S 10TeV·1 (IO'lOerrorfor 10GeVparticle) 

12. Level I lrigger effiCiency 2: 96'l& per track. willi S O.OS false tri"ers per 

calorimeter. bin per cmuing. over 1111 S 2.S 
13. Level 2 lri~ger willi ap,J,.r S S TeV·1 (20'l& elTOr for 40 GeV panicle) 

14. Discovery potenlial 

IS. Survivabilily for 2: 10yeatuI design luminosity 

16. Nllunl upgrade path to survivability for 2: 10 years at 10 x design 

luminosity 

~tEMBERS OF THE OL'TER TRACKI:"G GROUP 

8 Adn:ltl. O. Aie.1(ander. B Cllrll". F E:b, E . .E.rd0. W T. Ford, O. Johnson. 
M.l..nhncr. P R.tnkln. C. Sc~ul[% and. J G. Smilh 

Lni\u"1il .• or Color:ldu 

T. Collin •• ~. F L..uchrln~. B \tUtln. H. Oven. D. R. Ru." :lIld E. Wente' 
Indiana L..ni •• nity 

J. W. Chapman. A. Dunn.ltW1 J. Mann 
l.!nh·trsity 0' .\tic:hiC:ln 

G. Alvcnon. A. Gnmes. M. Glaubm:ll'l. 1. MoromiulO, S. Rcucroft. E. von Cioeler:and 
T. Yasuc1.l 
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T. Hiro»e. M. Chi~ R. H~atsu and S. Kiwnurn 
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l.'niursity or Pennsylvania 

Y. Ar:u 3ft\J. T. Kondo 
KEK 
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RATIONALE FOR TRACKING SYSTEM DESIGN 

fiye Supedavca 

• Superlayers provide iIIW IIKk K&IOOIIl. cha~ by uimulhal 
angle and slope (curvalure) 

• 3 .. ial superla yers 
8 Slraw~ per superlayer 
Wire. paraUello beam 
Used for hilh'T'T1IKk segment triaer 

Allows 2!3 supcrlayer trigger 
Provides some redundancy (e.g .• electronics for a couple of 

modules may nOI be working) 

• 2 stereo ... perla yers 
6 stnws per superlayer 
Wires at small angle to beant 
Give measurement of coordinate along the wire 
Minimal number: +3°. ·3° 

• Superla yers divided in half al : .0 

Supcrlayca Composed or SlraW Tubes in Modyles 

• Each module contains aboul 200 51 .. "" 
• Complete drift chamber wi.h own electronics. HV. gas 

Modules SYPDPnCd on CYlinders 

• Carbon fiber com"",ile and foam lantinale 

Cyljndca Su_aed b.r Spa" En"M 

• ~rbon composite 
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PARAMETRIC RESOLUTIONS FOR TRACKER AT ,,- 0 

Tl2ck Parameler 

a",JPr al I TeV (beam consll2ined) 

a",JPr al I TeV (no beam cORSlI2inl) 

a.., (mm) 

a~1H1J 

a~<I'm) 

a;g(mm) 

Resolution (rms) 

O.IS 

0.17 

0.066 

0.0013 

13 

0.77 

ImprovemenlS in resolulion by ouler lracking sysrem over silicon syslem 

alone: 

Momenlum 10 

Polar angle 

ImpaCI paramel.r 2 

Assumes measurement errors of 17 JIm for each single·sided silicon 
meosuremen, and 8S I'm for each SII2W superlayor. These errors include 

contributions from loc~1 alignment errors. 

CENTRAL OUTER TRACKING SYSTEM CONRGURATION 

Superlayer Mean Modules ChaMeI Layers! Zmu Slereo 
Radius Counl Superlayer (m) Angle (0) 

(m) 

CI 0.816 92 19.504 8 (Iriner 2.410 0 
C2 1.103 124 19.716 6 3.281 +~ 

C3 1.3S1 IS2 32.224 8 ([rieRer) 4.033 0 
C4 1.488 168 26.712 6 4.033 -3 

C5 1.631 184 39.008 8 Ilri22er) 4.033 0 

TOlal number of Sll2wS is 137.164. 

(,0671 

STRA W TUBE DRIFT CHAMBERS 

OJ,lsjc: Coa'IOIC'joo 

• Drift cell wilh tenlrallllOCle wire along axis of metal-coaled pla.uic 
calhode 

·4 mm diamc,er. copper (O.IS I'm) cRaled Kaplon Sll2w 
·38 ",ill gold~pl;lIed lun~~ttn anode wire 
- Lenglh up '0 4 ,ne,.rs 

• Small cells allow operalion in sse environmenl 
• Only anode win:~: no lar~e bulkhead5 to hold wire lension 
• W.Us of ,ut.: allow suppon. for long wires. needed for electro.llItic 

stabilily 
• Allow isolation of anode wire 

Qps:rnlj"'- Cbppc1crj§'ics 

• CF. with 2O~ isobulanc 

• Low g.s gain. - 2 x 10"'. needed to keep currenl draw and aging 
eff"",s small (applied volta,. - 2 kV) 

• orifl v.locily I OS ~ IS ,"n/ns 
• M .. ~ imum drirr lime 29 os in 2 Tesla magnetic field 
• Spall. I resolution - 100 I'm 
• Allenultion '.ng,h - 6.3 m 



T>olAblt-V 'Wire. Su.pport 

\JuS7")' 

CF4-Ethane (50-50) 

,.; 

IGO • Lecroy(2735DC)' l 
f· o Penn 'CS e 150 i :. 

14(} Z ... 
? = "::I 

f 1 130 
c::: 

120 

t 1 110 

1900 2100 2300 

Bigh Voltage. V 

G:.o..i" Cu..rve 

L: .. 
T'J< 

'05 ::~:: :=.--_._-_ ... __ .-.. 
t .- '" •..•• _ ............. . 

c: ..• - • • -.- •. 

~ '--'" ." ~.--=:.:::--.::.-::-=::::::-:.-:-::::-==::::-:-::.:.: .. 
10·: .~~ .. ~.::~:~-=~;~~~. _.~~~==~~;~; 

'6 1.1 2.0 2.2 2.' 2.6 
Tube VOltage kilOvOlt, 

FiC. at3. The lain curve o( a 4 nun straw drifl tube with Cf4 ·isobucane 80:20 

115. The absolute caJibraaon o( the curve is ICC\ftIe to about lS~ but the 

shape of the curve reflects the true dependence of the ,:sin on voltlce· 

45 

2110 

240 

200 

160 

120 

110 

40 

0 
-1. 

Residual ( mm ) 

Fir.m 7. PIa< of die tafdoalJ or &a 10 _ ray -a In alDClduJe _ daIa 

...... undertwOdiH .... 'bad<..-_O'" rz.c or ...... 
backpaund &lid die adler _ a bacl:1IO\Iftd _10 what is apec:aI 

in III sse en'rironCDIM. 
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Straw T be Tracker Occupancy -- Support Structure Included u 

TO 10000 
Entries 50 
Mea" 111.6 
RMS 29.66 

eo 100 120 140 160 

""nimum Bios Event Occupancy Vs. Radius (cm) 

CURRENT DRAW PER STRA W AT DESIGN 
LUMINOSITY 

Superlayer Radius Lenp CUllmt Cunenl inlelrated 
(m) (m) (OIadPan) (Total) Owsein 

(nA/em) (nAIc:m) 10Yeus 
IClem\ 

CI 0.816 2.410 1.7 1.9 0.19 
C2 1.103 3.281 0.72 0.9 0.09 
C3 1.351 4.033 0.39 0.6 0.06 
C4 1.488 4.033 0.32 0.' 0.0' 

C' 1.631 4.033 0.24 0.' 0.05 

!olo a.nok c:ta.m.a.g~ ..." fo :Lc./Cf'/l. 

Ca.thcd.~ :.c.c.l'"viva..bility > O.'C/CM 

1I067~ 

RATIONALE FOR MODULES 

()csgjP'jgn 

• A module c:onsisIs or - 200 Slftw tube drift chamben held in c1ose
packed position in a box or approximately lrapezoidal shape 

Ml:c;bmjgrt SuPPPR md A1jgnmcnr gCStraWJ 

• 4-nun diameter 4-meter-lons slraws need mechanical suppon 
• Walls of module suppon wire tension (12 kg) 
• Endplate of module provides the connections to the wires (high 

volt.ge and electronics) and dimibutes the ga. 10 the m.ws 
• A module is thus a selr-contained drin chamber 

P@ctical AspeRS 

• Modules provide a practical method or assembling over Ill' straws 
into • tracking system 

• Modules can be mass produced (at several sites) 
• Modules can be teSled individually berore assembly in.o the 

comple.e tracking sySlem 
• Modules can be individually rnnsponed to a central site (SSCL) for 

final assembly 
• Modules can be replaced if there are problems with pan or the 

tracking system 
• Straws are aligned locally alons their lenp in the module 



~ 

~ 

~i2 
ff~ 
!l !-

dit 
() :t i 

~ ~ I ~ 
;;l " ·0 

"'0 < i 
~:l f t ~ B 

'" ., ~ ;;: 
0 § 

~ 
"* s [ 
i? j: ;. 

~ . 
1 

t 
c. 
8 . .... 
i ;s-
... 

"\ 1 
g 

~ 

i 
i 
i 

:" 

~. 

Ii 

i 
. 

w 

I/" 

" 
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MODULE USED FOR MISSED HITS STUDY - ICMODULEI 

Trigger Hod.cA.le. 
RS Pt:R CENTRK21 

IF 
8.9S8 
8.71.6 

R 136.0625 

~~k ~~~ 
I 2.011 R 133.MO 

R 0.2000 I 

I .. 12.$31. 

;l.1.2. ~hws 

AlL DIMENSIONS IN CM 

wrC:TIMrUf)lIC'r C'Tr 
SCRLE 15:1 

VI 

i 
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~ 
\\ 

c:: 
C. 
<:fl 
cr 
c· 

c: 
c. 
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Mod.u.l e ~tta.ch m.e n t 

U1 
(.!l 
:z: a:: 
L: 
s:: 
U1 

Cl :z: 
0:: 
U1 
a:: 
t.Ll 

(~ 
"-1 
>-
t.J 

::c 
l-
~ 
{f") 
t.Ll 
L: a:: a:: u.. 
t.Ll 
t.J 
a:: 
a.. 
U1 

19) 

Stereo Mo~le!. 

01\ Cylink1'" 

FiC· IV. 12 a) die IICI'eOsuperiayer u seen in an isomcaic view. b) Detail ora stereo layer 
al the midpoint of the cylinder. 
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Segment Finding Efficiencies for the Straw Tracker 
for J.L'S from Higgs 

Suplayr No. E, 1 x 1033 E, 3 x 1033 E, 6 x 1033 

1 0.89 ± 0.02 0.67 ± 0.07 0.54 ± 0.07 
2 0.92 ± 0.02 0.80 ± 0.06 0.60 ± 0.07 
3 0.95 ± 0.01 0.90 ± 0.04 0.74 ± 0.06 
4 0.92 ± 0.02 0.92 ± 0.04 0.86 ± 0.05 
5 0.97 ± 0.01 0.96 ± 0.03 0.88 ± 0.05 
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Fia. V.ll. A. represenCitive mean limer connection for an S Nbe supcrbycr. The 
connection shOws two mean timen each requirinl hies to be consistent with • preset 

momenDIDI lower limit and OUtput pulses avcn.,ed in time to a eommoll radial posilion. 

1bc third mean timer 1veralcs these OUlput pulses 10 urive III final pulse whose aminl is 
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R&D and Engineering 

on the Straw Tracker 

Harold Ogren 
Indiana University 

Presentation to PAC 

May 5, 1992 

Straw Drift Cham bar Development 

• R&D on drift and Ga. propertle. 

• 64 straw test module. 

·2.7 meter long multlstraw array 

• 1 meter long full cross section array 

4 meter long prototype 

• future R&D plan 

,.., 
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R&D and Engineering on the Straw Tracker 

Research and Development on Straw Drift Chambers 

Indiana University 
University of COlorado 
Duke University 
University of Pennsylvania 
University of Michigan 
Ie< 
LBl 

Engineering 

Westinghouse Science and Technology Center 
Oak Ridge National Laboratory 
Quantum Research Services 
Composites Horizons, Inc. 
Coast Composites 
TAIUMF 

OUTLINE 

1) Straw Drift Chamber development 
R&D Plan 

2) Spacelrame and Cylinder Support 
R&D Plan 
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STRAW DRIFT CELL 

• prototype work on the straw cells 

Indiana, Duke, Colorado, LBL, TRIUMF 

( 1989-present) 

• Gas Studies 

Liletime 

Drift Speed 

Efficiency 01 4 mm cells 

Wire stability 

Intrinsic Resolution 

Moy 5. ,_ 

('u71 P 

sx: 
program AdYWy eornm;:; ~= v v j 1 ~ 

64 straw modules 

Delivereel to: 

Colorado 
Michigan 
t<B< 
Pennsylvania 

• Carbon composite Shells 
Composite Horizons.lnc 

.Endptate Designs 
Liberty Advanced Machining 

Straw Tube production 
Precision Paper TubeS. Inc . 

• Electronics lor read out 
Penn and Colorado 

.wire Supports 
Sabin Industries. RTI PlastiCS. 

.Construction techniques 

.Cosmic ray and source tests 

.. .. .. . 

sx: ,,-om --.y ~-""9 
May 5, 1992 
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STRAW DRIFT CELL 

• prototype work on the 4 mm diameter 
straw cells 

Indiana, Duke, Colorado, LBL, TRIUMF 

( 1989-present) 

• Gas Studies 

Lilet,me 

Drilt Speed 

Efficiency 01 4 mm cells 

Wire stability 

Intrinsic Resolution 

Material Studies on Radiation Resistance . 
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240 

200 
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Multistraw bundles 

Constructed at Duke (1991) 

• Straw contruction 
Stone Industrial 

·Wire supports 
Machine shop manufacture 

'Precision Placement 
Fiber Optic Probe 
Quantum Research Services 

'Electronic read out 
Pennsylvania, ORNL, Duke 

·Resolution measurements 

·High rate tests 

Raidual ( mm ) 

2.7 m 

Normal. 

sse rate. 

I. 

Fi"w. 1. Plot of die residuals of titS :oc:osmic ~y ncb in. module &om cbu 

liken under...., diIf .... , backlfOlllld CDndilions. One rr.c 0( ..... 

bacIcpound and !he OIlIer willi • b"'k~nd simil .... _ is apocICd 

in aa sse envV'OCUDCftt. 

61 
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IGO 

150 

1~ 

130 

120 

UO 

1900 

CF4-Ethane (50-50) 

+ 

• Lecroy(2735DC) 
o Penn 

2100 2300 

High Voltap. V 

Straw Module Prototypes 

1 meter (full cross section) Indiana (1991) 

4 meter (full prototype) Indiana, Duke (1992) 

Full sectionllength Carbon Composite Shells 
Composite Horizons, Inc 
Coast Composites, Inc 

Four meter long straw production 
Stone Industrial 

.Full scale endplates 
Liberty Machining 

• Wire supports 
RTI Plastics, Colombine PlastICS. 

'Assembly Techniques 
EDM Machining, Liberty Machining 
Century Design Inc.. Indiana University 

·Attenuation 

'resolution 

·mounting and alignment 
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Module Construction 

srx: 
Prog,.m AdviSOry COmml"H Meebng 

M.y 5. 1t92 

·materials 
Requirements of minimum radiation lengths 
and high sti"ne~s have driven the design 

\.0 0.6 J.O 1..5 &0 2.5 3.0 
-.......7~ 

superlayer thickness ( 0.26"1. shell. 0.23/0.31% straw 
(0.28% cylinder. 0.77/0.85% total) 

·Productlon of Modules at Composites Horizons, Inc. 
Covina, California 

Carbon Fiber is M·40 (Toray) 
Lay up is 0·90, two layers, + resin sheet 
Autoclave at about 30 pSi, 250 F. 

Mold are solid graphite, matched sets for both 
the lid and the base. Machining accuracy !o30 ~ 
Coast Composites. IrVine, California 
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-:-r 
0.146 

J 
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"' 

/ 
0./90' 0.002 - ia per ply 

0°/90' 0.001 - in per ply 

JU$,*,~40 
1031 Roha.cell 

0.002 - ia per ply 

Direct Signal from 4 meter Chamber 

• Voltage 2000, CF4-lsobutane (20%) 

• Fe 55 Source, near electronics end 

• Separation of direct and reflected -7.8 m 

Attenuation lenght- 6.3 meters 

,--_.--.,,------

15 ';'';'0 0' 
, ,,~ "'!4'''' 

10 la~ .oJ 

5_"lIt1vlt.,. 
C".""al 2 :.1' 1III\,I/dl'" 

Pl"oce 
1 • !lite :: 

sa: 
Program AdvISOry COmmitIH ...... tIng 

May 5. 1992 lJU7:.?J 

Construction of a module 

August 1 991 - Contract with Composites 
Horizons, 1 m shell 

October, 1991- Contract for three 4 meter shells 
CHI 

November, 1991 One meter Module complete-IU 

December, 1991 - Molds completer- Coast 

December, 1991 Shell complete- CHI 

February, 1992- Third shell complete- CHI 

April, 1992- 1st module complete- IU 

Signal Attenuation In a Strew Chamber 

-4 meter straw 

-Copper coated Kapton (150 nm) 90 ohms. 

- 37 11 diameter wire, Gold plated tungsten 

3.5 

f'O 
i2.5+-....-,;....-,;~= 

i 2.O-l:::===:::: 

..... -.- ... _ .. - --.•.. -- .. - .. 
1.5 ----------.... _____ ,. ___ . __ ._ ... _ ... _____ . 

2 • 
DiItatIct or F." lOutee to m.uur "t ",.tl" 



Cosmic ray Test ot Four Meter Module 

• CF4- Isobutane (20%) 

• 2000 V 

• Penn Preamplifier 

Test and calibration of each module 

• 

• 

• 

• 

check gas tightness 

test module with HV 

x ray for wire positon e 
_ '1:=/'.J" 

cosmic ray tests 

Detennine best fit to close 
par-ked geometry at each 80 
em point. 

I 
I 
, 
I 
1 
J 
I 
I 
I 
J 

I 
1 
I 
I 
I 
I , 
L-

~tJ72~ 

r-------------------------~ 

Mechanical Measurements on 4 meter Prototype 

• Meuurements of deviation from straight line for the 
completed module 

• TIle module was unconstrained in "Phi". 

• Meaurement with an 'optical micrometer' 

I~:~~E?~ j .... 
r-----~----~----~~----~ o 100 200 300 ~ 

___ lent) 

• On the detector the modUle is constrained by hold 
down attachments. 

SOME R&D MILESTONES 

MILESTONE 

SIID..BAIl 
DcftIop IiDaI ... suppan deli", 
DcftIopftllilliYo_ 

1lonkOP-1ICIIIoiquI 
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CoIIIp .... _ ofllnl ,"-_iii. 

IIII\lIlC CaonpIetc _SInI<1iOn of5 ___ 1Ii. __ 
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(twO 'Y\IOSI 

CoIIIp .. con.-of-.... -
CocopIote con_lion oE 4 __ 111._ ..... 
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Dc:trang aM flcrppniCS Evalu,ari;;a DcftIopCIUIS-___ "...._ .. --~ __ I_IiGo .............. -
JIIOIO'YPCI offtlsal_ (-100 .... 

lWOIuao.. II Z - 5 x 104 pin> 

S""'Y-SIIIdy __ IiI01imo< __ > 

Ilac_ 
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DATE 

Sop. 91 
Scp.9Z 

Feb. 93 

Mu.91 
A ... 91 

Scp.91 
N .... 9~ 

Fob. 93 

Sop. 92 

Feb. 93 

Feb. 93 

Feb. 93 

Pcb. 93 



Alignment and stability of Tracking 

crauperlayer .. 80 micons for the track position 

measurement at each supcrlayer. 

For the modular system we can write: 

a2superlayer • (a2lntrlnslc +<1 2wlre placementl /6 

+a2module Inlrlnslc +a2module plscemenl 

a Intrinsic 120 microns 

a wire plscsmenl. 30 microns 

a module slralghln... • 40 microns 

a module placament • 50 microns 

a 10lal 12 microns 

Slablllly more reslrlcllvel cc 82 mlcronsl 
Correlated .rrors due 10 
relative rotation, cenl.r ShIH. 

Design of Tracker Support 

Cylinder 
·Design is driven by minimizing radialion length 

maximum stiffness 
load requirements: ·modules. 500 Ibs ,max 

Materials sludies 
, .. 9 14 Carbon fiber shell on Rohacel foam 

balanced symmetric layup 

• Machining operallons on Shim rings. 
Intrinsic to Ihe design of module alignment 

Westinghouse Science and Tachnology Center 
lead engineering on cylinder and spaceframe. 

Alignment 

1) Nodule Level 

Jigs· provide liducial references 

X·Ray verit), wire positions 

Quality check verify module straightness 

2) Cvlinder Level 

SJlim macbilli.nll- tid.ucial placell)e~t 

Ring machining 

Ring attachment to Spaceframe 

Position verification- Laser and optical 

3) Final assembly -
Cylinder placement on the spaceframe 

Attachment of :Ylodules 

Final verification of positions 

SUFPOPi CYL!N~E::1 DIMENSIONS 
" 

-TIl Ii 

iL 

Ull....--~ __ I 
. " ,50.200 mIcrons 

.' ,!: ~' I. 

f~¥/Jj,· ,j/~~" 
I CYlINW, SE::TION I 

I 

y / ~'\;::=::::::: 
!//~ 

ALL OIi"!ENS;CNS ARE IN C:"! 
NOT ;0 SCAl:: 



Engineering studies of cylinder. 

Radiation lengths 

material variations 

Layup variations 

Temperature variations 

humidity ellects 

Finite Element analysis 

temperature 

weights 

out-ol-round 

Finite Element Analysls-

module hold down forces 

temerature variations 

Engineering Stud Ie. on Spaceframe 
and tracker .uppon 

We.tlnghou.e Science and Technology Center 

• Materials variations- CTE 

• Materials variation- Moisture 

• Finita Element analysis . Oeflections 

module weight 
cable weight 
Silicon detector weight 
dillerental temperature 

·Finite Element analysis' Forces 

temperature variations 
Tracker mounting 

ax; 
_am -0>0<'1 CoftvMIO'I "'"""0 

May 5. 'H2 

Design of the spaceframe. 

Design driven by requirements of minimum 
radiation length and maximum stiffness and 
torsional rigidity. 

Carbon Fiber Composite Structure 

"" 

"" 
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Outer Tracker Assembly Sequence 

module assembly 

3 locations ( Indiana, Colorado. Duke) 
testing and calibration 
Ship to SSCL 

Cylinder 
Manufacture Cylinder 
machine Shim Rings 
ship to SSCI 

Spaceframe 
Manufacture Spaceframes 
Machine end structures 
ship to SSCI 

Assembly al SSCL 

Mount cylinders on Spaceframe 
AttaCh modules 
Attach electronics 
map module pOSitions 

Fi,. vtlS, A sc:he::".2:le of the cen:-al tnCiar.g mounn!1g 
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Fig. VI. 12. Machuun; of the shimnnp on a c:omplcted. cy1inc1er. 
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o-Iap cyIIador"'--" 
build _ .. l1li..-,,0 lIui1d ___ cyIiador 

DoweIop Ia_forlri ___ __ 
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Engineering Organization 

for Modular Straw Outer Tracker 

Engineering on Cylinder and Spaceframe 

Westinghouse SCience and TeChnology Center 

R. Swensrud 
Working group WSTC and ORNL 

Engineering on Utilities. facilities 

Oak Ridge National Laboratory 

D. Davis 
Working group ORNL and WSTC 

Module Design 

Indiana University 
Duke University- Alignment 
Westinghouse 

Electronics Interfacing 

Oak Ridge National Laboratory 
University of Colorado 
Univeristy of Pennsylvania 
JG3( 





Electronics for 

SDC Straw Tube Tracker 

H. H. Williams 
University oC Pennsylvania 

for 

SDC Collaboration 

PAC Review 
May 5, 1992 

Straw Tube Electronics • 
Design Requirements 

• Minimum Detectable Charge llC 

00748 

• Time Resoludoa 0.75 as 

• Doable Pulse Resolutioa 

• Power Dissipadoa 

20· 30 as 

2S· 3S mW 

• RadJadoa Hard > 1 MRad, > 10··14 D/cm1 

00747 

Straw Tube Electronics 

* Design Requirements 

* Straw Modeling 

• AmplifierlShaperlDiscriminator 

• Time :\-Ieasurement • TMC 

* Radiation Hardness 

• Data Collection· DCC 

• Mounting & InterCace with Chamber 

w>wz~ 1II;:)-..ICwct 

....----.t~4 J 
~II If _ .... - -~ ~l 
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Amplifier /Shaper /Discrimina tor Des ign 

Preamplifier 

• Circuit 

• Gaia 

• Baadwidth 

• laput Imp. 

• Power 

Shaper/Tail Cancellation 

• Circuit 

• Peaking time 

• Double pulse Res. 

• DC gala 

• Power Dissipation 

Common emitter laput 
cascoded, 
differential 

2.S mV/fC 

100 ~mz 

115 ohms 

<4mW 

pole-zero caacel (preamp) 
3 differential pairs 
detect. tail caacellation 

6-7 ns 

25as for 2% to 2% 

6 

< 4mW 

00751 

Current Signal from Straw Tube
Effect of Termination 

BV 1900V 
so ohm III scope A: wilh 300 ohm tenninlltor 

8: without terminAtor 

; 4 i 
I····f····f····i····;····i ... + .. ! .... ; .... ; .... j -
I I i I i I I i I I - I 

I I \' y.~ I I ! I 10nsfdiY 

I I 
"" i 

I I ! I - , 
I I ~ ai - I i i I 

0.5 mVfdiy 

l •••• t •••. II···I····l .... t····I····I····I····f····1 I I 1 I _ : 

-
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Amplifier/Shaper/Discrmina tor (cont) 

DiscrimiDator 

• Circuit 

• Threshold 

• Threshold otTset 

• Time Slew 

• Power 

• Output 

Implementation 

2 stage differential amp, 
positive feedback, 
3 mV hysteresis 

20 mV/rc (lateraal), 
separate for each channel 

< 1 mV 

< las /decade of overdrive 

8 mW (excludlag drive) 

differential, open collector 
current programmable 

• AT&T smgle channel amp/shaper (exists) 

• Tektronix, full ASD (exists) 
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ASD - Summary of Measurements 

• Peaking time 

• Threshold Var. 

• Input impedance 

• Crosstalk 

75% of expected nalue, 
lUliform cbip to chip, 
cJuumel to ell. (few %) 

7us obsened, 
6 us expected 

< 0.5 fC ell. to th. 
< 1 fC chip to chip 

125 +/- 10 ohms mea. 
110 ohms expected 

Noue obsened for < 10fC 
with threshold at o.s fC 

• Threshold Temp Var. < 0.2 fC for 40 C 

• Tlme Walk 4.5 us for 1 - 15 fC 
(bt agreement with SPICE) 

• Yield 80% of chips 
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Effect of Co60 Radiation on Current Gain Effect of n Radiation on Current Gain 
00766 00767 
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Delay time of a gate is depend on voltage, temp., process 
=> Feedback Circuit (Refter to external clock) 

32 ns 
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featyres on Toshiba Rad-Hard Technology 

Process 

• 1 Jim CMOS, Twin-Well Process. 

• Radiation Hard up to 1 Mrad(Si). 

• Low Temperature Process « 900 DC ). 

• Thin Gate Oxide (150 A), Epitaxial Wafer (5 Jim). 

• Guard Band Structured MOS FET. 

Gate Array 

• Sea-of-Gate ( oS 172 k gates. !MCl 004 ~ 25 k gates ). 

• Compatible with Industry TC1400 Series. 

• Tpd = 0.4 ns. 

loos [Al b.Vlh [Vl 

0, 0, o. 0, 5, 0, 
~ .... '" ...... N 

TMC1004 Specifications 

• Technology: 0.8 Jim CMOS, Single poly, Double Metal 

• Channels x Range: 4 channel x 1 JiS 

• Least Time Count: 1 nSlbit 

• Timing Resolution: (J = 0.52 ns 

• Variation of Slope: < 0.1 % (2.6 - 3.4 V) 
< 0.1 % (15 - 55 ·C) 

• Power Consumption: 7 mW/ch (@ 100 kHz L 1 Trigger) 

• Chip Size: 5.0 mm x 5.6 mm 

Radiation Hardness 

Frontend electronics of straw experience ~ 100 krad(Si) and 1013 

neutrons over a 10 year period at 1033 luminosity. 

- Radiation-Hardness up to 1 Mrad(Si) and 1014 neutrons. 

• fast Bipolar: Intrinsically radiation hard for y and n. 
(AT&T, NIT SST, Tektronix SHPi ... ) 

• CMOS: Intrinsically radiation hard for neutron. 
Thin gate oxide -+ Small threshold voltage variation. 

However, thick field oxide cause large leakage current. 

- Need Radiation-hard CMOS process. 

• Toshiba 1.0 Jim Rad-Hard CMOS Sea-of-Gate. 

(. UTMC 1.2 Jim Rad-Hard CMOS.) 



Threshold Voltage Shift with Radiation 
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• Receive TMC output when L 1 accept is asserted. 
• Encode/Format Input Data 
• Buffer the data for L2 decision time (- 50 115). 
• Transmit data to DCC. 
• Combined with TMC if possible. 
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• L2B : 
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VTMC Process 
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Summary 

* Understand Straw Signals 

E ... 
o ,... 

1 

* Amp/ShaperlDisc satisfies specifications 

00783 

00785 

* TMC provides Cull capability Cor time meas. 

* L2B chip under design 

* DCC· block schematic & high level simul. 

* Radiation Hardness not a problem 

* Primary emphasis now on 

• Cun system test 
• substrate & mounting 
• cooling 
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GAS MICROSTRIP 

DETECTOR 

.t.c-U~ 

00787 

INTERMEDIATE ANGLE TRACK 

DETECTOR 

PURPOSE OF ITO 

REQUIREMENTS OF ITO 

BRIEF DESCRIPTION OF GMD 

PROPOSED LAYOUT OF ITO 

LAYOUT AND REQUIREMENTS 

SIMULATION RESULTS 

FRONT END ELECTRONICS 

MECHANICAL ASSEMBLY 

ALIGNMENT 

UTILITIES 
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UNIVERSITY OF BRISTOL 

CARLETON UNIVERSITY 

CRPP 

LIVERPOOL UNIVERSITY 

UNIVERSITE DE MONTREAL 

OXFORD UNIVERSITY 

PURDUE UNIVERSITY 

UNIVERSITY OF ROCHESTER 
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(UK) 

(CA) 

(CA) 

(UK) 

(CA) 

(UK) 

(US) 

(US) 

RUTHERFORD APPLETON LABORATORY (UK) 

TEXAS AAM UNIVERSITY (US) 

TRIUMF (CA) 

11 INSTITUTES 

37 PHYSICISTS AND ENGINEERS 

PURPOSE 

EXTEND COVERAGE OF OTD 

LEVEL 1 TRIGGER ON HIGH PI 

MOMENTUM RESOLUTION 

PATTERN RECOGNITION 

00790 

1 ) 

2) 

3) 

4) 

5) 

TRACK PROJECTION INTO CALORIMETER 

ASSIST MUON SYSTEM 



ITO TRACK MEASUREMENT 

FIXED Z LAYERS 

MEASURE,. AND r .... AND r 

IN SOLENOID FIELD 

• _ .. +8B/2p,.z 

SOMEASURE 11p,_2teB~/~ 

r _ 2IlveB sin (8B/2p,.z) - PoIp, . z 

SO MEASURE PoIp,_ lJI/~ 

00791 

00793 

AT DESIGN LUMINOSITY " ENVIRONMENT 

CHARGED PARTICLES FLUX 101 71crn21YEAR 

NEUTRON FLUX 4 X 1011/crn2IYEAR 

') RADIATION HARDNESS 

MINIMISE MULTIPLE SCATTERING AND 

BREMSTRAHLUNG 

7) LOW MASS 

ALL CHARACTERISTICS ARE AVAILABLE OR 

PROMISED BY GAS MICROSTRIP DETECTORS 

OTHER TECHNOLOGIES •. g. 

RADIAL WIRE DRIFT CHAMBERS 

STRAWS IN RADIAL cONfIGURATION 

(ETC) 

LOOKED AT AND REJECTED 

THEY DO NOT SATISFY REQUIREMENTS 

00792 

REOUIREMENTS OF lTD 

LEVEL 1 TRIGGER WITH SHARP Pt TURH-ON 

FOR DISK BASED SYSTEM MUST MEASURE 

d.,dz ACCURATELY dRldz LESS ACCURATELY 

1) HIGH SEGMENTATION IN. 

2) DIVISION OF" INTO BINS . 

SIMULATION SHOWS 4 BINS COVERING 

1.' <" < 2.. SUFFICIENT. 

LOW OCCUPANCY « 10% 

3) HIGH GRANULARITY 

CHARGED PARTICLES FROM MINIMUM BIAS 

EVENTS UP TO 104/mm2/SEC 

4) HIGH RATE CAPABILITY 

CROSSING TAGGING 

5) FAST RESPONSE 

0079<1 

GAS MICROSTRIP DETECTORS 

BRIEF DESCRIPTION ONLY 

MORE DETAIL BY GERALD OAKHAM 

DEVELOPMENT OF MWPC'S USING 

HIGH DEFINITION PHOTO-LITHOGRAPHY 

"WIRES" PRINTED ONTO SEMI-INSULATING 

SUBSTRATE 

ALTERNATING ANODE AND CATHODE STRIPS 

ANODE TO ANODE PITCH TYPICALLY 300 "'" 

ABOVE SUBSTRATE -GAS VOLUME. 3mm THICK 

DRIFT ELECTRODE 

REVERSE SIDE OF SUBSTRATE - BACK PLANE 

ELECTRODE 

IONIZATION IN GAS DRIFTS TO ANODE 

GAS MUL TIPUCATION 103. 10' 
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00797 

ATTRACTIVE FEATURES 

1) ELECTRON DRIFT LENGTH SHORT « 3mm) 

2) MAJORITY (10%) POSITIVE IONS TO CATHODE 

STRIP ( - 100 ""') 

3) SUBSTRATE THIN « 300 ""') 

4) NO WIRES ... VARIETY OF GEOMETRIES 

5) COMPARED TO SIUCON 

FEWER PROCESSING STEPS 

BASE MATERIAL CHEAPER 

LARGER SIZE 

... LOWER COST/UNIT AREA 

8) SIZE LIMITED BY HIGH DEFINmON 

PHOTD-UTHOGRAPHY 

BENEFITING FROM DEVELOPMENT OF 

LARGE AREA FLAT SCREEN DISPLAYS 

"" o .. 
u .... .. .... 
" 
0-

<:t: .. 
~ 1-

'" w 

0-
>.. 
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)' _ .... ~ ... "" .... ':' ~ "I. ... , .... _ ............ , ,> ........ ' "> " ," , '"'' '-" ..... , 

-----/~ .. ---' 

DETECTOR ELEMENTS ARE "TILES" 

ALLOWS NATURAL DIVISION IN R ( 11l 

PUT TILES TOGETHER TO MAKE DISKS 

ANODES AND CATHODES ARE PRINTED 

••. CAN BE MADE TRULY RADIAL 

DIRECT MEASUREMENT OF • 

"KEYSTONE CATHODES· 

EASY TO MAKE STEREO LAYERS 

PUT ALL TOGETHER ARRIVE AT 

PROPOSED LAYOUT 

00798 
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BOUNDARY ~H OTD 

LONG OTD -+ UTTLE COST INCREASE FOR OTD 

COST REDUCTION FOR ITO 

OTD ELECTRONICS OUTSIDE 

TRACKING VOLUME 

" BOUNDARY SET BY LENGTH OF OTD 

SUPERLAYER 3 (TRIGGER) 

". 1.124 

POSSIBLE FOR ITO TO MEET " .. 1.'24 

ONLY IF SUPPORT FOR ITO ON 

INNER CIRCUMFERENCE 

INNER BOUNDARY OF ITO SET BY 

USEFUL COVERAGE OF END CAP CALORIMETER 

" .. 2.. 

c 

.... 
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SUPERLAYERS 

3 SUPERLAYERS -0 LEVEL 1 TRIGGER RATES 

IF 2 SUPERLAYERS MIN BIAS ACCIDENTAL 

RATE .. 41CROSSING 

WITH ,3 SUPERLAYERS • 1114 CROSSINGS, 

3.d SUPER LAYER USED AS CONFIRMATION 

EACH SUPER LAYER 4 "INDEPENDENT" RINGS 

WITH COMMON SUPPORT STRUCTURE 

RINGS PROJECT TO INTERACTION POINT 

RINGS OVERLAP IN T( -0 NO CRACKS 

RINGS HAVE SAME NUMBER OF ANODES 

IN EACH SUPERLAYER 

,'. FULL PROJECTIVITY 



. 
i 

~j ~::ijj .. =_ u __ _ 

I'.~ oWOO .......... 

s i ....... .. .. ,- .... .. 
~ .. ! .. ; .. .. 
• ; :!:i' 

00807 
LAYERSISUPERLAYER 

REQUIRE TRIGGER TO BE VERY EFRCIENT 

EACH LAYER HAS CRACKS IN • 

DETECTOR WILL NOT BE 100% EFRCIENT 

USE -OR" OF 2 RADIAL LAYERS IN SUPERLAYER 

ALL OTHER REQUIREMENTS OF ITO NEED MORE 

ACCURATE MEASUREMENT OF 8 

•• SMALL ANGLE STEREO LAYERS U AND V 

ii i 

tiS: .... .; 

......... wo .... 
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ITO SUMMARY 

3 SUPERLAYERSIEND 

4 LAYERsr.sUPERLAYER 

1.824 < 11 < 2.8 

SUPERLAYER RING 11 TILES 

2 

3 

1 2.8-2.5 18 

2 2.5-2.2 24 

3 2.2-2.0 30 

4 2.0-1.8 3& 

1 2.1-2.5 22 

2 2.5-2.2 30 

3 2.2-2.0 31 

4 2.0-1.8 42 

1 2.8-2.5 2& 

2 2.5-2.2 34 

3 2.2-2.0 42 

4 2.0-1.8 50 

TOTAL 3120 TILES 

1.3 x 101 ANODES 

(3.3 X 101 TAIOOIMNO) 

SIMULATION 

SIMULATION IN FULL SOC-SHELL 

{VOLUMES HAVE BEEN SORTED' 

SINCE BANK STRUCTURES SAME 

00805 

ANODES 

10272 

12224 

15131 

18110 

10272 

12224 

15131 

18880 

10272 

.12224 

15131 

18110 
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IT IS EASY TO COMBINE THE STS AND ITO 

• 

• 

EXAMPLES: 

LEVEL 1 TRIGGER ·TURN ON 

4 Ii'. R,e 

4 jL8 R .. 

MIN LEPTON Pt V MAX LEPTON IrrJ 

IMPROVED TRACK PROJECTION INTO 

CALORIMETER 



~ 
~ ... 

......................... ..J.o........&.. ........ ..........,o 
- G ~ • N 0 

ci 0 0 0 

!! 

00811 

_ ~ ~ • N 0 

ci ci ci 0 

-
'" .S 
0: !! 
~ 
.~ 

e ~ e 
8-

scoo 

! 

SOC Higgs 

400 GeV / c Higgs event 

Higgs ~ z· z· 
Z" ~ iJ.0 iJ.0 

PT> 10 GeV/c 
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30/4/12 
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SGOO 

400 GeV / c Higgs event 

no secondories 

Higgs ~ Z·:· 
Z" ~ iJ.0 iJ.-

scoo SOC 2
nd 

ITO superlayer 

400 GeV / c Higgs 

no secondaries 
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1 ( ~i92 

00811 
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SGOO SOC 2"d ITO superloyer lO/ '/92 

400 GeV / c Higgs 

Higgs -7 Z' Z' 
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o 0~~0~.~5~~~~t~.5~ .. ~2 .. ~~~5~~J~~3~.5~~~4~ .. 4~.5~~5 

minimum lepton pseudoropidity 

lTD 
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~'''''' If/ SliT /(/,", 'If) flt/f (e-If' 
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maximum lepton pseudorapidity 
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I:"'t) 

eooSDC t:.ockinq resol'iohion at colorimeter 
stltc:on + ITO tso silic:on + ITO 

E500 E 
U p,-tOOGeV/c "leo p,-IOOGeV/c 
0400 2<,,<2.5 ~14O 2<,,<2.5 
o 0 120 
'-300 ;.... a=78J.1. ilOO 
8. 0.80 yes 
~200 ~ SO 

~IOO ~ 40 
QI Q) 20 

o 

100 

t500 

0400 
o 
x.JOO 

~200 

~IOO 
QI 

o 

-0.2 -0.1 0 0.1 0.2 
RIP resolution (c:m) 

silic:on only 

p,-IOO GeV/c 
2<,,<2.5 

-0.2 -0.1 0 0.1 0.2 
RIP resolution (c:m) 

o 

200 

ElSO 

uteo 

gl40 

0 120 

i loO 
0. so 
~ so 
~4O 
QI 20 

o 

-0.4 -0.2 0 0.2 0.4 
R resolution (c:m) 

silic:on only 

p,-IOO GeV/c 
2<,,<2.5 

a=4.1 mm 

-0.4 -0.2 0 0.2 0.4 
R resolution (c:m) 
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SOC resolution 
90 ~--------~~~~~~~~~~--------I 
110 silicon + ITO 
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ITO AND P, RESOLUTION (2 < " < 2.5) 

STS 

OpJp,@ l00GeV 18% 

~ 

o 
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STS+ ITO 

6% 

MAXIMUM P, FOR CHARGE SIGN DETERMINATION 

's.d. STS STS + ITO 

p, s (GeV) 3 190 550 

p, s (GeV) 2 300 830 
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ELECTROtICS 

PREAMP DESIGN DRIVEN BY LEVEL 1 TRIGGER 

REQUIREMENT - SPEED 

NOISE 1000." 

GAIN 110 mVIFC (MAY BE REDUCED) 

PEAKING TIME 20 n_ 
POWER <1mW 

DATA TRANSMISSION 13.5 MHz FIBRES 

(250 III" DIAMETER - 22,OOClIEND) 

LEVEL 2 TRIGGER AND DAQ VERY 

SIMILAR TO STS DESIGN. 

00825. 

·i 
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MECHANICAL ASSEMBLY 

GMD'S MANUFACTURED AS SELF-CONTAINED 

UNITS -TILES-

EACH CONTAINS: 

• SUBSTRATE" ANODEICATHODE STRIPS 

BACK PLANE ELECTRODE 

CATHODE STRIPS IN GROUPS ... 

CURRENT UMITING RESISTOR ... 

COMMON H. V. BUS 

ANODE STRIPS WIRE BONDED TO 

• FRONT-END ELECTRONICS FROM WHICH 

• FIBRE OPTIC CABLES CARRY DATA 

• GAS ENCLOSURE 

• DRIFT ELECTRODE 

• CONNECTORS FOR HIGH AND LOW VOLTAGE 

GAS 

00826 

AFTER MANUFACTURE BEFORE MOUNTING 

STRINGENT TESTS FOR FUNCTIONALITY 

REUABILITY 

MOUNTED BOTH SIDES OF SUPPORT DISK 

I SUPPORT DISKS (2ISUPERLAYER) 

MOUNTED ON SUPPORT CONE 

WHOLE DETECTOR RIGOROUSLY TESTED 

BEFORE SHIPPING TO TEXAS 

BUILD SCHEDULE ALLOWS TIME FOR THIS 

TESTING 

MATERIALS USED MAINLY CARBON FIBREI 

CYANATE - ESTER RESIN AND FOAM 

BASED ON OTD AND STS STRUCTURES 
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Tiles 

Location 
Pin 

LoCOI Readout 
Electronics 

Location Pin 
TIles 

Fig 59. Tile Mounting 
To Support Disc 
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IN BASELINE DESIGN THE lTD IS 

MOUNTED FROM END CAP CALORIMETER 

LOOKING AT OPTION OF MOUNTING FROM 

BARREL CALORIMETER 

CHOICE WILL BE MADE FOLLOWING 

DETAILED INVESTIGATION OF: 

.) ACCESS TO ALL TRACKING SYSTEMS 

b) ALIGNMENT CONSIDERATIONS 

c) PASSAGE OF UTILmESISERVICES 

00828 
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ALIGNMENT 

TRIGGER 

PROJECTIVE GEOMETRY : 

• INTERNAL PLACEMENT 41 $ 1 mm a<,r) s 40 !LITI 

• FIDUCIALS AND DOWELS 

RECONSTRUCTION : 

- ACCURACY 41 $ 200 !LITI a<." $ 40 !LITI 

-SURVEY 

· POSmON SENSORS 

-TRACKS 
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UTILITIES 

• GAS FEED AND RETURN LINES 

• HIGH VOLTAGE FEEDS CATHODE STRIPS 

DRIFT ELECTRODE 

BACK PLANE ELECTRODE 

• LOW VOLTAGE 

• FIBRE OPTIC CABLES 

• CDOUNG FEED AND RETURN UNES 

• SUPPUES TO AND FROM POSITION SENSORS 

LEAK DETECTOR 

TEMPERATURES 

SENSORS 

VOLTAGE SENSORS 

ESTIMATE 200 cm2 CROSS SECTION TOTAUEND 

DISTRIBUTED OVER ALL. 

I 
I 
i 
I 
I , 
! 

! 
i(/ 

i _ 
i 
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• f5 
(,I .. 
(. 
0 
Q. 
Q. 
;, .. 
• ... ... ~ 
0 
ID 

CD 

.... 

ROUTING OF UTILITIES 

GAS SUPPLIESIMIXING 

COOUNG SYSTEM 

SENSOR UNITS 

ALL OUTSIDE MUON SYSTEM 
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HIGH AND LOW VOLTAGE SUPPLIESIDlSTRIBUTlON 

FIBRE OPTIC RECEIVERS 

BETWEEN CALORIMETER AND MUON 

UTlUTlES IN NOTCH BETWEEN BARREL 

AND END CAP CALORIMETERS 

SUPERLAYER 3 TO OUTER CIRCUMFERENCE 

SUPERLAYERS 1 AND 2 BEHIND SUPERLAYER 3 

ALONG SUPPORT CONE TO INNER CIRCUMFERENCE 

00834 

SUMMARY 

GAS MICROSTRIP lTD FOR 1.8 < " < 2.8 

• LEVEL 1 TRIGGER WITH PRECISE P, TURN-QN 

HIGH EFFICIENCY 

LON FAKE RATE 

• IMPROVES MOMENTUM RESOLUTION BY FACTOR 3 

ENABLES TRACK MATCHING TO CALORIMETER TO 

MEET SPECIFICATION 

• OPERATION TO HIGHEST CONCEIVABLE sse 
LtMINOSITY 
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G.a.a-

613/92 

Intermediate Track Detector 
I.T.D. 

Gas Microstrip Detectors (G.M.D) 

R&D Plan 

I) Introduction 

2) Status of Current R&D work 

3) Details of Proposed R&D plan 

4) Electronics 

S) R&D plan Summary 

00838 

G.M.D. R&D requirements 

Technology has advanced rapidly over tbe past two 
years. Funher work is required to make a device 
suitable for tracking systems of muhi-TeV Hadron 

Colliders. 

A single device is required thaI has:-

a) High performance (rate capability) 

b) Radiation hardness 

c) Good aging behavior 
d) Large acti ve areas 

e) Low cost/unit area 

o Lowmass 

G.M.D pcrfonnance is approaching l11any of these goals. 
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G.M.D Generic R&D status cont. 

Candidate materials for Substrates 
Glass 

Tempax: Hoya. Moscow ..... 
RAL. CERN. Texas A&M. Purdue 

_ Easy to Metallize (glass Imm thick) 
_ Thin glass (ISO~) available . 
_ Ionic or electronic conduction poSSible 
_ Cost related to manufacture processing 
_ Resistivity controlled by additilives in Ihe melt 

Quartz 
Boron implanted quartz ... NA 12 CER:'II 
- Easy to metallize 
_ Requires surface treatement (Cost) 
_ Minimum thickness? 

Silicon 
Si + (SiO~. Amorphou.< Si ... l 

U. of Montreal. Liverpool 
- Easy to work with 
_ Requires surface treatment 
_ Current size limit on wafers 

Plastics .. 
Tedlar. ABS/Copolyether. ion implanted polylmlde~ 

Carleton. CERN. Texas A&M. Rochester 
- Thin sheets available 
- Flexible 
_ Many different resistivities possible . 
_ Melallization can be difficult for some plasucs. 

G.M.D. Generic R&D Status 

Substrates and Metallization 

Substrate properties 

a) Surface resistivity - about 1013 OIsquare 
(about lOll n~m for 100 I.l substrate) 

As (1 increases surface charge builds up 

A~ cr decreases ohmic heating increases 

b) Radiation hardness 

c) Structu ral properties 

Candidate materials 

Glass. Quartz. Silicon. Plastics 

00841 

G.M.D. Generic R&D status 
00843 

Notes on Metallization 

For generic R&D use small (2-4" dial process. 
Various segmentation of anodes and cathodes 
Typical ...... 

Glass. Quartz. Silicon: 
Easy to process. Requires Lab standard similar to 
that used for chip fabrication. 
P.C. board techniques not accurate enough 

Plastics 
A contamination problem for industry. 
Of len requires separale processing lines 
Some problems wllh adhesion 

Metal coatings 

Aluminum. ChromiulII. Tung~ten. Gold ... 

Some Iypical results ..... 
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Microstrip pattern for Generic testing 

3 inches 
Carleton/CRPP 

Photomicrograph of GMD 
A).miDllm OD Tedlar • PPM MODtreal 

00846 

00845 
G.M.D. Generic R&D status 

Testing of Chambers 
GeDeric Chamber 

a) Small- less than 10 x 10 cm 
b) Straight anodes and cathodes 
c) Anodes usually ganged in groups 

Lab Tests 
I) Tests using Fe55 Source 

a) Measurc pulse characteristics 
b) Measure Fe55 peak and width 
c) Calculate absolute gain of devices 

2) Test for instantaneous rate effects. 
(n.b. for lTD rate is about 2 x 1()4 cts/mm2/sec) 
DcmonSlrate principlc of operation of th~ dc\'icc 
Short ( 5 minutc) hurst of X-ra\'s 
No space charge' prohlem at high r;lI~ 

3) Test for rate effects - medium term - X-rays 
Changcs in gain duc to thc following erkels 
al Surface charf!" huild-up 
h) loni~ 1110\'e'I11"t1l in ~uh,trate 

4) Tests for chamber aging 
Changcs due to 
a) Aging. dcf1<1l'its on aOlxb 
b) Aging. crosion of anodl's 
c) Changes in sUhstr.llc material 

Photomicrograph of GMD 
AI ...... OD ABSICo-poIyedter· Texas A&M 

·I.~",_-
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FeSS Spectra from GMD chambers 
1) AlomiDum 00 Tedlar • CarletoD/CRPP 
2) AlomJaum 00 ABS/Copolyether • Texas A&M 
3) Alomiaom 00 Tempax glass • RAL 
4) Aluminom 00 SilicoD U of Liverpool 
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0084!J 

~ 
OutPUt oi Q fost preom~liiie connected to anode strips (gain x4O) will!!" 

OkeV X-rays are detected at a gain oi -3000. The horizontal stele is lens/em. 
The gas is argan + 25% ~e wiih Va - Vc = 7rxN. (The precmolifier ns! 
time is about 5 n5.) 

l .. taDt.aaeous Rate Capability ofG.M.Ds 
(8cMder It AI) 

10000 

Gain 

8000 

Gain YS rile for 8 keY x-rays 

%000 V.:IIOV 
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TEDLAll 

V,:65OV 
V:-71OV Rile (eounls/m m 2 .s) 

10' 10" 10' 10' 

1 
j 

107 
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Rate capablllty for different voltage settings 

HOY A SL Glass 
'10' r--~-"----"'----';:':';<";";";":~==' 

'aln 

II" 
310' 

,0' 10' 

Calculated field lines for dIfferent voltage setS 

(Boucller et AI) 
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CMSC4 

Gain vs detected charge for various glasses: 

~ 4.a,C<I'~ J._ c·~ ·c 

1.2 

Relative elin I I I 

I j ~O'fC3\"C;.fII 
I~ ~~ , 

i j I 
~ .. i Murar. C;lI'f I 

I t , I I I i\ t I I \ H.w, ~l " 1m 
J Rite: 2.S 10' / .. mm 2 r-: I, I 8 K~V x.rays 

J I I Ch rgeC,t", 

0.8 

0.6 

0.4 

0.2 

0.002 0.006 0.008 0.01 

00853 
Time behaviour of the gain for various 

glass supports 

1.5 
Relative Cain 

Murano EI«trOnic Gl_ 

0.5 
Hop. Soda U .... Cloo 

an: z.51o"c:ounta ...... 
z 

Time (min) 
o 

o 10 15 zo zs 30 

1.4 ,...... ....... .,....... ......... ,........,.....,...... ...... ,...... ....... ,......,......., 

Relative Gain 
1.2 

MOICOW 
K -lo"ohm.('m 

0.8 

0.6 

0.4 

0.2 Time (min) 
~L-~--~--~~~--~~ 

500 1000 1500 ZOOO Z500 3000 o 
(Boucller et AI) 
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G.M.D. Generic R&D Work. 

Other Developments 

2-D Readout 

Device reported by BelJ.azini at Vienna Wire Chamber 
Conference. 

'Standard anode/cathode pattern on front 
Strips or pad structure on backplane to readout other 
co-ordinate. 

Advantages 
2 planes of readout for less material 

Disadvantages 
Problem of locating elecrronics in lTD 

ODE etching 

Very nice results producing pillar/knife-edge structure 
for use in GMD type device. 
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ITDR&DPLAN 

A) Geaerk Mkro-strip R&D plan 

00858 

- Several substrates have been evaluated for funher 
testing 

- Looking for optimal substrates 
- Will continue for another year 
- Summer 93; decision on substrate and 

metallization 

Evaluation and tcsting will continue as before 

1) Gain: FeSS Sources 
2) Rate : 8 KeV X-rays and sources 
3) High Intensity tcsts; 

Rad Hardness; Aging or whole chamber 
X-ray sources 
~cutron Sources 
Bcam.~ 

... 

Plaotomicrograplls of ODE pillar devices 
TexuA&M 

ITDR&DPlan 
B) Beam Tests 

Wby? _ Number of anodes fuedltrack 
- Position resolution 
- Time resolution 
- 2-track resolution 
- Angle effects 
- Efficiency 

Wben? 
- Late May/June'I99-2 

- May/June 1992 
- July 1992 
- Scpt/Oc:t 1992 

CERN P.S 
(Joint test at CERN) 
ISIS (RAL) 
CERN (S.P.S) 
CERN (S.P.S) 

c) Gas Selection 
Need-

-High primary ionization 
-High gas gain 
- Fast drift velocity 
- Aging resistance 

Candidates 
Xe/DME 
Xc/DMElC02 
DMElC02 
CF4/1so-butane 

00857 
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lTD Detailed R&D plan 00860 

Adaption of G.M.D.s for use in the I.T.D 

A) Keystone geometry 

To provide radial anodes 
Shape cathodes and anodes to provide constant gain 

B) Large area detectors 18 x 24 cm size 

Mainly a question of cost versus yield 
- Use large area masks and plates 
- Bond smaller plates together 

C) Lightweight tiles 

- Composite structure for anode and H.V planes 
i) Independent tile (= 2 support planes) 
ii) Use structural support disc for one of the tile 

planes. 
• Practical electronic connections and cooling. 

(Wire bonding. bump bonding) 

D) Radiation testing of composite structure 

E) Heat dissipation studies 

Electronics for G.M.Ds 
00862 

GMD electronics is being covered in a separate session. 
Data collection and transmission is similar to that used for 
the silicon detector. The main difference is the Front-end 
preamp/shaper/discriminator. Different characteristics are 
required for GMOs 

GMD electronics for tests 

Initial testing is being done with commercially available 
electronics. This includes preamp/shaper/discriminator 
and ADCs and TDCs 

This is O.K for a few channels around 10-20. 

• For beam tests will need readout of individual anodes . 
• This could be done using devices such as 

• RAL MX5 and MX6 chip (developed for silicon) 
• New designs for GMOs such as the one developed 

by the Pisa group. 

Electrunic development for lTD 

Front End 
· Amplifier dr,·cloped hy Pisa gmup 
• Pre·amps designcd for silic(ln detc~lur, 
• New preamp design OIl SSeL 

Data collection 

00861 
.,.. ''''ttll GA' 

17.5 CI .... ,.s 

51 CI IADI,s 

I 

Typical ADodeICathode keystoae pometry 
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r·~··?···~:·· ·····=·,······················~-1 

;.:9 .. 9 ....... ' .................. :.....l 

---

.. 1-16 

Pre.amplDfscrimiDator PlpellDeand baffers 

DIagram of part of froDt eDd electroDics for GMDs 
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SCThTILLATING FIBERS Of 

!Il$ I'm DIA~IETER 

PS/PTP/3HF (STANDARD MIX) 

1-530.m 

(BICRON &; KURARAY) 

WAVEGIJIDE FIBERS OF Imm DIAMETER 

PHOTO DETECTORS: 

MECHANICAL: 

TRIGGERlDAQ: 

PS ONLY (STA:-IDARD) 

(BICRON &: KIJRARAY) 

~tl'f)E LIGHT PHOTON COUNTERS 

QE - SO .. AT 565 .m. 
OPERATE CRYOG&"IICALLY (6-9 K) 

~EJs~N~OR)lED L'oTO COHERE:-IT 

RIBBONS PLACED 0,," ST ABLE·BASE 

~6~~~ltt WR5g~~~ FILA~IENTI 
SYSTE:'I IS HELD A;\'O SI.;PPORTED 
FROM &"ID RINGS 

CRYOSTATS FOR VLPC. ARE 
PLACED OUTSIDE Of THE 
CALORDlETRY 

OJJTPUT IS DIGrr AL 

LEVEL I TRIGGERING I~IPOSED IN 
ASIC TECHNOLOGY 

pESta" SIB nray 

ALL CYLISDRIC.\L GEO~IETRY o s 1111 S :.3 

UNIFOR)IITY Of COVER.\GE FOR 

TRACKI:-iG 
TRIGGERI:-iG 
MECHA.'iICAL SI~IPLICrrY 

INNER LAYERS fOR TRIGGERING AT 
LEVEL L 

OUTER LAYERS FOR )IOME:o.Tlj~1 
RESOLt:TION 

EXPLOITS: INTRINSICALL Y PROMPT RESPOi'iSE OF 
SCThTILLATOR TO BE SENsmVE TO 
L"IDIVlDUAL BEA.'I CROSSINGS 

00S6i 

HIGH GRAi'iULARITY/LOW OCCI.;PA~CY TO 
PROVIDE OPERATION TO 1Ol' LIJMI;'(OSITY 
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Table "'21 ______ of tilt oupcda,. .. of tilt ocUWlWiIIC !ber _. 

Fiber SdII ExpMOCI ....... 
10,.,. IeqUI w._ Total DO. af pbolOo 

RadIal o-ulal "* lor oaiaI pde 5l>et -... .. a.-od - -- -- - &.~ IeqUI JoDct.b. lor 125 "'" Gia=. 
(em) .- por- ( .. ) - ( .. ) ( .. ) (., If- O) 

10 ~.~ IUK UIO 2.3 1.13 Ion 4.S 

TG ~.~ 2O.IK l.I$ 2.l 1.12 '.77 U 
t2 :zs.~ Z .. 4K 

h,Zv Z .. 4K UO U 5.31 '-61 4.$ 

108 ~.~ 2UK 4.30 2.1 $.1$ '.4$ U 
131 ~.~ 3I.OK UO 1.t 4.11 '-11 4.T 
11& 2a,~ <UK UO 1.1 4.$1 1.11 U 

~2w <UlC 

'TW"II- 4T~.tJ< 
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al 10.0 2.3 az 0.011 
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IREAK-OUT lOX 

CONNECTORS 

VL.PC HOUSING 
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10-em 0.17. 3HF SAMPLE. 1 MRAD 

A_ Non-lrradlated 
8. lmmedllltely liFter lrrlldl/ltlon 
C. AFter oX)lqtn IIMelll 

FiI\lR S.l·1 Tnnsmiuion ill poly.."..cIPTP!3HP scinnllalot u • fullclio. of 
wa •• lenph. Bef .... UId afIct imdiaIio. by lOCo CD I Mllad. UId UlCt lDIIUlilll. 

fI_ '-2·3 T-.. ill poIYScyRnc/PT?/AOIHBT scialil\alor ... c-... of 

wavUn",," Be!cn UId Iller imdiaIion by 6IIQ, OJ 10 MRo4.IIIIIIlIer ....... .. 

UI 
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l
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1.0 

O.C 

0.'1 

0.2 
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\0 
A. 8e~ore lrradllltlon 
8. AFter lrradlatlon 
C. AFter anneal1nq 
O. 3~ P1uoresclnce 
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Fi""" S."·! Transmissioa I" poIYScyRIIC/PTP!3HF scinrilialOr U • funclioo of 
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RESULTS (pT +3HF) 
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/ (no irradiation) -

'. ~ber irradiatad (20 - &0 krad) in N"jJ 
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Transmission curves 
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8192 CHANNEL CRYOSTAT 
BASELINE DESIGN 

DtIlENSIOHS: "IN, DlA .• 20 II. HlGIt ,.1.3 CII UIA •• 5G.1 CII HlGIII 

CONNECTORS/ 
, .. PER CASSEnEI 

C4S5mE --P-.'>-.,..----""' .... 1n. 
EXIIAUST 
TUDIHO 
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Future R &< 0 
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IMPU'UII'Y BAND CONDUCTION DETEC.,*S 
M.f'it ... \t.: 
ri.·\r,\". 

DEVICE STRUCTURES 

BIB SSP", VLPC 

YISlILI '''OTOM 

~'''-~ TOPCOHTACT 

i~~1NO 
IIUClIYI ' 

o-':::~"" .11:-""", 
: ClAIM REGION 
~ DRFT R£OION 

IURIOCOHTACT 

T 
- SUIsnU,TE 

IR ,IIOTOH In PtIOlON 

-1' :r::::.-:lonol 

!.£y\:U 

The protll,clioll ",,,1 oper~lIol1 "r 8-,'hallllci ;lfI'''Y' of VIJ~:. wilh ;II','urate alimenslolls 
~mll unlrorm operaling conditions within c;lfh clemen, .. f the array. · .. his slep has 
hCCII arfOlIIllUsheal, See ngme I, ' 

l!:Yl:LZ. 
"Ihe pru .. luc:tion .mll opcr~ltion ur workhtlt Sllh'~ISSCU1hlics nmsislill~ ul' ,I arruys (31 
fh~UH'cls) with high .. Icushy (l;,,,:Unl~ ~md .... irllnn n ... { ... ;ltin~ dl.\r;u·lcrislks I"of earh 
III" the VU·C fhanlll!l~. This .~tCIl IHls hccn >1tTlIlllplhhcd. St!C nitUre l.. 

L=L! 

The prudunlon or Il\lc~raleal suh-assemhlle. hll" ;, hlv,h dClIslly 118-(h:>lIn,,1 UIIII 
whirh ran serve as a sub·ll\oliulc rur a fully htlcgralCtl ftls.\cllC. 1\ llesl"ll nnw exists 
allli Is sholVll ill Figure ,l, 

l£ys~ 

The I'rflllllClioll ;11,,1 operalilln of a fully In("gmlc,1 S Il,,'h'lIIl1el ";Isselle ,'oll\ullling 
sen shive high speeal pre-amplifiers all,l Imy vuh;lge (1I1I1Ial line ,Irlvcn, This 
'·ryn~el1lf~ mndule will alTert the lighl wlll,UI rnlln a grltlll' ur sd"tlll;ulng nhers 
;llltl oUlpul a digil;,1 signill tu huth a la~t tritutcr systeln ;\nt! a siml,le I;"rh I·ur storage 
lo he reilll hy the c.lal.l ;ll"lluisilinn system. 1\ I'n~limi .. ary desiJ:u ur lite ,'as selle nnw 
e:xi.'\u illUl is shown in H.:ure .1. 

~ 

The prlxlunion .1Iul nperOlUUn or tI HI r;lsscltc !i)'stcm (-",INK) t h;lIlucls) tiS Is shown in 
Hlt"'c S, Thi. L. Ihe hl~he'l level of Inlcl:r .. I,," Ih:ll i_ "","', •• ,11'), 1m Ihe SSe. Thl. is 
the eit:mcnl Ih;" will he rCIllkateli tn funu lilc 1I1'1!lil\init SY!ih·IU. 
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VLPC 

EIght Channel VLPC ~ount 

Fie. 1 AD. a dws.a.el VLPC ama.y, wire bounc1ed and placed wno 
a levu Mouat. New GlOWlts wW be lllllCie ot lavar. The new 
pixels will be 1 IDD:l iD. diamerer. rouac1 to eliminate ero" coupw.a. n... have _ succesatulIy oper.ated. 
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ScJ1ematlc or T-139 Experiment 
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128 CHANNEL VLPC MODULE 

_COUPUIo, --
fll- 3 Present pr.11IDiDary desian of a. 12S c!lllAD" vue 
module. TIIere an mUlY .. poets of thiJ des'ID rIw aood 
detailed &DalYlls aDei mucal review before protOtype 
prociuaIoD can prcceed. 

00919 

512 CHANNEL CASSETTE 

Fil. 4 ConcOllt1W desiID of • S 12 th ...... 1 VI.PC cassette. The 
fundine request is aimed at builGinc cwo of tbese cauettes aDd 
opet'll.nna tbem. by me end of 1992 or early 1 "3. 
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VLPC - Development 

-----------------------,--------
HISTE-m 
November 1 

Excellent 

KIST - m 

SI3N4 

New Mask Set 1_ 

925 JIIIl 

VLPC lIaID 
(roUDd) 

Characterize ODe lot of HIST IV Range of 
Materials 

November 1. 1992 (start) 

FlDal VLPC Design Optlmlzation of sse. 
Contact Re$UtaDee 

Latch-up Suppression 

Fully Optlmlzed Q. E. 

July 1993 (start) 

ProduetioD of 10,000 chanDel lot of VLPCs 
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VLpC. 

aPt) 
I c ''10je.\JTC~1 
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V)2r ri If 1'-1 ~-/ '; i« l ! 
))6W Z,.,,,aM.i md. i 

, I 

I P/~7& ~;"l 
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s/z cM,u~./~ 
il C~~TT~s 

\ -»41 93 

00924 

BEAM TEST AT BNL 

Rlbbons accurately placed on Oat 4.3 m x 1.6 em 
boards 

Readout wtth HISTE III VLPC 

Custom made cryostat (design by Rockwell) 

128 VLPC channels (min) 

3 double sided superlayers 

830 I'm 3 HF fibers (1000 ppm) 
(SteroD order has been placed) 

2 x 10 doublet ribbons 



Goals of the BNL Beam Test 

Stan May 1992 

Operation of 128 channel system 

Produce accurate ribbons 

Blcron 
Kuraray 
FTG 

Ught yield from 4.3 meter fiber with SOC 
length waveguides 

Measure resolution 
checks fiber placement 

Stability of system for 1 month run 

Self Trigger (3 superlayer trigger) 

00925 

00927 

Accurate Ribbon Fabrication 

sse Quality Ribbons 

< 25 11m {center to center 
misplacement 
100 x 2 doublet ribbons 

Attempt 512 x 2 doublet ribbons 

4.5 m ribbons with 10 cm free ends 

Ribbon fab at Bicron with FTG participation 

check environment 
quality of prod uct 
material for ribbons 
refinement to process 

Kuraray Ribbons 

00926 
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J 

lece 

Resolution measured in test beam experiment T-831. 
A) A stngle layer ribbon 

B) A double layer ribbon. 



Accurate placement of ribbons on 
curved surface 

Development of placement technique 

00933 

Cbeck of placement of fibers on curved surface 

Placement of fibers on curved surface 

~ E 

Stereo placement of ribbons 
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2. Attenuation lengths 
Measured b'/ excitation with ultraviolet. 

Kenhley uv pencU lamp 
plcoammeler d uv C fttler 

u~x ~m I 
SI diode deledor 

o.e .,............-....-""T~....-.-.--;-..-..--l"--'l"il 
0.7 At - 0.15703 .. j- O.OQ26il 1 

Aa • 0.ec061 .. j- O.oozee 
0 .• ~A1 - 340.ee7;C +/- 1~.25346 i 
O.C -W'!'.AZ 2Z!1I4.29lr.!O -/- 161~1':l ~ 

0.2 

pT+3HF 

o 

TJ1ifciI "ai:iiii:TWifUil measurement fi:ir a flb8r. 
n.. ~ e"iiIW is a tit uslng the sum Of tWo 
exponentiats. 
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RESULTS (pT +3HF) 
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Goals of the Fiber Tracking Group in 1992 

Beam Test of 3 superlayer prototypes at BNL 

Accurate Ribbon Fabrication at Blcron and 
Kuraray 

Accurate verfication of SOC quality ribbons 

Accurate placement of ribbons on cured surface 

Refinements to VLPC 
(improve Q..E., contact ~ • latch up •.. ) 

Brassboard (512 channels) 

. Warm Amp development 
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SDC Central Calorimeter Design 
Requirements and Summary 00952 

J. Proudfoot 
May 5.1992 

. Function 
Measurement Of electrons, photons, jets 
& missing energy 

· Mechanical Design Overview 

Hadron: Stacked Fe Plate 
Electromagnetic: Cast Pb Sheet 

· Optical System Overview 

Scintillating Tile with Wavelength
shifting Fiber 

· Perfonnance Issues 

Hadron Calorimeter 
Electromagnetic Calorimeter 

00954 

A ((_~tOJlt~ ~ ~, 
.\~~ -") 4 {rT.M 

1.0 

O.B 
Pl > 10 OeV/c 

MH 400 GeV 

0.6 

0.4 

0.2 

0.0 
2 3 4 5 0 

T'/ of largest T'/ lepton 

--, -..l. , I --'> -. \ '-
~ ... -

L) (f t e 

J! ... -
08 
IV .. 

::Q-: 
~a ., ... . ; 

0' ., .. .. 
v 

2 
:: .. 
.2 .. .. 
Co. 

.. 
.! 
III e 
d .. 
d 

Co. 

~~ ... ~ 
"" v VI 

~'-O _0' ... 
~ ... C! 
... VIc> ... 
VI 

Mechanical Design 

{Baseline} 

Wedges, granularity 1/32 of 27t 
Stacked Fe Plates 
Cast Pb Sheet 

Table 8-4 
Central calorimeter parameten. 

Barrel 

EM HAC1 HAC2 EM1 

LongitUdinal readoutl 1(2)" 1 1 
LaterallesmentatioD 0.05 0.1 0.1 !! 0.05 
Ablorber la1erl 29 28 15 6 
Ablorber material lead iron iron lead 
Absorber thickness (nun) 4.0 23.95 53.90 6.0 
Scinto thickness (nun) 4.0 4.0 4.0 4.0 
Cell tb.ickun' (nun) 10.0 30.0 60.0 12.0 
Depth (not including coil) 21 X. 6.9 X. 

0.85 >. 4.14 >. 4.91 >. 0.3 >. 

- Possible upgrade. 
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Ea.dcap 

EM2 HAC1 HAC2 

1 
!! 0.05 !! 0.1 !! 0.1 

17 20 11 
lead iron iron 
6.0 42. 90. 
4.0 4.0 4.0 
12.0 48.0 96.0 

18.3 X. 
0.8 >. 5.04 >. 5.99 >. 
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Optical System Design Overview 

Scintillating Tile 

+ 
Embedded Wavelength Shifting Fiber 

+ 
Tile Reflective Mask / Wrapping 

+ 
{Tile Edge Preparation} 

+ 
Plastic Optical Fiber 

+ 
Neutral Density Mask 

+ 
Photomultiplier 

+ 
{Calibration System} 

0096!; 
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CIJTAIJAY VIEIJ IJF PMT HOUS(tIG 
TO CRAtE 

Covt1t ~A'E tt. NOTEeTI.,. 
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EM Tower. Relative Response by Layer 
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Hadron Calorimeter 
Pelformance Issues 

Energy Resolution 
{ stochastic term, constant term} 

e/pi Response 
{ linearity, constant term} 

Transverse Segmentation 

009G!l 

00971 

{ Isolation, Jet Mass determination} 

Longitudinal Segmentation 
{leakage correction} 

Hermiticity 
{energy loss} 
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Single particle 
tesL beam data 

+-- + 

15 20 

Tolal Calorimeter Depth (A) 
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Linearity & Constant Term 

Studied using CALOR89 hadron shower simulation 
code, the "Hanging File" beamtest and ISAJEJ. 

Model A: Fe Hadron Calorimeter, close to the version 
described in the TDR. 

Model B: Pb Hadron Calorimeter with a similar 
sampling plate thickness to the Fe design. 

Table 6·8 
Jot ' .. po ... o (burel). G/fl. b. from .. CALORU lim"lation. 

C ..... T nonUnearity· 0.1 'leV at 1 T.V .. t 10 ToV • .;c;v 
Model A 16 III 0.918:l:: 0.002 0.9G2 0.V98 0.633 :l:: 0.002 0.019 
Model A 96 nl 0.922 0.96,1 0.998 0.56 0.016 
Mod.1 n 16 ". 0.9G7 0.982 M98 0.52 0.014 
Mod.ln 9G n. 0.997 1.00 1.00 0.44 0.010 

• Nouli ..... ,it, d.fiu.d ... E,(an ...... red)/ E,(t,uu). 
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Electromagnetic Calorimeter 
Performance Issues 
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Resoiution {Pb/Scintillator Thickness, Light Yield} 

Unifonnity 
{Tolerances} 

Henniticity . 
{Tolerances, goodjiduczal volume} 

Speed 
{Noise, Pileup} 

Massless Gap Readout {Correction for Dead Material) 

• Shower Maximum Detector Integration {e ID} 

Calibration (Precision) 

• Radiation Induced Degradation 
(Precision, Uniformity) 

• Material in Tracking Volume 
{e ID efficiency} 

• B Field Effects on Scintillator Response 
{Gain Uniformity} 
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Two pDOt.OIl iA..naat .us raoh,t.ioa.a u.. Cc v feR e¥cata from lDe ci + H procns. ne 
catria ia lb, table ve lbe sir;m~ oC .. Cavlli .... 't to tu lipu (ia CcV). n. ai=uJatio. 
wu doa. at U •• particle: lncl lIS;"e pan.melrbeci rcsolutiou. wlacre -Buc· ,reCers to tllc 
,_ c\ .. " Ia -rule 301. n. IIaoI col ........ _oriu u.. rMOl"UCIa _tel.d Cor lloc 
loi,1o p.do ...... oplio" ... "' .. Ia S"'io,, 3.1.1. _.B ... __ Bue __ Bue 

10'1.r..tE •• 0'1./14'1. •• 0"/14'1. 

Ailli". 6.0'1. .-Bue 6.2'1. 6 .0.5~ "_Bue 

10 1.08 1.23 1.56 0.67 O,ao 0.03 
100 1.24 1.44 1.80 0.78 0.03 1.11 
120 1.39 1.65 2.19 0.87 1.05 1.28 
140 1.52 1.11 2.51 0.9G 1.16 1.44 
IGO 1.64 2.00 2.81 1.03 1.25 1.Gl 

o~=~ 10 100 120 140 ISO -r-__ L Man (c.v) 

M_ Sipal ...... BackpoUlld <WIlt! Sipal cwatI Backpo .......... LI B __ ..... NUCIa 
B...u.. """,,11oa Biclo ,..,.. ........ JIIcIo pa{ormaDc. 

so 15.6 7.7 15.1 '.2 
100 11.2 1.5 17.5 6.2 

IG.9 7.3 11.2 6.3 
140 10.1 G~G 10.' 4.9 
IGO 1.9 5.G 1.9 4.3 



009S1 
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Table 8-5 

2 
b 

EM calorimeter cOlUtant term budget. 

Source of constant term 

Calibration tower to tower 
Leakage 
Transverse uniIormi ty 
Tile-to-tile variations 
incl~ thickness variatiolU 
and longitudinal masking 

Absorber thickness variations 

Radiation damage 

Total (added in quadrature) 

Hermiticity 
(cracks) 

Air Gap Between Towers 

Contribution 

0.2% 
0.3% 
0.5% 
0.5% 

0.2% 

0.5% 

< 1.0% 

(j09Sj 
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Air Gap + Stainless Steel Bulkhead Between Towers 

Air Gaps + Skins Between Towers (Dif!. Modules) 
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Speed 
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Massless Gap for Pt= 12.5 GeV 
90 and 30 degrees, and 3.175,2.0 mm Pb 

17~~==~~::::::§;=:~==~~==~==:::!:!...---' 

1.5 2 2.5 3 3.5 4 4.5 5 
Massless Gap Weight 

Calibration 

-3.175 mm 90 deg -2.0 mm 90deg --3.175 mm 30 deg ..... 
2.0 mm 30deg 
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Calorimeter Requirements 

Calorimeter 
Design 

Calibration 
Requirements 

Calibration 
System Design 

Calibration System 
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Shower Maximum Detector Integration 

=~====::z::::=~ 

SDC Calorimeter Calibration 
Requirements 

Energy Scale 

Tower-to-Tower Variations 

Spatial Non-uniformity 

Temporal Stability 

Timing 

Radiation Damage 

Linearity & Dynamic Range 

Timing Resolution 
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• Mean pulse height for 50 GeV electrons using 137 Cs system 
was 102.0pC. Standard deviation was 3.5% of mean. 

• If one averages pulse heights by tube location it removes 
errors from original determination of target currents. The 
standard deviation is then 2.5% for Cobalt and 2.9% for 
Cesium. 

• Above implies target currents calculated to accuracy of 1.3% 
for Cobalt and 1.9% for Cesium. 

Contribution from non-tracking of source and electron re
sponse is I:stimated to be 2.3-2.4%. 
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Absolute calibration to 0.2% for all towers in the region 

11 < 25. {CDF with 1500 W's achieved an absolute 
calibration of 0.24% and a relative calibration of 1.7% 
over 480 towers.} 

Hadrons 

Absolute calibration is obtained at moderate energies 
from EI P for isolated tracks. 

Jets 

Absolute and relative response as afunction of jet Et 
can be done at the 3% level using a variety of physIcs 

processes: dijet balancing; high Pt Wand Z production 

and y- jet Et balancing. 



01005 

Radiation Damage 

Apply Triage Philosophy 

1) Use conventional techniques to improve present da) 
scintillators and wavelength shifters : 

additive,f1uors, processing. 

2) Accomodate radiation damage effects within the 
design of the mechanical and optical systems: 
Incorporate refurbishment as a basic concept in 
the calorimeter design in those areas susceptible to 
significant radiation induced degradation. Develop 
techniques and requirements for dynamical 
correction of response to recover performance. 

3) Continue R&D on innovative approaches to 
resolving the "Raddam Problem": 

revolutionary polymers, silica fibers 
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SHOWER MAXIMUM DETECTOR 

7)'cl<. fkli)fM.o{ 0101; 

SCcc(/, 

Institutions: 
Northeastern, Rockefeller, Sac lay, Tel Aviv, 
UCLA, Yale + Italy, Japan 

Responsabilities: 
Mechanics: 
Photodetectors : 
Electronics : 

Outline of talk: 

France + Japan 
U.S. + Italy 
France + Italy 

Electron! Gamma Identification 
Shower Max, Requirements 
Shower Max and Massless Gap Detectors 
Photodetectors 
Test Results 
Shower Max Detector In Trigger 

OlOIR 
ely IDENTIFICATION 

e Identification Background Detectors 

-----------------------------------.------------------------_._--------
EM! HAD r EMC + HAC 
Isolation Jets EMC + HAC 

E=p rzcO Trk + EMC" . 

Track-Shower match rzcO Trk + SM 

Shower Shape r SM 

Shower Depth r MG 

Vertex Position y -e+e- Silicon Trk 

Y Identification Background Detectors 

------... _----_.----------------------------------------. 
EM! HAD 
Isolation 

Shower Shape 

Jets 
Jets 
zcO, zcO zcO 

Statistical Separation zcO 

EMC + HAC 
EMC + HAC 

SM 

MG 

e / y DETECTORS 01015 

PS Preshower Detector 
between coil &EMC 

Scint Fibers 

~11 x ~<l> = 1.4 x 0.05 /160 + stereo 

Rejected in favor of Shower Max. 

MG 

EMC 

SMD 

Massless Gap 
First EMC tile 

~11 x ~<l> = 0.05 x 0.05 

Electromagnetic Calorimeter 

~11 x ~<l> = 0.05 x 0.05 

Shower Maximum Detector 
within EMC 

Tile! Fiber 

Pb! Sclnt 

TIle I Fiber 

11 strips : ~11 x ~<l> II 0.0518 x 0.20 

<l> strips: .1.11 x b.<l> = 0.20 x 0.0518 

HAC Hadronlc Calorimeter Fe! Scint 

.1.11 x b.<l> = 0.10 x 0.10 

01020 
SHOWER MAXIMUM GRANULARITY IN BARREL 

'I strips 

905'8?S oQ5' 
Physical SM strips 

6'1 x 6$ 

• strips 

90s x 90s 18 

1\ \,' '. \ \ \ \. \. \. \ \ '~~ \ \ \ \ \ ~~~~~~ '\','\ \\\\\\\ '\\\\'\\ \ \ 11\\\',",'>\ ,,-\. \ 
\.·I\I\~:\\'\I\!1 11;1;11111_ 

~.It i t I I Ii, I j I I I 1 I I I I I I t I • I I I 

• ! II I 1'1 I I II! II 1'1 II 

V~llj,.' 11II i II 11,11111 :" II 

I /
i,. . '; il//I / //' I, /1/' ;/. <//'///{/ I//.' ;/ I 

1,,1/1 II " ", II !/J 
QOSf8xQ2Q EJedI'onic Channels QW x POS/8 

Gang 4 physical SM strips - 1 electronic channel 

Occupation @ L = 1033: = 0.3 'Yo 

Upgrade path: Gang 2 strips -1 channel 

OOS/S x 010 Electronic Channels 019 x 0.95/8 
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FIBER ROUTING 

=<:::::====~ 

wstrips 

<1l-strips 

64 strips per 4-tower slot 

: : 01023 

t! ~ '" 0 
0 0 

" " ~ S! 
0 0 

Z 
0 
i= ~ ~. ~ 0 d 

" " Z !il 51 
W 0 0 

:2 
CI " I en iii 
W Q. : 0 

en < iii 51 

Co) 
0 0 

:!l c 
::::J Z 
:!l W 

X : : 

< Z 
:!l ~ S! 

0 d 

" " a: ~ ~ W 0 0 

~ 
0 
~ 
en ~ 51 • 'i 0 .. 0 

c " s:. " c ~ ~ • iii ... c..~ u 0 

u GI .. C iii 'tl 
<a u e 0 

C, ';i -. u 
~ .... .. c.. ... 

i4j ::::l c.. 0 

:= 

0102? 

TRANSMISSION vs BENDING RADIUS 

.... 
~ 
!:! 
til 
w 
~ 
~ 

~ 
w 
c: 

1.Z 

1.0 

0.8 

0.6 

D.' 

O.Z 

tr 
r-

Clear polystyrene fiber 
Diameter 1 mm. length 2 m 
Ught signal after 360' tum . 

0.0 O~""ZO~-4()"':--60:,:-~.,-";'OO~";'ZO~"""4()':-"""60 

BENDING RADIUS (mm) 

Conclusion: Minimum radius = 1 inch 

.E ... 
'il 
:I: 
1lI 
-= "" 

Fiber routing is dlfflcuit I 
Easier with 0.7 mm fibers. 

11:0 Iy REJECTION 

Moliere Radius : Pb I Sclnt = 3 cm 

Strip Width: 0.05/S = 1.3 cm 

Use narrow core for Improved rr,0 reJection? 

dOl lIOO 11IlO 
SM 

2400 Strips 1000 
2000 13mm 

800 
1600 

600 
1200 

400 800 

1IlO 400 

ZO 
0 

-4 ·z 
DislaIlCe from peale fiber Strip Number 
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1!0 relectlon factor for S2 "" eleclron effl~lencl£ : 

Err,0 Ey I Err,0 (0.0518) Ey I Err,0 (0.05/18) 

.......... __ .. __ ................. -_ ............ -.. -_ ..................... _-_ .. _--_ .. _-_ ....... --_ ..... ---_ ..... -.. -----_ ... 
25 GeV 6.7 S.9 
50 GeV 1.5 2.6 

75 GeV 1.3 1.5 

ICIsll-gU : Readout fibers x2 - rr,o background x 213. 



u1025 

RADIATION DAMAGE 

COSO irradiation of 8M strips + WLS fiber 

1.3 Mrad -> 40% loss 

8M Detector at shower maximum for E = 10 GeV 

Barrel 8M Detector @ 7 Xo @ eta = 8../ ,4 

25% loss in 100 SSC years 

Endcap SM Detector @ 7 Xo @ eta = 3 

Quartz fiber readout 

50% loss in 4 SSC years 

Move to 10 x.. (shower max. for 10.Gev) 

50% loss in 7 sse years 

Retreat to eta = 2.6? 

50% loss in 20 sse years 

Factor 4 loss probably O.K at eta = 3 
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PHOTOOETECTORS 

Shower Max and Massless Gap Detectors 

Baseline 

Philips 64-channel PMT 
Used in Fermilab beam test 
QE = 12% @ 520 nm; crosstalk 5-10% 

MCPMT Development 

Philips 64- and 96-channel PMT's 
Hamamatsu 256-channel PMT 
Green-enhanced photocathodes QE = 16% 

Avalanche Photodiodes 

EG&G APD with ball lens in beam test 
QE = 60% @ 520 nm; no crosstalk 

Arrays @ EG&G, Hughes, Advanced Photonix 

APD-PMT 

APD array in proximity-focussed image tube 
Gain 5 x 105 and large dynamic range 

64-channel prototypes for 1993 prototype 
GaAs photocathode with QE = 34% @ 540 nm 
Hughes Aircraft and Litton Electron Devices 
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SHOWER MAX DYNAMIC RANGE ulO::'c: 

What can we get with 12 bits? 

Goal: EM shower position 0:5 &1 5 

10 GeV < ET< 1 TeV 

Dynamic Range: 
Energy 10 GeV - 1 TeV 
High tall @ 1 TeV 

33 @ 6 Xc 
x 1.5 

x2 
x 10 

Low tall @ 10 GeV 
Center of gravity 
Pedestal separation 
MCPMT gain variation 

x4 minimall 
x 1 adjusted 

Dynamic range 4000 _ 12 bits 

D... dependance x 2 barrel 

x 5 ends 

- Umlt '1 range covered by one MCPMT 

Adjust overall gain (MCPMT anode voltage) 

SUMMARY 

Massless Gae EM energy COrrection 

~ rejection 

01031 

nO I y statistical separation 

10368 channels _ 192 MCPMT's 

Shower Max 
Track-shower match 

Shower Shape 

Trigger Level 1. 2. 3 

159744 phYSical SM strips 

47104 electronic channels _ 768 MCPMT's 

Upgrade to match trigger segmentation 

94208 channels _ 1472 MCPMT's 

SHOWER MAX DETECTOR IN TRIGGER 

Level 1 : Decision time 4 !.IS 

1 bit per 16 SM CZI strips 

Protection against noisy EMC PMT's 

Level 2: Decision time 50 !AS 

8 bits per SM CZI strip 

Track - shower match In CZI (1024 bins) 

Shower shape In CZI 

Level 3: Decision time 100 MIPS-sec 

12 bits per SM '1- and CZl-strip 

Track - shower match In '1. CZI (0. 2 mm) 

Shower shape In '1. CZI 

Mini· isolation cuts 

01030 

Bremstrahlung cluster at same '1, different CZI 

Massless gap 

~ rejection 

. xO I y statistical separation 
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K. Takia",. 

I SUMMARY OF RADIATION DAMAGE TESTS I 
SCintillating tile/fiber calorimeters are used for the central 

region of the SOC detector. The radiation field in the SOC is 

orders of magnitude higher than in existing collider experiments 

and radiation damage to the plastic tiles and fibers is potentially 

a serious problem. 

Extensive studies have been performed on radiation damage 

of tile/fiber calorimeters. They are divided into two categories: 

radioactive source tests of individual calorimeter components 

and electron beam tests of complete instrumented calorimeter 

modules. 

List of Comems 
1. Radiation Field in the SOC calorimeter 

2. Source Tests 

3. Beam Tests 

4. Monte·Carlo Simulation on Radiation·Induced Degradation 

of the Calorimeter Performance 

5. Conclusions 

01035 3 

Maximum ionizing dose in the SOC calorimeter for one 

year of ruMing at the design luminosity of lOll cm·1sec" and 

(in parentheses) for 10 years at 10 x design luminosity. 

OOse at cascade maxima = A I r 1 sin 1_ e 

Photons 

Hadrons 

AJ(l m)l 

124 Gy yr" 

29 Gy yr" 

a 
0.93 
0.89 

<P":> 
0.3 GeV/c 

0.6 GeV/c 

01034- 2 

1. Radiation Field in tile SDC Calorimeter 

The radiation field in the SOC clllorimeter is due to neutral 

and charged pions abundantly produced in 20 TeV on 20 TeV 

pop collisions. The average tranSverse momentum of these 

minimum-bias particles is <p,.:> = 0.6 GeV/c. 

About a third of the particles from the primary collision are 
1to,s, so as many photons as hadrons strike the clllorimeter. The 

resulting EM showers produce an ionizing dose which peaks 

more sharply and therefore more intensely than does the dose 

from a hadronic cascade. 

At any given Tl, the maximum radiation dose is four times 

higher in the EM compartment than in the hadron compartment. 

0103R 't 
2. Source Tests 

A number of radiation damage tests were performed using 

"'Co 'Y·sources and low-energy (3 MeV) electron beam as a 

radiation source. 

"'Co source tests were performed on tiles, fibers, glues, 

paints, and tile/fiber assemblies at: 

Fermilab 

Louisiana State University [2.1] 

University of Michigan 

INFN Padova 

Saclay [2.2] 

University of Tsukuba [2.3] 

Emission spectra, light yield and transmission of tiles and 

fibers, and light yield of tile/fiber assemblies were studied as a 

function of radiation dose. 

Tests of the different fibers, tiles, splice jOints, and machine 

speeds for groove cutting were carried out at Florida State 

University using a 3 MeV electron beam. 

[2.1] A.R. FlZCly ct al .. "Radialion Dornase Studies for the SOC ElcCU'O ........ tic 
Calorimeter". SDC·92·172 (January. 1992). 

[22] P. Bonamy ct &I .. "Radiarian Dornase in Scinlillalins Plates and Fibers", 
SDC·91-l1 (March,I991). 

[2.3] K. Hara ct aI., "Radiation Hardness SWdy of Sciolillariog TIlclFibcrs', 
SOC·92·186 (March,I992). 
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These source tests are simpler and quicker to perform than 

beam tests of calorimeters and are suitable to choose the best 

available materials and to study radiation-induced degradation 

of tile/fiber response in detail. As will be shown later. the 6Oeo 
source test results on light yield of tile/fiber assemblies agree 

with the beam test results. 

Out of the many results obtained at various institUtions. let 

me show. as an example. the results from the Tsukuba group. 

0103S 
The light yields of tile/fiber assemblies were measured by 

a ""Ru source scanner. Ru beam spot - 5 mm~. 

SIDI YI'. T 

1 
Mlnr J.J 17i (J'''~ 

~ Sa_pilUle a.r."1Itft Ule 

j 

S' 

r , .. &ale, plCO· ..... '.r I 
TOP YII. 

lUdiation Hardness of a tile/fiber was evaluated by 

•. ight Yield (After) I Light Yield (Before) = 1 - Damage 

where the Light Yield was evaluated by 

Ru-induced current from Sample I That from Reference 

at the center of the tile (average over ± 10 mm. i.e .• II points). 

"Co Source Tests at Tsukuba 
01035 

Schematic diagram of the sample tile/fiber (unit in mm) 

The tile size (11 cm x II cm) is typical of the barrel EM tiles. 

Tile edge polished 

WLS fiber 1 mmcp 

Tile/fiber assembly wrapped in white paper 

The design and fabrication essentially the same as used in the 

Tsukuba beam tests. 
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3. Beam Tests 

In order to investigate systematic effects of radiation 

damage on the performance of tile/fiber calorimeters, 

electtomagnetic test modules were built and exposed to electton 

beams at Beijing, KEK. and Orsay, with energies ranging from 

1 to 2.5 GeV. 

The beam test at Beijing [3.1] is a joint effort of IHEP 

Beijing. Fermilab. Florida State. and Purdue; the KEK beam 

test [3.2] was performed by a collaboration o(TsuJcuba and 

KEK, and the Orsay beam test [3.31 by the SacIay group. 

The radiation damage was measured by scanning the tiles 

with a mes source driver system in the Beijing and Saclay 

experiments. In the KEK experiment the measurement was 

performed in a test beam of 0.5-3 Ge VIc electtons and also by 

a I~U source scan. 

(3.111.. Hu et &I~ "RadiatioD Oamale o(TilelFiber Sciatillatoc Modules (or !he 

SOC Calarimeter', SOC-9l-119. 

(3.21 S. FIIIIaIti et aJ._ 'BuID Test OD RadiatiOD Hardness of a ScintillatiDI 

TilelFiber Calorimeter', SOC-91-8S. 

(3.31 P. Bonamy et &1._ 'Radiation Oamale in TilelFiber Calorimeter Modules', 

SOC~91·125. 
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Doses and Dose Rates in Beijing. Saclay. Tsukuba beam tests 

Typical irradiation Dose Rate <Dose Rate> Dose 

cycle fkradlbl J\cradlbJ I Mradl 

,., ~rI 

Beijing ~~)OO 20 6 

10..... • 
~ ~2 .. hn I 

Saclay --L..,t~ 120 - 2400 0.7- 12 0.25 - 2 

1i.r 1kr • -t,hrs • 
Tsukuba -=inCr--AAL 16-140 2 - 10 0.3 - S 

1ne Dose Rate is an instantaneous rate during a period the module was exposed to 

the beam. The <Dose Rate> is an average rate given by a total dose divided by the 

elapsed time. 

At the design luminosity. sse average dose rate is - I radlh at end of barrel 

- 70 radlh at TJ = 3.0 

Our radiation damage tests are an accelerated test. 

Me.asu.red PHT ~ ~y 0. Lon,itwliru..l tu.be SC/lh 

SACUY 

-; •• 1- 10 ~ •• '§ 
of .e 
~ 
UI 

~ u 
!i 
"" 

o ... 
o 
til 
0-

-" 

Figure 5: Measured P~IT current induced by a 131 Cs source moving along a lontitudinal tube 
in the module before (a) and after (b) irradiation. The first tile seen by the beam is on the 
left. The vertical scale is arbitrary. 

o .
o 
til 
1\;)", 

o 

~ 
~ 

~-p-
I-.., 

f--~ 
~ 

~ ... 
~'" 
~ 
~ 
~ 

~ 
a 
J 
~ 

lad I -IS m ________ _ 

~ 
I~ 
~ 

I 
U1 

! 

I 

..... 
II 

-f>1~ 

.... \'" 0", 

"'I'" "'''' 
:J: .., 

? ~ 
'" D )0( ! 

0.o"l. 
"" ,b co 

[ Ii 
a N a ~ .......... 

--0 
L 
:G 

~ 
l:-.. 

'-<-

r 
r 
.J. 

\JJ 
~ c.=: 
i--

~ 
~ 
'" ~ 
:J 
~ 
~ , 

3: 
Q 

~ a-
~ 

t 
jb 

l 
;t 
~ 

! 

~ 
~ 
{11 

ft-

~ 
"0 

~ 
~ 
fT1 

" t..:J 
"1 

~ 
rs· 
~ 
(' 

e;. ... 
0 ... 
CD 

4 

o .
o 
~ 

~) 



01053 

1)amClft 1'rofi/~ fro'" Lon9;tudina./ tu.~ SClU1S 

Bf:IJlrlCr 

1.0 

0.8 

!; 
§ 0.0 + 0.2 Wra 

x 0.5 Wr. 
o· .75 Wr. 
D 1.0 Mr. 
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.2;0 Wr. 
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0.2 

0.0 L---.-J----J...---~---2:'-0--' 
O 6 10 15 

==~>~ ..,. DEPtH (Sci ... T-i!. U 

-1. i G.V -e.- bum 
FIG •. 6-34. Damage profile Crom source tube 
sc:au.s immediately alter irradiation. The data 
are normalized to no damage at depth t = 19. 
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Using the measured curve of damage vs dose. the Tsukuba 
group performed the MC simulation for the damage-causing 

electron energies of 1.2.5. and 10 GeY [3.2]. The results arc 

essentially the same as in Ref. [4.1.4.2]. The conuibutions 

from radiation damage arc mainly determined by the magnitude 

of the peak damage and does not depend strongly On the 

detailed shape of the damage profile. 
'-' 

4. Monte Carlo Simulation I 01059 

Neutral pions with an average PT of 0.6 GeY/c. abundantly 

produced in 20 TeY on 20 TeY p-p collisions. arc the main 

conuibutors to the radiation field in the SDC calorimeter. 

Photons from these !tOos produce radiation damage localized in 

depth. 

This localized damage profile causes non-linearities of 

energy response and degradation of energy resolution for high 

energy electrons. Gradual shift of the EM shower maximum 

with incident electron energy causes a fractional energy shift 

M:IE to depend on energy. Fluctuation of the EM shower 

development, mostly due to a fluctuation in the shower starting 

point. results in a fluctuation of the measured energy. 

Green et aJ. [4.1. 4.2] performed the EGS simulation of 

these effects. and pointed out the usefulness of two EM 

longitudinal compartments (see TOR FIG. 6-8). 

The damage profile was assumed to be given by the average 

shower profile of 1 GeY. 10 GeY electrons. 

[4.1) D. Green. A. Para and J. HauplllWl. "Radiation Damaae. Calibration and 
Depth Segmelllatioll in CaJotimerers", Fermilab Note 565 (1991). 

[4.2) J. Haupunan, "EM "Conslanl" Tenn due to Radiation Damage in 
Scintillator" (1991). 
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5. Conclusions 

Extensive srudies of radiation damage of scintillating 
tile/fiber calorimeters have been performed by the many 
collaborators of the SOC calorimeter group. From these 
srudies we conclude: 

(1) The barrel calorimeter made of existing plastics will 
survive for 10 years of running at 10 x design luminosity 
(0.62 Mrad). 

Degradation of energy resolution and of transverse 
uniformity is small enough to be acceptable. 

(2) With existing plastics. the endcap at 11 = 2.0 will barely 

survive for 10 years of running at 10 x design luminosity (3.3 
Mrad). 

Degradation of energy resolution is reduced to an 
acceptable level by employing-2 EM longitudinal 
segmentation. 

Degradation of transverse unifomtity seems to limit 
lifetime dose to - 3 Mrad at present. 

Development of tiles and fibers that are more resistant to 
radiation is desirable for the endcap calorimeter. 
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- New Shower Maximu.o:I Detector Ide3s 
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Results from Casting Two (2) Barrel 
EM Test Beam Prototypes 

Frame Fabrication: 

Distortion ciu. to .,eldl:lii. 
Ile<!.uirement for frame ~tph'.g 
ResultUl&" c!lmensional er.or 

Casting t 1 

t;nder;>oc: resultini in porosity 
Failure of ±. holddo,", a!lo'lrini spacers to float 
Requirecent for cac:illini 
Spacer toierances 
Spacer mac:hl:ling 

Castin&f t 2 

Increased depth of mold 
Improved holddoomS 
Eliminated strap tl:readed inserta 
Better cii::lensiouai concrol on Fnme it 2 
B.duced weldini to intermit".ent ... ld on rear plate 
Redesii:ed i'mntplate to b~ .. d connection 

Conclusions: 

OlO!H! 

• Succ:aut'.u ~ tl:at c:a.a be ap&Dded for tulllift module 
• Will study lead to struetun connec:::icms 
• WIll probably use alloyed lead to im~ loac:fii:lg acceptance 

af abllOrber plates 
• Implica:ons of re<!uced absorber thicc-

IilOB!) 
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SDC EM Test Calorimeter 
Tower Response 
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SDC EM Test Module 
35 GeV Electron Beam Calibration 

(preliminary) 
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TEST BEAM RESULTS ON THE 
SHOWER MAXIMUM AND MASSLESS 

GAP IN THE SOC CALORIMETER 

DESCAIPTION OF FNAL/T841 TEST BEAM 
Preshow.r/Massless GIIP 
Shower MIIHlmum 

PAESHOWEA/MRSSLESS GAP RESULTS 
Shower Width/Profiles 
Using PS to correct EM resolution 

SHOWER MRHIMUM RESULTS 
Shower Width Profiles 
Track-Centroid Resolution 

PI/E SEPRRATION RESULTS 
PS, SM, EM, Hlld rejection factors 
Combined rejection fllctors 

CONClU510NS 

TEST SETUP 

Test ... m: 

Electron. and pions in the energy rango 01 15 to 150 GeU. 
Perticle type tagged with two C.renICo" counters. 
Muon contamination -15':"'. of thl beam. 
Large beam spot siZe: Scm· 5cm. 

01119 

'olitlon of the Incident portlcle determined with 4 !'o!WPC·. 
re.olution 1.2mm In uertical OHls and 0.5 mm In th. hortzontal. 

Mlssiess gap lind shower mlKimum data were 
talCen simultaneously with the ,1'ctram'geUe lind hadron 
c.'trimetlrs. 

Prlshower/,""tllssless Gap Detector 

Fiber dltector witn 6 daub II layers orlmm fibers felld out at 
both .nds. At on. end with on image inten.ifier/CCD syst.m 
clpable of mlllsuring both Position and pulsl-neignt 
Inlormollon lor Oil 1200 IIbers. At the other .nd the IIbers 
IIIlr' r •• dout with MCp~rs. RPO's Ind the photo-tUb IS. 
S.rued .s instrument to measure in altail tnl snape of thl 
shower IS well as the energy depOsited at different depths. 

Shower MIIK1mum oetector. 

Eight strtP' 01 Plo.tlc .cintillator per colorimet.r tower raedout 
with WlS IIbers wnich wera coupled to cl.or IIb.rs by a 64 
chennel connector to lither 2 Philips 64 channll MCP1'o4rs or to 
96 APO·,. 

Total number of strips r.adout in thase tests was 128. 
strip dimension. wore 12.5 wide, 100 long and 2.5, 4.0 end 5 

thick. 
Two differ.nt construction tachniques were test.d. 

Indiuidually painted and wrapped with aluminized mylar 
and a single 4.0 mm tnicle calorimeter tile cut with 3mm deep 
grooues to iSOlate different strips. 

Northeastlrn Uniuersity: M. HUlbert. I.Leedom. 
S. Reucrort, D. Ruu.to, T. YlSuda. 

Roctefell.r uniuersity: A. BhOttl. K. Goullono •• 
P. M.I •••• R. RU.oct. 
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CEN Socloy : P. Bonomy, G. Camby, J. E",weln. P. lo Ou, 
J. R. Hubbard. 

SSC laboratory: H. fenter. K. Morgen, T. Regan 

South Caroline Uniuersity: A. Wang, J. Wilson. 

Yele: P. Cu.hmon. S. A. Hou. 
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Detllil. of the Shower MIINlmum Detector 
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In one calorim&ter tower. 
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CONCLUSIONS 

We haue eue/uUed In a te.t beem et Fermilab the performance 
ef our Itrlp SM detector end the me .. le .. gep. Th/. wes done in 
canJuDctlan with the prototype tile nbsr EM end hadron 
calorieneters 

We heue measured the pOlltlon resolullon of the Ihawer meN 
detector to be 2.5mm. 

We haue .hown thlt the Ihower Ihepe doel not chenge 
IlgnlnclnUy betwean 5 end 7 redllUon length', 

Tho degradoUan t. the EM re.aluUan caUled by thO magnat coil 
II Imprauld whOn the weighted lignll from the me .. le .. gap I. 
edded to the EM .ignal. 

w. haua mftsured the camblned EM, Hadron, Mesleu Gap and 
Shower MaNlmum Ilgnel. and Ihawn how they proulde I 
powerful method to leperlte electron. from cherged pianl. 

(,1133 
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SDC CALORIMETER 

ORGANlZATION AND PROTOTYPE PLAN 

OR 

OE7'TL'VG rr BVll.:rr 

Tasks 

Resources 

Project MaDagemeDt 

CODStruCtiOD Piau 

Prototype 

Resources 

Industry 

Lead radiator 

Steel absorber 

Laboratories 

ED&iDeeriJJ.C d ....... 

Major compoll •• ' .... mbl,. 

Flaal uaembl,. I SSeL) 

UDiversities 

SabauembU .. 

Fabrication gc 

CaUbratiDII 

Beam testlD& 

01137 

'.....,."'"311.1-.2 

01136 

Tasks 

Fabricate EM Radiators 

Lead cutiDI with tile pockets 

Fabricate HadroD Absorbers 

Stacked Reel plat .. with tile pockets 

Cut TUes / Attach Readout Fibers 

Assemble Wedge Modules 

Build Support 

Assemble Banel ( aud EDdcap) 

,. ........... ». ... 

Engineering Resources 
(5/6/92) 

Argonne Nat'l Lab 

BIll 
GuariDo 
Jlluiatlla 

+ 1.5 4estpen 

Fennilab 

LBL 

Bartnluell ---DaSU_ 
Lee 
tanoll 
eanoll 
RiCbarduD 
+ 2 opeaiaCa 

+54 ....... 

Pope 
ThW' 

+24eslpen 

Universities 

2-4 

Non US 

6 
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Manage all aspects of tile deSign fabncauon. 
procurement. COSt and schedule. 

i.J 11 39 

01141 

OYersee tile preparation and maintenance of tile project 
WBS. 

Qversee the establiShment and maintenance of the 
Cost SChedule ConU'ol System. 

Coordinate all reporun~ of tile COSt. schedule. and 
technlcal statuS to SOC project man~ment. 

Ensure effecuve interface between the Calortmeter 
effort and tile SOC project. 

Recommend membership for the Calortmeter 
Technical Board. 

Serve as secretary to tile Calorimeter Tecllnlcal Board. 

Implement all applicable ES&H and Quality Assurance 
proceedures and requirements. 

Coordinate allocation of manpower. 

Prepare and track project budget. 

Prepare budget reports. 

Chair Conllgurauon Control Board. 

P ~IScl\ ApnI 30. 1992 

DlUO 
5/1/92 PMM 

Project Management ~~-

PROJECT 
CENl'RAL 

.... CAl.ORlMElER 
MANAGEMENT TECHNICAl. 
"'PMO,,+=J.. BOo\RD 

SCHEDULE 
SYSTEMS AND 

ENGINEERING COSTCONmOL 
E:. J...tJ,-: 0'1 :J.M'':'S'j~ -

gtlAU'l'Y 
PROCUREMENT ASSURAN'CE 

"2>. -r,"''f/C¥ 

ENVIRONMENT 
SAFrtY ENGINEERING 
HEALTH 

PRODUC'\10N 

01142 

• EstabUsh and mainlaln project sclledule and cost 
contrOl. 

Coonllnate procurement prlOrtues to assure sclledule. 

Track project costs. 

MaIntain project COst projecuons. 

• Chair crlUcai parts·meeanp. 

EstabUsh and maintain caIortmeter system technical 
reqUirements and speeiflealions. 

• Establish and malntaln caIortmeter system 
configuranon canuol. 

serve as secretary to the conftgurauon conU'ol board. 

EstabUsll and maintain matenal requirements and 
sWldan!s. 

• Chair macertal revIeW board. 

• EstabUsh document contrOl system. 

Maintain Interface contrOl WIthin tile calortmeter and 
WIth SOC. 

• Asaure effectIVe system IntegraUDn. 

Organtze tec:IlnIcaI revtews. 

2 PManlKh Aprti 30. 199"1 
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Develope and maIn<&1n Quality ...... urance Program. 

Manag. the Quality Aasurance orptUZal1On. 

• ~!~er Project Engineering In th. d .... lopment of th. 

RevIew tra""l.rs and shop proceedures. 

• Train management and shop workers In the quality 
control pro""",. 

• MaIntain lmaumenQtIDn c:alIbratlOn and asooctated 
documentaUon. 

Malntatn QA document conl1'Ol. 

• ...... ure quality of procured partS and assemblies. 

Audit QualIty ...... urance pro""", 

...... lSt project manager in d_loptng ES&H program. 

MSist the Project Manager In cany\lIg out th. ES&H 
proaram· 

Perform ES&H lnSpecuons and audits as required. 

TraIn management and employees In ES&H 
requtrements and proceedures. 

3 
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Construction Plan 

R&D 

TUes 

Abaortler ..... mbly methoda 
O~".",""i7AJ6 

Small scale prototypes \ I -
re;r c-i6S6~ 

Barrel Final Design (EDdcap follows by 6 
months) 

Barrel Wedge Preproduction Prototype 

Procurement 

Component Assembly 

Final Assembly 

Barrel - Mar 1997 

Endcap - Sept 1997 

p ...... """'XlI., 

c:: 
U.I 
I-

<;1.-1.0<: U.I 
:! 

I/) 
=:I 
~ c:: 

0 >-
-I CQ 

< >-
U = < 
-I ~ 
< :i 
c:: ;:) 

l- I/) 

Z ~ 
U.I I/) 

U 0 v 
U 
Q 
(J) 
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Oversee the procurement of matertals and services. 

Overse. incoming Impectlon of partS. 

=~c~ect Manager In negouatlng and tracktng 

• Responsible for product .ngtneerlng and ~Ign. 

~~~~ty Control ua...ler and manufacturtng 

Manag. th. component assembly. 

Ensure th. ESa:H In the workplace . 

Impl.m.nt product Quality ...... uranc. Pro~ 

4 
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Preproduction Wedge u .. 
f Prototype .. ~ ! ~ ~ ~ 

.. i N 

I ~ ~'~ ~ i s~ 

a:: .. loll Objectives: .... 
W . ! ~ 
~ > i~ Promote desten choices 
W c:: ® ~ 41: 

~ I i a ! R ! S ~ a ~ 
Focus desten effort - ~ a:: ~ 

0 :I - ~ EstabUsh coUaborative infrastructure 
~ III ! ~ ! Ii! g ~ i i N N 

i ~ < I- ! ~ ;! , Verify mechanical design 
U III ~ i 0 
~ u ~ i ~ • i .. 

~ 
N i i Develop manufacturing and assembly 

< 1&1 I '" 
;:; ; i A ii methods 

a:: !C to- RefiDe cost and schedule 
Z Z = i ~ W 1&1 

Verify perfo~ce U !:i ~ 

41: l ~~ jl l .. U ~ 
C a: 

0 ~ ~I ,~~ i ~ ~ en !Z ~ ; i ii ~ ii iii I ~ ~ 

1 ~ 
';i .. 

P ...... ,....,.._-

ti114~ 01150 

Prototype Configuration 

Full (1/32) Wedge plus 

Partial Wedge ( for haclroa coataiameat) W 
l.:J 

JDstrumeDtatioD: 
0 
W 
~ 

EM 8 z 4 towers (.05 z .(5) w 

Badna 4 z 4 tcnrers (0.1 z 0.1) 

a.. 
~ >-

~ 
.... 
~ 

960 EM tiles (33 chaaaels) 
Cl t!I ~ co 
Cl ~ 

888 Bad til_ (18 chaaaels) 
a::: '" a.. ... .. 
z i 
Cl ~ ...... u 
~ 
U 
:::l 
0 
Cl 
a::: 
a.. 
w 
a::: 
a.. 
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Prototype Milestones 

Refine radiator/absorber designs (Kay. July) 

Mockup barrel calorimeter wedge (KaY..1uly) 

Fiber routiJaC studia 

PIn' SAd cute lD01JJltiJaC 

Freeze prototype design (July 1) 

Begin final assembly (Kay 1993) 

Finish final assembly (July 1993) 

SOC Prellroductlon PrototYlle 1.11153 
1992 I Decl.lon Mlle.ton •• 

S. Gourlay 

April 28, t992 

Conllg 1 
Barrel SegmentatiOn 

Phi CtacJ< GeomellY 
Final Dimensions 

Conllg 2 
Instrumented Towers 

Source Tub. Greo.e. 

EM Absorber 
Fobe< Roubng Geemell'f 

Attachment of EM to Hadron 

SM Fiber RouUng/lntegrauon 

Optic 1 

Chao .. PMT 

Scin'illato, Type/Thickn ... 

Fober Type/Oiameter 

Fobe< Groove Cross Section 

Fiber RouUna Geemetry 

Fib., Mirroring Technique 

Fiber lAngths 

Masking 

Tile Size. 

Optic 2 

Wrap Material 

Design/Fabricate Cookies 

Design/Fabricate PlAT Assy. 

May I Jun I Juq Aug-, Sap , Oct I No. I Dec I 

Begin Preliminary Engin"rin; ca.i;n 

• • • 
Begin Final casign 

• Tooling D .. ign/Fabrication 

• QAI Assembly Proceduras • • • • 
PMT"'" parameter. to Tsukubil 

• • • • • • • • • 
Begin Tooling Design and F,nal Assembly 

• • • 
Man, Apr 27. 1992 

SDC Prototype Production Schedule (Preliminary) iJ1152 
s.Go .... y t992 t993 

I F.rm"ab J F IA A 1.1 J J A SON D J F IA A 1.1 J 

AQr,1 21. 1992 

1 I I I I I 
I EnQtlo.slQ" (R&O) ! I I 11 
Toolino Oes.onlFIDnC8dofI vi 

I I 

i Hadron Aa.801'1M, IC.~ I 
: EnotlOeslQ" T 
I Procur.ment leoeg; .. I I F __ 0/ 111 '132 _ 

I 
, F_1ion 01 2nd ,/32 _ I 
I I I 
EM A_,., (cal .., I" I 
FIbncaban 0/ '" _ :>0:> 
F_..,O/2nd_ ):I) I I 
F_.'3rd_ (::c :> I 
Fabncation of '" rnoctI* ()ii 5 I 

I 
OpllcaJ AMdout Sy." I 
En9ttOlilOniPrOCUtenNttf <;:c: ;:::0 I r..., __ 

0 .. ~~ ():( 
S/oioltoingolnos __ 

<: I 
!=in .. AueI'ftb6y jlpo z+ 5:'> 
In .. aU .... in 111 MCIion :)::l) 

InSll1 til .. In 2nd MCIiDn <)::II> 

Inl.,r... Modul •• 

CalibratiOn ():;= 

Mon, Apr 27, 1992 

iJ1154 

Prototype Responsibilities 

EM Radiator 

Design/Fab • Argonne/Westinghouse 

Had Absorber 

Design . Fermilab 

Fab ·PRC 

Tiles/Optics· Japan, PRC 

Component Assembly· Argonne/ Fennilab 

Calibration· SSCL. VTA. Argonne, Purdue 

Test Fixture . 

I 
J I 

I 
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Summary 

Calorimeter design converging 

Design concepts being tested 

Organization and management 
coming together 

Task assignments being. made" 

Prototype wedj!e being built to 
exercise organIZation and 
verify design 

........... ...,1.1 .. 
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Monolithic Electromagnetic Endcap 
Calorimeter 

R. W.Kadel 
April 25, 1992 

Reguirements 

• Coverage: 1.4 ~ Il ~ 3.0 

• Resolution: a / E(I)- 18% / I E(I) e 1 % 
(6mm Pb absorber) 

• Depth 25 Xo 

• Longitudinal EM1 and EM2 
Segmentation: 7 Xo + 18 Xo 

• Transverse all x &p ~ 0.05 x 0.05 . 
Segmentation: 

• Non-Linearity: < 1 % after correction 

• Dynamic Range: 20 MeV < E(t) < 5 TeV 

• "MaSSless gap" behind end of coli 

• Position Detector ("Shower Max") at 7 Xo 

G1159 

Monolithic Electromagnetic Endcap 
Issues and Benefits 

• Radiation Dose varies from: 

50 krad -> 5 Mrad 

over fiducial area in 10 years of running 
at design luminosity. 

Choose Radiation Resistant Construction 
Convey signals in Silica fibers 

Replaceable core 

• Gravitational load always in plane of Pb. 
Endcap EM is of modest weight and size: 

30 Tonne, 5 m diameter. 

Easier to handle mechanical forces and 
and creep as compared to barrel. 
Optimal design for barrel may not be 
best for the endcap . 

• Minimize cracks 

We have proposed a low mass, diffuse 
mechanical support with the EMEC built 

as single piece. 

No <p cracks between modules 

No Il bulkheads 

In this design (non-projective) 
supports occupy less 

than 0.1 % of the fiducial area. 

G1155 
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BASIC 

STRUCTURE 

LEAD 

TILE 

SHEET METAL 

(,1161 

ii1163 

Monolithic Electromagnetic Endcap 

Mechanical Considerations 

• All Pb radiator plates have same hote . 
pattern (except boundary). 

• Design independent of Pb or scintillator 
thickness. 

• All support "curtains" have same design. 

- • 396 tile shapes 
(= 18 11 towers x 22 layers deep) 
Same as TOR. No new tile shapes. 
Design consistant with "megatiles", if 
desired. 

• Mechanical support hidden behind 
Barrel EM calorimeter 

• No cp cracks between modules. 
• No 11 bulkheads between towers. 

" 
l&.. 
0 a::: 
).. ~ 
~ Ql -to 

" ~ 
l..J 

~ '" V) ..J 
-=c h 

G1164 
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Replaceable Core 

• Only innermost 1 meter of EMEC has 
radiation dose greater than 1 Mrad in 
10 years of running at design 
luminosity. 

• No need to replace 80% of EMEC at 
outer diameter. 

• DeSign replaceable core so that outer 
80% of calorimeter is left largely 
undisturbed. 

li1l7! 

o 

o 

200 ~"TT'R"0T"d,"i0'"itio;:;.;n,;,.;D;ro;';S,:;le'r.:':,:;O.;.Y.;.;rs:.:.. • .;.;, 0:;,;;.;,;;.3::;::3:...,........, 

180 EM HAC1 

140 

:~~~~~--------l 
20 

0420 440 460 480 soc 520 540 550 580 600 520 
z (em) 
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OPTICAL SYSTEM G1175 

/CSN81 

~ .., 
0 ,.... 
0 ,.... 
-< BCF9lA ~ 

Clear SIlIca til 

T T ... 
/CSN81 ." u cu 

B 
cu c c .:= ,.... c c 0 c. .., 
u II) til 
III 

1 
~ c 
~ BCF91A III SilIca 

PMT /CSN81 

l 
51l1ca 

Constuctjon 

16 Towers 
EM1 7Xo 
EM2 15Xo 

32 PMT's 
R580-17 
ext. Green 

6.35 mm Pb 

4mmSCSN81 

Eibm: 
BCF91A 

Calorimeter Test Module 

(em) 

~ 11.000 --:.... 11.000 -"-- 11.000...!.- 1 1.000.1 
I I I I I 

1J1174 

f 
11.000 

-+~ 
11.000 

i 
11.000 

-t 
I (WLS) 11.000 I (O.4m) , I 

~ ____ ~ ______ ~ ____ ~ ____ ~I--L 

3M UMT -1.0 
I (silica) 
t (1.0m) 

BCF98 
(clear) 
(1.3m) '200' '0· '400· 

Gap between t11es 0'11cronS) 

R W. Kadel 
Dec 16. 1991 
REV APRIL 23. 1992 

CalorImeter Test Module 
(sIde vIew) 

• Towers projectIve In one dImensIon 

• AxIal spokes 

• Angle of towers representatIve of 1'1- 2.0 

ti1l76 

• 3mm dIameter hole for spokes (0.1" of area) 
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Summary 

Simple design which meets requirements 

• Low Mass, diffuse support 

• All supports non-projective 

• Replaceable core 2.0 ~ 11 ~ 3.0 

• No q, cracks between modules 

• No 11 bulkheads between towers 

Test Bt=am Module 

• Study support system 

• Splices between dissimilar fiber materials 

• Incorporates source calibration 

• Provision for "longitudinal" masking 

• Ready for test at BNL in June 1992. 
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SOC Calorimeter Rad-Hard Scintillator R&D 

SCINTILLATOR TILES 
Requirements Under Radiation 

• Maintain Adequate Light Yield 

• Maintain Adequate Uniformity 

• Maintain Mechanical Integrity 

The Direct Radiation-Induced Drop In the 

Scintillation Light Yield Is Small 

• <- 20% for a 50-MRad Dose (for most fluors) 
<:> 

• Major Effects are Due to Ught Attenuation in Base Plastic :;; 
o 
"" 

GW Foster 5/5/92 --------------------,-' .. ,,,. 

u .... OUlpui LlD-' Ou ...... 

lit ., II • ., 
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SOC Calorimeter Rad-Hard Scintillator R&D 

Radiation Hardness and the SOC 
Calorimeter 

The SDC Calorimeter is Specified to Survive 
"1 00 years" at Design Luminosity. 

• Realistically, 10 years at 1033, then 10 years at 1034• 

• Standard scintillators and fibers are adequate for the Barrel, 
which sees a lifetime dose of < 0.6 MRad. 

The Baseline Design allows for periodic replacement of the 
scintillator assemblies in' the Endcap EM, which see lifetime 
doses of up to 60 MRad. 
If Economically Justified, it would be Tremendously 
Convenient if Rad-h~rd Materials could be found ~I 

g I 
which avoid this Periodic Replacement. 
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SOC Calorimeter Rad-Hard Scintillator R&D 

PROPERTIES OF TILflFlBER CALORIMETRY 

Separated Function of Optical Components: 
I ~ , • ~ . i 
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• Waveshifting Fiber 

• Clear Readout Fiber 

Each Component Sees Different Stress from 
Radiation DamaQe at Different Regions of Eta . 

Separation of Function allows each component 
to be optimized to handle Radiation Damage. 
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SOC Calorimeter Rad-Hard Scintillator R&D 

Strategies to Prevent light Drop 

from Scintillator Tiles (cont'dl 

3.Keep The Plastic From Turning Brown 

• Understand the Chemical Pathways ... recent progress 

• Obstruct them, or React Away the Radiolysis Products 

4. Switch to a New Plastic Base Material 

• Many Aromatic Polymers commercially available. 
• Most of these will Scintillate. 
• Light Yield and Optical Quality are Negoti~ble for the small 

region of high radiation damage. 

GW Foster 5/5/92 

, 
t 
1 

SOC Calorimeter Rad-Hard Scintillator R&D 

LIGHT YIELD & PHOTOSTATISTICS 

SOC Baseline Design Maintains EI Resolution 

• -400 PE/GeV In Barrel... ............... Safety Factor -4 

• -4000 PE/Gev ETat Eta=3 ........... Safety Factor -40 

Photostatistics Will Not Limit EI Resolution 

In Region of Highest Radiation Damage 

• Optical Masking at PMT will ensure Uniformity in Depth 

• Rad-Damage Limit will come from Transverse Uniformity 

GW Foster 5/5/92 

SOC Calorimeter Rad-Hard Scintillator R&D ' 

Strategies to Prevent light Drop 

from Scintillator Tiles 

1.Reduce Optical Pathlengths 

• 1 Ocm in the Barrel 

• 1-2cm (if necessary) near Eta = 3 

2. Change Optical Wavelengths 
to Region of less Absorbtion 

• Green PlatejYellow Fiber 
• Requires Fast, Efficient. new Fluors & PMT 

,---------,--,-,--"".,_ .•.. _-'" 

------- -
I':' 
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SOC Calorimeter Rad-Hard Scintillator R&D 

Mirrored 

End 

I 

Silica 

Fiber 

WAVESHIFTING END OF SILICA FIBER 

Wavaehlftlng 

FIuorascenI 

PIasIk: Coating 

Protec:llve Buller 

... ___ -lOcm 
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SOC Calorimeter Rad-Hard Scintillator R&D 

FAST GREEN WAVESHIFTERS 

PULSEWIDTH OF EM CALORIMETER 

IS LIMITED BY FALL TIME OF WLS FLUOR 

• Back to Baseline in 3 Crossings (no shaping) 

• Back to Baseline in 2 Crossings (Clipline Shaping) 

• Tests indicate we can achieve 6-8ns FWHM with fast dye 

Evaluation & Test of Faster. Green Shifter Fluors 

• Candidates from NE Technology, Bicron, & laser dyes 

• Dye must have Established Track Record of Stability by '94 ;: 
/I) 
0-
Ut 
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SOC Calorimeter Rad-Hard Scintillator R&D 

WAVESHIFTER READOUT 
SHORT OPTICAL PATH 

• -30cm in Barrel EM 

• -1 Ocm (if necessary) in End Plug 

• High-quality Optical Fiber Not Required 

Does Not Have To Scintillate 

• Non-Aromatic Vinyl Polymers & Siloxanes OK 

• Does not have to carry Primary & Secondary Shifter Fluors 

• Fluorescent Coating on Silica Fiber Candidate at High Eta f.: 
/I) 
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SOC Calorimeter Rad-Hard Scintillator R&D 

RADIATION HARDNESS OF CLEAR 
READOUT FIBER 

Longest Optical Path 

• 2m in Barrel Tower. 30cm in radiation field 

• 3-5m in Endwall. 0.1 m-2.0m in radiation field 

Large Variation in Total Dose Along Fiber 

• 0.1 MAad-Meters worst case 100-yr dose in barrel 
• 27 MAacl-Meters integrated dose for readout fiber from Eta=3.0 

in "pizza-pie" geometry at EM shower-max 

Aging of Readout Fibers Can be Corrected at PMT C' 

N .... 
7. 

GW Fosler 5/5/92 
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RADIATION HARDNESS OF CLEAR 
READOUT FIBER (cont'd) 

PS cortJPMMA clad Fiber OK in Barrel 

• Useable to total doses of -1 MAad-meter 

• Useful for maj<?rity of channels in Endcap 

Silica Fiber Probably Necessary Near Eta=3 

• Useable to total doses of GigaAad 
• Total Cost for using Silica on Entire ECEM --$300k 

In between. maybe room for new candidates ... 

• e.g. polyisobutylmethacrylate (modified acrylic) cored fiber ~ ... 
--J 
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Physics Requirements for the 

Forward Calorimeter 

01224 

Physics Priorities at the SSC 

• Understanding Electroweak Symmetry Breaking 

• Testing the Standard Model 

• Are Quarks and Leptons Composite? 

• Exotic Particles and Phenomena 

Forward Calorimeter 

May Play Critical Role in Finding: 

Higgs Bosons 

Supersymmetry 

Expanded Gauge Sector 

Strongly Interacting WLWL 

Properties of Top Quark 

Extra Generations 

The Forward Calorimeter 

B .. rk j I/' 0 ... "" J 
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Detector Backgrounds to Gluino Production 

• Mismeasurement of multi-jet (QCD) events due to 
poor resolution, cra.ck.s, non-g&USaian tails. 

• Multi-TeV jet escaping the beam hole in multi-jet 
~ents. .. ............ .. 

.......... _ .- --..... '-" T~' ICC; C.V 
D 

Both C&Q yield £T(mu6ing) > 100 GeV. 

Both types of mismeasurement are quite rare. 

But rate for multi-jet QCD events is extremely high. 

• New techniques were developed that allow the gen_ 
eration of extremely rare mismeasurement events. 
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Higgs Boson and Jet Tagging 

Branching FractioDS for Heavy Higgs 

B(H - ZZ - FC-FC-) := 0.14% 

B(H - ZZ - FC-rITI) := 0.8% 

B(H - W+W- - FPC-v) := 3% 

B(H - w+W- - Fvjj):= 20% 

99 Fusion WW/ZZ Fusion 

't :t 

W'2~~-<;2 
~Z Z 
t' t' 

dominant for lower me forward jet tagging 

If H discovered by other means, then (in principle) can 
est&blish couplings to W/Z bosoDS and t quarks by mea.
suring WW/ZZ fusion with jet tagging and comparing 
with obaerv~ total 0". 

"="P I".fo .'" ~/Ill »;jj~ 115. oti'le.,. 
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Is Jet Size ~" - 0.5 in Forward Region? 

£.r(jet) = 100 GeV 

• Wben 9:= 20 (fJ = 4). PL = 3 TeV. 

If %1 = %2, ~9 := 30" again. 

• Instead choose boosted frame: 

(%1 = small, %2 ,.. large) 

Then in C.O.Ill. P = 100 GeV. 
Not suppressed. 

Produces jets with fixed ~'1 but not fixed ~8. 



v1242 

Geometry of Forward Calorimeter 

-r 
f1 9 Pr. 

1-scal_. 5x x-seal_ - - TeV 3 

3 5.7" 1.0 

4 2.10 2.1 

5 0.80 1.4 

Want to Measure E-r 

E-r = Esin9 == E9 

Error on E-r, ~, is ~ e ¥ where ~ == fl.f1. 

So fl.'7 = 0.2 corresponds to ~ == 20%, 

and J)j < 10% won't help ~. 

r fl.r 

em em 

120 12 

44 4.4 

16 1.6 
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Why choose a light gluino (300 GeV) 

as the test case ? 

2. It has the biggest possible background: 
ordinary QeD multi-jet events. 

• Signru-

~ 3 jets with ET > 10 GeV 

Eft .. ,,,!! > 100 GeV . 

• Detector Background-

~ 3 jets with one or more jets 
badly wismeasured. 
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Suppose that the forward calorimeter ISo"" from '1 - 3 to 6.1 and starts 
at 12 mcters from interactiOll point. . ' 

-t"~,,., ."'eII 
The folJowing are the I:lIAIHU. possible cell si_ foe whi~ini/sin, Er 
pbysics rem&illS possible. 

~leasurillg milling Er does not require fiDe sepelltlltion; h""1!Ver. oeg· 
mentatiOll is essential to find jets in order to make cuts that reduce back· 
&fOunds below signal. 
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SDC FORWARD CALORIMETRY 

Presented by Bill Frisktn. LBUYork U. 
SSCL. May 6/91 

OUTLINE: 

1. THE FCal ENVIRONMENT 

2. FCal PERFORMANCE REQUIREMENTS 

3. CHOICE OF SAMPLING TECHNOLOGY 

Frisken@SSCL. 5/4/92 

1. THE FCal ENVIRONMENT v125'7 

• Luminosity, event rate 

R=108 min bias events per second 

• 10 year radiation exposure for FCal components 

near shower max ---> GigaRad regime 

• Radioactivation of SDC and SSC components 

e.g. Run 30 days at 1033, cool down 1 day 

Surface dose near shower max at eta = S.O is 

80 mrem/hr 

- Integration (of FCal, and mechllogistical support): 

·FMuon system 

-SDC vacuum pipe (and auxiliary pumps) 

·IR Quads and collimator/shield (hottest spot in 
in town) 
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Z. FCal PERFORMANCE REQUIREMENTS 

• Some Physics drivers: 

+ Missing Et 

H ..... ZZ, where one Z---.. 2 neutrinos 

T' decays, SUSY partner decays 

plus 10 billion multljet QCD events per year, 

in which one jet might fake missing Et. 

(find all jets near the missing Et vector) 

+ Forward Jet Tagging (in massive Higgs by WW 
and ZZ fusion) 

• Trigger expectations of FCal 

.Smooth transition of lateral seg. from Endcap 

• Pulse shape: identification of bunch crossing. 

• Radiation Resistance. Design must provide: 

+ Survival of performance. Rad hard and/or 

recyc:ling sampling medium. 

+ Disposal strategy for recyc:led sampling medium. 

01262 
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FCal PERFORMANCE REQUIREMENTS (continued) 

• Rate/Speed/Pileup 

+ dN/deta = constant, but in FCal 

-lateral segmentation is coarser by factor of 4 to 16 

-even worse ilFCal is too close to I.R. ... 

+ Pile up noise: Signal collection should take as few 

bunch crossing times (16 nanoseconds) as possible. 

+ Bunch crossing i.d.: rise time, < S nanoseconds 

+ Rate dependence: keep changes of charge collection 

efficiency (gain) and/or time (pileup noise) due to 

space charge buildup in ionization detectors < 10% • 

... ~ = c .. c - ~ 

I 
I 
I , 
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FCaI PERFORMANCE REQUIREMENTS (continued) 

- Eta coverage: 

+ Jet axis in the range 3.0 < eta < 5.0 

+ Detector range 2.8 < eta < 6.0 

- Eta/phi segmentation 

+ Three segmentation drivers: 

-jet recognition: 

missing Et phi-cut strategy 

tag jets (heavy Higgs via WW/ZZ rusion). 

-tower occupancy: pileup noise 

-trigger--->smooth transition to E~al segments.,. 

+This means deta*dphi=0.2*0.2 at eta=3.0, 

relaxing to 0.4*0.4 at eta=5.0 

(dphi = 0.2 means 27t132) 

G1265 
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• Energy resolution 

+ High Et jets have very high energy. Missing Et 

measurement is insensitive to stochastic term 

+ Quadrature sum or contributions to constant term 

to be kept below 10%. 

This means good maintenance or tower to tower and 

segment to segment intercalibration in the race or the severe 

FCal radiation environment. 

• Hermeticity and containment (to avoid non gaussian tails). 

+ Depth: 12-14 lambda, with a HAC2 segment. 

+ The 10% limit on the constant term may require 

an electromagnetic compartment (but with 

badronic lateral segmentation). 

(,126.1 
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A VIEW FROM THE INTERACTION POINT 

A SMOOTH TRANSITION AT 100 MILLIRADIANS 

FROM ENDCAP TO FCAL 
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FCal Task Force set up by SDC Tech Board Nov. 90 . 

-Tasks 

+stimulate discussion and work 

+encourage proponents or various technologies 

+reduce options berore end or February 1992. 

- 1991: many meetings and 2 major workshops investigating 

+2 distinct geometries 

-baCkstop 

-inverse cone 

+3 different sampling technologies 

-warm liquid ionization 

-high pressure argon gas ionization 

-liquid scintillator 

• December 1991, requested SDC Technical Board to belp 
with the review process. 

- January 1992, Tech Board appoints ad hoc committee 
(Strovink, chair) rrom Task rorce and outside members. 

Charge; "Pick 1 geometry and at most 2 technOlogies: It 
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FCal review committee @ SSCL Jan 24·5, 1992 

1. Geometry choice: 

operformance seen as similar. Glitch in sim. response 

at eta=3.0 transition to backstop not compelling. 

oBackstop geometry chosen as likely to be 

easier to build, and easier to calibrate. 

2. Technology choice: 

o Sought to minimize total risk to SDC by choosing 

technologies with orthogonal risks from: 

+radiat.ion damage, and space charge effects 

+not yet proven principle 

+dlmculty and cost of implementation. 

o Chose to support continued RID In 

+high pressure gas ionization 

+Iiquid scintillator 
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NO SPAQ; CHAllClE PIlOBl.EM 
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NO IMPtllUTlES PROBLEM (ppb AT Th!P) 

NO GAS CHE.'dIS11l Y 
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II!. RADIATION DAM/f'f TE"STS 
\,1337 

\,1336 

CONCLUSIONS 

PARALLEL PLATE PROTOTYPE EM 
TEST 

(GAS MIXTURE: 115% Ar + 5% CH4) 

1. SIGNAL SATURATES FOR AN ELECTRIC FIELD E = O.lIkV /fT' .... 

2. SIGNAL VERSUS PRESSURE IS LINEAR IN THE TESTED 
RANGE 20--100 atm 

3. SIGNAL VERSUS ENERGY IS UNEAR IN THE TESTED 
RANGE 20--125 G.V 

4. ENERGY RESOLUTION AGREES WITH EGS4 MONTE 
C:ARLO PREDICTION 

S. MEASURED ELECTRON DRIFT VELOClTY _ 20 ftMC/mm 

6. FAST PREAMPUFlER OuTPUT SIGNAL: RISE TIME IS 
LESS THAN 15 M. BASE WIDTH IS ABOUT §O ns 

7. CHARGE COLLECTED IS 3.a ± 0.4 fC/G.V. OR as% OF 
THE EXPECTED CHARGE IF e/,. = 0.112 

PRuTOTYPE [/'~I PROVED TO 8£ VERY 
EASY TC OPERATE. 
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Conclusions From Radiation Damage Tests: 

• Pure Argon (Ar) gas and 99% Ar + 1% CH. gas 
mixture at 100 Atm were exposed to 16 Mrad 
(maybe as high as 50 Mrad) of toCo gammas, 

• No signiJlcant pulse height .(from alpha source) 
reduction observed, 

• No need to renew the gas for at least one year 
of sse operation at nominal luminosity. 

Next Radiation Damage Tests: 

Expose 95% Ar + 5% CH. and 90% Ar + 10% CH. 
to :::: 1000Mrad or "Co gammas and neutron.. with 
anode ; connected to high voltage. 
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TRIGGER 

for SDC CALORIMETER 

OUTLINE 

TRIGGER 

FRONT-END ELECTRONICS 

READOUT WITH ANALOG MEMORIES 

DIGITAL PMT READOUT 

SHOWER MAX READOUT 

SUMMARY 
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TRIGGER FOR SDCCALORIMETER 01358 

ROLE of the CALORIMETER 

The calorimeter provides the most effective way to 
accomplish fast. efficient reduction of event rate by 
selecting interesting high-pt events and identifying jets. 

electrons. photons. and missing energy. 

Tasks: 
Identify local energy deposition 

e.g.: EM showers. jets 
Calculate global energy-related quantities 

e.g.: missing Et• I:~ 

Electrons: 
Identify EM shower 
Longitudinal and transverse shower profiles 
Spatial and E/p match to charged track 
Isolation 

Photons: 
Like electrons. but without track 

Jets: 
Deposition of energy in a cone 

"N eutrinos"; 
Measurement of missing ~ vector 



TRIGGER FOR SOC CALORlMETER 

TRIGGER DATA 

Calorimeter at Levels I & 2: 
Define trigger towers: 

~'Tlx.:1q, = O.lxO.l 
sum energy in tower 
perform separate EM and HAD sums 
digitize every beam crossing 

12-bit range (8-bit non-linear response ok) 
output 16 bits per crossing on I Gbps fiber 

Shower Max at Levell: 
Define ~'Tlx.:1q, = O.2xO.1 regions: 

1 bit per region indicating hit above threshold 
output 16 regions per crossing on I Gbps fiber 

Shower Max at Level 2: 
Use individual shower max strips:~ 

either hit strip or pulse height information 

CALORIMETRY 

FRONT· END ELECTRONICS 

u1361 

TRIGGER FOR SOC CALORlMETER 

TRIGGER PROCESSORS 

Calorimeter at Levell: 
• Search trigger towers for EM showers. 
• Sum ~ in overlapping ~'Tlx.:1q, = 1.6x1.6 regions. 

• Continue to sum ~ and to calculate missing Et . 

• Also check isolation by searching cone for energy. 

Calorimeter at Level 2: 
• Use same data as at Level I to recompute ~ for: 

electrons, jets, missing ~, and isolation 

using clustering or fixed-cone algorithms. 
• Apply loose E/p cut to electron candidates. 

Shower Max at Levell: 
• Associate hit SMD region with trigger tower. 

Shower Max at Level 2: 
• Associate q,..position of shower in SMD with 

projected position from central tracker. 
• Loose shower profile cut possible for e's, y's. 

(,1362 
CALORIMETRY FRONT-END ELECIRONlCS 

GENERAL REQmREMENTS 

• Measure pulse heights with high dynamic range 

• Sample at bunch crossing frequency 

• Capability to read out multiple samples per event 
or to combine (wi weights) samples nearby in time 

• Analog signal processing simultaneous with output 
of digital data in "deadtimeless" operation 

• Uniform, cost-effective solution for: 
calorimeter towers 

barrel 
end caps 
forward 

shower maximum detectors 
despite differences in: 

photodetectors and ionization amplitudes 
dynamic range requirements 
trigger requirements 

• Central: -13,500 EM channels (-20,700 post-upgrade) 
-6300 HAC channels 
-3200 trigger lowers (each with EM & HAC) 

• Forward: - 1100 channels 
• SMD: -57,500 channels (-104,500 post-upgrade) 



CALORIMETRY FRONT-END ELECTRONICS 

DYNAMIC RANGE REQUIREMENTS 
for CENTRAL CALORIMETER 

• Minimum detectable signal: 20 MeV E t 

set for: 
• detection of 100 MeV transverse leakage of e+'s 
• detection of 250 Me V minimum ionizing deposit 

• Full-scale signal: 4 TeV Et 

set for: 
• extremely rare saturation 

for processes with> 100 events/SSe year 
(e.g.: dijets wi ~ > 20 TeV deposit ~ > 4 TeV 

in EM compartment in 3 events/year) 

=> Dynamic Range = 2 x UP (-18 bits) 

• Trigger dynamic range: 
4 x 103 (12 bits) 

nonlinear 8-bit digitization is sufficient. 

CALORIMETRY FRONT-END ELECTRONICS 

PHYSICAL LAYOUT 
for CENTRAL, FORWARD, & SMD 

n •• ,PMT 

PMT CIRCUITRY 

FRONT· END BOARD 
L 1112 Storage 

DiQluze. if necessary 
Form Tt1gger Primitives 

on surface 

• Signal processing mounted on PMT base or nearby. 
• Front-end boards in crates on calorimeter. 
• Trigger tower energy sums on front-end boards. 
• Trigger and readout data transmitted by fiber optics. 
• Partitionable into stand-alone systems. 

CALORIMETRY FRONT-END ELECTRONICS ,} i 3u. 
SIGNAL CHARACTERISTICS 

for CENTRAL CALORIMETER 

• > 250 photoelectrons per incident GeV 

• signal shape dependent on fiuors in scintillator and 
wavelength shifter (e.g.: signal from EM prototype) 
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• PMT requirements: 

20 40 
TIME (NSEC) 

match maximum linear pulsed current (- I nC) to 

maximum energy deposition (4 TeV - 1()6 p.e.'s) 

=> PMT gain - few x 103 
=> 6 to 7 stages 

CALORIMETRY FRONT-END ELECTRONICS lJ136h 

ARCIDTECTURAL APPROACHES 

In order to address the design challenge of readout with 
large dynamic range at high sampling frequency, we 
are currently pursuing two different architectural 
approaches. 

• Digital Photo tube Readout 

digitizes at beam crossing frequency 
with "floating-point" flash encoder 

• Readout with Analog Memories 

stores analog signal in a switched capacitor array 
(SCA) until digitzation after a Level 2 trigger 

The two approaches share many basic similarities. In 
particular. they both interface to the calorimeter and to 
the trigger and data acquisition systems in similar ways. 
Each approach offers its attractions and disadvantages. 
and both are now nearing demonstration that they can 
deliver the requisite dynamic range in a full system 
implementation. 



CALOR~ETERREADOUT 

with 

ANALOG MEMORIES 

0:i36!i 
CALORIMETER READOUT WITH ANALOG MEMORIES 

DYNAMIC RANGE 

Dynamic range can be limited by cell-to-cell variations. 

• Acheived results on pedestal variation: 
• On bench: 

0.6 mV RMS in 10 V differential swing 
=> single scale dynamic range = 14 bits 

• On VME-card wI simultaneous read/write operation 
1.1 mV RMS in 10 V differential swing 

=> single scale dynamic range = 13 bits 

Measured cell-to-cell capacitance variation: 
O.07%RMS 

• Measured cell-to-cell crosstalk « 1 % 

=> IS-bit dynamic range wI dual 13-bit scales 

=> Same pedestal and gain correction applies 
to all samples on each scale. 
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CALORIMETER READOUT WITH ANALOG MEMORIES 

ARCHITECTURE 

Provide 1S-bit dynamic range with two 13-bit scales .. 

., - UI'Il I IEIf!. Z 
Q.OCK '--

• PreamplifierlShaper 
located near PMT 
2 x loS dynamic range preamp (AT&T bipolar) 
delay-line shaping 
dual range output 

• SeA Card with dual ranges per channel 
level 1.2 analog storage 
digitization after trigger accept 
address control 
output to trigger and data acquisition 

ii13i'O 
CALORIMETER READOUT WITH ANALOG MEMORIES 

SCA Pedestal Variation 

Readout on VME CARD 

_ Single sbot vanation 

.. Differential inputs wI- 10 volt. effective .. input swing. 
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CALORIMETER READOUT WITH ANALOG MEMORIES 

Capacitor Variation 
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CALORIMETER READOUT WITII ANALOG MEMORIES 

STATUS 

1) SCA chip 
• 16 channels. 256 samples each. 
• maximum sample rate 90 MHz. 
• existing version meets perfonnance requirements. 
• next version for beam test in design. 

2) Dynamic range maintained in system tests 
• SCA tested on VME-card 

with simultaneous R/W. 
• SCA tested wI Wisconsin preamp and wI cable. 

3) ADC chip 
• 16-channel.12-bit O.2p.m CMOS). 
• 10 p.s simultaneous conversion of an channels. 

4) Address List Processor chip (ALP) 
• in test. 

5) YME card for prototype calorimeter tests in design. 
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CALORIMETER READOUT WITH ANALOG MEMORIES 

Crosstalk Measurements 

Swap Single Cell Order: 
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DIGITAL PMT READOUT OF CALORIMETER 

ARCIDTECTURE 

Provide 20-bit dynamic range with twelve 8-bit scales. 
Digitize at beam crossing rate. 
Provide nigger with full-resolution digitizations. 

,.------, To CIaIa .:quisition 

• PMTBase 
flash digitization 

Digital 
Readout 
Card 

ayatem backplane 

2 

"floating point" output (12 digital bits, 20-bit range) 
Cockcroft-Walton voltage multiplier HV 

• Digital Readout Card 
calibration lookup table 
level 1,2 digital storage 
output to trigger and data acquisition 

DIGITAL PMT READOUT OF CALORIMETER U 13 77 

STATUS 

1) Digitizer ASIC 
• prototype BiCMOS circuit 

w/ splitter. gated integrator, analog mux, 
oUIput buffer, and reset switches. 

• noise < 0.6 fc (6 MeV). 
• splitter accuracy < 0.7%. 
• linearity and temperature stability good. 
• future versions with complete set of integrators 

and range-select circuitry this summer. 

2) Digital Pipelined Storage ASIC 
• prototype (211m CMOS) of "serial-inlrandom-out" 

tested w/ write at 56 MHz and read at 46 MHz. 
• future versions in 1.2 J.Ull CMOS. 

3) Floating-Point Adder ASIC 
• prototype (1.2 I1ID CMOS) synchronous 

pipelined adder at 100 MHz. 
• future versions with 8: 1 adder tree. 

4) System Tests 
• measurements of crosstalk at analog input 

from digital signals of 60 MHz FADC. 
less than 112 count in 20-bit range 

• discrete circuits to study: 
generation &: response to 60 MHz digital signals. 
coherent noise in sums of PMT's. 

DIGITAL PMT READOUT OF CALORIMETER G l3 71> 

DYNAMIC RANGE 

Large dynamic range is restricted to 1st c:lement. 

• Gated Integrator Digitizer ASIC 
• Current Splitter 

splits PMT current into 12 binary ranges 
• Gated Integrator/Switch 

integrates current from each range 
onto storage capacitor (in set of four) 

• ComparatorlLatch &: Encoder 
select range of interest 

• Analog Multiplexer 
switches capacitor of interest to FADC 

Integrator, mux, and FADC are 8-bit dynamic range. 

READOUT for 

SHOWER MAX DETECTOR 

('1378 



READOUT FOR SHOWER MAX OETEcroR 

REQUIREMENTS 

• Large channel count 
47,104 SMD channels (94,208 after upgrade) 
10,368 Massless Gap channels 

• l2-bit dynamic range 

• Least count of I p.e. (112 mip) 

• Gain adjustment for photodetector gain variations 

• Data to level 1 & level 2 triggers 

READOUT FOR SHOWER MAX OETECfOR 

BLOCK DIAGRAM 

MChannel. 
Front end 

Analog'board 

(7111-

.... 

~
Front .. nctdlgltlZer 

board' 

uJ391 

... ... 

READOUT FOR SHOWER MAX OETECfOR 

ARcmTECTURE 

• Photodetectors 
Multichannel PMT's (MCPMT's) wI 64 channels 

adopted as "baseline" 
Additional R&D: 

Avalanche photodiodes (APO's) 
Hybrid APD-MCPMT's 
Visible Light Photon Counters (VLPC's) 

• Analog Signal Processors 
Charge-sensitive preamplifier 
Shaper 
Gain adjustment (to match photodetectors) 
Discriminator (with output to level I trigger) 

• Front-end Digitizer Board 
Analog signal storage (SeA) 
l2-bit ADC 
Details depend on how many bits per SMD 
channel are required for level 2 trigger, 

013511 

e.g.: I bit available from Analog Signal Processor 
12 bits requires full digitization. 

• Data Collection Board 
Dependent upon requirements of level 2 trigger. 

e.g.: 12 bits to L2 => buffer shared by L2 and DAQ. 
I bit to L2 => same board as calorimeter towers. 

01392 

SUMMARY 



ELECTRONICS FOR SOC CALORIMETRY 

SUMMARY 

Trigger: 
• Calorimeter plays a crucial role in the trigger. 

particularly at early trigger levels. 
• Its data can be delivered and processed simply. 

but bandwidth is large. 

Calorimeter Tower Readout: 
• Challenge arises from: 

Large dynamic range (2 x loS) 
Simultaneous writing and reading of data 
System and development costs. 

• Two promising approaches are being pursued: 
Readout with analog memories 

proof-of-principle nearly complete. 
Digital PMT readout· 

promising. potentially more robust. 

Shower Maximum Readout: 
• Large channel count system. 
• Bandwidth requirements less (4 x 103) 
• Challenges arise from: 

Photodetector development 
Potentially would like full resolution to L2. 

013S.1 



G1384 

PARALLEL SESSION D: 

MUON SYSTEM 





(,1350 

SDC Muon System 

Requirements and Design Summary 

(Design Choices) 

G. Feldman 
SSC PAC Meeting 
May 5,1992 

Design Choices 

u13SS 

The main purpose of this talk is to explain why we made 
the various design choices. This issues to be discussed are 

• Toroid thickness 

• Number of layers 

Cillayer placement 

• Chamber separation 

I will fust briefly review the components and functions of 
the muon system from yesterday's overview. 

Welcome to the 
Muon System Parallel Sessions 

Before we begin, I want to point out that quantitatively, if 
not qualitatively, the muon system is most of the SDC. 

It is 90% of the volume. 

• And 80% of the weight. 

• But only 20% of the cost. 
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Forward: 4.2 and 5.7 cm inner diameter, 24 layers. I 
I 

I 

v13~13 

" }\ 
~. -', 



!.J13~'i 

~ 

~ 

! .. 
~ 

~ 

lJ13Sti 

Functions of the Muon System 

• To trigger the detector on a muon over a threshold. 

Pro 

• To identify a charged track as a muon. 

• To improve the precision of the momentum 
measurement by the central tracker. 
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Trigger 

The basic first leve I trigger is generated by measuring the 
local bend in e of a muon candidate outside the toroid. 
This is done by measuring the time difference in simals 
from projective wires. -

Since a low momentum track can fake a high momentum 
track by passing on opposite sides of a wire, a coincidence 
of two measurements is required. 

With a 20 GeV/c Pr threshold, the fIrst level trigger rate is 
estimated at about 6 kHz, a number which is somewhat 
marginal. There is flexibility to erthance the fIrst level 
trigger if necessary: 

• Require a stiff e stub in BW I. (Reduces trigaers 
from large scatters in the calorimeter.) _0 

Require a stiff cp stub in BWI or BW3. (Reduces 
the cosmic ray trigger from -1kHz to a negligible 
level.) 

• Require isolation in the calorimeter. (Most triggers 
are from heavy quark decay.) 
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High transverse 
momentum track 

Muon Identification 

01400 

The key question for the muon system is whether a track 
found by the inner tracker is a muon. 

A match must be made in e. «1>. and momentum. Studies 
of high-PI b jets show that both the e and «I> matches are 
required to avoid confusion at the 20 to 30% level. 

The match in momentum is necessary to distinguish true 
muons from the decay products of hadronic showers. This 
is done by the toroidal measurement. 
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The second level trigger must refine the Pc measurement to 
sharpen the threshold. In the central region the primary 
method is to match a track from the inner tracker to a cb 
measurement in BWI or BW3 (or IW3). . 

In the forward region. the primary method is a line-line 
measurement in e with FWl-FW2 and FW4-FW5. 

ti140i 



a.' 

0 .• 

0.2 .... ..... . '~ .. 

20 

'C ./ 
t. 

27/C:/92 :5.21 

Toroid Thic~r.ess = 1.5 m 
--+oroid··lniCkl"..es5··=· +A}rn .. 

60 eo 10C I ZO 140 

Transverse MOr":'"'e'"1tu.", (Ge'l/c) 

Number of Layers: 

We have designed the system with the absolute minimum 
number of layers for a robust system. 

It must be remembered that 20 to 30'70 of the time, high 
energy muons exiting material are accompanied by 
electromagnetic debris. This debris tends to be at wide 
angles to the muon, and should not be a major problem for 
chambers with good two-track separation. However, some 
of the time, a measurement will be corrupted by the wrong 
particle creating the signal. Thus, our design does not 
depend on a single superlayer for a critical measurement. 

Each superlayer contains 4 layers: 2 pairs of half-cell 
offset projective wires. The projective wires are needed 
for the level I and 2 triggers and the half-cell offset is 
needed for efficiency. 
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Momentum Measurement 

The primary momenrum detennination comes from the 
solenoidal measurement with the inner tracker. However, 
since the effect of the solenoidal field extends out until it is 
returned in the calorimeter, at very high-pc, the momenrum 
measurement in the central region is improved by IP 
measurements in the muon system. 

The forward toroids contribute to the overall momenrurn 
resolution at high ll, and become the primary momenrurn 
measurement for Pc> 300 GeV/c and Ill' > 2.2. 

ll=O 0.11 

II = 2.5 0.18 

1,,140.\ 

Toroid Thickness: 

Central Toroid: 

The thickness of the central toroid is 1.5 m. We 
considered 1.0 m for some time and rejected it as too 
risky. 

Having a thinner toroid would clearly reduce the resolution 
of the toroidal momentum measurement. However, the 
more important issue was the first level trigger rate. The 
rate is dominated by low-pc muons which scatter to appear 
to be higher-pc muons. Lowering the thickness from 1.5 m 
to 1.0 m would change the bend to scatter ratio from 3.9 to 
2.8, sharply increasing an already marginal rate (-6 kHz). 

Further, we would become quite sensitive to any increase 
in the longirudinal bunch length. 

The forward toroids have a total thickness of 3 m. The 
issue here is momenrum resolution. For Pc> 300 GeV/c 
and !rt' > 2.2, most of the momentum resolution comes 
from the toroidal measurement. Having 3 m of iron allows 
a multiple scattering limited resolution of II %, only about 
a factor of two worse than in the central region. 
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Contributions to the time difference of the first level 
trigger: 

II e Bend Scattering IP Chamber 
(de!!:) Res. 

0.0 90 81O/p. 210/" 5.9 1.8 
1.0 45 81O/p, 160/p, 2.5 1.2 
2.0 15 450/p, 70/". 0.9 1.7 

"Bend" varies as the thickness, 
"Scattering" varies as the square root of the thickness. and 
"IP" and "Chamber Res." are independent of the thkkness. 



Central Region m Layers: 

There are two superlayers, one before the toroid and one 
after. These layers are critical for the second level trigger, 
track matching to the inner tracker, and high-precision 
momentum measurements of high-Pr muons. 

The superlayer before the toroid has less error from 
multiple scanering; the superlayer after the toroid has a 
less hostile environment. 

Central Region Stereo Layers: 

Two single layers are a clear minimum. 

4> Chamber Placement: 

One of the cp superlayers is placed before the toroid. This 
is strongly preferred for track-matching, because of the 
lower multiple scanering error. 

BW2-BW3 and FW4-FW5 Separation: 

These values were set near knees in the respective 
resolution curves. 
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Forward RelZion Chambers: 

The same arguments generally apply. There are two main . 
differences: 

o 
N o 

(a) There is a better and more independent 
momentum measurement. There is one 
additional e superlayer, FWl, to provide a line
line measurement. 

(b) Small angle stereo is used instead of cpo 
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(cp measurements are difficult in the forw ard 
direction and link moderate and high 11.) 
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Tubes are positioned to measure e, cp, and stereo in the 
central regions, and to measure e and two stereo directions 
in the forward regions: 

Central Chambers 

Label Coor- Number Channels 
dinate of Lavers 

BWI e 4 10674 
dl 4 

BW2 e 4 9136 
IW2 
BW3 e 4 37814 
IW3 $ 4 

s 2 
Total 22 57624 

Central Region e Lavers: 

There are two superlayers after the toroid and one before. 
The two after the toroid are used for the first level trigger. 
Both are needed for high efficiency since a coincidence of 
two pairs of projective wires are needed to suppress low-PI 
fakes. 

The superlayer before the toroid is used for the toroidal 
momentum measurement. may be used in an augmented 
first or second level trigger, and is useful for track
matching. It has no redundancy, but its functions are not 
as critical as others. For example, the input vector for the 
toroidal momentum measurement can be taken from the 
inner tracker, with a larger error due to multiple scattering 
in the calorimeter. 

Forward Chambets 

Label Coor- Number Channels 
dinate of Lavers 

FWI e 4 I 4390 
FW2 e 2 11904 

sl 2 
e 2 

s~ 2 

FW4 e 4 4310 
FW5 e 2 11636 

sl 2 
e 2 

s~ 2 

Total 24 32240 

In addition, room is being left between the two forward 
toroids for an additional 4 layers of e tubes. This upgrade, 
which is not part of the baseline design, would allow a 
determination of whether there had be.:n a large-angle 
muon scaller in one of the toroids, and allow for a correct 
point-line measurement in the other. 

Assumed possible ..... / ...... :/ 
high momentum tracks ~--L_./ 

.... / "'~/ 

Actual low 
momentum 
track 
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Muon Toroid Magnet 
PAC Review 

Jim Bensinger 
May 5,1992 

Magnet Specifications 

I) 1.8 Tesla field measured at <l> = 0" and 9 = 90°. 

Outer Face 

f 1fxaT = [1.8TJx[1.5mJ 
Inner Face 

2) Dimensions. 

Parameter 
SI 

Value 
13,500 
16,500 

l!ni! 
mm 
mm 
mm 
mm 

Kgm 

\.1142:3 

SO 
T 
L 

M 
W 

1,500 
28,032 

16,406,674 
18,134 Ton (short) 

3) Magnet envelope. 

Centered on the nominal IP 
Axis is along the nominal beam line 
Inner IP-to-flat (S1I2) - 15 mm 
Outer IP-to-flat (SO/2) + 15 mm 
Length IP-to-end (U2) + 15 mm 

4) The axis of the toroid will be along the beam line. 

5) Any ray from the Interaction Point through the steel must 
experience 98% of the nominal steel dimension along that path. 
No gap may be greater than 3 mm. 

6) Any laminates of the steel must be parallel to the flux lines. 

PAC ReVieW I ,. Parallel SeIlIOfl JRB May 6, 1992 

History 

·3 Designs 
Thin Plate Design 
Large Plate Design 

./ Large Block Design 

• Reviews 
SSC Laboratory - Martin Marietta Astronautics 
Collaboration - Review Panel 

• Contacts with Russian Steel Mills 
2 Trip to Izhora Steel Mill 
Two Trips by Izhora Engineers to the SSC 

• Conceptual Designs 
Barrel Toroid 
Support Structure 
Safety Analysis - CSAR 

PAC ReVieW I JJ Parallel Semoo 
JRB May 6, 1992 

Magnet Specifications (cont.) 

7) Toroid motion: The toroid should be within 3 mm of its 
nominal position everywhere. Adjustments on the base of the 
toroid will accommodate floor motion or removal and 
reinstallation of the intermediate toroids and the central 
calorimeter. Periodic adjustment of the base structure of the 
toroid to bring it within 3 mm of nominal will be made. 

8) Movement of the magnet when the field is turned on will be 
less that 1.5 mm for any point on the magnet. 

9) Pre-assembly of every vertical section will be done at the 
manufacturing site. Bolting, not welding, will be the preferred 
assembly method in the hall for major pieces of the toroid. 

10) The field will be calculated by measuring the permeability of 
individual pieces as manufactured and then the final field will be 
calculated from this data. Verification will be done by having 
nonmagnetic plates with probe holes in the toroid, transverse to 
the field lines. 

II) It is not intended that the muon toroid will have to be 
disassembled in the hall and no specific provisions will be made 
for that eventuali ty. 

12) The toroid will behave as a single mechanical unit under the 
influence of floor motion or other perturbations. There will be no 
discontinuous motion of separate parts of the toroid. 

PAC RevIeW I ,. Parallel Sesaton JRB May 6, 1992 
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REMOVABLE DRJOGE 
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FIG. 7-58 Forward toroId assembly. 
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soc DETECTOR - FORWffiO TOROID CONSTRUCTION 

FIGURE 2 

SOC DETECTOR - fORWMD TOROID CONSTRUCTION 

FIGURE 3 

.. ") 

c.-..... 

SOC Detector Muon Toroid Support Platform (TOR Geometry) 

Muon Barrel Toroid 
Load Cases Under Study 

1. MBT gravity Load 
2. Calorimeter Load (before and after adjustment) 
3. Forward System Load (before and after adjustment) 
4. 6% Load at C.G. in X and Z 
5. 800 tonne Load in Z for Calorimeter Installation 
6. Magnetic Field 
7. Failure of a Hydraulic Circuit 
8. Tolerance in XV Plane 
9. Tolerance in VZ Plane 
10. Dynamic During Assembly 
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SOC OETECfOA - FORWARD TOROID CONSfAUCf JON 

HYDRAUUC JACKS: 

rx:NJ'iW'f 

Templelen, Kenly aCe. 

REXROTH/Womack Machine Supply 

MECHANICAL JACKS; 

CCl\APANV 

AIR· lOC ProdUCls (Wedge Jacl<s) 

JoyceJNlcholson (Wedge Jacks) 

UNrSORB Mach.lnsl.$. (Wedge Jacks) 

FIGURE ~ 

MUON MAGNET JACKING 
Estlmaled COila 

REP. CAPACITY STROKE 
tn. tonnes) ~n.) 

Norm Marllnson 700 6 

Parveen Gupta 700 6 
Glen Chambers 

REP. CAPACITY STROKE 
m. lonnes) (in.) 

Benny J. Sgaggero < 500 <2 

James A. Whilehouse tODD 2 

WaVuo H. Whillaker 900 I 

HYDR. PRESS. PRICE 
(psi) $ / jock 

5,000.00 25,000.00 

5,000.00 40,000.00 
(Preliminary, 
Ie be re·evalJ 

PCIo\m PRICE 
SCI.R:E $ /jack 

Electrlc/Hydr. NO BID 

Hydraulic 59.728+Contr. 

Hydraul\e 60,OOO .. Co"" . 

Vadim Kopyloll. PliO 
4/30/92 



Bolt Tensioning Techniques 

Supemolt 
Advantages 

Easy to install 
Disadvantages 

expensive 

Supernut 
Advantages 

Easy to install 
Uses stud instead of bolt 

Disadvantages . 
expensive (may be less expenslve than Subperbolt) 

Hydraulic Wrench 
Advantages 

No need for spedal nuts or bolts 
Disadvantages 

Probably too heavy for one person to handle 

Torque Multiplier 
Advantages 

No need for spedal nuts or bolts 
Disadvantages 

Probably too heavy for One person to handle 
Need power source 

Stud Tensioner 
Advantages 

More direct reading of stud tension 
Can use more than One at a time 
Less work wasted on friction 

Disadvantages 

.. 

Loss of tension when tensioner removed unknown 

.. ' 
" ~ , ," ' 

" 

MBT TES T MODEL RING ASSEMBLY AND SUPPORT 

Interfaces 
• support I Aoor 

• Magnet I Chamber 

• Coils 

• Muon Utilities 

• Calorimeter Tracks 

• Forward Toroid Tracks 

• Bridge 

• Alignment System 

• Cryo Stack 

• Internal Utility Support Lattice 

• Personnel Access 

• Ventilation 

• Cable way 

• Safety Systems 

• Scaffold (for Toroid Erection) 

PACR.ev.e ..... I" Paral1e1 SeIlIOfl JRB May 6. 1992 
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1.0 Purpose of Test Model 

CWT 

The purpose of the test model for the mUOn barrel toroid 
is to discover any problem associated with the design. 
fabrication. and assembly of the scale model. Through the 
fabrication. assembly and testing of the scale model. we 
may have enough test date to verifY the FE analysis 
results of the model and better understand the full toroid 

. through the behavior of the scale model. The experience 
from the scale model should bring about some design 
Improvements and the awareness of the potential 
problems on fabrication and assembly fOr the full toroid 
that require workable solutions prior to completing the 
the final design. 

In addition. a magnetic test on the scale model will be 
performed to measure the magnetic flux distribution In 
the magnet steel. The magnetic properties of the steel 
may be better understood from the test results and the 
computer model for the magnetic field analysis may be 
verified. 

The antiCipated questions for the scale model as well as 
the full toroid are summarized below. 

I. The out-of·plane bending during the installation of 
the vertical ring may impose additional load to the 
toroid. If the vertical ring needs to be adjusted to 
eliminate this out-of-plane deflection. can the 
comer joint be strong enough to withstand the 
bending? What will the upper limit of this bending 
for the current deSign to withstand? 

2. The fabrication of the long and short plates may 
not be as flat as we like them to be. If these thin 
plates are bolted together to form long and short 
blocks. can the middle plates be flattened during 
the assembly of blocks? Is there an optimal 
thickness for fabricating the plate in terms of 
flatness? 

4{30/92 

G14~l 

Case 1 - vertIcal LoadIng for 
x-v Plane DeflectIon 

Case 2 - Longitudinal Loading for 
y-z Plane DeflectIon 

Case 3 - LongItUdInal LoadIng for 
Y-Z Plane DeflectIon 

Case 4 - VertIcal LoadIng for 
Corner Mlsa 11gnment 

CWT "'/24/92 

3. 

4. 

5. 

6. 

CWT 

014:i1l 

Can the straight pins. taper pins or square keys 
on the long and short blocks be tnstalled as 
designed without much technical difficulties? Is 
there an optimal method to fi t the ptns and keys to 
the blocks? . 

Under different fallure modes. which will be the 
limiting on the structural Integrity for the blocks? 
for the ring? for the bolts? What Is the maximum 
deflection for the ring In all directions? 

What effect will the Impact load between blocks 
have on the bolts dUring assembly of the ring? 

What effect do different matertaJs have on the 
magnetic field distribution In the toroid? How 
much impact can be predicted on the magnetic flux 
distribution In the toroid due to bolts. ptns. 
notches or air gaps. 

4/30/92 

v1452 

Case 5 - Vert1calloao1ng for 
!..3mmated Plate StIffness 

Case 6 - HorIzontal Loading for 
Corner MIsalIgnment 

Hall PrObe 
r-I--+-+----

Case 7 - MagnetIc Test for X-V 
Magnetic Flux DIstributIon 

Ha 11 Probe 

Case 8 - MagnetiC Test for v-Z 
MagnetIc Flux Dlstnbutlon 

(WT 4/24192 
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6.2 Schedule & Milestones 

• 
• 

• 
• 
• 
• 
• 
• 

cwr 

A87 om 195E1. STRES 
2VApr/S2 [3:53:31 

Y [MMl 

Seoping Document approved 

Material Procurement Star! 

One long Block Complete 

One Short Block Complete 

Ring Support Complete 

All Blocks Complete 

Assembly Frame Complete 

Ring Assembly Complete 

Model Test Complete 

23 

Page 9: CONT CQMP=8MOO WE=90 

ELE~::L!NE STI'Y'I=XY SOLN=AT SCALE=1.0 FIEL:MAGN 
SLo.t.1C SoluLlon Mesh 1056 Eleftlf'nts 11 Regions 

Total current - 28392 A 
Steel - A-87 (Russia) 

u1454 

5/11/92 

5/11/92 

5/26/92 

6/1/92 

6/15/92 

6/22/92 

6/29/92 

7/13/92 

8/10/92 

4/29/92 

TVG 

VF/PE2D,8 



~ ... 
:;~ 
:!.~ 
,n 

" ~~ 
~~ 

~ 
m 
w 
~ 
~ ,. 

t;~ 
~~ 
~~ 
C"'" 
~~ 
~il 
3'" 
~o 

~~ 
-'" on 
"'> 
~~ 

f~ :; 
.2: 

~ 

<: 
T1 
"
-U 
m 
N 
CJ 

CD 

Yt.II..S 

3.1.1 

3.1.2 

~ 

I" 

Muon System Major Milestones 

MILESIQHE DESCBleIIQH 

Magnet Barrel Toroid System 

MBT System Procurement Contract Award 
MBT Final Design Review{FOR) 
MBT Support System Procurement Contract Award 
Complete MBT Coils Protolype 
Start MBT Coils Fabrication 
Complete MBT Iron Ring Test 
Start MBT Iron Shipment to SSCL 
Complete MBT Support System Fabrication 
Complete MBT Iron Fabrication 
MBT Support System Available T.O.H. 
Complete MBT Coil Fabrication 
Initial Coils Available T.O.H. 
Final MBT Available T.O.H. 
Final Coils Available T.O.H. 

Forward Toroid System 

Forward· Toroid System's POR 
Start Forward Toroid ProcuremenVFabricalion 
Forward Toroid System FOR 
Start Forward Toroid Coils Shipment To SSCl 
Complete Forward Toroid Coils Pre'assemblylTest 
Forward Toroid System Available T.O.H. 

ID() 

QAIE 

Oct·92 
Oec·92 
Jan·93 
Oct·93 
Nov·93 
Oec·93 
Jul·94 
Jun·9S 
Oct-9S 
Oct·9S 
Oec-9S 
Jan-96 
Apr-96. 
Aug-96 

Mar·93· 
Jun·93 
Sep·93 
May·9S 
Jun-96 
Oec·96 c-,... 
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SDC CENTRAL MUON SYSTEM 

PAC PRESENT A TION 

H. LUBATTI 

MAY S. 1992 

PAC PRESENTATION 
MAY5.1992 
HiL 

0146) 

CENTRAL MUON SYSTEM 

• TRACKING BEFORE AND AFTER 
CENTRAL TOROID 

• THET A MEASURES MOMENTUM 

• PHI CONNECTS TO CENTRAL TRAC[ER 

• TRACKING ELEMENTS 

• ROUND Al DRIFT CELLS WITH 
FIELD SHAPING 

• ASSEMBLED INTO MODULES WHICH 
ATTACH TO BARREL TOROID. 

ORGANIZATION 

• GEOMETRY 

PAC PRESENTATION 
MAY5.1992 
HiL 

01463 

• MODULE CONSTRUCTION 

• DRIFT CELL DESIGN 

• PROTOTYPE 

PAC PRESENTATION 
MAY 5.1992 
HiL 
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GEOMETRY 

• OVERALL MODULE LAYOUT 

• TUBE LAYOUT WITHIN MODULE 

• PROJECTIVE GEOMETRY 

• SPARSE TUBE LAYOUT 

• MUON TRACK COVERAGE 

~ 
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.c.~ In 
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PAC PRESENTATION 
MAY 5.1992 
HJL 
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Cross Section or ~odvles 
ShOw I ng 0 I mens Ions 
94 mm tubes. 3-5-5 sp lit 

01463 
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~ __________ ~ I 

. I I 1-----4747 ------to 
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TDR Layer Configuration and Channel Count 

Modules Layer Channels 

BWI 49,~ 10674 
BW2 49 7536 
BW3 49,4<1>,2s 26166 

IW2 48 1600 
IW3 48,~, 2s 11648 

Total 5i624 

The order of e, • and stereo layers can be changed 

The optimal ordering of the e, • and stereo layers is under study 

The design can easily accomodate any ordering 



BW I - PrO.Ject I ve Tracks 
at Module .Junction. 
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Theta and Stereo Tube Coverage 
for Barrel Muon System 

01481 

---------------------------------------

a - Direction 

BWI 
BW2 
BW3 

Stereo 

o to 61.88° with gap of 0.78° 
o to 59.20° with gap of 0.23° 
o to 55.96° with gap of 1.08° 

o to 53.97° with gaps of 1.46° 

$ - Direction 

BWI 
BW2 
BW3 

Stereo 

333.37° 
341.85° 
342.85° 

345.52° 

Solid Angle Coverage 

BWI 
BW2 
BW3 

Stereo 

91.4% 
94.5% 
93.4% 

93.4% 

98.7% 
99.6% 
98.1% 

97.3% 

92.6% 
94.9% 
95.2% 

96.0% 

01483 

Phi Tube Coverage 
for Barrel Muon System 

a - Direction 

BWI 
BW3 

o to 6 Ll6° with gap of 1.67° 
o to 54.52° with gap of 1.80° 

$ - Direction 

BWI 
BW3 

336.53° 
346.28° 

Solid Angle Coverage 

BWI 
BW3 

91.0% 
93.0% 

97.3% 
96.7% 

93.5% 
96.2% 
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MODULE CONSTRUCTION 

• USES DRIFT TUBES AS STRUCTURAL ELEMENTS 

• INTERLEAVED PLATES TO TRANSMIT 
SHEAR 

• STRONG. STIFF PERIPHERAL STRUCTURE 

• WIRE ENDS LOCATED BY PRECISION END PLATES 

• BW2IBW3 MODULES ASSEMBLED AS 1 UNIT 

• THREE POINT KINEMATIC SUPPORT 

PAC PRESENTATION 
MAY 5.1992 
HJL 

TOP RA IL 
TUSE END PLA TE 

\..-----""'-SPACER 
PLATE 

ORin CELL 
BOTTOM RA t L 

OUTER PLATE 

014no 

SloOinQ Outer 
PICT. 

Verl'lCcl eNC 
~illed End Plate 

Vertical Outer 
PlaTe 

\ 

lower vertlcol 
End Roll 

01499 

01491 
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(,1494 
01495 

I nst all i ng boss end 
I nst all i ng f I at end 
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Ci1498 

-TOP IIlAIL 

OUTER PLATE 

SPACER PLATE 

'\\ ~OAln CELL 

\-OOTTC:M RAIL 

Ci149', 

Ci1499 

OUTER PLATES 

Outer plates form a box-like peripheral structure 

Enclose gas and electrical connections 

Provide strong structure for mounting points 

Tie BW2 and BW3 modules together 

BW2IBW3 assembly also on three-point, true 
kinematic supports 



Outer plate 
Connecting 
BW2 and BW3. 
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BW3 module 

BW2 module 
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MODULE WEIGHTS 

BWI (middle module) 9290 kg. 

BW2/3 (middle assembly ) 30600 kg. 

61506 

< 
,~ 

~~ i 
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~ 
~ 

~i 

Barrel Muon Module Deflections 
Gravity Loading 

All data is for 3-point. kinematic support of modules 

Longest modules have greatest deflection 

Top octant ( Octant 1 ) has greatest deflection 

BWI Comer support locations 0.75 mm 

BWI Optimum support locations 0.64 mm 

B W2/3 Comer support locations 0.98 mm 

o Supports at Comers 

Optimum Support 
Locations 

61505 

Comer supports work best for BW2/3 because of the very rigid 
peripheral structure 

61507 
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SUMMARY 

roBES ASSEMBI..CD lNTO LARGE MODULES CONTAlNlNG e, It> AND 
STEREO LAYERS 

WIRE END POsmONlNG EST ABUSHED BY FOUR LARGE, CNC MIllED 
ENDPLA'IES. 

FlELD SHAPING ELECTRODES ORIENTATION AlSO ESTABUSHED BY 
TIlESE PLA'IES. 

SlRUCTURE OF BOX TlED TOGEIHER BY TOP AND BOITOM PLATES. 

ALL MA7ERIAL ALUMINUM. 

AU. aE.\1ENrS EPOXY BONDEDTO FORM A SINGLE, MONOLITHIC 
S1RUCl1JRE. 

ALL ELEMENTs,INa.UOINGroBES, CONTRIBUTE TO RIGIDITY M"D 
S7RENGTIi 

THREE-POINT. TRUE KINEMATIC SUPPORT. 

DRIFT TUBE 

Round 90 nun AI tube 

Field shopin, electrode 

• FUNCTION OF DRIFT TUBE 

COORDINATE MEASUREMENTS 

250 micron RESOLUTION 

5 mm TWO TR.~CJ:: SEPARATION 

I BOTH REQUIRE FIELD SHAPING 

• FIELD SHAPING 

FIELD IS SUM OF ANODE MONOPOLE 
FIELD AND FIELD SHAPING ELECTRODES 
QUADRUPOLE FIELD 

01510 

PAC PRESENTATION 
MAY 5.1992 
HJL 

01509 

TUBE 

Each tube is an independent. fully functional drift cell 

Round Aluminum Tube 

Field Shaping 

Identical Except for Length 

Orientation and Wire Placement Fixed by End Caps 

No Wire Supports 

Tube plus End Cap Forms Complete Electrostatic and 
Environmental Shield with Electronic Components 
Inside 

Saturated. Non-Flammable Gas 

Simple Field-Shaping Electrode 

01511 

DRIFT CELL PARAMETERS 

Inside radius 45mm 
Wall thickness 1.8 mm 
Wire material Gold plated tungsten 
Anode wire diameter 75 or 90 !Lm 
Wire tension 700 or 1,000 g 

Electrode width 32 mm 
Electrode separation 64mm 
Gas mixture Ar-C02 90:10 
Voltage at anode 6.3 or 6.7 kV 
Voltage at electrodes 6.3 or 6.7 kV 
Gas gain ~105 

Position resolution 250 !Lm 
Double track separation 5mm 
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WIRE DRIFT LINE PLO? "",eO" 2:."''- 'C. ",s",. 
* 1 0 ?a=:.:.cle ::~= .:;lec::=on 

Gas ID =A?90C010 75UM 6.3,6 3K'J:.e::a 7= 0.10CO [M':"c:-o sec] 
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Fields in 90 mm drift tube 
A.node wire diameter : 90 microns 

Field shaping electrodes 
width :32mm 
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spacing: 64 mm 
Operating region 
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No onode wire 
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FIELD SHAPING ELECTRODES 

• Norylj Al co-extrusions 

• Have snap-on design 

Prototype had slide-on electrodes. 
Snap-on will save assembly time . 

2 

3 

G1527 
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END CAP DESIGN 

GENERAL C01'O"CEPT; 

'WIRE POsmo1'O" COr-.TROLED BY PRECISION 
C~C MACHINL"iG OF END CAPS AND 
PRECISION i\L.\CHli .... ED FEEDTHROCGH 

PLACEMENT OF ALL ELECTRICAL 
COl\<IPONENTS IN A REMOVABLE PLUG 

Il'<SURE LONG TERM lflGH VOLTAGE 
STABILITY BY POTTING ELECTRONICS AND 
USING ROBUST HIGH VOLTAGE C01'<1'o"ECTIONS 

METALLIC SHELL SURROm."DS ALL 
ELECTRICAL COMPOl'oThTS TO INCREASE 
ELECTRICAL SHIELDING. ALL METALLIC 
PARTS ARE GROUNDED TO EACH OTHER 
USING SOLID MECHANICAL FASTENL"IG 
TECHNIQUES 

Al;TOi\L.\TE ASSEMBLY PROCESS WHEREVER 
POSSIBLE TO REDUCE COSTS 

&1534 
MECHANICAL FEATURES 

WIRE posmON CONTROLED BY PRECISION 
CNC MACHINING OF END CAPS AND 
PRECISION MACHINED FEEDTHROUGH 

ELECTRICAL CONTACTS AND GAS FITTING 
ARE THERMALLY INSERTED INTO NORYL 

ELECTRICAL PLUG IS BOLTED TO ENDCAP 

-.J 
-.J 
c..J 

en 
CL 
< 
U 

0 
Z 
LI 

I-
< 
-.J 

"" '. 
"., 

" '. , , 

0 
W 
0 
-.J 
0 
2: 

mGH VOLTAGE CONNECTIONS 

SPRINGS ARE BOLTED TO THERMALLY 
INSERTED HIGH VOLTAGE PINS 

HIGH VOLTAGE CONTACT SPRINGS ARE NOT 
EXPOSED TO INSIDE OF DRIFT CELL 

ALL HIGH VOLTAGE CONNECTIONS ARE 
SURROUNDED BY GOOD DIELECfRlC 

NORYL; VOLUME RESISTIVITY 1015 OHM eM 
DIELECTRIC STRENGTH 630 V!MIL 

ELECTRICAL PLUG IS POTTED FOR LONG TERM 
HIGH VOLTAGE STABILITY 

EMI SmELDING 

ALL ELECTRONICS ARE ENCLOSED IN 
ALUMINUM ENCLOSURES WITH ROBUST 
GROUND CONNECTIONS AND OVERLAPING 
METAL JOINTS 

CENTER TAP OF OUTPUT TRANSFORMER IS 
GROUNDED TO TUBE. TlfiS SHOULD BLOCK 
THE COMMON MODE SIGNAL COMING IN ON 
THE OUTPUT TWISTED PAIR. (THESE COMMON 
MODE SIGNALS CAN COUPLE TO THE 
PRIMARY OF THE OUTPUT TRANSFORMER 
AND RETURN AS DIFFERENTIAL SIGNALS.) 
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END CAP PRODUCTION 

DESIGN INCORPORATES LOW COST MASS 
PRODUCTION TECHNIQUES SUCH AS 
INJECTION MOLDING, METAL FORMING AND 
EXTRUDING 

WE ARE CURRENTLy WORKING WITH UTA'S 
AUTOMATION AND ROBOTICS RESEARCH 
INSTITUTE TO AUTOMATE THE ASSEMBLY OF 
THE END CAPS 
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PROTOTYPE MODULE 

NINE METER MODULE WITH FOUR 
LAYERS OF 9-TUBES FABRICATED 
IN SDC MUON LAB 

• Drift cell 75 mm 

• Anode wire 50 JJ.ID 

TAKING COSMIC RAY DATA 

COME AND SEE IT I!! 

SDC Muon Chamber Prototype &1539 
Cosmic Ray Test 

I 
Trilzger S;intillator 

If all tube are same resolution 

""" -{3".. b '-" measure- '2 'V tu e 

~ mean range = 300 MeV/c 

Tngger S~intillator 
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Cosmic Roy Test 
Event Number 13 

Y = -.56E+02* X +0.28E+04 
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Short Tube Cosmic Ray Events 
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Special considerations. 015436 

Detecting, measuring, and triggering 
on muons IS more difficult in forward 
direction than in the central region. 

These muons tend to have b i i her 
momen ta and orten accompanied by low
energy electromaanetic debris (electrons 
and photons) and may confuse the 
trigger; such effects are under study. 

To unravel the 
electrons, the muon 
eood multiple track 

effect of knock-on 
detector must have 

resQlution. 
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Low-energy neutron 
background. 

015431\ 

Without shielding, 
the forwar.d region 

the neutron rate in 
is estimated to lead 

to 
2·3 % occupancies in the drift tubes. 

An iron/polyethylene absorber around 
the entire beam pipe region protects the 
forward muon system from the major 
impact of such neutrons, but no 
reliable estimates yet exists of the 
effectiveness of such an absorber for 
neutrons below 10 MeV. 
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To design a good tracking detector for a 
detection 5000 GeV muons we should: 

1. minimize tracking detector 
thickness (radiation length) up to 
the limit; 

2. use detection technique with good 
two-track resolution; 

3. move the most important detector 
planes as far from the iron toroid as 
possible. 

To design a detector that will survive in 
high neutron background conditions we 
should: 

1. minimize 
thickness 
the limit; 

tracking detector 
(radiation length) up to 

2. decrease the hydrogen contamination 
in the detector; 

3. make a detector as fast as possible. 

Special constraints iJ154:: K. 

Access and servlcmg 
place special constraints on 
muon system. 

requirements 
the forward 

The major items that must be considered 
are: 

1. Access to the chamber readout and 
trigger electronics and H. V. and gas 
distribution during short machine 
shutdowns requires that all these major 
distribution points be locates at the 
periphery of the detector. 

2.Access to the endcap calorimeter 
and inner tracker requires that FWI be 
retracted toward FW2 by 1.2 m. 

3.Access is required to local 
electronics for FWI-FW5, Cerenkov, FS4, 
FS5, support structure must be designed 
with this in mind. 
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Muon Measurement System (continued) 
'Ji 54~; N 

(WBS 3.2) 

Es:c!a:Il~ e:l ~ E;U" ~ ~ 

ZposiIjan (mm) 7536 9166 (11746) 13156 18816 

Thi<:IcICSs(mm) 430 JIOO (430) 660 900 

IImc:rIl<lius(mm) 1345 1415 (1841) 2190 3010 

OIlIr::IIdilII(mIII) 443l 5alO (5910) 6232 8464 

Clric:II3IiaIoflayo:> 4 Ibm 4 ...... (4d1m) 4 ...... 4 ...... 
4_ 4_ 

N1III1bc: of chaaac!s ' 4390 11904 (5788) 4310 11636 I 
(Bach EzIds) 

N1III1bc: of Sop<:m>odIIles 
(Bach EzIds) 2 (2) 2 I 

OIlIr::T1Ibc 
Diame=r (mill) 45 45 45 60 60 

• N ... : FW:3 is aD 1Ipp>de apIioD _ S1IIlIy. 
Soorc:: lillivt:>ily of Matylmd, Forwotd 0.-_ S)/IOID a.pon. IJ22m 

UpcW:d: 24 Mar 92 

Total tube number . 32240 

All super layers measure 4 tbeta coordinates, 

but superlayers FW2 and FW5 

also measure four stereo coordinates, 

i.e. two stereo (+7.5 0) and two stereo (-7.50 ) 

~i1543P 

The octant modules are to be mounted 
onto a support frame, overlapped octant 
by octant. 

The octagonal support frame is made 
of extruded aluminum radial spokes and 
an inner and outer mounting rings to tie 
all the spokes together. 

The extra depth in z provided by 
the octant modules overlap contributes 
to the structural strength of the module. 

The gas, power and H.V. distribution 
boxes are located in the niches of this 
structure. 

It has a weight less than 35 tons 
for the largest supermodule. 



._---------------------------

[: 
8 .. BOARBS 

C .. [l(CTRlJNICS 

(i '" liAS 1It£.'S 

z 

1 
OCTANi\" EDGE 

f 

b-r------'----j I3 : , 

TeRMINATION lVP 

W V R Ify HARYll\NO 
Oeot. of Phy'5iC'5 o.od As.lranony 

IIi' h n!..9LEb.Y: S iC S 

------------------

Fw2-- Top 
line to IP 

! 

*Note' Double tube spacing is 1.85MM 

, \/,'11. (lvr. 
---------- ~-------.--. ----- - - - --

z 
[kton\ Module- rro"'. t 

OCTANr eDGE 

i 

B =- DOARDS 

[ -= EL[CTRONICS 

(j '" GAS LINES 

11.'f/lfllIo" 11 II I \,.,~ .... '''' OM.' 1.,;1 ", ~ ",.~'" 

r---···-----··-··-----__ . _______________________ , 

F \,/ 1 Top 
IP 

UNIV[RSI Y or MARYLAND 
De \. of Phy?ICS Qod As lrooon'i 

N 
Il'm ~~LEtrt~ 

)I( ote Double tube spacing is 1.1IMM >J!CLowOrcl Myon Cbonb"rs 
nl"'O~iog nb r I 
[It ,HurlO (.urI'" Do \p '04/Z4''J2 
H~' Y Ilt ')01."'/111 

_----_I~lon i.JY, , 
_~!J...ill.L.... _-KIlLI:....!-HUCI\LL--

______ .. _____ ._____ _____ ________ ' ..... II\II ..... r, "fir 11,11 r"" 



ACT IV[ [L[CTRONICS 

I 
(.60 "'" 

1 
B • BOARDS 

[ = [l[CTRONICS 

(j = GAS LINES 

t&J lliLi±i ,£E} 

z 

r 
(llhHD[R MOTlUl[S TYP. 

T[RMINATJ{)H TYP 

UNlv(RSITY (f" HAR'[lANtL
~pt. of PhySICs ond As tronony 

~ 
.... 

" .. , 

Rno, 

p"'OtI.f,,.,,,,,.,.,.., "''''111.,.. •• 
• ,S'" .. P'_ISc ... s' ..... '. 
"'.,." .. , ... 'IMMJf/WIr'IIf' .. " ... 
• 'II .... .".rs."III'S_Slruc' ..... 
IS """'l1li" ~"-Id,,,,.f .. 
pr.j""",,,,,,,,'r,." '''''" .... 

--_ .. '_._------

The structure or basic FMS 20, 2s, .20, 2s. plane 

(perspective geometry option, O.h =23.235°) 

Top 

line to IP 

/ 

UN V[RS Tv Dr HA Y AN 
De t. or Ph 5~5 Gnd Astronon 

-Note: Double tube spacing is 
~~~~~ 

1.56MM ~r,o"L~' Dote 'G4 /.?4".?! 

~on • R y, Dnt 'I-'~I 
r_--;:h(r.i''".tI'''-'''.I''lr'-IR_~_v_/ ·;~'&i:r~O_SC"I.k ____ . __ _ 

'''''I1\11Vf, 11111. 'v., 



The 

o Spherical support. 

~ Spring support. 

PMS Staition 

Axonometric view Axanametric view 
with cut 

quadran' 

_____ ,"'_'0',.1.7 ____ -' 

The 

The design of module 

design of cha,Tnber 
ISpherical supports.' 

I Spring supports.' 

Spherical 

' •. le" ,<"", __ S_".1'!)~ 

ha.nger 

,~esigning gTOU~ 
~oposrd /rflm Ol.~ 
Orifj1"7talfl,." ".K/_urn_ntl! 

A.1"u/dorO\l 

..... l:f,,~ N(t_'(:"/I'~. 

N' ''/It/~, 

8"ll ""'" support bushing 

(/esig'ltinq ... (Jrmtp 

~;;oz;;;u 
OrillinaE"r, r.It"I"lIm,no 

A.tu/ll"rlJl' 

I ____ ~::::=:::=.=-=-=-=.-:::::::::-----. __ .. ~ __ ~~!..!!°2£!f. __ 
Nf,,{/fZ 



Seol.: No scalf 

\H543e.~ 

EorwaTd Muon Spe~tTometeT (EMS) 

I 
I 

desig11.in,? gT01J.P 

l 
Proposfll om 24, 12,9' 

, 'n.a.t",,: L.Ba.!;.n 

Scfll.: 110 KDlt . ________________________________ ~~~,~.,~. __ 

'J1543'D~ 

LEFT VIEW 

Abscrrbff 

It' .5002 

forw:ltd Muon Spectrometer Proponional Drift Tubes 

Forward Muon System 
Drift Tubes 

'J154~Ff 

The forward muon system drift tubes 
are round tubes with field-shaping 
electrodes. 

The baseline design is a smaller 
diameter version of the central tubes, 
namely 42 inside diameter for FWl,FW2 
and 57 inside diameter for FW4 and 
FW5, but alternative candidates also 
exists. 

All such drift tubes wi1l be tested 
in a high-energy particle beam during 
the next six months, and their 
characteristics compared to the baseline 
design. 

The drift tube must have a single
track resolution better than 250 1.1. m and 
two-track separation better than 5 mm. 



Forward Muon Spectrometer Proportion:!.i Drift Tubes 

IHEP April 92 
Test Beam Run 

The tasks of this run: 

1. to study proportional drift tubes 
(SSCL-Washington design) with 
various gas mixtures; 

2. to study spatial resolution for 
some gas mixtures; 

3. to study two track separation; 

4 test thin wall drift tube with 
wires field-shaping electrodes. 

Forw;ud Muon Spe:trometer Proponion,J,1 Drift Tubes 

Sn192 

IHEP April 92 
Test Beam Run 

One channel measuring circuit 

to compute:-

YA 

Forwuj Muon Spectrometer Proponional Drift Tubes 

IHEP April 2 
Test Beam Run 

Test Beam Layout 

Proportlcr-al drift tubes 

pwe 

Se 

Momenta of beam particles - 40 GeV/c 
PWC- Proportional wire chamber, 
PWC spatial resolution a =O.3mm . 
Sc - scintillation counters. 

-ewe 

Se Se 

Drift tube #2 could be shifted perpendicular to the beam to 
study two-track resolution. In this studies sense wire 
outputS of tubes #2 and #3 were connected. 

SIII92 YA 

Forw;ud Muon Spectrometer Proportional Drift Tubes 

L. 
.. 
.. 

20 

IHEP April 92 
Test Beam Run Results 

(preliminary) 

Coordinate-Efficiency Dependence 

MC::{IO.l0) 

-. 

- H.V. on field shaping electrodes - 3.5 kV 
- KV. on anode wire - 4.5kV 

S/lm YA 

Se 



Forward Muon S peetrometer Proportion~ Drift Tubes 

"" ... 
lOG 

'" 

f:) 

IHEP April 92 
Test Beam Run Results 

(preliminary) 

Time-Coordinate Correlation 

"'=fIO.tOJ 

i 

i 
\ Z 
\ :I 

'\ J 
\ I 

j 

0\ if 
"', 

; 
-lO -.. -" . " 

H.V. on field shaping electrodes - 3.5 kV 
H. V. on anode wire - 4.5kV 

'i154?KK 

Points represents the average value of time distributions 
in each dX bin. 

** Error bars represents the a of time distributions in each 
dx bin. but not the a of average values. 

4130192 YA 

Forward Muon Spectrometer Proportional Drift Tubes 

* 

IHEP April 92 
Test Beam Run Results 

(preliminary) 

Time-Coordinate Correlation 

H. V. on field shaping electrodes - 4.0 ltV 
H.V. on anode wire - 5.0 ltV 

'1543MM 

Points represents the average value of time distributions 
in each dX bin. 

** Error bars represents the a of time distributions in each 
dx bin. but not the a of average values. 

YA 

Forw:&td Muon SfCz~om~ter Proponion~ Drift Tubes 

IHEP April 92 
Test Beam Run Results 

(preliminary) 

~i1543 LL 

Coordinate-Efficiency Dependence 

.. 

H.V. on field sh~pinz electrodes - 4.0 kV 
H. V. on anode wire - 5.0 kV 

Forward Muon Spectrometer Proportional Drift Tubes 

IHEP ~pril 92 
Test Beam Run 

'11543NN 

Cross-section of drift tube 
with 4 additional field-correcting wires 

1-~,-t_E_ Field shaping wires 

26 

fI 55 

Anode wire - 0.05 mm 
Field-correcting wires - 0.2 mm 

511192 YA 

Anode wire 
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IHEP April 92 
Test Beam Run Results 

(pre limi nary) 

Time-Coordinate Correlation 

Att::2(tO.l01 
.......... ~ .............. ~ ... -........................ ~ ............... -...... .. 
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H. V. on field shaping electrodes .. 4.0 kV 
H.V, on anode wire - 3.8kV 

Points represents the average value of time distributions 
in each ax bin. 

•• Error bars represents the C1 of time distributions in each 
ax bin, but not the C1 of average values. 

4/30192 YA 

.. 

Forward Muon Spectrometer Proponionol Drift Tubes 

IHEP April 92 
Test Beam Run Results 

(preliminary) 

Coordinate-Efficiency Dependence 

.... :::(fC.1Cl 

" 

H.V. on field shaping electrodes - 4.0 kV 
H. V. on anode wire - 3.8kV 

5/1192 YA 

Forward Muon Spectrometer Proponionol Drift Tubes 

100 

90 

80 

70 

IHEP April 92 
Test Beam Run Results 

(preliminary) 

Second Track Detection 
Efficiency 

~ 60 
r:: 

~ SO 

~40 

30 

20 

10 

Two track separation ( mml 

• ...,. C02 ( 90,10) H. V. Anode" 4.5 kV, Field SMplng - 3.5 kV 

• ...,. ,CH4 ,CF4 (80,1 0,10) H.V. Anode - 5.0 kV. Field Shaping -4.0 kV 

5/1192 YA 



IHEP April 92 
Test Beam Run 

01543S5 

Preliminary Results Summary 

1. For SSCL.Washington drift tubes gas 
mixtures such as: 

Ar C02 (90%,10%) 
[V-I = 21 ns/mm] 

and 
Ar CH4 CF4 (80%,10%,10%) 

[Vol = 11 ns/mm] 
give stable operational conditions. 

2." Spatial resolution for a single drift 
tube are: 

<200 11m for Ar C02 (90%,10%) 
<250 11m for Ar CH4 CF4(80%,10%,10%) 

3.Two track separation are about: 
5mm for Ar C02 (90%,10%) ; 

10 mm for Ar CH4 CF4(80%,10%,10%) 
and can be improved by proper pulse 

shaping. 

4. Characteristics of the tubes with 
wires field·shaping and 
SSCL· Washington design are close. 

1. Detection a very high energy 
muon in forward direction is 
a challenge. 

2. Proposed forward muon 
system is adequate for the 
task. 

3. Further test beams studies of 
proportional drift tubes with 
field shaping at BNL and at 
IHEP can be very useful. 

4. Substantial amount of design 
work should be done at US 
and Russia. 

5. Qualification of people and 
the resources University of 
Maryland and .IHEP group 
are sufficient to fulfil a job. 
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SDC MUON SCINTILLATORS 
R. Thun ... 5 May 92 

1. Function, Requirements, Rates 

2. Baseline Configuration 

3. Who III Doing What 

4. R&l:D 

5. Barrel Counter Prototype 

6. Barrel Mounting Scheme 

T. Forward System 

8. Possible Upgrades 

9. What Needs To Be Done 

I.!lS4'j 

Simplified Muon Trigger 

'------9\ P, 
cut 

Wire pair 
• 

Scintillator 
(Delayed) 

3 

Function 

l. Identify beam crOBBing aasociated with muon 

2. Provide position information for trigger 

Requirements 

01541 

l. Time resolution: significantly better than 16 nsec 

2. Efficiency: greater than 99% . 

3. Integrated with rest of trigger system 

Rates in Barrel and Intermediate System 

(Standard luminosity; -l.5< 'I <l.5) 

l. Muons from pion and bon decay ............ 42 kHz 

2. Muons from charm and bottom decay .... .45 kHz 

3. Cosmic-ray muons .................................... 20 kHz 

4. Punch-thru, neutrons .......................... <100 kHz 

Total rate per counter <100 Hz 

Rates in Forward System 

(Standard luminosity; l.5< I'll <2.5) 

l. Muons from pion and bon decay ............. .400 kHz 

2. Muons from charm and bottom decay ....... 100 kHz 

3. Neutrons ........................... perhaps at level of MHz 

Total rate per counter (est) ..... O.l~lO kHz 

01549 

Baseline Configuration 

Barrel and Intermediate Region 

l. Single layer of counters, BS2 and 152 

2. Each counter approx. 1.0 x 50 x 185 em 

3. Two phototubes per counter; one at each end 

4. Both signals in coincidence thru mean-timer 

5. Time resolution <l.0 nsec 

6. Number of photoelectrons >20 everywhere 

7. Number of counters = 1920 (BS2) + 320 (IS2) 

Forward Region 

l. Two layers of counters, FS4 and FS5 

2. Counter widths vary from 7 to 23 em 

3. One phototube per counter 

4. Two layers in coincidence thru mean-timer 

5. Time resolution (est) 1.0 nsec 

6. Number of photoelectrons >20 everywhere 

7. Number of counters = 1120 (FS4) + 1136 (FS5) 
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Who Is Doing What 

University of Michigan 

Counter R&D, design, testing: 

E. Dodd, S. Hong, R. Thun, C. Weaverdyck 

M. Marcin (now at U. of Texas) 

Electronics and trigger: 

J. Chapman, K. Hashim, J. Mann, C. Murphy 

Various contributions: 

01551 

01553 

K. De, R. Gustafson, M. Longo, L. Oesch, G. Tarle 

University of Arizona 

Neutron measurements, design of PMT bases: 

K. Johns 

llIEP (Serpukhov) 

Counter and phototube R&D: 

V. Rykalin and collaborators 
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Muon Counter R&D 

1. SciDtil1ator Properties 

2. Light Guides 

3. Optical Coupling 

4. Mean-Timer 

5. Base Design 

6. Photomultipliers 

7. Calibration System 

8. Mechanical IntegratioD 
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Scintillator Light Ylelcla 
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Test of Compact, Curved Reflector 
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Test of Simple Reflector 
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Mean-Timer Measurements 
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IHEP Design "PMKS" 

16 em long photocathode 

Cross seotion vie" ot one -' 41ment10nal 
ooordinate - .enalt1ve PII wUh. disorete 
c!7nodes. 1- PI! tube, 2- photooathode, 3,4-
81de eleotrodes, 5- first ~de, .6- anode. 
The 4i&1ts nelll' both eleotrode. and . c!7nodes 

~e:h~t v~t!~~ro an;i~d~:hO~~~ot=~:i 
lines. Caloulatad phOtoeleotron . tra;ieotoZ7 
and the tirBt .. soadee ot IIIUltipl71ng are 
.hewn b1 ao 11d lines. 

01562 f7-

lI.i.~b,\ J? 
HAMAMATSU PHoTOMULTIPLIER TUBE 

'I'EW1'ATIVI DAY" 
Feb. 1989 R2605-01 

CYLI ... ICAL SID£-otI PIIO'I"OIaILTIPLID 'ftJU 
Z 1101 DIAJIITIR. 20 1101 LUGTH, 81AL1ALI PIIO'I'OCATHODI 

_aw. 
Spectral Response········· 300 to 650n. 
Wavelenlfth or Maxiau. Respons.-· ·,nOn. 
Pholocillhode 

"alenal··················· 'Bialkali 
J1hn1.us Use-rul Size'···· '21 •• )( 370 •• 

Window M.lerial·····80ro.ilic.te Jll ... 
Dynode 

Structure' ..... 8ox-and-,r id and aesh 
Nu.bcr or Staces················· '12 

p.ase·· ................ 'JEDEC No. 814-38 
Socket· ........•.... £678-14A.(OptionaU 

MAlI_ RATIIIGS (...,lu.t.e llasi ... '.1.-) 
Supply VoltaCe 

Del."een Anode and Cal.bod.e····· ....... , .......... , ................. 1500Vdc 

Av.rlleo Anode Current'·'··································,·········· ·O.laA 
Aabient Te.peralure··········································· '-80 10 +5O-C 

a&AI.AC1'I8tSTICS(at II*C) Min. Ty~. Ma.x. l'nlts 
Cathode Sensitivity 

Lu.uK)usU856ii.)···,···,····,· 80 IJ ,vI. 
Radiant at nOn.···········,··········· 72 • .4!./w 
l\luelCS No.5-58 rilled····· ..... ...... 9.0 I.t A/l.-b 

Anode SensiUvity 
Lu.inou.U856K)························ 50 Vi. 
Radiant at ./,20ft.· ...... · .. ·,,·· .... ··.. .&.5)( 10~ \/\0 
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Forward System 

Two Layers Define Trigger Roads: 
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Constant Pt response requires: 
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SDC Muon ScJntlllaton 
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Possible Upgrades 

Forward Region 

,Cerenkov Counters (discussed elsewhere): 

highly directiollll1j insensitive to neutrons 

1.0 

Barrel and Intermediate Region 0.8 + J:I 77=0.0 
x + 77-0.75 J:I x 

Addition of Second Layerj BS3 and !S3: t; + x x 77=1.1 
0.6 

~ x 
+ 

would allow fast Pt threshold; 

less sensitive to neutrons, local backgrounds 

U J:I Yuon Trigger Efficiency t;: x 
"" 0.4 

For 2-Layer System r.l 
+ X 

Scintillator Width 
0.2 x - 50 cm in Layer 1 

~ 
x 

0.0 
0 10 60 
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What Needs To Be Done 

1. Refine barrel counter design 

2. Fix barrel counter dimensions 

3. Integrate mounting scheme 

4. Design means of access 

5. Fix FS4 and FS5 geometry 

6. Develop photomultiplier base 

7. Cost/performance study of PMTs 

8. Develop calibration scheme 

9. Construct full-seale prototype modules 
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SSCL 

The Cerenkov Counter for the 
Forward Muon System of SDC 

Presented by v. Kubarovsky 

Institute ror High Energy Physics, Protvino 
Russia 

0157!:1 

High luminosity of SSC 

High collision rates 

High flux of particles in the 
Forward Muon System 

The particles rates in the forward system 
are expected to be approximately one 
order of magnitude higher than in the 
barrel. 

Very roughly our expectation are: 

(a) Muons rrom pion and kaon decay 200 kHz 
(b) Muons rrom charm and bottom decay 100 kHz 
(c) Detected low energy neutrons uncertain but 

potentially hid 

The overall rate is hardly to estimate at 
this time. 

01580 01551 

Low energy neutrons come from the :z, 
interaction of the secondary particles in 
the construction elements such as beam
pipe, calorimeters and collimators. 

It may be difficult to operate an 
efficient trigger system with only the use 
of standard scintillator counters, 
particularly at luminosity above the 
design value. For this reason, we are 
proposing, as an upgrade option, the 
incorporation of multi-cell nitrogen gas 
Cerenkov counters into the forward 
trigger. 

II 
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Desi2n Parameters of the Gas 
Cerenkov Counter 

Parameter Value 

Gas medium N, 
Gas pressure 1 atm. 
Index of refraction 1.000309 
Width of counter 2.00 m 
Width of Cerenkov media 1.85 m 
Number of photoelectrons 17.5 
Number of cells per counter 200 
Focal length of each mirror 1.40 m 
Cerenkov ring radius at PMT 37 mm 
Momentum threshold for muons 4.25 GeV 
Momentum threshold for electron 20 MeV 

Mechanical Structure 

The counter in each end is divided into 
octants located radially and perpendicular 
to the beam line Fig. 2·3 shows a frontal 
schematic view of the support structure, 
mirror structure and the location of the 
photomultipliers. Each photodetector 
observes one mirror. 

There will be approximately: 

25 cells in one octant, 
200 cells in each counter 
400 cells in the whole system. 

ti15S3 

The Cerenkov counter has the obvious 
advantages for the background rejection. 

1. The Cerenkov counter is very fast. It is 
easy to achieve the time resolution better 
than 1 ns. 

2. The Cerenkov counter is two· fold 
device. It is possible to reject the 
particles in e and <I> simultaneously. 
Scintillator and drift chambers are one 
dimensional devices. 

3. The Cerenkov counter is completely 
insensitive to the neutrons and the low 
momentum particles expected as a main 
background. 

Momentum threshold ror muons = 4.25 GeV/c, 
ror electrons and positrons = 20 MeV/c). 

98% or the background particles in the Cerenkov box 
have gamma < threshold value ! 

Background rate or the Cerenkov counter 
............................................. < < 1 
Background rate or the scintillator hodoscope 

61585 
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Operation of the Cerenkov 
Counter 

The photodetector is placed near the 
image of the interaction point (IP). High 
energy muons have low deflection angle in 
the iron toroid. The center of the Cerenkov 
ring lies in the image of IP. 

As a muon is bent by the magnetic 
field in the forward toroids, the Cerenkov 
ring moves in the PMT's plane in 
proportion to the momentum. The Cerenkov 
photons from low energy muons go away 
from the photomultiplier face. 

The effect of multiple scattering is 
minimal compared to the toroid bending 
power. The multiple scattering is about 
1/7 of the bend angle and this ratio is 
independent of momentum. 

The effect of multiple scattering is 
clearly seen in the increasing spread of 
light rings for low energy muons. The 
scatter in the 300 GeV ring is due to 
mainly to spherical aberrations. 
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Optimization of the eeometry of 
the Cerenkov counter. 

There are some free parameters to be 
optimized. 

The distance between the mirror and 
photodetector. 

The focal length of the mirror. 

The size of the mirror. 

The geometry of the photodetector. 
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The distance between the mirror 
and photodetector. 

If the particle hits the mirror in its 
center the best position of the PM is the 
focal plane. 

But in the case when the source of the 
particles is a point and beam is spread 
over all the mirror the best position of PM 
lies near the image of IP in the mirror. 

In this case the Cerenkov rings have no 
additional shift with respect to the rings 
from "central" particles. 
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The Focal Lem~th of the Mirror 

In the first approximation we have a 
'scaling' of the image in the plane of PM 
with respect to the mirror's focal length. 
By this reason the rejection power of the 
Cerenkov counter is independent on the 
focal length. 

It is better to place PM as far from the 
mirror as possible ( if the size of the 
photodetector is big enough). 

In this case the effect of the shadow of 
PM is minimal. 

Mirror l' 2. 3· ···4 
. , 

':':" :;. "~< 

'1 2.41 2.25 2 .09 

e 178 209 245 
(mrad) 

Size 480 570 768 
(mm) 

The size of the mirror varies 
from 480 mm near the beam 

to 974 mm at outer row 

",;;'C;"ij 

1.92 

287 

810 

61599 

; 

5 . 
1.77 

334 

974 

The background is significantly g'reater at 
small radii. The increase of the density of 
PMT's near the beam line leads to 
approximately equal background rate per 
one PMT. 

01600 01601 

The 2eornetry of the 
p hotodetector. 

T-he rejection power of the detector may be 
improved by using two PM's per channel 
with rather small diameter (2"). The 
coincidence of PM's is required. 

Advantages of such construction: 

1. Coincidence between these PM's 
powerfully kills the influence of the noise 
of PM to the trigger rate. 

2. Coincidence excludes false triggers 
when the background particle pass 
through the photocathode windows of PM's. 

3. The smaller tubes have better quantum 
efficiency than big one and can be easily 
shielded from the magnetic field. 

4. Price of 2" tube is about 4 times less 
than 5" one. 

5. The special form of the photodetector 
gives the possibility to receive a 
"tunable" trigger with sharp Pt cut. 

~\ I ~ I 

/ 

L·· .1 0/ 
~-----------------------------------
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photodetector for the CerenkQY CQunter 

LIGHT GUIDE 

LIGHT GUIDE 

not in scale 
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Test Beam Results 

Cerenkov cell unit was installed in 
muon beam laboratory behind 
experiment E-665. 

5" Burle 8854 PMT with WLS 
coating was used. 

10.2+/-1 photoelectrons per meter 
were received. It corresponds to the 
constant of Cerenkov counter 
N.= 177 

(N'."I.=N.L(cm) SinZ0 c ) 

IHEP, Protvino: 
The prototype of the Cerenkov 
counter was installed in the 70 GeV 
proton beam. 

12 cm Russian PMT "CASCADE" 
without coating was used in the 
tes t. 

N .=120 was received. This result is 
in r.easonable agreement with FNAL 
results. We are continuing R&D to 
improve the quality of PMT 
"CASCADE". 
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Conclusion 

Cerenkov Counter: 

1. Very fast. 
Trigger timing about 1 ns. 
Easily resolve beam crossing. 
Can be used for Drift Chambers timing. 

2. Totally insensitive to low momentum 
charged particles. 
Insensitive to neutrons. 

3. Technology is radiation 
well understood. 

hard and 

4. Trigger rates predictable. 

5. Can be done adjustable trigger for 
muons with high Pt in the wide range. 

6. Rather inexpensive. 
The cost of the Cerenkov counter = 
0.5 % of SDC 

(J1619 
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SDC Muon Front-end and Trigger 
J. Chapman 

University of Michigan 
5 May 92 

for the SDC Collaboration Review 
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Amplifier/Shaper/Discriminator Design 

Preamplifier 

• Circuit 

• Gain 

• Bandwidth 

• Iu.put Imp. 

• Power 

Shaper/Tail Cancellation 

• Circuit 

• Peaking time 

• Double pulse Res. 

• DC gain 

• Power Dissipation 

Common emitter input 
cascoded, 
differential 

2.5 mV/fC 

100 MHz 

115 ohms 

<4mW 

pole-zero cancel (preamp) 
3 differential pairs 
detect. taU cancellation 

6-7 us 

25us for 2% to 2% 

6 

<4mW 
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Amplifier IShaper IDiscrminator (con t) 

Discriminator 

• Circuit 

• Threshold 

• Threshold offset 

• Time Slew 

• Power 

• Output 

Implementation 

2 stage differential amp, 
positive feedback, 
3 mV hysteresis 

20 mV/fC (internal), 
separate for each channel 

< 1 mV 

< Ins /decade of overdrive 

8 mW (excluding drive) 

differential, open collector 
current programmable 

• AT&T single channel amp/shaper (exists) 

• Tektronix, full ASD (exists) 

ASD-8 
Impulse Response at Disc Input 

SPICE .. vs .. Measured 

%Peak 

o 10 20 30 

t(ns) 

Me"ured peak Is 75'110 01 SPICE calc. 

40 50 

ti1625 

60 
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ASD - Summary of Measurements 

• Gain 

• Peaking time 

• Threshold Var. 

• Input impedance 

• Crosstalk. 

75% of expected value, 
uniform chip to chip, 
channel to ch. (few %) 

7us observed, 
6 us expected 

< 0.5 fC ch. to ch. 
< 1 fC chip to chip 

125 +/- 10 ohms meas. 
110 ohms expected 

None obsened for < 10fC 
with threshold at 0.5 fC 

• Threshold Temp Var. < 0.2 fC for 40 C 

• Time Walk 4.5 us for 1 - 15 fC 
(in agreement with SPICE) 

• Yield 80% of chips 

ti1629 
I. 1 ns x 4096 bit x 4 ch (Straw mode) 

TMCCell 

---- 1ns x 32" 32 nsl---
II. 2 ns x 2048 bit x 8 ch (Mu mode) 

. . . . . . . . 
. ·16x128 

Dual Port 
~~m()ry. 

II' •• ·11 u-t>:-t TMC Cell I 
- 2ns x 16 .. 32ns-

TMC4OO4I8 Meroorv Block 

............. 

·1s·i128 
Dual Port 
Memory 

TMCCell I 
- 2ns x 16 .. 32ns-
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Muon Detector Trigger 

Requirements 

• E 
1= 

(J1633 

Design - Scintillators + Projective Wires 
• Scintillators - timing to crossing 
• Wires - Programable P t thresholds 

Simulation studies 

Circuit development 
• Scintillator circuit 
• Wire circuit 

Test results 

Future tasks 
• Supertower prototype 
• Full simulation of detector/trigger 
• Integrated storage,trigger,DAQ 
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Muon P t Distribution 

'" 0 mu(prompt) 
106 

'. " " muCdeccy) .,'. 
U .~~ ... 

103 > .. 
~ 

\ ~ 
" 100 

"C 

! ~ 
b 

10'3 ... 

10' 10 
p,IG.V/c) 
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soc Muon Barrel 

Muon Rates 

Rates in Barrel and Intermediate System 
(Standard luminosity; -1.5< '7 <1.5) 

01635 

Muons from pion and kaon decay ..................... 42 kHz 
Muons from charm and bottom decay ......... '" ..... 45 kHz 
Cosmic-ray muons ................................... , 20kHz 
Punch-thru, neutrons .............................. <100 kHz 
Total rate per scintillator ........................... <100 Hz 
Total rate above 20GeV ............................... 6 kHz 

Rates in Forward System 
(Standard luminosity; 1.5< 1'71 <2.5) 

Muons from pion and kaon decay .................... 400 kHz 
Muons from charm and bottom decay ............... 100 kHz 
Neutrons ............................................. :::::MHz 
Total rate per scintillator (est) ...................... 1-10 kHz 
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SDC p. Trigger 

Data Items 

• 3 P t thresholds 

• 148 16q1 scintillator strips 

• 8 wire pairs (R:300 max) 

• q) wire pairs (::::150 max) 
• Scintillator patches (224 max) 

Data Sizes 

• 2-bits Pt .... Levell 

• 4-bits 8 scintillator 

• 4-bits q) scintillator 

• 8-bits tP wire pair 

• 9-bits 8 wire pair 

• 8-bit scintillator patch address +- Level 2 
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SDC Straw and Muon Triggers 
J. Chapman 

Univer,itl/ 0/ Michigan 
5 May 92 

for the SDC Collaboration Review 

Requirements 

01648 

Requirement .................................. Motivation 

Identify "stiff" track ......................... High P t physics 

Determine crossing ........................... Assemble event 

Match with calorimeter/showerma.x ........... · .. Electron ID 

Match with muon ................................ Improve P t 

Associate with silicon ..................... Reject conversions 

Basic Plan has all of the above. 

Options: 
• Early vrs Late in the Levell .... Level 2 tradeoff 

• Precision/granularity 

Straw Tracker Trigger 

Requirements 

• Electron ID 
• Muon P t resolution 

Design features 

Options 

Simulation studies 

Circuit development 

Test results 

Future tasks 
• Packaging - storage,trigger,DAQ 
• Radiation hard implementation 
• Integrated testing - noise 

-. 10 

-z 
10 

'0: 
c. 

' .. 

Background Rejection 

QeD 2-Jet(20-200 GeV) Rate 

Electron Trigger 17)1 < 3.0 

em Tower only. solid 

+ had/em < 0.05 • dashes 

+ track Pt > 10GeV· dots 
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Superlayer 
Straw 

Trigger 

Trigger Unit 

Straw Trigger Simulation 

• Simulation work: (SDCSIM) 
- 450 H -> WW events 

- 450 e and J.l alone 
- 450 e and J.l with min-bias 
- 450 min-bias at 1, 2, 3 x 1033 

• Trigger Options: (2 of 3 coincidence) 
- 64 overlapping wedges 

- ±3 straws (10GeV) 

• Summary: 
- Efficient trigger with low "false" rate 

- CMOS ASIC implementation 

!i1651 

01653 

Pattern 
Trigger 

Drift Time Cell 

10ns Pt 

OR 

Crossing Determination 

!i1652 

!i1654 

Layer 3 Synchronizer Timing 
3200 

2BOO 

2400 

Ul 

~ 2000 
c: 

'" =§ 1600 
c: 

81200 

BOO 

400 

12ns window 
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Single Layer Trigger 

Pt Threshold Layer 1 
( 6 tube tri9ger ) 

Eff above 20GeV = 0.94 

°0~~5~U1~0~~1~5~~20~~25~~3~0~~35~uU40 

Pt (GeV) 

Single Layer Trigger 

Pt Threshold Layer 5 

( 6 tube tri9ger ) 

0.8 

Eft above 20GeV = 0.94 

0.2 

10 15 20 25 30 35 40 

Pt (GeV) 
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Single Layer Trigger 

Pt Threshold Layer 3 
( 6 tube tri9ger ) 

Eft above 20GeV = 0.94 

°O~~~~~~~~~~~~~~~ 
5 10 15 20 25 30 35 40 

Pt (GeV) 

I 
C81orlmete, trigger unit 

S1raw 
Trigge, 
Groups 

Linking Trigger 

Wedge Trigger 
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Interlayer Linking Option 
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2 of 3 (± 3) Trigger 
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Digital Mean Timer Test 
HJ.Lm CMOS (MOSIS) 

GI665 

II.On. 22.0n. 33.0n. 14.0n. 49.0no 
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Note: Dots indicate presence of output at fixed 
time. Circuit test was done with a Tek
tronix LV511. 
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GI666 
SDC Central Tracker Trigger 

Performance Summary 

• Levell 

- Single Layer P,> 6 Ge V 

False rate ~ l/5csx at 1033 

- 2 of 3 superlayers ± 3 straws P, > 10GeV 

False rate 1/225csx from minimum bias P, < 10GeV 

- 2 of 3 superlayers, wedge ORs 

False rate 1/12csx mostly 5GeV < P, < 10GeV 

• Level 2 

- "still"" track "hits" 

5001=- - 20001=- bins 

Data Summary 

• Levell 

- 2 of 3 (±3 straws) 3-bits Pt!track 

- 2 of 3 wedge ORs (calorimeter wedges) I-bit/wedge 

• Level 2 

- Layer/module/trigger unit "hit" address 



Muon Detector Trigger 

Requirements 

01667 

Design - Scintillators + Projective Wires 
• Scintillators - timing to crossing 
• Wires - Programable P t thresholds 

Simulation studies 

Circuit development 

• Scintillator circuit 
• Wire circuit 
Test results 

Future tasks 
• Supertower prototype 
• Full simulation of detector/trigger 
• Integrated storage,trigger,DAQ 

Muon Rates 

Rates in Barrel and Intermediate System 
(Standard luminosity; -1.5< '7 < 1.5) 

G166R 

Muons from pion and kaon decay ..................... 42 kHz 
Muons from charm and bottom decay ................ .45 kHz 
Cosmic-ray muons .................................... 20kHz 
Punch-thru, neutrons .............................. < 100 kHz 
Total rate per scintillator ........................... <100 Hz 
Total rate above 20Ge V ............................... 6 kHz 

Rates in Forward System 
(Standard luminosity; 1.5< 1'71 <2.5) 

Muons from pion and kaon deca)· .................... 400 kHz 
Muons from charm and bottom decay ............... 100 kHz 
Neutrons ............................................. ~MHz 
Total rate per scintillator (est) ...................... 1-10 kHz 
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Muon P t Distribution 

'k 
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0 mu(pr-omptl .. .. )( )( lIu(decay) -, ' . 
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Simplified Muon Trigger 
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Central Muon Trigger 
Example P t Thresholds 
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~ 
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0 

Pt(GeV) 

SDC p. Trigger 

Data Items 

• 3 P t thresholds 
• 148 164> scintillator strips 

• 8 wire pairs (~300 max) 
• 4> wire pairs (~150 max) 
• Scintillator patches (224 max) 

Data Sizes 

• 2-bits Pt 
_ Levell 

• 4-bits 8 scintillator 

• 4-bits 4> scintillator 

• 8-bi ts 4> wire pair 

• 9-bi ts 8 ~1re pair 

• 8-bit scintillator patch address - Level 2 

ti1678 
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G1SS" 
SOC Muon Alignment-Position Monitoring Requirements 

(1) Barrel Level I local Theta trigger 

alignment-few mm 
(position) 

knowledge < wire resolution 
150~m 250~m 

(2) Barrel stand alone momentum trigger-Level II 

alignment < 2mm knowledge < wire resolution 

.l.Pt < "Pt Pt < 100 Gevlc (Ra) 

(3) Barrel Phi trigger-Level 

alignment < 3mm knowledge < wire resolution 

.l.Pt < "Pt Pt < 200 Gevlc (R<I» 

(4) Muon matching to CTD tracks 

.l.X2 < 1 at 2 Tevlc knowledge < wire resolution 
position knowledge < 250 ~m 

(5) Forward trigger 

alignment < 3mm knowledge < wire resolution 
150~m 250~m 

The detector will be maintained to the Beamline coordinate system 
(BCS) to < 3 mm 

('1S82 

I; 

li1SSi 
SOC MUon Alignment Position Monitoring System Description 

A. Supermodule knowledge tolerances 

(1) Tube to bulkhead fiducial relationship- BARREL 
CNC holes 12~m, wire to endcap centering 40"m, endcap 
to bulkhead 1 2~m, position sensor locating pins to 25~m, 

50J,lm electronic drift resolution 
70j.Lm supermodule Tolerance 

(2) Tube to Octant frame fiducial relationship-FORWARD 
Wire-end feedthroughs 40~m, feedthroughs-endcaps 40"m, 
CNC holes in frame 20~m, mounting fixture compensating 
for tube sag, position senSOr locating pins to 25j.Lm. 
50"m electronic drift resolution 

78j.Lm superlayer Tolerance 

(3) Measure fiducial-sensor locating pin relationships in 
Supermodule assemblies- install Optical staight line 
monitoring, corner proximity sensor assemblies which have 
been calibrated in a test fixture, and temperature sensors 

SOj.Lm measurement Tolerance 

(4) Surlace facility survey of (BW3+BW2) box assembly and BW1 
supermodule in all orientations on a magnet mockup 

Survey of (IW2+IW3) assembly in all orientations on the 
surface using magnet mountings transfer fixture-reference 
and calibration of IW2-IW3, IW3-BW3, IW2-BW2, IW2-FW4 
relative position sensors 

(5) Survey of Forward supermodule rings in the Vertical plane 
before and atter system assembly and reference relative 
position sensors which have been calibrated in a test fixture 

50j.Lm measurement Tolerance 

Accumulated tolerance-100~m, alignment system tolerance-100~m 

('lS33 

8. Magnet Shape and SypPOn Base monitoring ( Reference Stability) 

(1) Liquid level systems on the magnet and on the base sections
monitor the elevation (to references) and shape of the magnet and 
base to control distortions due to floor motion, calorimeter and 
Forward system installation (50~m L TResolution) 

(2) Precision inclinometer distribution on barrel iron to 
interpret shape changes- verified by survey measurements 
throughout detector assembly (25~rad L TResolution) 

Global Alignment and relative position monitoring 

We present a position monitoring scheme based on R&D long term 
stability test results. It is a distributed, redundant sensor system to 
determine the relative position of fiducial marks. Further R&D will 
determine the final systems to be used. 

(1) Position muon detectors using a Detector Coordinate system 
established from the surface Geodetic network and maintained 
by a three dimensional matrix of survey paints and references 

(2) Barrel octant support rails, IW support pin references, FWn 
supports positioned to 500~m. magnet and supermodule 
temperature distributions will be monitored 

(3) FW1 supermodules will articulate on precision rails and 
relocate on preCision stops/supports relative to FW2 

(4) Muon supermodule relative position monitoring via distance 
sensing to fenceposts at the corners of adjacent supermodules 
-transverse and radial senSing by each layer TRANS 

Fenceposts include internal optical shape monitoring (OSLMs), 
inclinometers. temperature sensors, and end survey references. 
They are calibrated in orientation in a surface calibration fixture 
The open posts are originally surveyed in the DCS 
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Forward fenceposts or OSLMs at the outer octant boundanes 
of the FW1·FW5 superlayers with linking to the Barrel 
system and survey of FWs 

With no On demand precision global survey system, physical 
interpretation of the position monitoring system would be 
achieved through a computer model of the detector where 

\)lGS,~ 

the fiducial positions are established with thermally corrected 
sensor data. 

_With.an on demand range only global survey system (ROS), 
external optical extensions of the posts can be independently 
measured in the DeS and correlated to inclinometer or relative 
optical axis measurement between posts and radial position 
measurements to a horizontal reference optical line TRANS 

Relative position measurement of the two ends of the Central 
tracking system and the Muon system via optical extensions 
of the central two rings of fenceposts and retroreflectors 
on the tracking system (IP)-link to ali of detector and 
accelerator by ROS- BCS link by measurement of precision 
Beam Position Monitors on the Forward muon systems 

(5) Barrel regional linking by relative position monitoring of 
IW2-IW3, IW2 -BW2, IW3-BW3 in all octants-ROS outer IW3 
surface position measurements, or OSLMs, or WireSLMs 

(6) Forward linking by distance and relative transverse position 
monitoririg between BW1-FW2, BW1-FT1, IW2-FW4, IW3-FWS, and 
possible direct linking of barrel and forward fenceposts,·ROS 
outer FW5 surface position measurements to determine 
Forward system pOSitions 
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o. Devices which have been studied in our R&D program lJ1693 

(1) Liquid level systems- FNAL DO detector. eo low beta quads 

(2) Precision inclinometers 

(3) Optical straight line monitors TRANS 

(4) Linear analog output inductive proximity sensors 

(5) Analog output capacitive proximity sensors 

(6) Short range Laser distance measuring systems 

(7) Ultrasonic ranging 

E. Development plans 

t: 
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~© 
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g© 
~~ IlM iliul 
@~ 

~i 
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~~ 

(1) Optimize the detector configuration for position linking 

(2) Prototype mechanical fencapost-thermal motion (shape) studies 

(3) Prototype internal optics system for fenceposts and determine L T 
Resolution and stability 

(4) Continued studies of OSLMs and laser distance devices for BW. 
IW-FT-FW linking 

(5) Measure sensitivity, stability, and system resolution in 
supertower tests 

(6) Prototype Range only measurement system 

016911 
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IMIlWOOJ @~~©'U'@[ftl 
lL©©~lL ~[LU@INIIMi1~[Nftr~ STRAIGHT LINE MONITOR 

lIn •• r range con be e.'.nded br delol:u.'ng: 
LED '102. Amblanlllgtll on. Oplul Ihndl Sel-UP: 1.2m, mig 2.' 

1. 
1 0 

i ., 
E 
o .• 

·3 

~+---'---'-~~---r---r--~--~~~r---r-~ 
·1.0 ·0.' -0.8 -0.4 -0.2 0.0 0.2 0." a.. 0.' 

Olher Opllons: 

J.GOVIGNON 

T f.n.'eUon .t Qu.d ..... " .DIII (lftJIIJ 

Contlnuou. laler.I Oeleclor 
larger lIlIhl Sourco (or Opllc.' Fiber) 
Square light .ource (U •• k) 
Detector Arr., (CCO) 

... 
c· ..... 
a> 
CD 
O"l 





SpC Muon Magnet Syltam Deatgn 

I.Functions of the Muon Magnet Syst.m 
A.Provide a MlI9netic Field to bend Muons 
B.Abaorb Lower Energy Particlas 

_ C.Sttuctural Support for the Experiment 

II.Components 
A.Muon Barrel Toroid Steel (MBn 
B.Barrel Support 
C.Barrel Coils 
D.Muon Forward Toroid Steel (FT's) 
E. Forward CoIls 

III.Muon Barrel Toroid Steel and Barrel Support & 1 700 
A.Deslgn Philosophy 

1.Mlnlmlze Work and Uncertainties in Assembly 
a.Large pl_ aIze but .... than 90 tonne for transportation 
b.Machlned mating surfaces 
c.Mounting holes and .urfaces in blocks belore assembly 

2.Minlmlze Welding 
3.Mlnlmlze Gaps and Holes in the Magnetic Path 

a.Hlgh strength bolts 
b.Gaps kept In compr888ion 
c.Small tolerances 

4.Mlnlmlze Movement and Str ... In Assembled Magnet 
a.Adjustable support bese 
b. Small tolerances 
c.Z connectfon 

B.MBT Long and Short Bolted Block Concept 
1.Long Blocks (128 long blocks 86.0 metric ton) 

a.Plates (6 per block 146mm thick) 
b. Flattening bolts and nuts (14 per block M56) 
c.Allgnment and shear pins (4 per block 150mm dlam) 

2.Short Blocks (64 short blocks 64.4 metric ton) 
a.Plates (12 per block 146mm thick) 
b.Flattenlng bolts and nuts (S per block M56) 
c.Alignment and .hear pins (4 per block 150mm diam) 

3.Comer Bolts (3072 corner bolts M56) 
4.Shear Keys (100mm x 100mm cross section) 
5.Slde Plate. (top outside, vertical sides outside, bottom Inside) 

a.25 to 50 mm thick 
b.Staggered seams 
c.Attached with plug welds (25mm diam) 

C.Barrel Support Inclined Plate Concept 
1.lncllned Plates (3 pl_s for each slda 300mm thick) 
2.Space Truss (weldmant of 150mm square tube) 
3.Glrder Assembly (3 p;-s for each slda) 
4.ne Baams (200mm by SOOmm cross section) 
5.Hydraullc Jacks (76 cylinders wHh 700 metric ton capacity) 
6.Load Pad 
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MSb X 5.5 BOLT 

THREAD DET AIL 

Figure 23 ..... 0 ••••••••••••••••••••• Splraloc:k Thread Diagram 

SPIRALOCK THREAOS 

c· .... 
-'. ~ 

'.'.~. ,~ 
. \ 

\ . 
. / 

, / 

It~( IIIJrll 1'1 "" 
(f, '.-,,! rimy .• 

rn. Pl" 11 
IHn 

SCAl [7:1 

SCALE 1/20 

--1.072 

1---
.279 

j 

.150 OIA. x .B 70 
LONG ALLOY ROD 

I 

.214 

---- .150 OIA. x 1.740 
LONG ALLOY ROO 

---------. 
.279 

__ --.-1 

"-

~5G x 5.5 x 430mm LG 
HEX CAP - DIN 12.9 
WITH 125mm OIA x 15mm 
THICK HARDENED WASHER 

- .050 ,~ 
, 

~ ~ , , , 
" 

)-

" " .349 
Y 

/ 

.802 

/ 
.349 

V 
.214 

". 
REvISIONS 

NOTES: Ir'R~Ev-r __________ ~~~~ ____________ +-~OA~T~E~~A~PP~R~OV~E~O~ 

DIMENSIONS & TOLERANCES TO IFI-50G I I I I 
OESCRtPHON 

MATERIAL & HEAT TREATMENT TO ASH.! F568-90 PROPERTY CLASS 10.9 

THREADS ROLLED BEFORE OR AFTER HEA T TREATMENT 

COATING: BLACK OXIDE OR POL YTETRAFLOROETHANE 
BASED COATING. r M56x5.5 THREAD 

QUANTITY: 3200 

30'!g~~ ______________________ ~ ___ -__ ~ 
'----"- ~~NIMUM 

I '\.. 2 R lIN. THREAD 
LENGTH 

~ 

~----------~~------------~ 

IN..ESS OTHERWISE 
SPECFIEO DI«NSOG 

ARE .. a.a.LlllETEAS 

TOLERANt[ Of' DECllALS 

.x *1.51.xx "'13 <II!! 111.'5" 

BREAK AU. SHARP EDGEs 
0.5 MAX, 

2. DO HOY SCALE THIS OftAWNC. 
3. OM. TO ANSI YM.5 -1HZ. 
-4. MAX, All .. ACH. SURF ACES. 

T 

DRAWN G. GREGERSON OA TE ~-3O-921~ sse ..,.~JlftJtflllUJlJDfuatoV'ClW IMOIfCaD'll&Cll!"MlE.JIII'(.eI 

CHKR J. CHERWINKA ............... -

PPO 

PPO 

PPO 

PPO 

M56x5.5 HEX BOL T 
x400 LONG 

tolAP .. p':;;;: ________ +-____ --ls'A I CAG£CO rAWING NO 019 - sa 
T ONTRAC NO. 

OE-AC02-B9ER40486 I WEIGHT 9.51 kQ. 15NEET I Of I SCALE 114 



O.Barrei System Analysis tJ170B 
1.Mechanical 

a.Full System 3D FE model 
(1)U .... r elasllc model including floor, support, and stsel 
(2) Modified materi.1 properties simulate joints 

(.)Block she.r modulus (dateiled block .nd ring models) 
(b)Corner joint elastic modulus (deteiled corner model) 

(3)Load cases 
(4)Stress 
(5)Deflecllon 

b.Block details 
(1)Plate flattening 
(2)Pin Size (150mm di.meter) 

c.Cor ... r details 
(1 )Corner Bolt Slzlng 
(2)Shear Key Sizing 

d.Sida plate details 
(1)Plate thickness 
(2)Plug weld size and number 

a. T oIeranc8 requirements 
I.Support 

(1 )Stability 
(2)Stress 
(3)Oeflectlon 

2.Mag ... 1Ic Analysis 
•. Field Map of the Iron 
b.Senaltlvlty to Coil Position 
c.CoIl Current 
d.Sansitivity to holes in tha Iron 
a.DeflectIon Due to Gaps and Magnetostrlction 
I. Forces 
g.Fringe field 
h.Accuracy 01 Field Measurernant in Gap Plate 
i.Sensitivity to Permeability Variation 
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DISPLACEMENT FOR 1000 LBS LOAD IN Z-AXIS " ",,'''' ,~, ",m~~'l 
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~ ••• o.:"':;;;:"':;_"''':;;----------=G''='G::-::''';;::G .. =.,,= ..... =_I 
,ay • ..,.. ...... o.n b.E,.b·· .. ,..IC/IIrMr .... ,.,..1 

DISPLACEMENT FOR 1000 LBS LOAD IN Z·AXIS 

1/2 Model us;n Solid Elements. Modified Modulus Gxz = 1150 steel 
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soc . MBT Loads and Moments in the Comer Joinls 
All values are per ringjoiJl t.752min 

Load Case DescriPtion M ........ Leads and ~D FE Modell&i Wands 
F, -Ilona Ine Fy -Ilona I Fz - oJong Ine Mx • about axis 
"lOioInI& _... II 10 joint & IllOioir" 
DeI'P. to beam D8fD. 10 beam 1110 beam DerD.lObeam 
N N N Nm 

Barrel Weiat< AlOne 3,631,702 
CaIori_We;ghlAlOne 257,952 271.436 

IForward TOfCidWe;gt< AlOne 506,073 208.154 

JII'Yf .W· 
'IUJ'" 

.... DT MD. • N171 IntOS ....... 
'TOo. 
'" D aDIAL 
DIIl".1 .. ,,, 
.... • ..... 711. ... --....... 
XV -. .. .. 
IV .. 
OIST"".I" ,., .HI .... 1 
." .·".14 
Pll£CIIE HIDOBf 

• • ...... Ift • .... 1174217 
C ...... 1212 
D .... INIf7 

• ..... 471 •• 
F • ...... 12. • .... 112 .... ..... .,.. .. 

• .... 11na 

:t.ll ... ,." 

c· ..... 
-.l .... 
'" 

My - about axis Mz - about axis 
oem. 10 ia'" II 10 beam 

Nm Nm 
989 5,614.043 

197.192 417.098 
210.979 944.827 

~ 3.0~ 

IBarrei. Forward. and C._er W_ 3.856.820 

':~ 
407.832 5.836.661 

10mm Bow in the Floor AJone 2.445,159 2.445.159 340.169 1. 956.015 2.814,932 
10mm Bow with W . 5.049.592 5.943,837 371,445 1,1 1.167.332 7,040.154 
L06g Z AcceI. VI to beam Atone 404.635 ".635 310,183 859.283 418.906 

0.06g Z Accel. w~h Weighl 
O.06Q Z AcceI. with Weighl and Bow 5.343.224 6,237.469 650.441 1.367,349 1.797.725 7,333.965 
0.060 X Aocel. IDOIP ... beam Alone 
O.~X keel. wih Weiahl 
0.06g X keel. wilh We9I1_and Bow 
XV Tolerance Correc1ion AlOne 
yz Tolerance CorrecIion AlOne 
XV & yz Tokwance and Weiaht 
Hydrauic Circuil: Failure .-
Magnetic 
S1aIieAssembly 

! Dvnamic Assemblv 

M8TlOADE.XlS Page 1 

Jll'Y' .W' 
'14Illt 

ItLDT MD • • Nln IntlSS 
IlIP_' . ..... 
'" D aOIAL 
DIll ".114"1 SIll __ .2141'2 

SIIIDC _ ... ,al'''1 

XV .-. 
yy ., 
IV ., 
OIST-eM.IU 

'" _1,1."1 
." _n .... 
Pll£CIU "moEN 

• ..... 1' .... 7.'/. • "'.'4211' !.l. C _".t1471' .s 
D a-'.II1Ml ~.7 

• _·'.11.111 ~ (' 

F _·'.111171 S.~ 

• "".ln41' U 
-'.""'1 I.~ 
_".'477'" 1.1. 

;r'I ""V, 
t( in", O"~\f.L "'on 
B-~=4.3~~ 
A-G "4.b",,,, 

Di~hi""J 
:I'1N-e, '" 1.1 ... ", 

JII'Yf .W-
'114.11 

.... OT ... 1 
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'" . ..-. 
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l1li __ •• 41111 
_ ... .,.IE~ 
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Muon Barrel Toroid Coil Details 

~-=:~:!> .~-.-
t=:::==::=::.-===---===::±a-

",.u .. 'l!'t2.. ... ".IfS 
1##f# •• Hi;·~-·"·~~: -

PftCIlLCEDBY GrIi ORAVING FILEIWIE C{I!LF[Jr: 

()4 00,25,"12 AT 13115 PLBlJEBATSCAlE 

-., .... _ .. _ ........ -----
1II1f.(fflSCIIIS" 

-SltM.ttIlJltlSIA 
'lGI'IU-.l51 

~M"" tc.w.J:. FlU. 

flgu ... I.B HaH Shert Plate Mod.! Ior147 mm 1hlck o.lGrrMd over Ih. ,nlir. sp.n 220·· 

Summ.ry al Ih. FEM Results: 

Tile r,.i,JII$ 10f Ih. analyS150n 147 mm pial's are shown ,n FlQUr.s 70 through 90 
and ,abulaled as IoIIows' 

PI,I. pefQrmed ShiM ~ J.SlI.n.. 
ptr 12 lu, hogth U 

OOlwaveOV1lllhe.o!,tespan 112 
One wave bet_tn 4 bolts I 
One wav,bet_.n 2 bolls 2 
One wave between 2 boilS (73 mm PI) 2 

18.3" 
122' 
612" 
612" 

MnllnWIl 
1>llIW'" 

2030" 
0362" 
Cog,· 
0672" 

Muon Barrel Toroid Coil Layout 
_._,-
.... .1.. .L~~.-- - >-

F·~-SflB."Sl1II. ---t------l.-.... -!' ~=,::.I 
i 21Ul.tOI'I'DnQllPElt ! ! 

~_ ID_ , 

~~-==-'~F=I ~~==~ ='-r-"]'~ 

PAOCU:£DBT G/'IG (JRAV[Jr(;F!L£twt; COllF[J[ 

11\1 03,251~ AT 10:21 Pl.OTT£Oo\JSCALE 

\JIll. (f llsaMlii 
"""CAt. ttlltCtStA l .. l.U....,. 

~, ••• tc:..u: IS .. IUI 
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tIJCIN rtEASUREt1BfT SYSTB1 

....... .QIaIIL 

111m! (~"''-\~) ... , .... & 

..,1 ... IIIItI, ...... ..,.m 1067 .. 2" 

..... INtI..,.m 7516 .eo 

1Wl ... 1IIItI, ....... 2 ... ....-sk 2IIUi6 .eo 

~ 

1W2 C .. INtI ..... I_ 16 

IWl C .. 1IIItI, ...... 2 ......... II .. 16 

FornnI 

FWI C .. INtI"'" 4S9O 16 

fW2 C .. IIIItI, ........... k 11904 16 

FW4 C .. INtI"") "'10 16 

fW5 C .. 1IIItI, ...... ..,.u 11636 16 

Ubil 9ODOO 200 

u1720 

~F" r um 1 •• ClC .... _S .... · .............. 
• ............ lIngtII .... lllltIJleal _-, ...... ) 

• C ......... Nf_ C • ......" 

• .. Itty cIIII&" 
• ........... ,actary 

• .... 1.1ICtn* ...... tIM atnIItIII 

• strtnt ............. 11 .... 

• ~IeII ......... cr1IIIP 

• tftt .............. ~IeII 

__ tftt 

tun-In ...... te _uy tnfft IIICIIUllty 

.... _te_1y facility 
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....... CMnIIn,...,u, .. I'It .. 

IIUI .. .,....,.. a-.. ...... 

"....tftt 90,000 ...... ., till...., 
~ ........... t-., __ ...., 

CIIBDIr ,.. ... I0Il: 250 ma..""", .Inhr.l 

15O_a.. " ...... 

1 ... 1I~ .. IIIt ....... HY ....... 1tC.1 

ttNIt IClntlll.tar QUIlIrs 
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'97-'99 InStIl .......... ...., In 5IlC.tctor 

...... Ull .. ., ........ ~) lo1721 
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Cl'/IIICI ............. 9m ....................... 1 

buI.d ...... "'.Iatt "-
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IIIIIrt '*' Into ........... ..... ............ 
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lW2-fW,J (lnWIIIIIIIatel 

,-."........,... 
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Tentattve Installat10n 8 
Sequence 

7 12 
MBW1.Z,P 

l~ bowc.l) 
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OCTANT 
"P' 5 
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3 14 

2 10 
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2 
I - 2 ]- 24 

IIE::. hi f ( __ .. -:===-J 
TIME 
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17 
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Tentative Installation 
Sequence 

MFW.S.Z.P 
(~ov ___ cl) 

,~ 

r': 
I 
I 

I " ,-., ., " 

OCTANT 
'p' 

I 26 

7 28 

tI 30 

5 32 

31 

29 

2 27 

1 2 .. 5 

I. r 
1 6 1 o 2 3~ 4 25 o Sf] 

20 12 4 36 44 52 60 

22 I~ 6 38 46 5-4 62 

24 16 8 40 46 56 6.( 

23 15 7 39 47 55 63 

~1 13 5 37 45 53 61 

19 11 3 35 43 51 59 

J/ ..... ',~ ... v_ ...... J 

25 
J 

17 9 
I 

1 33 41 49 5~ 

MBWI 
(w..n...- -rd.) 

M8W2/J 
(O\lbor ..... f'&I.) 

TIME 

FABRICAT ION 

FABAICATI ON 

FABRICATION 

FABRICATIO N 

1-64 

I- 2 

NSTALLATIC 

I -. 

NSTALLATI( 

1-4 

~TAllATIO 

1 - .. 

MFWI. 2. 4 & 5 
(f.,. ......... ) INSTALLATION 

D£YELOPl1!NT IIIIIIIIIIIIIII 
TE5T1... IIIIIIII!!IIIII 

PRE PAODucrlON 

1 2 J 4 5 6 7 8 

-, 24 

1-2 
N_ 

I -. ..... 

1-4 

'L_ 

C 

PRODUCTION --

J - 24 

9 - 45 

'-41 

5 - 16 

, - 7 -

STATION 
T 

TIME LINE 

42-.... 

I- If IS - I --. 

.1 -. 

1-.-

Integration of These Four Schedules Is to be 
Performed 

41 

1 

Tentative Installation 
SeQuence 

X 8 9 

7 30 
MBW2/J.Z.P 
(~ ho..rc.l) OCTANT tI 39 

TIME 

Tentative Installation 
SeQuence 

1-4 

1M 

MIW2/J.Z.P 

t ~fl\tcl ..... ~ ) 

TIME 

1- 14 

'p' 

X· BLOCKED 

OCTANT 
-P' 

1$·16 
I 

.. 40 

1 11 

X2 10 

I 19 

1 

8. 1 

7 11 

l 5 

2 2 

7 

14 21 25 

23 18 16 

37 35 33 

38 36 34 

17 20 27 

15 22 24 

13 7 8 

2 J 4 
STATION 

STATION 
T 

T 

14 

5 

28 

12 

31 

32 

29 

26 

41 

5 

X 

X 

0:> .-
-.J 

"" en 

0:> .
-.1 
1':) 

-.J 



f.clllty US.' 811T.1 Muon Production 
IIWI MoNln SII.;~ Hlllllllg from tilt 

stor ... Ar •• C.lllng 

soc ASSEMBLY FACILITY 

OI' .. t_-____ ..,. 

__ ,Itt. 
, ..... 0. .".17. 

IW2 & IW1 A ....... ., _ 'nt 

SOC ASSEMBLY FACILITY 

wwtst .... ·, 
OU .. t_----------, 

DrIft_'OII --,,.. "" 

,w2. fWJ AI ..... " 1M tnt -

' .. 
. :t.P· ~. 

o .... 
-..I 
CAl 
N 

o --..I CAl 
CAl 

Orlft e.1I T'lt ............... 
I""."" 

--. 'ttl '''',_-----1-

'W ........ I_ ..... ____ 
.. "' ....... t Tests 

SOC ASSEMBLY F AC IllTY 

SOC ASSEMBLY FACILITY 

Off It, Ntl-----, 

DrIft Ctllrnl --.•. ,. 
-"'-' Ie. 10. 
9.,"11711 

1W2&.WJA .... .,IIMITH 
'MOn. ... ' ow wort suttons It SctwO.IIt ~.,... u...,. ''W' 'In" frlm~' 

1W2I1WJ_ 

r .. , C .... -.c. N •• " 
11.5111. 20M 

o .... 
-..I 
CAl 



SOC ASSEI18LY FACILITY 

Facility till •• F_.,.. Huon 
PrOdllCtton It 70. CaRlplttt 

.111 .. _ --_~_._ .... 

rr ..... AI ...... ----... "" ..• -.,..-.---tI2l 
•••• 0. 
U""11to 

1W'l, IWl ... ....., 1M 'ett 

• • • • • • • • • • • 

! I I iii ! i J I 
I J i 1 J i I I J I 
J I J I I I ! ! ~ 
8 I c I I I I , I if j I 111 

P ilJ JI 
Is !!! 

I - I 
I i 

J 

• 
i 

• 

~AI"-' 13."." 
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Subsystem R&D Plans 

• Fencepost: concatenation Implementation ==> accuracy, range, temperature, 
drift, aging, radiation effects, calibration 

• Other types of Straight-Line multipoint sensing 

• Proximity Sensor Types: 
AHachment to fencepost, accuracy, range, temperature, •.. 

• Ranging Subsystem: 
_ Ranging Electronic technique and Implementation: time- of-flight, 

AM modulation, FM modulation 
- Optical Head mechanization 
- Targets 
- Calibration procedures 

• Other Subsystems: Angle transfer, Inclinometer, Liquid Level 

____ J.GOVIGNON ----------------
514/92 

'LOCAL ALIGNMENT' to Monitor Module Deformations 

• Through local alignment. the wire ends ~SltlonS are related to 
the fiducial marks at module·s corners 

• Straight line monitors measure low order structural mode shape 

• Low order mode shape ascertained by analysis & prototype 

• Made shape Is determined by: 
- Fabrication errors 
_ Thermal & gravity loadings 
_ Mountlng conditions (# of support points & location) 

• Length determined by Fabrlcatlon tolerance & temperatute sensing 

TYPICAl OP11CAL 8'1'RA1QHT .... 

L~~.!.". 
LENS SENSOR 

R&D, Engineering 
and 

Prototype Plan 

Charles Grinnell 

SDC Muon Measurement System 
Chief (3.2) Engineer 

May 6, 1992 
SSCL 

Research and Development 
Detecting Element 

• Extensive R&D with prototypes for the detecting 
element(and geometry) completed on 4 options: 

- Jet cell 
- Oval tube 
- Octagonal tube 
- Round tube 

• Decision to proceed with 'Round tube' option with 
field shaping for Barrel and Intermediate regions 

• Forward system requirements from radiation and 
rates dictate further R&D (BNL and IHEP tests) 

___________________ C.GrlnnoU 05l06I92 _ 
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017611 
Configuration Issues Outline 

Muon Measurement System 
Configuration Issues* 

* Items which could change the 
conceptual design of any part 
of the subsystem and/or 
require changes in other 
subsystems. 

Responsibilities 

Suoerlavors 
• Tube spacer specificationS and analysIs 
• Creep tests on wires and superlayers 

nAtaile" .vn,,'. 
• ~tereo validation and optimum location 
• Phi and theta optimized in all layers 
• Scintillators 

~ 
• Location and dimensions of access to CTO 
• Validate link 01 BIVF and all 10 CTO 
• Projective lines of sight requirement 
• System tolerance allocation I' SOC overall support. adjuslment and control plan1 
• Exact layouts for magnet wormhole locations (6/92)} 

",v .. om r •• ,... 
• Phi solutions for barre 
• Theta at B1VF interfaces 
• Matching crackS and function with CTD 
• General phUosophy: minimize dead or soft zones 
• Support base angled or vertical 
• 811 overtap 

Service and '~o •• W.v. 

• ~onSistent with supermedule layout 
• Consistent with installation and schedule 
• Minimize all 

c"'~ "himnov 
• QimenSlOns and location 
• Performance in region 

• behind calorimeter gap 
• behind muon system gap 
• tNe gap at toroid including flux variations 

Forw"rd ';."om 
• Indusion in facilities and resource requirements 
• Inner detector access 
• Support and assembly sequence 
• FCAL and beam pipe support 
• Absorber specifications and support 
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Example Output 
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Projections of the IW3 alignment lines onto the cavern walls 
for survey monument definition. 

-~ G. Holden 
514192 
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Development 
Configuration Studies Tool 

• Parametrically driven numeric description of the 
detector under development 

- Provides fast turn-around assessments of 
changes to the configuration with output of: 

- Geometric coverage 
- Channel counts 
- Model for simulation 

• Other planned uses: 
- Configuration Management 
- Parameter drawing packages 
- Alignment studies 

o ... 
-.J 

C. Grinnell 05106192 _ g; 

SDC Muon Measurement System 
Engineering Parameters Database 

. G.Holden 
514192 



Engineering Organization 

• The people 

• The schedule 

• The tasks 

C. Grinnell 05l06I92 _ 

Engineering Organization 
Engineering groups Involved 

• University of Washington 
Barrel system design 

• University of Maryland 
Forward system deSign 

·FNAL 
A.gnmenl 
Facllllles and services 

• University of Texas @ Arlington 
Producllon 
Robollcs 

• Mar1ln Marrietta 
Resource allocallon model 
OVerall system design 

• University of Wisconsin 
lnIarmedIate system design 
Facllilies and servlcas 

.IHEP 
Forward sysrem deSign 

• Draper Laboratory 
Allgnrnant 
System engineering 
Forward sysrem? 

·SSCL 
ScheduleS 
/ntegrallon 
Facilities 
Prototype 

• PSL (Wisconsl n) 
Intermedlare sYSlem design 

• Harvard University 
Tube design 

• University of Michigan 
Scintillator system 

____________________ C.Grlnnell 05i06l92 

Archived 
Baselines 

Baseline Archiving Configuration 

Currently Proposed 
Baseline 

most recent ~ Barrel_MB 
Forward_MF 

Intermediate_MI 
Paramter Definitions 

Magnets and 
Absofbers 

Inner Detector 
HaD and Facilities 

I Base.mtTddyy I 
Base.042192 

MB.042192 
MF.042192 
MI.042192 
PO.042192 
10.042192 
MA.042 I 92 
HF.042192 

oldest 

Macros 
functions 

Transition 
from 

R&D to Design 

Working and 
Analysis versions 

worLMB 
workl_MB 
work_MI 

• Some real R&D remains on topics like alignment 
electronics, sclntlllators, gas, etc. ' 

• Configuration Issues must be resolved soon 

• The focus Is now shifting to: 
1. scoplng out the detailed design effort 
2. adding configuration specific details to the 
schedules 
3. organizing the engineering and other 
resource requirements 

c ... ... ... 
---------------_____ C.Gr/nnell 05J06I92 _ w 



Engineering Organization 
Continuing Schedule Development 

• Installation schedule updating for changes In 
underground hall and detector configuration 

• Construction phase details by MM developed from 
1. detailed( =500 task) Open Plan 
2. continuation of Resource Allocation Model 

• Design task details under study(next topic) 

MOTI; that the nature of this detector and the assembly 
facilities requires integration of the muon system 
construction and installation schedules with 
overall SOC schedules from the outset. 

__________________ c. Grinnell 05106192 _ 

Engineering Organization 
Installation Schedule 

• Overall responsibility for SDC Installation planning: 
Dave Etherton and Tom Winch 

• A dedicated muon scheduling person, Matt Piazza, has 
recently Joined the SSCL staff 

• Inputs to the Installation schedule come from review by 
the muon group and assessment by the RAM model 

__________________ C.Grlnnell 05106/92 _ 

Engineering Organization 
Baseline Schedules 

• SDC Project Cost/Schedule Summary Book 
April 1, 1992 baseline 

• Compilation of: 
1. Installation studies by Kaiser/LBL 
2. assembly and fabrication studies by MM (RAM) 
3. development/design estimates by muon group 

Q ... .., 
---------------___ c. Grinnell 05106192 _ ~ 
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Resource Allocation Simulation 

A Systematic Process Using Flexible Computer Tools for Efficiently 
Allocating and Scheduling Program Resources (Equipment, Facilities. 
Personnel) to Achieve Program Objectives. 

rYTA R TIN MARIETTA 

Characteristics 

• Monte Carlo Simulation Using a Discrete Event Simulator 

• Simulates Variable Time Periods 
• Simulates Scheduled and Unscheduled (e.g. Removal and Replacement of 

Failed Resources) Events 
• Addresses the Availability of Major Resources (Equipment, Facilities, and 

Personnel) 

• Fortran Language 

rYTARTIN MARIETTA 

r::::::- , .. ..- .~- ~- -. ~~:---.-------------. -::::::--
I 
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CONDENSED MUON MEASUREMENT SYSTEM INSTALLATION 

1995 1996 I 1997 1998 I 1999 

T I 
I I 

Tuesday. April 28. 1992 



1 2 J H 
F ABR ICA TlON 

MBWI 1 - 2 J ·24 
I~ T !ILLATION --

1 -. I} - 45 
FABRICATION 

MBW2/J 1 - 8 9 - 41 42 - 45 

IN'TALLATION .,~ 

" 
1 - 4 5 - 16 

FABRICATION ~~~ 

MIW21J 
1 -. 5-7 8 - 14 15 - I 

IN T !ILLATION I- I 

I - 4 5 - 64 

FABRICATION -~ 
MFWt,2,4~5 I - 6 

INSTALLATION I --TIME LINE 

PRODUCTION PRODUCTION 

Integration of These Four Schedules is to be 
Performed 

Engineering Organization 
. Construction Schedule 

• Detailed Open Plan schedule has been built from inputs 
by the muon design groups 

• Schedule includes detailed tasks which now must be 
properly linked with network logic 

• RAM development uses all tools, stations, facilities, etc. 

• Output Is facilities usage layouts for discrete time 'slices' 

____________________ C.Grlnneli 05J06J92 

Program Inputs/Outputs 

• Input Requirements 
- Resources 

- Slarting Flow Path 

- Starting Time Spans 

• Output Displays 

- Data Reported by Graphs and Histograms 

- Schedules and Schedule Delays 

- Failures (Type, location, Downtime, Uptime, and Wait Time) 

- Resource Utilization Quantities and Hours 

- Identification of Problem Areas 

- Olher Mathemalically Definable Results 

Tentative Installation 
Sequence 

MBW2/3,Z,P 

X B 

7 

OCTANT 6 
.p. 

5 

4 

J 

X 2 

x - BLOCKED 

1-8 9-41 42-45 

~ FO'III~ __ ~ 
TIME 

9 

30 

39 

~ 
40 

11 

10 

19 

MARTIN M~R'E7TA 

14 21 25 28 

23 18 16 12 

37 35 33 31 

EJ Q ~ Ll 
38 36 34 32 

17 20 27 29 

15 22 24 26 

13 71 8 41 

2 3 4 5 
STATION 

·r 

x 

x 



Barrel Sypertower Project Schedule 

'OI,:.m---'" 
11/23192 

(STF .... ~ 
1--

12111 

Engineering Organization 
Task Development 

• A 'Task Organization' Is being developed with 
different levels of detail serving different functions 

• The structure used Is consistent with the 
organization of the muon group and the eventual 
division of hardware responsibilities 

• The WBS and the Task Organization must be 
consistent and compatible 

• Level 2 and 3 of the task outline are currently being 
developed. Initial Inputs from groups last week 

____________________ C. G"n"" 05106192 

o .... 
...;j 
tC 
o 

o .... 
...;j 
tC -

FacIlity Usage, Barrel Muon 
Product Ion at 40" Complete 

SOC ASSEMBLY FACILITY 

Ortlce Arn ___ ___, 

MachiN' Shop Area 
10m II 26m 

Drift (til Test &. 
Repare Area 
13m II. 5m 

Hardware Storage __ -r-
14m II. 10m 
9'5MlC 17m 

Calorimeter AssemblY Area 

Iw2 & IWJ Assembly and Tes 
(Additional BW Work Stations II SChedule Reqlres 
During Tf'lls Time Frame) 

Modole Assembly 
Storage Arta 
60m Ie 29m 

Engineering Organization 
Design phase schedulf:) 

• Detailed work begun last month 

• Focus Is on barrel 'Supertower l' 

• May only be done In parallel with the detailed 
definition of design tasks (next topic) 

Adht'Slve Matl'llnf's '2) 
2m Ie 1010 

Checkout &. Alignment 
ToollJ5mx9m 

Tool Cl~araoce ...... ta 

16Sm Ie 20m 

elur Isle 

-----------------___ C.G,ln .. " 05l06I92 -



OrganizatiOn II . Level 1 

01792 
i , Instituta 1 ContaCt 

Tube Desian ! 
unctionfTast IOAioc) 

Supennadula oeslQi1 
Supertower Oesi n 
Servicas (on board) 

~I) 
F ) 

ISupennadulaOasign 
Supertawer oeSiCn 
Services (anboard) 

Forward Sv, ,lemDeslan 
Tube oasi n (saa barrel 
FunclianfTast (CiAiCi<: ) 
Supennaduia Design 
:;upertawer ees10n 
:>ervices (anboard) 

! 
Iv.tam Deslan 
I system Designl 
I :super1ayer Devices 
SupennoduleOevices 

oroid Support Base Devices I 
Toroid Devices; 

labal System Devices 
ISystem Model Development 

I 
Trlaaa. Counlers Deslanl 

I~ystem Desionl 
Barrel Scintillator 
Intenmediate Scintillatar 

orward Scintillator 

I~ 
, 

IGas Delivery 
High Valtage 

ICoaling Water, 

cg - page 1 . 4/9/92 

W 0)1 1 0 011 I 0 ') 0 0 

Organizauon II • Levet 1 

15I,"""rt IrV! lam Deslan 
jlalge FixtlJresITaoUng 

orward Raaion 
Attachments and Aduatian 

System Design! 
Is.stam Encinearina 
ISafatv 
Intaaratian 
Manaoement 

co • page 2 . 419192 
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Barrel Supertower 1 
• Barrel region should be first task 

• Intermediate region should be second task 

• The end modules on the Barrel could be special tests 
with whole barrel modules 

.11 Is not clear what to 'prototype'ln the Forward region 

__________________ C. Grinnell 05106192 _ 

c::> .... .., 
~ 
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Engineering Organization 
Task Development 

• When task details to level 3 have been done and 
complied with manpower estimates they may 
then be linked to a schedule to determine the 
resource requirements 

• With this Information the muon group may then 
decide the distribution of these resources for 
the best solution of how to get the Job done 

+ 
'task - schedule -location' match 

c::> .... .., 
_ _________________ C.Grtnnell 05106/92 _ ~ 

Prototype Plans 
Definition 

• Many component prototy~s now being designed 
or under construction - focus here on Integrated 
detector module 

• Intent Is to verify all principles and concepts before 
committing to serial production: 

(D2124192~g _Ing) 
- assembly techniques • DAQ 
- Installation techniques • MRP (man. rec. pl.) 
- mechanics • QA/QC . 
- alignment • suppliers 
- Chamber function • test procedures 
- tri~ger • services 
- sa ety • + .......... 

• Discussions continue within muon group on the 
eventual 'resting place' of the prototype 

c::> .... .., 
'" __________________ C.Grtnnell 05J06I92 _.., 



Enough is Enough 

• R&D on system components is proceeding 

• Engineering organization Including detailed tasks and 
schedules Is being prepared for the May 24-29 KEK 
meeting 

• Prototype or 'Barrel Supertower l' plans continue for 
start at end 92 and completion of the BW2I3 
mechanical assembly by end 93 

C. Grlnne" 05l06I92 _ 
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Barrel Supertower 1 

• Developing detailed design tasking 

• Developing detailed sChedules 

• Dominant parameters to be ratified and fixed by 
the muon group at the coming KEK meeting 

- mechanical envelope 
- layer ordering 

• Space Is being arranged for In sse Muon Lab 
Building 3 - Suite 200 

• Alignment and monitoring system are being 
defined 

-----______________ C. Grinnell 05106192 _ 
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PARALLEL SESSION E: 

ELECTRONICS/DAQ/COMPUTING 
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Electronics for the SDC Detector 

H. H. Williams 

for the 

SDC Collaboration 

Philosophy 

* Front End Circuits 

Optimal performance 
Minimal power, cost 
IDgh ReliabWty 
IDgh Degree of Confidence In System 

* Trigger 

Tag Bunch Crossing for each system 

01808 

Three levels for max. rejection, flexibWty, 
minimal load on DAQ 

* DAQ 

Move data to L3 Trigger, Storage media 
High emciency, reliability 
Flexible 
Simplicity 

Extensive use of custom integrated circuits 

Emphasize common features, simplicity 

Outline 

* Overview of Electronics System 

Philosophy 
Structure 

01807 

Common Features (minimize complexity) 

• Examples & Status of Some Front End Systems 

Emphasis on Integrated Circuits 
Comparison of systems 
Status of protoypes & performance 

* Radiation Hardness of Electronics 

It's not a problem 

* Overview of Data Acquisition System 

Overall structure 
Common features 
Some simulations 

Comments: 

Emphasis on Front End Electronics 
Two trigger talks follow 
DAQ tomorrow 

DETECTOR ELEMENTS 

PRE - ..... Ps 

SHAPeRS 

01809 

10 6-~~ 
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fg:f::=~=$ :g~ 
60 MHz beam CtOSSUlI JUIC 

DETECTOR 

FIG. 1-3, Triuer and DatA Acquisi,1io" data 110w. 

01812 

Common Elements of Electronics 

Design & Implementation 

• Common signals/protocols for Front End Circuits 

• Common DAQ protocols for all systems 

• Standard Crate, DAQ interface card, Clock & 
Trigger interface card 

• New standard for low level differential signals? 

Development 

• Exchange of information on detailed designs 

• Shared proceSSing runs (bipolar, rad hard CMOS) 

• Exchange of subcircuits, layout, etc. 

• Common desigD/layout tools 

01811 
OVERVIEW of SDC FRONT ·END SYSTEMS 

Subsystem CbllllDei SipaJ Data Triger Comments 
Counl Processing Storace Data to_ 

Silicon Tracker 6<106 Bipolar ASO CMOS DiP'" Hits U !lad bani 
Very low powe~ 

SlQwTr.sclr:cr 140.000 Bipolar ASO CMOS Dip ........ LI&U !lad bani 
Low power 

"':JS Microstrip I.3xlo6 Bipolor ASO CMOS DiplOlllilS LI&U SUnilarlo 
Tracker silic:oa traCker 

Fiber Tracker 473.000 Bipolar ASO CMOS DiplOl Hits LI&U 

Calorimeter 
(Option I) 20.000 Bipolar AmpIShape CMOS AuJoaOlorp LI (U) Very Iarp 
(Option 2) 20.000 Bipolar GlI<dlDtq. CMOS DiP"'OIorp LI (U) d)'lWDic ruge 

ShowerMu '7.000 Bipolar AmpISbape CMOS as in calorin.ter LI&U Similatto 
caIorimelOt 

MUDI'! 'hires 90.000 Bipolar ASO CMOS Dip ... Time LI&U Similar to 
sttawu:aclcer 

Muon (~ ... unters 7.000 Bipolar Discrim CMOS Dip ... Time LI&U Similar 10 

muon wires 

ASO = AmpIi6erISbaperIIlisctimi Dip ... llirs 8: 1 bitJbtt 
Amp/Shape = AnIpIiIierISbap Dip ........ E 'fMC (TUDe Memory Cem 
Gared lnrei. = CutmII sp\iUerIGIled inICpaIOrIF ADC AuJoa 0I0rp = SCA (Swilched Caplcilor Amv 
Discrim = 0iJaimiIIaIcr Dip'" 0I0rp = 12 biul_1 

01813 

Protocols for Front End & DAQ 

Signals for Front End Circuits 

• 60 MHz Clock 

• Levell Accept (option Levell Reject) 

• Level 2 Accept/Reject 

• Fast Synch Pulse 

• Test Pulse 

• Slow Control 

Protocols for Front End Circuits (Examples) 

• Min. spacing between Ll Accept of 4·5 crossings 

• L2 Accept/Rejects ordered in time 

• Min spacing between L2 Accept/Reject: 1·2 Jlsec 

• Level 1 Trigger # locally generated 

• Treatment of Two Level 1 Accepts within resolving 
time of detector 

• Error Handling 
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Overview of Bipolar Preamp/Shaper 
IC's 

System Miaimum Pealdal Time Double Power 
Detectable Time Rosol Pili .. Dissipation 
Cbarge (as) (al) Resolutloo (mW) 

Silicon • 1 rc 25 - 30 5-15 60 • 100 1 - 2 

Gas Micr • 1 rc 25 - 30 5·15 60 • 100 3·8 

Straw 1 - 2 rc 5 - 7 0.75 20 - 30 10 • 15 

Muoa 2·3 rc 8 • 15 1 - 2 60 • 100 20 - 30 

Fiber Tr 1 - 2 rc 5 - 8 5·15 16· 32 10 • 15 

Calorim 
SCA • 1 rc 8 • 10 16 • 32 • 100 
FQDC • 1 rc 8 - 10 16 • 32 100·200 

Sbower • 1 rc 8 - 10 16 • 32 • 100 

Wire Chamber Readout 01816 

.specifications 

• Minimum Detectable Charge 

* Time Resolution 

• Peaking Time 

• Double Pulse Resolution 

• Power Dissipation 

Schematic Diagram 

Time 
III I 
y~ 

II I I I I 
II / I i 
\ I 

, lOasidiv 

II··· 
\ I 

~lfC 

< 0.75 ns 

5·7 ns 

20·30ns 

<20·ZSmW 

Time (as) 
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Overview of CMOS Storage IC's 

System Function L1 Storage (technique) Level 2 
Storage 

Silicoa Digital Hits Time Stamp, Dat .... drina, CAlVI off-cbip 

Gas Mic Digital Hits Time Stamp, Data-drlvea, CAlVI off·cbip 

Straw Dig Time Memory, Syncb (TMC) Distinct 

Muon Dig Time Memory, Syacb (TMC) Distiact 

Fiber Dilital Hits Memory, Syacb, FIFO Distinct 

Calorim 
SCA Aaalog Analog Mem, Syacb (SCA) 'Virtual' 
FQDC Digital Memory, Syncb, FIFO Di.tiact 

Sbower as in calorimeter 

Muoa Dig Time Memory, Syncb, TMC Disdact 
Conater 

Muon Chamber Readout 01817 

Specifications 

• Minimum Detectable Charge 2·3 fC 

• Time Resolution 

• Peaking Time 

• Double Pulse Resolution 

• Power Dissipation 

Schematic Diagram 

Preamp! Till Dlscrlm 
Shoper cancel 

1·2ns 

10 ·15 ns 

60· lOOns 

l00-200mW 

Rcvr me L2B 



Calorimeter Readout 01813 

Specifications 

* Minimum Detectable Charge 

* Dynamic Range 

* Peaking Time 

* Power Dissipation 

Schematic 

ID_ 

j 
.. __ . __ .... _ ............ . 

IOnsldlv {\ 

, -.. _. __ .1 ______ \ .... _ ............. . 
Time 

Simulations or lxlo' 
AT.tT Bipolar Preamplifier 

ID ........ 

=1 rc 
2 * lOS 

8 ·10 os 

=o.sw 

Output: 90 MHz SImpIiIIa 

~hower 1VlaXlmum uetector Kea<10ut 

64 Channels 
Front end 

Analog board 

(768) moduleS 

64 channels 
Front end digitizer 

board 

Calorimeter Readout - Flash QDC 01819 

Specifications 

* Minimum Detectable Charge 

* Dynamic Range 

* RiseTime 

=lfC 

* Accuracy 

18·20 bits 

5·8 os 

8·9 bits 

Schematic 

01821 
Effect of C060 Radiation on Current Gain 

Z. 
.E • C , 
.. 
u 

Radiation Level· 2M Rad 
'GrM-~~ ________________________ --, 

ATIT (NPN) 

'10 - -______ -_....... .-.~~ ". ... v 
~ ~~~.-- ._ ••• ;-;::::~ Vto.;.sv 

(.1 
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..0 -----'00 ........ 
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GMr-~~~~----------------------~ 
ATIT (PNP) 

". ... v 
.!! 1I1----......,~ '""-=""""""""",=-~"":'''::'''---I 

... (bl _av 

~ _r-__ ~~~~~ ________ ~....:.".~.w~ __ ~ 

I u ,·r--------------UN--_---------------4 ---~!.~A~~~~O~ .• ~A--~~ .. ~.~A--~~~~ .. A 

Collector Current (Ie) 
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01822 
Radiation Hardness 

* Bipolar technologies good to 5 MRads 

Noise, gain, risetime, current gain 

• CMOS good to 2 . 5 Mrads 

Noise, gain, leakage 

The electronics is probably more radiation hard 
than allY of the detectors 

.; 

N"ise.. . as t-~'I'Ic.hoY\ o~ ~a.J~~",- 01824 
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Effect of n Radiation on Current Gain 01823 

Neutron FJuenc.: lSe+13 N/cm 

tMr"~~~~=------------------------, 
ATIT (NPN) 

~ 'M'rt~~l----~~~;=~=====:~~~---i 
i t~r--U:dV7~~--~~~==~~~--~ 
t:I 

] ::~====:,:,':::.:~::::~::=;':"'~':::=:-: .. :.:.r:-=_::==~~===~ 
...... A .. _ _ -Collector Cumnt IIC) 

Neutron Fluenc.: lSe+13 N/cm 
Mr"M~ ____________________________ --, 

AT&T (PNP) 

0 
0 

S2 
00 

00 

00 

0 c 
00 0 .2 (I) 

iii 
00 

(/) :0 
(/) ~ I o = Q) 

W X \ 0 = () 

0 oS! ..- 0. 0 Iii ;( 0 = 0 0-
Q.) to 

E (J) 0:: 0. I 4: 

> >- 0 o ~ (f) ... 
t- o c 

Q) 0 0 x ] .2 
Z 'c 0 iii - 0 

I a.. 2 ~ !:!:! :0 

Z 0 0 ~ 
.::s:. 

0 0 ~ " 0 
;; 

0 III 
0 0 0 

N 

Z 

! 
Z 

0 W 
~ 

..!: => 
:t;. 

0 
0 0 0 0 0 0 

~ (I) to ~ N 

01825 

§ .. 
to 
:;: 
g 

~ .. 
cD 

i 
-' 
c 
.2 
'i 
:;; .. 
0: 



[_'M' urn fllQ..t1taI cygs 

Threshold Voltage Shift 
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Effect of Radiation on Transconductance 01828 

20 NMOS 
UTMC Process 

-0 1'''' (SIo) 
-0 .......... '1\) - I' 1In4/Sl.) 
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Data Acquistion System 

• Overall Structure 

• Some Simulations 
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01832 
DAQ Protocols for Front End System 

* Digitized Data 

* Data Stored unit! L2 Accept 

* Complete Event Data for each L2 Accept 

* Bunch Crossing or Trigger # ID 

* Ordered by Time and Channel # 

* Common Format for All Detector Systems 

* Standardized Set of Control Signals 

* Locally Resolve Ambiguities when Two 
Triggers witbln Detector Resolving Time 

01831 
DATA SOURCES to DATA ACQmsmoN 

# Crates & # Data 
System DAQCPUs Links 

Silicon Tracker 10' 10 

Gas Microstrip Tracker 10 10 

Straw Tracker 8 32 

Central Calorimeter 96 192 
including Shower Max 

Forward Calorimeter 2 2 

Muon System 64 64 

Level I Trigger 59 59 

Level 2 Trigger 25 25 

Total: 274 394 
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Summary 

Front End Electronics 

* Performance in band for all systems 

• Integrated Circuit develop. weD advanced 

• Proceed to fnU system tests within 1 year 

• Few major decisions remaining 

(review of calorimeter readout in June) 

Trigger 

• Conceptual Design looks good 

• Proceed to more detailed conceptual designs 

DAQ 

• Overall topology (at crate level) specified 

• Proceed to detailed simulations 

• Refine topology 

Overall we are quite confident 
our goals will be met 
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SOC TRIGGER SYSTEM 

Wesley Smith 

University of Wisconsin 

on beha" of the SDC Collaboration 

Philosophy: 
Local: 

SDC Review -- May 5,1992 

SOC TRIGGER PRINCIPLES 

Signatures of e's, y's, ~'s, jets 

In 11 x ell regions 
(ex: v's) 

Measurably Efficient: 

0183i' 

01839 

Overlapping Programmable Triggers 
Prescaled Lower Thresholds 
Prescaled Triggers wi less conditions 

Efficient Use of DAQ Bandwidth: 
Efficient Lepton and Jet Identification 
Consistency with Offline Cuts 

Benchmarks for Trigger Performance: 
e's, ~'s from inclusive W's, Z's: 

50% efficiency (cut on lepton Pr) 
Jets, y's at high Pr: 

1-2 decade overlap with lower -.Is data 
Missing Er: 

Good efficiency for channels such as: 
H ~ 2C2v 
SUSY particles 

Low Pr multileptons: 
B Physics 

SOC TRIGGER SYSTEM 01838 

Requirements: 

Input Rate: 108 Interactions per second 

(average 1.6 interactions per 
16 nsec bunch crossing) 

Output Rate: 50 - 100Hz can be written to tape 

Physics Rate: 50 Hz of Top, W's, Z's 
(Uffle Spare Bandwidth) 

~ 1 rP Rejection needed 

8 
10 

SSC TRIGGERING: 
EVENT RATES & TECHNOLOGIES 

} Integrated Circuits 

01840 

6 
10 

u 
CD 4 

(j) 10 
~ 

} PC Board Systems 

} Computers -CD 2 
~ 10 
CC 
C 0 
CD 10 
> 

UJ 
-2 

10 

pp -t t X 

Trigger Decisions 

Level 
One 

Level 
Two 

Online 
Trigger 

} 

100% 
Recorded 

an SlD 

~ ~ ~ ~ 0 
10 10 10 10 10 

Available Time (Sec) 
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SOC TRIGGER LEVELS 

Levell: 
Identity Physics Objects: 

Electrons 
Photons 
Muons 
Taus 
Jets 
Neutrinos 
Combinations of Above 

Level 2: 
Refine Identification of Physics Objects: 

Sharper PT Cuts 
Electrons From Conversions 
Muons from Decay/Punchthrough 
Refine Energy Sums/Clusters 
Displaced Vertices 

Level 3: 
Full Physics Analysis/Decisions: 

Specialized Algorithms 

Heirarchy of Decisions 
DST·type cuts on Physics 

LEVEL 1 

Electrons & Photons: 
Find (.1 x .1) Cal Towers with Eem > Thr 

Require Ehoc/Eem < .04 .. 10 . 

01842 

0184'1 

Option: Pattern of surrounding quiet towers (isolation) 

y's: Match w/Shower Max in .211 x .2$ 
e's: Find Outer Track Segments w/Pr > 10 GeV/c 

M.9tch Track Segments w/Shower Max in $ in 1/64 
Assign ~11 = 0.2 from Shower Max to Track 
Match Track w/Cal on ~11=0.2, ~$=0.2 

Muons: 
Muon Tracks from Sclnt + 9-layers w /Pr > 10 GeV /c 
Option:Find Central Tracker Sgmts w/Pr > 10 GeV/c 

Jets: 

Match w/Muon cp-Iayer Track Sgmts in 1/64 
Use Momentum cut on Central Tracker PT cut 
(Use Scint to associate $ and e tracks) 
Match Track w/Quiet Cal on ~11=0.2, ~$=0.2 

1 .6 x 1.6 grids of overlapping towers> Ethr 

Neutrinos: 

Sum Missing ET over .1 x .1 Towers> Ethr 
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Level 3 Initial Pass Algorithms 

• Recalculate ,'arious Et measurements using the full calorimeter 

resolution to sharpen thresholds 

• Cse advanced pattern recognition in the calorimeter and shower 

ma.'<.imum detector for electron identification 

• :.I.Iake a precise position match between electron track segments 

and the shower maximum detector profile 

• Perform jet clustering and refine jet triggers 

• Include calorimeter information in muon selection 

• Include forward calorimeter information in E t sums 

Level 3 Detailed Algorithms 

• Perform complete 3-D tracking in the muon system 

• Match track segments in all tracking layers for stiff tracks 

• Incorporate yarious calorimeter energy corrections, including 

corrections for dead material, gaps between barrell endcap cal

orimeters. and gaps between calorimeter modules 

lEVEL 2' 

Electrons: 
Use Si Track to Tag (Kill) Conversions 
Use Si Track to impose PT vs. E cut 

Muons: 
Use Si Track to Kili/Tag Punchthrough/Decay 
Compare Si Track PT vs. Muon PT 

01846 

Additional Muon 9-layer reduces beam spot cr(PT) 

Jets: 
Measure Energy in cone 
Find Stiff Tracks in Jet 
Search for Unisolated Electrons near/in Jet 

(stiff track + Tower w /Iow H/E) 
Use Si Track to find displaced vertices 

Neutrinos 

Add Muon Energy into ~T sum 
Sum Jet (cone) Energies 
Topology: location of iT vector (hole) 
Search for lower energy leptons 

'Level 2 Trigger in subsequent talk 

Level 3 Final Pass Algorithms 

01848 

• Ad"anced pattern recognition algorithms in tracking system 

to find photon conversions. secondary vertices, and topology 
signatures (e.g .. r's) 

• 3-D track finding to locate vertex position. correlate tracks 

from a single interaction. and reduce ambiguities in tracking 

.!frack fitting to help soh'e pattern recognition ambiguities and 
eliminate fake tracks 

• Full offline reconstruction of the event 
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Representative level! trigger E\ thresholds. 

Electron 
Photon 

Trigger 

Two electrons 
Two photons 
Missing Et 

Single Tower Hadron (.1 x .1) 
Jet (1.6 x 1.6 sum) 
Muon 

Threshold 

20 GeV 
30 GeV 
10 GeV 
20 GeV 
80 GeV 
60 GeV 
140 GeV 
20 GeV 

rn 
Q) ...., 
ro 

0:: 
$-0 
Q) 

tlD 
tlD 

'5:: 
E-< 

I=l 
0 
::l 

:::E 
"d 
Q) ...., 
ro 
$-0 
tlD 
Q) ...., 
E 
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LEVEL 1 BASEUNE DESIGN 

.1 Gbit/s optical fibers carry trigger primtives from 
detector electronics to crates in electronics house 
on surface. 

• Design assigns logic blocks to boards in crates. 
Implemented using standard technology (I.e. lOOK 
ECL. HCMOS) with ASIC's only where necessary. 

• Design maximizes flexibility-and programmability 
through use of digital logic built around memory 
lookup tables and programmable gate arrays. 

• Boards and crates designed for power. circuit 
space. I/O connections (std. density). fiber optic 
interfaces. backplane traffic. timing. and DAQ and 
trigger clock/control interfaces. 

• Design minimizes hardware on detector: reduce 
detector COOling. power. space; maximize access; 
decouple trigger and detector geometry. 

• Fiber optic and twisted pair cable plant have been 
designed to reduce the Inaccessible single pOint 
failure risk to 1-2% and to minimize Interconnects 
between crates. 

• The system carries sufficient information for 
diagnostics. efficiency studies. and understanding 
of trigger behavior. 
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LEVEL 1 TRIGGER PHYSICAL LAYOUT 

ELECTRONICS ROOM ON SURFACE 

_Optical 
Fibers 

Optical 
Fibers 

I 
I 
I 
I 
I 
I 
I 

32-37 
Crossings 

32~37 
Crossings 

Trigger 
Signals 

" 
Trigger. 
Primitives 

SDC DETECTOR 

-7 Total Level 1 Pipeline Length 
~ 250-256 Crossings = 4 !J.sec 

To Figure Id To Figure Ib 01867 

~ Jet Trigger: t 
Electron Trigger: 
3-bit 

3 bit Region @ 
Threshold Sums 
to Energy Sum/Jet 
Threshold Crate 

ErtMissing ET Trigger: 
12·bit EX. Ey. ET 
sums from each Elec1l"on Codes 

for partial 
and complete 
(.2)2 regions 
to """ 
Elecuon 
Match 
Crates pairs 

tower per 
fiber 

1792 
Off-Detector Fibers 

720 1116 
pairs pairs 

crate to Energy Sum! 
Jet 'Threshold 
Crate 

Regional Calorimeter 
Summation 

Crates 
(31 Crates) 

/\ 
Endcap: 

EMC/HAC 
for one tower 

per fiber. tower per 
(.1)2 for fiber 
11<2·6. 
(.2)2 for _ 1664 
11<3.0 Fibers 

On-Detector .-_-"i-..._.., 
Barrel Crates 

(64) 

EndCap Crates Forward Crates 
(32) (2) 

Calorimeter Local Processing Crates 

Figure la 

Jel Trigger: 
S-bit Region@ 
Threshold Sums 
each of 4 major 
regions of 
Calorimeter 

Jet Trigger: 

01861) 
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Final Decision Crate 

I 

11\ Il' ErtMi 
12-bit 

from ... I- 169 I~ ... /--surns 

ssing ETTrigge, 
EX.Ey.~ 

from each of 
paus plllrS 4maj or regions of 

meter Calori 

Energy Sum/ 
Jet Threshold 

Crate 
1\ If' 

ErtM" 

from 
eter 

3-bit Region @ 
Threshold Sums 
Regional Calorun 

~ 

___ 720 
patrs 

1116 
pairs 

f--" 3-bit 
using ETTrigger 
Region@ 

Thres hold Sums from 
nal Calorimeter Regio 

Crates Crates 

~ 
To Figure la 

Figure 1b 



To Figure Ie 
~-

Muon Trigger: 
Contents 
of all 
64x4 = 256 
~ntral/J!1t 
Tracker ~ Bins 
to Muon Trigger 
Crares 

To Figure Id 01869 

t 

28~0 t 
parrs t 

Elecrron Trigger: 
3-bit Track/Shower Max 
MatCh Codes for (.2)2 
regions to Electron 
Match Crates 

pairs ,Track/Shower Max 
Match Crates 

(2 Crates) 

Tracker: 
2-bit PTs for 
6#x411 bins 
in the itll< 2.8 
region 

Off-Detector 

On-Detector 

Processing 
16 <:rates) 

Shower Max: 
Hit Flags for 
64$ x 30T! 
b ins in the Optical 
itll< 10 region Fibers 
Each bin is 
1~$x,Ul1 

Calorimeter/Shower M 
Local Processing 

(96 Crates) 

Figure lc 

:Final Decision Crate: 01871 

Muon Trigger: 
Correlated Muon/ 
Track/Cal-Quiet Hit 
Histograms from 
4 major Regions of 
the Detector 

Muon Trigger 
Crates 

Muon Trigger: 
Calorimeter-Quiet 
Flags for (.2)2 
Regions from Electron 
Region Match Crates 

ry 
(4 Crates) pairs To Figure Id 

Muon S.vstems: 
Top Two 2-bit PTs 
in each of 96 different 
Barrel. Intermediate 
and Forward Muon 
Regions, Each 

Muon Trigger: 

PT Hit is tagged 
to-UoD and 
,2All 

Off-Detector 

On-:D~tectl;; 

Contents of all 64 x 64 = 256 
Tracker PT bins from 

Track/Shower Max --=:::.... 
Match Crates ---;:;'" 

To Figure Ie 

Barrel Intermediate Forward 
Muon Local Processing . Muon Local Processing 

Crates Crates 
(56 Crates) (8 Crates) 

Figure Ie 

Muon Local Processing 
Crates 

(32 Crates) 

!Final Decision crate:! 
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To Figure Id Elecrron Trigger: 

~ 
Cama!ed~MalIII"rackHi[ 
Histograms ftan 8 map-rcgioos of 

960 

the detector 
456 
pairs Electron Trigger: 

r-----------~----------~3~[ Electron Codes for 
Muon Trigger: EI CompIetelPanial (.2)2 ectro n regions from Calorimeter-Quiet 
Flags for (.2)2 
Regions to Muon 
Trigger Crates 

Regional 

Match Crates ~etcr 

(8 Crates) ~ 

Trigger 
Vectors 

"==--== ....... =;:==-== __ .......,..J ~~2~ ~ 
parrs 

Elecrron Trigger: 
3-bit Track/Shower Max 
Match Codes for (.2)2 
regions from Regional 
Track/Shower Max 
Match Crates 

2800 
pairs To Figure Ia 

~ 

To Figure Ia 

Figure Id 

Final Decision Crate 
Number of Crates: I 

Coverage: Entire Detector 

Electron HSC (Traclt-PT-Match Histogram) 

Electron HSC (Traclt-PT -Mismatcb Histogram) 

Electron HSC (Track-PT -Nomatcb Histogram) 

ITSC Card (Jet Threshold Histograms) 

ESC Card (TotallMissing Transverse Energy) 

Muon HSC (PT -Match, Quiet-MalCh Histogram) 

Muon HSC (PT -Nomatcb, Quiet-Match Histogram) 

Muon HSC (PT ·Match. Quiet-Nomatch Histogram) 

Muon HSC (pr -Nomatch. Quiet-Nomatcb Histogram) 

FDM Card (Memory Lookups to Produce Trigger Vectors) 

FDL Card (Trigger Vector Correlation Logic) 

LICCB 

DAQ tnterfaceIProcessor 

r--.- (Spare Slots) -.-. . 
~ -!...-

Figure 16 
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Trigger 
Subsys tern 

III!! 
IS 

~ 

Process' 
Resul 
for 
end re 

teCtOr De 

Ll Accept + 
to Ambiguity 

) 
Global Clock & 

rate ConuolC 



TRIGGER CLOCK &: CONTROL 01873 

Clock: 
Trigger System sends out a 60 MHz clock to all Front 
End Electronics. Trigger and DAQ Subsystems 

Control: 
Trigger System sends out: 

Levell Accept/Reject 
Level 2 Accept/Reject 
Reset. Synch. Test. Empty Crossing. etc. 
Readout Type bits 
Phase Information 

Status: 
Subsystems send back: 

Busy. Error 
Phase Information 

Hardware: 
Signals are transmitted on optical fibers: 

One each for Clock. Control Status 
Interface with Subsystem Crate: 

Level 1 Clock & Control Board (L 1 CCB) 
Fanout Module: 

Level 1 Clock & Control Fanout (L 1 CCF) 

Trigger Schedule Milestones. 

Major Milestone 

Start Final Ll Design 
Test System Available 
Complete Ll Design Specs. 
Final Ll Design Review 
Complete Design of Levell 

Start Final L2 Design 
Complete L2 Design Specs. 
Final L2 Design Review 
Complete Design of Level 2 

Deliver Ll & L2 Prototypes 
Initial Delivery of Trigger Interfaces 
Delivery of Trigger System Begins 
Begin Integration & Test w /partial systems 
Begin Integration & Test w /final systems 
Commission Trigger System 

01875 

Scheduled Date 

January 1993 
May 1993 

December 1993 
January 1995 

June 1995 

January 1994 
December 1994 

July 1995 
December 199 .. ) 

June 1996 
June 1996 

January 199; 
June 199i 

January 1998 
October 1999 

01874 
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[II Event selection scheme J 
Inpul ~ Front end electronics (bit) Detector dig,llzed data (byte) Fu« event (619) 

Technique ~ 

• Particle Identification: 
-> high Pt em. cluster 
-> high Pt had. cluster 
-> Stm trllck segment 
-> Stl" muon segmen'r. 
• Missing EI 

Local pallem recognllion 
and energy evaluaUon Transversal I kmgitudinal profile 
on /aSI macro granular Fun track raconstruclion 

information 4 Detector malching 
10-3 to 10- Globallopology 

10 -1 to 10-2 

Rejection 

• Clear physics 
process signature 

_ .. > W's. Z's 0, b's •.. 

Partial (full ?) event 
reconstruction and 

analysIs 

~ t ~ ______________ ~----~-----------+--~----~10H~ 0 

¥16 ns 0.1 Osee :;; 

SDC level 2 trigger - 3 5nt92 ~ 

Overview J 
Refine & complement the Level 1 trigger cuts 
• add new detectors ---> Silicon tracker. 
• information not available at the level 1 ---> Muon, ShowerMax .. 

Clean sianature of : 
• high Pt incTusive particles 
• simple subprocess (dlleptons .... ) 
• multiple signatures 

Rejection factor ---> 10 to 100 

• Estimated Level 1 rate 
@'L= 10**33=>'-30'KHz' 
50 % "--> Caiorimetiy· 
50 % ---> Muons 

Average 10 J1sec between 2 decisions 
• Accept 7 reject < 10l1sec 
• select & lIag • prescale ---> up to 50 llSec latency 

~ Flexible & programmable algorithms 

~ Strongly connected the L 1 T & DAQ 
- synchronization 
-l2 buffer 0 

- data extraction ... 

~----------------------------------------------.. ~ SDC level 2 trigger - 4 5M2 c 

The 

P. Le Dr, 
Saclay & LBL 

Level 2 Trigger 

A global view of the level 2 trigger 

Summary 

~ 

PAC mccting 

May 92 

The a Level 2 DIGITAL trigger I 

S1JC level 2 trigger - 2 

~ 
Event selection scheme 

Overview 
Level 2 tasks 

Strategy 
Philosophy 

Conceptual design 
Technical constraints 

Implementation 
Data flow diagram 
Techniques & tools 

Algorithms 
Conclusions 

514N2 



[J ~~~~~~~~~~~P~h~il~O~S~O~P~h~y~~~~~~~~~~1 rlililF~"~~'~Re~fi~ne~L~$e~I:~c,~:~:~~~~~~~:~~~{S~M~uo~n:se~g:me~n~tm~a~tc~h~(P~hi~'P~t)~I· 
Basic ideas & guidelines 

fi . ....II.. {Refine. selection ---> Track-Shower Match (Phi, E=P, isolation) .... rom many past experzences. ~ 

• Tag (kill) photon conversion ---> Si tracker 

• MODULAR & FLEXIBLE 

--- > scalable as the Physics, machine /uminiosity & 
techniques evolve 

• COHERENT 

---> realistic compromise between Physics guess, technology 
complexity & cost ... 

---> "Simple" : easy to integrate, commission, debug, test & 
control 

o ... 
<lO 
U) 

~ ............ ~ .................................. ~~ .. w 
SDC level 2 trigger - 7 5/2/92 

1Jt@i )Conceptual design >-

Silicon Tracker 

Central & 
Intermediate 

Tracker 

ShowerMax 

EM Calorimeter 

HACalorimeter 

Muonchambe~L-________________ ~~ 

Combine with redundancy 
the different detector layers 
with the finest granularity 

• Track segment 
• Vertices 

• Track segment 

• Shower centroid 

• Energy sum 
& threshold 

• Track segmenl 

o ... ,. .................................................. .,~ 
SDC level 2 trigger - 8 5M2 .... 

.. • Refine selection ---> Shower profile, low HIE, isolation 

.. • Identify ---> measure energy in cone 

... Identify isolated high Pt track ---> track,SMri,low E/H,E=P 

Im.am .. . Displaced secondary vertices ---> Si tracker + VTX track 

• N.~I~lnol ... Refine missing energy ---> add muon energy into !l't sum '" 
, b~leplon9 ; ....II.. S f dl.Jet •... ! ~ • earch .or ~ower energy lepton 

\ f ---> comblnalion ~f e, tl , jets, stiff tracks, nu, displaced VTX ..... 

• Oth """"'--. Re~un.dancy With the level 1 .--> more sophisticated algorithms 
ers. ~ • ReJectlo,) of unexpected backgrounds & noises r . Fast on Ime checks & diagnostics -> trigger efficiencies e 

~~~~~--~--------------------~----____ ..J~ s/le level 2 trigger - 5 

Strategy A 3 steps procedure 

• Adopt a PHILOSOPHY 
---> using input parameters from: 

Physics simulation & Detectors 
• Define an ARCHITECTURE 
---> Identify functional blocks & their connections 

( independantly of any techniques) 

• Select tools to build & evaluates PROTOTYPES 
---> using "the BEST of' modern techniques able to be 

realistically extrapolated for the future . 

Goal .>. Be sure that all input signals 
will be available in time. 

514N2 

-

---> Front end electronics design 
---> Detector segmentation 0 

~~u:~~----~:::::::::::::::::!-J~ SDC level 2 trigger - 6 I\:J 
512192 



List 
Processing 

electron 
Ulton 

Photon 

E z P (*1 List ~ Slngl~:.dron 
t4<.> ¥ MuIUfeIl 

Dllo",ana 

o .... 
CO 

'" 
~ __ ~ ______ ~ ____________________________ ~~"_l 
SDC level 2 trigger _ II SnJ92 

Local 
Processors 

Data Collector 
& Buffer 

Global 
Processor 

Final 
Decision 

Communication 

• Dedicated processors 
---> histogrammers .... 
• Associative memories 
• Memory Look Up table ... 

• FIFO registers 
• Fast Dual Port Memory 

• High level of parallelism & connection 
--> commercial "vector processors" 
• Massively Parallel SIMD machines 
• Neural Network 
• Transputer '" 

• "Scalar" processors 
---> 100 MHz DSP, RiSe .... 

• Point to point links 
need 100 Mbytes/sec --> HIPPI e 

~ __ .. ________ ~ ______ =.=.=> .. O.p.ff~ __ '.fib_~.es __________ .... ____ .. __ .~ 

SDC level 2 trigger - 12 5/4/y2 

How to extract & cOl1lbine signals? 

Mechanical design of detectors: 
---> compatible segmentation 
• Tracking ,Muon, ShowerMax => 
• EMC & HAC Calorimetry => 

1024 Phi x 30 Eta 
64 Phi x 60 Eta 

Basic granularity • 1024 x 60~cells 

Electronics & Read out chain: 
---> front end data collection chip (16,32,64 ... packaging) 
---> topology (where? on detector, on surface ?) 
---> data extraction (DAQ buffer, special data path ... ) 
---> cabling (trhroughput ,connectors ... ) 

SDC level 2 trigger - 9 

Input signals 

o Level 1 primitives 
o L2 -DAQ buffer 
• L2 data path 
• L 1 bit pattern 

~? 
LOCAL 

Processors 

I L2 primitives I 
• Pt (5 bits) 

• Energy cell (8 bits) 

SDC level 2 trigger - 10 

Implementation 

IT 

DATA 
COLLECTOR 

& BU .... ., 

~ 
I Word "Cell" 

4 successive steps 

.--. 
~ 

I "Object" list I 
• Track - Muon - ShowerMax e, II, Jet, hadron, 
• Energy (EMC-HAC) photon, muftI... 

Sn192 

J 
Reject 

t 
DECISION 

LOGIC 

~ 
L2 Accept 

I trigger 
Pattern 

sn192 

0 ... 
co 
'" Vl 

0 ... 
co 
'" C'l 



• ARCHITECTURE 
___ > Identify 4 functional modular blocks, their connections and 

clean interfaces (independantly of any techniques) 

• SEGMENTATION 
___ > Basic granularity of 1024 Phi x 60 Eta as been defined 

with their consequences on Detectors, Front end 
electronics & Cabling. 

• ALGORITHMS 
___ > List of tasks & elementary steps to be simulated with modern 

processing techniques (~·fl:;ftli.~col) 

SlJC level 2 trigger - 15 
5/4/92 

<:> .... 
go 
co 
~. 

:> Architecture --> Massively Parallel SIMD machine 

• String of associative processing elements: 
APE ( 2~lm CMOS 64 APE chip, 25 MHz) B 1 cell/pixel 

---> 64 bit associative memory cell 
---> 70 bit comparator 
---> 1 bit processor 
---> 10 bit activity and flag 
---> communication capabilities 
• Programmable structure 
• Scalable 

. -l- {} 
lln~ 1 processor 

Control 

Inter APE communicalion 

Malch reply 

Data bus 32 bit 

Activity bus 12 bit 

Controt bus 32 bit <:> .... 
~~~~::~~------------------________________ .J~ 
.'iIJC ICI'ei 2 t/'igger - 13 V41<J2 CJ:' 

AlgorithlllS flow chart 
I 

Load Dsts 

¢ Level 1 bit pattern Q 

Yes - 'Accept' 





Straw 
Tuba 

Detector 
(-13Okch) 

Chamber Wall Calorimeter Wall 

·704 boards 

, ................................................................. ,: 
I Front End Electronics i : 
: H 

ba:XX:100Q 

y:-7.,..,-------li.:-- To Global L2 Trig. 
1: 

;---t:.;-' - To Global L 1 Trig. 

L1 Accept 
LL....I-___ --:-_ L2 AccePI/Reject 

Clock, etc. 
L-______ ~- High Voltage 

Straw Electronics Oyervlew 

------ HOcm 
460cm--

Module cable and Loca! crate physical placement. 

E 
V 
E 
N 
T 

o .... 
QO 
<.C 

o .... 
QO 
<.C 
a> 

"" 

Straw & Muon Front End Electronics 
soc TOR Review @ SSCL 

I. Straw Electronics 

1. Design Requirements and Overview 

2. Analog Signal Processing: ASD chip 

3. Drift Time Measurement: TMC, L2B chips 

4. Radiation Hardness 

II. Muon Electronics 

1. Design Requirements and Overview: 
(Difference from straw electronics) 

2. Development Status 

III. Summary 

Design Requirements 

1992.5.5 Y. Arai (KEK) 

• Large number of channels (130 k ch) @ r = 0.7 - 1.7 m 
Small Crack -+ Install Electronics (Amp-L2B) at the detector. 

• Gas Gain - a few x 1 Q4 -+ Low Noise Electronics. 

• Straw (J'x -100 /lm -+ < 0.75 ns time accuracy. 

• High Rate -+ 20-30 ns double pulse resolution. 

• 16 ns Bunch Cross -+ Deadtime-Iess readout. 
(L 1 Buffer - 3/lsec, L2 Buffer - 50/lsec) 

• Radiation Hard: - 1 Mrad and> 1014 njcm2. 



Micro Craie 

----\ ----_._---, 

~1·------10cm------~.1 

An Exapmle of Straw Front-End Bec\ronlcs Mounting 

STRAW TUBE ASD 

--
I -r----, r-

I--I r- 1M 1-- ----I--

Ll --- ~, 

SH~ -. DISCRIMINATOR , ----PREAMP 

r-.... ;;; 22 ~ - 2 -
V V V V 

t::t1 
t-H 

Space 
Frame 

,i-r-
1--1-

pole - Zero 
.. 

[)elllcior 1 all Compo ~ Th,~shl)ld/LClCk(OUI 

o .... 
co 
o 
-=> 

Power Consumption 

·ASD 
·TMC 

• L2B 
• DCC. Trig .. etc. 

Total 

Cooling 

: 18 mW/ch 

8mW/ch 

: 2 mW/ch 
: 2mW/ch 

30 mW/ch -+ 6 WjBoard -+ 2 kWjEnd 

Heat Transfer: p(W) = a T(oC) • V(cr03/Sec) • CP(J/gI"C) • Y(glcm3) 

(Ex. aT = 5°C) 

• Air: V = 300 J./sec => 30 m/sec @ 1 00 cm2 duct 

• Water: V = 100 ccjsec => 10 em/sec @ 1 0 cm2 duct 

I t-~ --8CM----t-j 

o .... 
co 
c.-:; 
V) 
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Amplifier/Shaper/Discriminator Design 

Preamplifier 

... Circuit 

... Gain 

... Bandwidth 

... Input Imp. 

... Power 

Shaper/Tail Cancellation 

... Circuit 

... Peaking time 

... Double pulse Res. 

... DC gain 

... Power Dissipation 

Common emitter input 
cascoded, 
differential 

2.5 mV/fC 

100 MHz 

115 ohms 

<4mW 

pole-zero cancel (preamp) 
3 differential pairs 
detect. tail cancellation 

6-7 ns 

25ns for 2% to 2% 

6 

<4 mW 

01902 

Amplifier/Shaper/Discrminator (cont) 

Discriminator 

... Circuit 

... Threshold 

... Threshold offset 

... Time Slew 

... Power 

... Output 

Implementation 

2 stage differential amp, 
positive feedback, 
3 mV hysteresis 

20 mV/fC (internal), 
separate for each channel 

< 1 mV 

< Ins /decade of overdrive 

8 mW (excluding drive) 

differential, open collector 
current programmable 

... AT&T single channel amp/shaper (exists) 

... Tektronix, full ASD (exists) 

100 

80 

60 

ASD-8 
Impulse Response at Disc Input 

SPICE .. vs .. Measured 

%Peak 

o 10 20 30 

t(ns) 
40 50 

Measured peak Is 75% of SPICE calc. 

01904 

60 
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ASD ~ Summary of Measurements 

ali 

* Gain 

* Peaking time 

* Threshold Var. 

* Input impedance 

* Crosstalk 

75% of expected value, 
uniform chip to chip, 
channel to ch. (few %) 

7ns observed, 
6 ns expected 

< 0.5 fC ch. to ch. 
< 1 fC chip to chip 

125 +j. 10 ohms meas. 
110 ohms expected 

None observed for < 10fC 
with threshold at 0.5 fC 

* Threshold Temp Var. < 0.2 fC for 40 C 

* Time Walk 

* Yield 

t:~ 
00 
~E •• S2 

/ 
I 

=~ .' (,): 
(,)~ 

~ ~. 
'. '. 

• QQ 

4.5 ns for 1 . 15 fC 
(in agreement with SPICE) 

80% of chips 
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TMC Timing Resolution 

150 

o = 0.52 ns 

" 100 .. 
C ::s 
o 
(J 

50 

oL-----~~~_~1~--~0~----7-~--~2~---J 

Deviation Mr (ns) o ... 
CD .... 
I\) 

o .... 
c.o .... 

WSTART 

CLK 
31.25MHz 

OOUTO" DOUT1- DOUT2- DOUT3-

TlNO TINI TlN2 TlN3 

TMC1004 Block Diagram 

CIO-<7> 

o ... 
CD .... 
C 

o .... 
CD 
o 
(;;J 



Radiation Hardness 

Frontend electronics of straw experience -100 krad(Si) and 1013 

neutrons over a 10 year period at 1033 luminosity. 

=> Radiation-Hardness up to 1 Mrad(Si) and 1014 neutrons. 

• Fast Bipolar: Intrinsically radiation hard fory and n. 
(AT&T. NTI SST, Tektronix SHPi ... ) 

• CMOS : Intrinsically radiation hard for neutron. 
Thin gate oxide ---+ Small threshold voltage variation. 

However, thick field oxide cause large leakage current. 

=> Need Radiation-hard CMOS process. 

• Toshiba 1.0 J..Im Rad-Hard CMOS Sea-of-Gate. 

(. UTMC 1.2 J..Im Rad-Hard CMOS.) 

Features on Toshiba Bad-Hard TecHnology 

Process 

• 1 J..Im CMOS, Twin-Well Process. 

• Radiation Hard up to 1 Mrad(Si). 

• Low Temperature Process « 900°C). 

• Thin Gate Oxide (150 A), Epitaxial Wafer (5 J..Im). 

• Guard Band Structured MOS FEr. 

Gate Array 
• Sea-of-Gate ( ~ 172 k gates. TMC1004 - 25 k gates ). 

• Compatible with Industry TC140G Series. 

• Tpd = 0.4 ns. 

<:> ... 
to ... 
c.n 

TMC1004 Specificatjons 

• Technology: 0.8 J..Im CMOS, Single poly. Double Metal 

• Channels x Range: 4 channel x 1 J..Is 

• least Time Count: 1 nSlbit 

• Timing Resolution: cr = 0.52 ns 

• Variation of Slope: < 0.1 % (2.6 - 3.4 V) 
<0.1 % (15-55 0c) 

• Power Consumption: 7 mW/ch (@ 100 kHz L1 Trigger) 

• Chip Size : 

-I' ., , 
to" ~ . , , 

5.0 mm x 5.6 mm 
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Difference between Straw and Muon 
Straw Tube Muon Tube 

4mmcp 

I o 

Drift Time = 30 ns 

Gas Gain ~ a few x 10
4 

Electronics: 
• Detector Mount 
• Rad-Hard 
• Low Power 
• High Density 

HV-Anode 

HV-Reld 

Drift Time = 800 ns 

Gas Gain ~ 105 

Electronics: 
• Distributed 
• Non Rad-Hard 

90 mmcp 

/ 

• No Severe Limit on Power 
• Low Density 

Preamp Shaper Dlscrl.+Driver 

1 

~ 
1 

1 Test Pulse OR Out : 
1 ••••.•••••.•••••..•••.••••...•••.. 1 

Muon Front-end Electronics (J. Oliver, Harvard) 
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:r .... q, 
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N 

1:.Yth [V] 

q" ......... w.....u.w. ......... L.....L....ltu...I 

Rad-Hard 
Process 
(Toshiba) 

TMC 

L2B 

TMC1004 

1 ns,lbit 
x 1fJs 
x 4ch 

'92.4 '93.4 

Development 
-----------1--' Reliability Check etc. 

"'---TMC4004j8 

• 

~- -----' 
~ .................... "' ..... "' ... '\ 

.............. : Rad-Hard : 
: TMCj12B : , ""."",, .. .' 

Rad-Hard TMC,A.2B Development Plan 
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Summary 

~ :l 

'" 

• Overall designs for the straw/muon electronics are presented. 

• Prototype 8ch-ASD chip was fabricated and showed good 
performance. 

• TMC chip is suitable device in SSC environment for 
straw/muon. 

• Bipolar ASD chip has enough radiation hardness. 

• Rad-Hard CMOS process is available from Toshiba. 

• Packaging and cooling problems are not trivial, but we think 
they are manageable. 
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SDC Straw and Muon Triggers 
J. Chapman 

University of Michigan 
5 May 92 

for the SDC Collaboration Review 

Requirements 

0192f; 

Requirement .................................. Motivation 

Identify "stiff" track ......................... High P t physics 

Determine crossing ........................... Assemble event 

Match with calorimeter/showermax .............. Electron ID 

Match with muon ................................ Improve Pt 

Associate with silicon ..................... Reject conversions 

Basic Plan has all of the above. 

Options: 

• Early vrs Late in the Levell ..... Level 2 tradeoff 

• Precision/granularity 

Straw Tracker Trigger 

Requirements 
• Electron ID 
• Muon P t resolution 

Design features 

Options 

Simulation studies 

Circuit development 

Test results 

Future tasks 

• Packaging - storage,trigger,DAQ 
• Radiation hard implementation 

• Integrated testing - noise 

Background Rejection 

01925 

01927 

oeD 2-Jet(20-200 GeV) Rate 

-1 
10 

-. 10 

Electron Trigger 17)1 < 3.0 

~ .. ~ x6 ,-,·\ .. t 
:.....-:.. ... ;.. . 

em Tower only - solid 

+ had/em < 0.05 - dashes 

+ track Pt > 10GeV - dots 

~.~......... .-.-
, ' 

··_-··,_·· .. ····:·:::t-_. 
: 0 

10'~~~~~~~~~~~~~~'~-_--~--~--_--~··_ .. ~~~ 
o 10 20 30 40 50 

Calorimeter Energy Threshold Ge V 



Superlayer 
Straw 

Trigger 

Pattern 
Trigger 

Drift Time Cell 

OR 

01925 

Tngger Unit 

019:30 

10ns 

Straw Trigger Simulation 

• Simulation work: (SDCSIM) 

- 450 H -+ WW events 

- 450 e and J-L alone 

- 450 e and J-L with min-bias 

- 450 min-bias at 1, 2, 3 x 1033 

• Trigger Options: (2 of 3 coincidence) 
- 64 overlapping wedges 

- ±3 straws (lOGe V) 

• Summary: 
- Efficient trigger with low "false" rate 

- CMOS ASIC implementation 

3200 

2800 

2400 

til 

~ 2000 
c 
'" ~ 1600 
u -c 
;3 1200 

800 

400 

Crossing Determination 

12n5 window 
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o 0 

0.8 

0.2 

o 

Single Layer Trigger 

Pt Threshold Layer 1 

( 6 tube trigger) 

Elf above 20GeV = 0.94 

5 10 15 20 25 30 35 40 

Pt (GeV) 

Single Layer Trigger 

Pt Threshold Layer 5 

( 6 tube trigger) 

Elf obove 20GeV = 0.94 

10 15 20 25 30 35 40 

Pt (GeV) 
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0.8 

~ 0.6 

~ 
W 
"
OJ 

.~ 0.4 

..... 

0.2 

Single Layer Trigger 

Pt Threshold Layer 3 

( 6 tube trigger) 

Elf above 20GeV = 0.94 

o 0~~5~~1~0~~1~5~~2~0~~2~5~~3~0~~3~5~ww40 

Pt (GeV) 

Calorimeter trigger unit 

I 

Straw 
Trigger 
Groups 

Linking Trigger 

Wedge Trigger 
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~ 0.6 

] 
W ... 
'" g 0.4 
·C 
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Wedge Trigger Option 

2 of 3 in 1/64 wedges 
( 6 tubes each layer) 

Eff above 20GeV = 0.97 

0...1"7 
10 15 20 25 30 35 40 

>, 
u 

• 1 

0.8 

~ 0.6 

~ 
L;j ... 
'" .~ 0.4 

I-

0.2 

o 

o 5 

Pt (GeV) 

Interlayer Linking Option 

2 of 3 (±3) Trigger 

( 6 tubes each layer) 

Eff above 20GeV = 0.97 

o 5 10 15 20 25 30 35 40 

p. (GeV) 
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01931) 

140 

120 

en 100 

c: 
'" E 80 
0> 

'" U1 
60 

40 

20 

La er 3 to 5 Pro 'ection 

3 strow bend 
for 10 GeV 

o _ ~15~"":'-~10~~-5~"""""-!:0 ................... :!--,-......... ....L ........ .....J15 

Straws 
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u 

0,8 

~ 0.6 

~ 
L;j ... 
'" g 0.4 
'c 
I-

0,2 

2 X Design Luminosity 

2 of 3 (±3) Trigger 

( 6 tubes each layer) 

Eff above 20GeV = 0.98 

at 2 x design luminosity 

o 0~~5~~1~0~~1~5~~2~0~~2~5~~3Lo~~3L5~~40 

p. (GeV) 
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0.8 

.~ 0.6 

~ 
W 
'
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g 0.4 
.c:: 
I-

0.2 

o 

3 x Design Luminosity 

2 of 3 (±3) Trigger 
( 6 tu bes eoc h layer) 

J LLJ 

Eff above 20GeV, 0 98 

at 3 x design lumi c.£ ity 

1 
o 

04Y.Ons 

45.0ns 

10.0ns 

35.0ns 

30.0M5 

25.0n$ 

20.0M5 

1S.0ns 

5.0ns 

O.Ons 

10 15 20 25 30 35 40 

p. (GeV) 

Digital Mean Timer Test 
1.2j.J,m CMOS (MOSIS) 

01940 

01942 

O.Ons 11.0na 22.0ns 33.0n5 11.0n5 19.0n5 

Input 2 

Nate: Dots indicate presence of output at fixed 
time. Circuit test was done with a Tek
tronix LV511. 
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Ui f-

1.0 I-

False Triggers 

Triggers P t < lOGeV 

I I I I .J 
. /,P -

. + 
-1(- "" "" "',, ;. " 

,.' " ." 
'-1(-. Wedie P, < 4GeV ,,:" " 
-II- :1:3 Stnl1'. .. " 

X·;" 
:" <t' ." ,

.",' ,/ 

-

0.5 I- -.,,"::;'/ ... D _ 

"'-+ "'/ 
",'-

r"'" .......... .. 
2···· .. , .. ' .,. .......... ~: ... ~:.- .. - .. -.. -.. -.. - ~ 

0.0 L-....+ ............... ~~-I!!::E=-=:.:::.:==:x:::It::.:::c:G:::!......J 
u 2 U s 
Luminosity (Design) 

SD C Central Tracker Trigger 

Performance Sununary 

II Levell 

- Single Layer P t > 6 GeV 

False rate"" 1 /5csx at 1033 

- 2 of 3 superlayers ± 3 straws P t > 10GeV 

False rate 1/225csx from minimum bias Pt < 10GeV 

- 2 of 3 superlayers, wedge ORs 

False rate 1/12csx mostly 5GeV < Pt < 10GeV 

II Level 2 

- "stiff" track "hits" 

500ILm - 2000ILm bins 

Data Summar.' 

II Levell 

- 2 of 3 (±3 straws) 3-bits Pt!track 

- 2 of 3 wedge ORs (calorimeter wedges) I-bit/wedge 

II Level 2 

- Layer/module/trigger unit "hit" address 

01943 



Muon Detector Trigger 

Requirements 

Design - Scintillators + Projective Wires 
• Scintilla tors - timing to crossing 
• Wires - Programable P t thresholds 

Simulation studies 

Circuit development 

• Scintillator circuit 
• Wire circuit 

Test results 

Future tasks 

• Supertower prototype 
• Full simulation of detector I trigger 
• Integrated storage,trigger,DAQ 

Muon Rates 

Rates in Barrel and Intermediate System 
(Standard luminosity; -1.5< fJ <1.5) 

0194" 

01946 

Muons from pion and kaon decay ..................... 42 kHz 
Muons from charm and bottom decay ................ .45 kHz 
Cosmic-ray muons .................................... 20kHz 
Punch-thru, neutrons .............................. <100 kHz 
Total rate per scintillator: .. ____ .... _ . _ . ____ . __ . _ .. _ < 1 00 Hz 
Total rate above 20GeV. _ .. __ . _. _.,. _ ... _'" _ .. _ ... _ .. 6 kHz 

Rates in Forward System 
(Standard luminosity; 1.5< IfJl <2.5) 

Muons from pion and kaon decay .................. _ .400 kHz 
Muons from charm and bottom decay __ ..... _ . _ ..... 100 kHz 
Neutrons .. _ .. ___ .... _ ... _ ..... _ . _ .. _ . __ . _ . _ .. _ .. _ .. __ :::::MHz 
Total rate per scintillator (est) ... _ ..... _. ___ .. __ ., .. 1-10 kHz 

Muon P t Distribution 

'''. 
'. " .......... '. 

o mu(prompt) 

" mu(decoy) 

.~~ 

\ 
~ 

10 
p, (G.V/c) 

SOC Muon Barrel 
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Simplified Muon Trigger 

P,I-___ ..., 
cut 

Wire pair 
• 

Scintillator 
(Delayed) 
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Crossing Determination 



I 

Wires 
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, Stnp 

Scintillator 
Card 
Logic 

56 Scintillators --. 
_eStrip 

, Strips Scintillation Bus e Strips 
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Card Card 

1 
Two/crx 

Muon Level 1 Trigger 

1.0 

1:1 
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1:1 
1:1 
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SDC Muon SclnUllators 

Forward System 

Triaaer Efficiency 

30 40 80 
PT (GeV/c) 

Central Muon '!rigger 
Example P t Thresholds 

» 
u O.B s:: 
CII 

'0 
!5 0.6 
~ .. 
CII 
CI) 

0.' CI) 

ES 
0.2 

, -'-';";0" -.~-+--~ .. --oi--~ if , i r I! 

····n····j···"!······· r········j···········I··········1 ..... _ .. "/"._. 

J!t~~]~-~:~~tt 
: : • . ...... at Cut • 60 ns i 

.. -!-.:! ... ····i········iE~~li~:R:j~~·:·;~·$·~~····,····· 
~ 1 : T~roid th!ek"eSS~ - 150 ~m ; 
. . :: 

40 60 80 100 120 "0 

Pt (GeV) 

SDC p. Trigger 

Data Items 

• 3 P t thresholds 

• 140 164> scintillator strips 

• 0 wire pairs (:0:::300 max) 

• 4> wire pairs (;;::150 max) 

• Scintillator patches (224 max) 

Data Sizes 

• 2·bits Pt +- Levell 

• 4-bits 0 scintillator 

• 4-bits 4> scintillator 

• 8-bi ts 4> "ire pair 

• 9-bits 0 wire pair 

• 8-bit scintillator patch address +- Level 2 
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Outline: 

SDC Review. May 4-10,1992 at SSCL. 
Front-end Electronics and Trigger 

for 
Scintillating Fiber Central Tracker 

1) Overview of detector layout and superlayer suuctures 

2) Front-end electronics overview 

3) Requirements 

4) VLPC (Visual Light Photon Counter)cryostats and cassetteS 

5) ASDs (Ampliher Shaper Discriminators) 

6) Trigger Methodology and Layer SUUCI\Ire 

0195l 

7) Erst level ASIC (Application Specific Integrated Circuit) Storage 
and Trac.\c Segment finding 

8) Trac.\c Segment Linking (Trac.\c finding) 

9) Readout Boan1 

10) Readout Crate 
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Scintillating Fiber Front End Electronics 

Cryostat 

1-----------------1 
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Requirements for Front-end electronics for 
Scintillating Fiber central tracker 

System must provide: 

I) MonilOring and support for VLPC (Visual Lighl Photon Counter) 
Casseaes. (T~. Voltage, ell:.) 

2) Receive ... for digital outpUts from VLPC Cassenes. 

3) Local storage for SOC Level I trigger delay and SOC Level 2 trigger 
delay. 

4) Traclt fmding and reporting to the SOC level I and level 2 trigger sY'tem 
with position resolution of at least I part in 1024 to mall:h Shower Max 
Detector and 34 bits of PI infortnation. 

5) Receiver interface for SOC trigger signals (LI accept. L2 accept and 
reject. Reset. and clocks.) 

6) Readout interface to standard SOC DAQ readout controller. (Maximum 
readout rare is 20 MB/scc/erate with no data compression at all.) 

7) Ease of maintenance and diagnostics. 

8) Must "fit" SWJdanj readout erate power and cooling requimnents as well 
as fit SWJdanj crate dimensions. 

01963 

Fi""" 7.3.1·3. 511_VLPC ........ 

7·17 

I 
~ 
J 
!:! ... 

FiIU"' 7.3.1·2. 16.384 chlMCl VLPC cryosw. 

7·16 

Cryostat ASD Performance Cbaracteristics: 

Single Photon Counting Efficiency > 60% 

Backgrouod counting rare < 5kHz 

Cross talk < 2% for from I to 30 pbotons iDput 

Time skewing < 5 os for from I to 30 p/Iotoos inpu. 

Output: 

Single ended 53 Ohms 10 ground 

Pulse width 1401 

Bit rare 62.5 Mbs 

Note: 
Work is In propess on the final ASD which will reside inside the 

VLPC cryostat. hut at the room rempe~ end, and on the deflDitions of 
the logic levels to be traDSIIlined. The final decislnns muS! wait for the 
determination of where the readout crates reside in relation to the cryostats 
as this detertnlnea the cahle length and driver characteristics. 
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Performance 

Preamplifier type: Single ended common emitter. three stage 
inyerting 

Channels/chip: 6 (independently powered sections of 4 and 2 channels) 

Power supply: 4V 

Inputs: One Signal and one ground per channel 

Qulescenl Inpul vollage: 0.7V 

Input impedance: 130 ohms 

Outpuls: One per channel. single ended. External pulldown to 
negative voltage required. 

Quiescent output vollage: I.OV 

Output impedance: 43 ohms 

Impulse gain: 1.0 mv/fc (with a capatilively coupled 43 ohm load) 

Impulse risetime (10-90%): 5 ns 

Impulse fa\ltime (90·10%): 16 ns 

Dynamit rang.: -400 fc to +20 fc inputs, linear to within 3% at the 
maximum output (1 rna output pulJdown turrent) 

Power dissipation: 10 mw/channel (1 ma output pulldown current) 

Input noise: 860 electrons + 47 elpf (100 MHz bandwidth) 

Crosstalk: <0.5% between any two thannels 

(All measurements were very dose to simulation resulls.) 
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Track Segment Finding Algorithm 

EMIl PI ..... ..... -..... 

1.6C111 

Accop __ lor 10 GeV Irocks 

Ia _lIIIe r ...... bias 

Q196!J 

Single 
Superlayer 

0197i 

Triplet Superlayers for Trigger 

SlDale Fiber DIameter Hit Location. 

Sbaled Hit Bins S ...... dHhBiDs 

IOGeV 
Track 

BJ 

B2 

81 

+-- ~ -+--- --+ 
Tnoclc: Linker ASIC N Tra<:k Linker ASIC N+l 

KLK . .,..,.. 

S"Hics" 
hom 

Neishbor" 
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Fiber Tracker Ll and L2 storage and 
Segment Finder ASIC 

S '"Hits" to 
Neishbor 

OialJD08UC Clock 
Input hopul 

Levell 
TriUft 

Data out ta 
VME 

Intedocc: 
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SDC Fiber Tracker Reciever Board 

....... 0 
UakIoT 

!IV X 400 mm (14.437" X 15.750") Printed Circuit Board 
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l..c:./ ===~ II 
J 
:1 
;! 

.. _VLPC·. 

Track Unker 
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SDC Fiber Tracking Crate 
Bottom View 
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DiSital Shower·Max 

Ch&llllel Count , -47.000 
Ch&llllels/Module I 1 (sinsle PMT Assy) I 64 (Multi-anode PMT) 

Location of Diptizer I PMT bue I PMT Base 
Location of I Readout Crate 

I 
PMT Base ! 

Ll/L2 Storase (on Detector) 
Dynamic Range I 20 bits I 13 bi .. I 

Least Count I 10 MeV (If C) I 40 Mev (4 fC) ! 

Full Scale I 10 ToV (lnC) I 160 GeV (l60pc) 
Accuracy 

I 
(J' < 0.2% of Reading, 

I 
(J' < 1.5% of Reading, , 

(or 1 Least Count) (or 1 Least Count) 
Crosstalk I < 10-6 I < 10-2 

Peak PMT Cunent I 100ma I 10ma , 
Signal Rise Time I -5-8ns (,~-S!) I -5-8ns , 

Gate Timing I +1- 0.5ns Programmable I +1- 0.51ls Programmable i 
Adju.stment Individually Per Tube Individually Per Strip 

Power 1 ch&llllel I -lW I -100mW I 
Flash ADC I Commercial 8-10 bi t I 5-bit; illtemal to ASIC 

Output to Ll Triger , 12-bit Floating Point 

I 
Sinsle Bi t 1 Channel 

diptal flat cable digital flat cable 
Output Format 

I 
12-bii parallel Serial Data 

toDAQ Diptal Floating Point Diptal Floating Point 
(8+1)bit mantissa, (5+1)bit mantissa, 

4 bit exponent. 4 bit exponent. 
High Voltase Snpply I Cockroft-Walton on Base I Cockroft· Walton on Base' 

Current Monilor I I/PMT (on Base) I I/PMT (on Base) , 

••• 61(.T TJoI/:':S ,itE ~ C.C~/~G- AT US lie< 1fT ClJCE .... 

.sF STRf.l.CTull..c OF S5C Ct;t(.IOER.. 
uo .. ---.j....... UNAC 01980 

HEB...-.j ].J,_ /1'UIiq_ 
nl n

' 
n 3 ~ _____ _ 

(0 '(;l;r.)cm;;;;~-:___!! _____ __ 
I • 219.c ,I 

Collidor 
COUJDER Filliq- .......... 
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(J) I' 1'1' I'" 1'1'1' ll----------lr 
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CIILO~IMETU. 
REsOc.c.c.TIDAJ 

1.~ ,!ti@Of:fo 
~ , 

1% ~ 
DI"\"l''lR1 .... ~ 
I\CL\A..t.t.~ 

O.:t% 
(I'Z,-b,'+ Ao..t.., 

P.;"~ ) 

CAL8~IME7E~ ENE~G{ 

F' ,3.' DIGmZATION ERROR. ... 4 ENERGY RESOLUTION OF CALORJM"Jft 
u a t:nCtiOD or enG'",. nc bottom C1Uft ciTeS 'be dipUAlioa. v ( == Ic ... ~ :::)1 ~ 
(or the aoaUlll-poiat ov.ttn1t oC the dipUKr. Escep\ as. the low CII~ of/h~ of.~ Abo 
is disiti&ed. to & leu\·coVolll. accuracy .kicb.,.,na "ct~ 1/25:"&11. vi ~O.s?; 
sbowlS is & (ra.t.her OPUmiIUC) calorilllftU a..,. raohllJoa DC 1 I oq;;J o· 
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fla..f 
ea.ll!e 

--------''-----------1 HV CCHTR.CL. 

001---------------<1---1 ON ....... 

r----------~-----~~~~~-----_;>N~~ 
DIG GNU 
oYfAl.DCiGI-ID 

.,.... CAA£ \/I'M 0CIRan ~ 

Fil. 8.3.3.2. PMT BASE/DIGITIZER MODULE cirai< di_. It coa.ai ... hc 
PIlotot.lIbc. Coc1uo£t~Wa.lton OIchup pump" BV supply, current moa.itor. cbaqe injection 
ciraUt, uel PMT disiti.acr ASIC. This m&er&m ... 1lIIlCS ,be FADe h .. been iJltqrat.ed into 
the disitiur ASIC. 1D out initial claip a commercialS-bit FADe will be 1lKCi. 

PHOTOTtl6E ~ ~ UIMR./l,...: 

01985 

1. RESET CAPAC ITO~ 

2.. ~/IJ'TE /71lA'TE PI"\T C.IIAIHE 

3. OETEtI"lIIJE ~A1'l'£/ScAI.E 

I.j. OI.{TPu.T 1?) FAO~ 

l1Ta4 ........ 

"1- pha.se. 
UYI ~ 
R.cu.lld Ro\'; .. 

Fil 8.3.3..5 . PMT DIGITIZER BLOCK DIAGRAM. Mai. circuil .Icm .... ar., (iJ 
CIlf"teDt. Splitter, which splits tbe Photot.nbe current into -10 binary weiptcd scales; (ii) 
.lDtqrator jSwitcb.. which iJuesraccs the cU.q:c £rom each scale on au of four eap&citon ill & 

pipeliaed "rou.clarobia." mUller: (iii) Comparator/Latch, wbich determines if the capacitor 
eGaUas &ll it}a.lerfttin," yoltqe (between 1/2 ud full ICalC), F"') Encoder. which uses 
tlae comparator nlpats 10 pllet&te tbe 4-bit .calc coCe ( .. mu'i ..... ), &lid (v) Analos 
Maltiplczor/Bdcr, which .elec's tbe "ia.tcratills" c&pacitor vol.tacc ud outpu,. it tbe 
FADC ...... cycle. 

. '" $<.OLE 
lIlT"" 

£ 
15 
~ .., 

-! 
-f) 

...lI 

" ..g 
-'" 

~ 
61 
(.J 

7E 
.~ 
-ell 

I-
~ .... 
'"'l 
~ ... 
"1:S 

61 .. 
0 

E 

F"LAT 

RIBBON 1::~~tJ CAB~t 

TO tACH 
PHT 

,,,. 8.3.3.4· CIRCUIT·PER·CHANNEL ON READOUT BOARD for Disi.a! PMT 
S,.tcm. A lia.sle 8at cable carries clock, data, ud coa.trol .ipals to eadl. PMT. The 
Ll/L2/Callbl'&tion ASIC on the Readout Board recieva the disitiz:ed data &om a ch&lUlel, 
tben paIICI it tmush a pipelined calibratioa. RAM. The calibrated. data is pipdia.ed out 
to the ttiau cuersY sum adders. ud is also stored locally for _256 crouiDP in tbe Ll 
delay memory. Upon reciept oC a Ll accept, tbe output oC tbe Ll delay is loaded into the 
Levell FIFO, wbere it is s'ored pendilll .lcvel2 deci.ion. Tbe output o( the L2 fifo is either 
disarded, or loaded iDto a DAQ FIFO Cor lubsequea.t readout by the local proceslor ia. cadi. 
crate. Th.iJ ASIC also pro'fides prosnmmable timinl lor the ADC ,.te ud test puLses. 
Alto shown are tbe circuits for providins DC power ud HV monitor/control yoltala, which 
are cOa.Jtructed usins Ita.ndard DACs, multiplexors, a.nd ADC •. 
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Detailed strategy for testing splitter/integrator 

chip, including milestones for ASIC development. 

Version 1 - October' 91 .., ~,'~ c"",p(e.te~ UJ1:-+~P 
"lo.'" 1'( 

- Splitter Design (10 Output) 
- rise time OK 
- stability OK 
- DC Accuracy OK 
- Noise OK 
- Dynamic Range OK 
- Temp Drift OK 
- Run-Run reproduc. OK 

- Gated Integrator (2-way) Works 
- Integrator Reset Works 
- Analog Output Mux Works 
- Analog Output Buffer Works 

Version 1a Feb' 92 -l) -ItS~,'''9 C.(/;VM.p I. 1ft; Mo..r 31 w,.'-!..p 
--------:-More Sensitive Integrator "'L .~i~ 

Measure Noise floor <2000 e? 5 .. ?I"'~r.{ 
Measure Linearity of Integrat::or "~,."" 
Test of current amp to extend "( Wei'S 

:! 2.5 

~ 

'" ~2.25 
> 
"5 
Q. 

.3 
~ 
~1.75 
-0 
~ :E 1.5 

1.25 

co.. 
<:::1 

~ 
0.75 

0.5 

low range of splitter -->20 bits j F/14E 

~ 1. E -'..:. '.' :.~" .\#\.;.t~ !.~ .". "::,', -
----_. ----_. 

01988 

F'MT Goted Integrator Linearity 

full scale ----7 

half scale ----7 

-( 
~r~Re9ion 

... i1o:s is t~ ~I'O'" 
(~i .. «.. '/1. •• ,l ~ .. /I scale) 
~"- _ ~e. '1'.c. ;..~,..r.. ~ 

..... tpv. .. 

0.08 0.12 0.16 0.2 0.24 0.28 0.32 'U6 0.4 
Input Current (me) II)c.. 

T ST P~Oc'DU~c: 
1)/I<J"!Ecr p~ (:('\~\.E""7" 

tJ "'" ~ '!i'~e. tiMe. 
3)Rc.~4a;ve C.I~~:_, L\)o..tfo~"'JCor R.~e1 
"I)PlCl't F/,..f,t (~PkfTet. \:CL'TA('£ vs. DC. 

GATED II<"~r"Q..fe..1 Cur,-et<t7 Spl,'Hev 
c/t,'f' G198S 

-0.05 

__ ------------~P~M~T~Go~I.~d~ln~t!.g~r~at~o~,~Li~n.~a~'i~tY------______ ~ 

~O.04 
50.03 
~.02 

20.0
1 ~ ----=-------------..... ---..... ----+--:::~----1 3 0 l > 

~~1 < Fit Region 
-0.02 

• 
-0.03 t 
_0.04 t~ ......... ..L...<_L-':oI.::---'-;:-~ ........ '7 ....... '-t~ ........ ts'..<-L-;j:r-........ ~~j;;-'"""'J 5 5 E, 1.25 15 1.75 2 2.25 2. 
-0.0 0 0.25 0.5 0.75 In·teg,oto, Cap Output Voltage (v) 

.... 003 

.!. 

-0.001 

-0.002 

0.:':- 0.5 0.75 

- - .. - - - .. -', 

1.25 1.5 1.75 2 Z.25 2.5 
Integrator COP Out~ut Voltage (\t) 

113.c.c.v -'Io\S 

~V ~ .. Il SC~e = 
I 'f I' 'J. 1=. J. !'r, "t.;-"·:l ". . C -." . 



l 

01991 
Table 3: Digital PMT Readout: Gated Integrator/Digitizer Performance Summary 

I Speciiication I Measurement 
Least Count 10 MeV (1 fc) < 0.6 fc pedestal RMS 

I (-noise level) = O.lI'A x 10ns for gate times <SOns 
current pulse from PMT on 1st version of Current I 

I Splitter/Gated Integrator 
I i Test Chip 

i 
Full Scale = 10 TeV (1 nC) Current Splitter 

I = 100ma x 10ns pulse meuured linear for 
- 10· leut counts (20 bits) pulses up to 100ma 

I 
Acc:uracy 1-2% before calibr&tion Current Splitting Ac:curacy 

Measured < 0.7% 
on multiple ranges 

up to 100ma 
Rise Time -5-8ns <4ns over entire dynamic I 

i I I (faster than scint rise time) range O-lOOma 
T"lDle Slewing « 16ns PMT Gate Width -lns difference in 

I n. Pulseheight splitter propagation delay 
for pulses of -0 _ 100ma 

Gated IntOKfator Functional I 
Capacitor Reset I Functional 

Output Multiplexor Functional 

I and Buffer 

i 
Settling T"lDle of < 16ns to accuracy 9ns settling i 
Analog Output required by FADC to -8 bit accur&cy I 

[ 
Temper&ture <0.25% over 10 degrees CC <0.5% change in I Stability operating temperature range Current Splitter Accuracy 

I for 30 degrees C change. 

r Immunity to < 1% before calibration Current Splitting Absolute 
Run-ta-Run Accuracy Measured < 0.7% 

Process for test chips from 
Variation two sepatate ORBIT runs 

System Noise t1' ~ 1 least count I t1' - 5000.- (0.8fC) I 6,000.- R..'vIS mesured on 60 ~IHz test I 

board including FADC noise, : 
, 

I 
discrete amplifier noise, 

digital noise from clock & 
line drive ... etc. 

OIf:.I7ttl REA!!JrJJ.j ~p.~ P., ~lllre- ~~ et;;tu.,W'j. ,. 

-.,.,. ---. 

I. 

.. 

Tri.-:- Ia_ O'U --- 01993 
c..aa.-o.l.",PIPO .--.T .. -

I !_~~,.l. 
..?::"" F!..~.~:t.t..:/~ p:'.,; !;l/: 

r,i'.oE t!.. .=-:.:, 
,..~~'.:.c'':'" ~:. ... '~'.:. 

Fil. 1.3.3.3. DIGITAL PMT READOUT BOARD BLOCK DIAGRAM. (Barrel Calorime· 
ter Venioll). Each board hal couects &0 ciPl ~orimeter towen (11 PhOtotl1bes). HV 
COGnot, Moaitor. Power. Calibration ud. DAQ CWlctiOIlJ are performed OD .. per.ch&zmel 
bub idczl1icallr £Or all PM tubes. Tripe, silllW from" lOwers o£ calorimetry arc summed 
~.w EM ud HAC ,UJIU for \wo triger towen. Triaer sum, &re formed clicitall,. \lJ~JlI 
~~ 80&ti~l·point adder dncr1i:ted ~. Section 12. and \ruumiued tD the triwr by optical 

, 

01992 
Version 2 Apr.il' 92 ~ g,'!<k F~""! F.t~ 
--------- T~,'''5 S'i....,l,~:l r.:-.w 

....... W,l DeSign complete 
layout -3/4 complete 
4 stage timing/control logic 
Takes data synchronously 
with FADC 
Low-LeVel Differential Clock 
No Auto-ranging logic: 
can switch low-->hi scales 
via changing jumpers 
This version should be usable 
for 1st pass PMT digitizer. 

Version 3 -July' 92 s .... ,'H4l.( 
---------:--- J .. lfJM~{l n 

~tomat.ic Rangi~g)&~k~~~4~ 
"Final Splitter" for 
-20-bit dynamic range. 
This version should be fully 
functional for PMT Dig Assy. 

Vn"s/ON X fflDC. TEST (,If IP 

COM PAUl'~ 'P£ S"p Felt \J f. 

30""w FflDC. 
J 

~p~ fShDWY rwtx 

{O - b,'f, 2- s~e. .i,e.\i~.J ~O rolW FftO' 
~or c.Jt>f.'",efer r~o",+. 

01994 
2. FLOATING POINT ADDEIit. FOIit TlUGGEIit SUM OUTPUTS. 

Two versions have been prodUCed in 1.2u CMOS. 

1st version {Sept 91) was fully functional 

in fall-through mode at 66MBz . 

2nd version (Jan '92) contained: 

- improvements in the clocking structure, 

- logic changes due to a redefinition of our 

floating-point format, 

--> Function~ in synchronous pipelined mode 

at -lOOMHz. 

Design is essentially complete. 

Seven copies of this subcircuit will be 

laid out and fabricated on a single die 

to form the 6:1 adder tree 

required for Trigger Tower Energy sums 

in the Baseline Trigger design. 

Should have a working VHE test board 

by this fall. 
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1) 

2) 

3) 

4) 

Front-End Electronics for SOC Calorimetry 
Based on Analog Memories 

Introduction 

Conceptual Design 

Status of R&D and Performance Results 

a) Phototube Preamplifier & Shaper 

b) Switched Capacitor Array 

c) Performance with VME Card 

d) Multi-channel ADC 

e) Address List Processor 

f) Trigger Interface 

Conclusions 

Conceptual Design 02000 

Requirements: 1) Excellent Signal Fidelity 
2) High Speed -- 60 Mhz & Zero Deadtime 

Features: 

FROt.I 
PHOTO

TUBE 

~'~ 
nMING CALIB 

STROBE LEVEL 

3) 18 Bit Dynamic Range with « 1 % Accuracy & Linearity 
4) Hold Data Pending 4 !1sec Trigger Decision 
5) Digibze Data After Trigger Decision 
6) Stable Calibration 
7) 100 KHz Levell Accept Rate 
8) 10KHz Level 2 Accept Rate 

1) Passive Front-End Preamps and Range Splitters 
2) High Speed Dual Ported Analog Memory 
3) Large Dynamic Range -- 18 bits Constructed 

from Dual Range of 12+ bits each 
4) 256 Storage Locations 
5) On Chip ADC 
6) Only Two Calibration Constants 
7) No limit on Levell Accept Rate 
8) Standard Design Used in Other ExplS. 

(ZEUS. NA-34, EOS) 
9) Integrated DeSign with Shower Max. 

Compatible with APD's or PMrs 

mOTHER 
Cil NELS 

6C MHz LEVEL I LEVEL 2 
CLOCK mlGGERS 

READ. TDOAO 
OUT SYSTEM 
CON· 
TROL 

Data Management 

Three Trigger Levels 
4 J.l.Sec Level 1 Latency 
On Detector Storage 
Data Acquisition After Level 2 Accept 

01999 

Shower Max Detector May Require Digitization After 
Level 1 Accept. 

Calorimeter Requires Digitization After Level 2 
Accept. 

~ Versatile System Concept 

THREE POSSIBLE LOCATKlNS 

;; 

FOR ANAlOG·DIGITAL CONVERSK>N 7 
SIGNAL / DETECTOR PROCES. lEVEL 1 lEVEL 2 READOUT 

ELEMENT SING STORAGE STORAGE STORAGE 

n...Jl.f: :-~' III I :: III L-.J1L-J:-, I_I I_I III I 

CAlIBRAFl ~~~'icAT1ON 
~ DATA FRAGMENTS 

c 
o 

" o 
II .. 
It: 

CALIBRATION mlGGER Sys EM lEVEL 1 LEVEL 2 lEVEL 2 TO DAD SYSTEM 
STROBE OATA ClOCK TRIG STROBE mIG 

Dynamic Range 

Two 12-bit ranges (1:4096) 
Dual range extends dynamiC range to 2xl05 

Least count is 20 Me V 
Greatest count is 4 TeV 
Fractional Accuracy is always < 1% 

.1 

.01 

.001 

.0001 
calorimeter 

photon stals -
EM Calorimeter Energy (GeV) 

02001 
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Theoretical Dynamic Range 
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0 -::I 10-' 
0 .. 
II 
a: 

10-' 
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EM Calorimeter Energy (GeV) 
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Block Diagram 
02003 

96 Front-End Crates (32 on each Barrel End & 16 on each Endcap) 

20352 Channels upgradable to 26968 

96 PMT's per SCA Card 

3 Cards per Crate (wi room for Shower Max, Trigger, DAQ, & Power) 

STANDARD DAO 
______ F!E!,PP~! 9~!~ _____ _ 

TO/FROM 
TRIGGER 

: PROCESSOR 

TO 
EVENT 

BUILDER 

TO/FROM 
DAQSVSTEM 

, , 
-------------- ________ .J 

Simulations of 2x 1 05 

AT &T Bipolar Preamplifier 

PREAMP WITH AT&T TRANSISTORS 

1.0 ~ 

o.e ~ 

04 ~ 
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,,; ) 
o-.. --~------------- .... --------··-··---·- .. .. .- ...... _-_ .. _.; 
~ 1~1 ~ ~ 

~ ......... ~ a¥.tIOIfII(V(1S1} nm. 

PREAMP WfTH AT&T TRANSISTORS 

15u;-' -. ------------ •• ---------- -- -------------------- •• --------- -----

3 Volt swing! 14_7 ~V 
14.7vVYml 

= 2 xloS dynamic range 

.;..' -------~~----------.--------------.-------------, 
1011 UlKtI 1«101(11 lotoII UGh 100Gh 

·HI ,,,.-



FA.ST SIGNALS 
FROIoI 

TRKiGER CARD 

SCA Front-End Card 

DIGITAL Ll 

DELAYS 

112006 

EVEHTDArA 
TOREAOOUT 

TRIGGER DATA 
PATH 

EVENT DATA 
PAlli 

U200& 
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1"l" T 
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Storage Cell 

A 256 Element 16 Channel Switched Capacitor Array 
With a 12-bit Single Slope ADC 

SCA SECTION ADC SECTION 

Basic Cell of Switched Capacitor Array: 

~'--L~~-r~-+~~---~~ 

Basic Cell with Simultaneous ReadIWrite Capability: 

02011 

Digital 
Control 
& Buffer 

02013 
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Capacitor Variation 0201S 

1.0100 

1.0080 

U1060 

a=O.7xlO-3 J 

., . . .. ~ ~ ~ . ~-. :... ~ 1.0040 

1.0020 

1.0000 

0.9980 

0.9960 

0.9940 

0.9920 

~~~".A."'~-a\o!"'--M~"'J:'~~1 .' ,...--~--.~ -~ ~ .. ,,......-, . .~ .,-~.,~ . 
- - .. - - - -

-- --

09900 -0 128 256 

Cell Number 

02020 
SCA Chip Parameters: 

SCA Parameters Achieved Performance 
No. channels/chip 16 
No. of elements/channel 2S6 
Power/channel 10mW 
Non-linearity ±O.1 % (±O.S% of value) 
Pedestal variation 0.6 mV rms (diffrntl) 
Charging time constant 1.S ns 
Channel dynamic range 16600 (differential) 
Maximum sample rate 90 MHz 
Maximum readout rate SOO KHz 
Crosstalk(spatial, temporal) <1 mV 
Input voltage range O.D-S.O Volts 
Capacitor droop rate 0.1 mV/msec 
Output settlino time 1.2 J.lsec (to 0.02%) 

Current Status: 
Work continuing on improving dynamic range 
Learning how to reduce effects of digital noise 
Improving performance of op amp and op amp noise 

Design Work in Progress: 
New single phase clock address decoder 
Low level digital inputs 
ADC being integrated with SCA 

seA Pedestal Variation 
tJ2019 

~ Single shot variation 

~ Differential inputs with 10 volt effective input swing. 

O.OOS I---------~-___ --=-,,-_:;__=_=_> 
0.004 1-------.. ---.-.-~___._ _ .. ..!J.::Q.~ mV 

~ 0.003 

j :::: t'--.-'.-._--' . ..-.. -. _-.• -_-.• =-.. _--;.-.-...•.... -.-.. -. -. -:-.. .;.... ---::.----.----.-J 
~ 0.000 ~~: :~~ ::~.~.;;.,-.;~:;..~~~~;;~~~~· ••• :.:...:,;:_:.4-~.~ ::':i.;:..~ s -0.001 -~~,-,-. ... . •• -..... -.- -I.. ".. _.';. ••• • tII':- .'.: ...... ~.: fllje 

~ 4),002 

~ -0.003 
-0.004 

-o.oos iJ----------:-:r.;-----------J 
128 

Cell Number 

~ Pedestal variation must be :s; 1.2 mV rms in a SV 
range to achieve 12-bit dynamic range (1 :4096). 

()2021 
~ 

12-bit pipe lined gray code counter. 
Counts on every edge of 200 MHz clock (400 MHz 
effective rate). 

Analog Ramp 

SV ramp in 10 llSec. 

Excellent linearity due to improved error amplifier 

Comparator 

S stage linear amplifier with hysteresis 
sensitivity:s; 1 mV 

Operation 

12 bit conversion with 100 kHz throughput. 
10 mW/channel 

Integrated circuit successfully combines high speed 
CMOS fclk = 62 MHz with analog Signals smaller than 1 mV 

2S6 



Current Mode Operation 
02015 

Nonnal Voltage Sampling Mode: 

'.00 

2: 
<>. 
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f u. 

'.00 
--! \ , 
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Capacitively Coupled Voltage Sampling: 
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Current Sampling Mode: 
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Crosstalk Measurements 02016 seA Linearity 02017 

Swap Single Cell Order: 

4.00 Output vs. Input 
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Expanded Vertical Scale: ~ 
Deviation From Best Fit 
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Lel ADC UNEARITY, NOISE AND CROSSTALK TESTING AVG COUNT v •. INPUT VOLTAGE 

CHIP 1 OE, LOB N:..nvE (R)SSTAIJ( 

CONOITCJNS: 
KX:. Ct-WH:L ID .11 other ctI .• O¥ 

SAMPLESIAVERAGE ~ 
START~ 

STOPIE]EJ 
PTS/.SWEEP E::l 

8lAS CONOIllONS: 
Vdd.S.Ov 
Idigital_24ma 
'analog.sma 
Tdock. 4.8ns 
Vramp_4.050v 
Rramp_75.9k 
dVIRramp}.3.29v 
Rcomp-233.$k. 
dV{Rcomp).2.7'1v 
Aopa-285k 
Vopa_2.646v 

500 

.oo~'." ," 300 . ... .. 
200' . 
100 .... . • . . 

o 
_ 1.01.5202.53.03.54.0 

ST AHOARD OEV1A110N OF SAMPLES (AMS NOISE) 'IS. INPUT VOLT AGE 

...... .._t 

CJ2023 

Address List Processor 

Address Generation & Pointer Manipulation: 

1) Generates input storage locations for the SCA at 
60 MHz. 

2) Maintains a list of saved data until trigger decision 
is complete. 

3) Propagates the list of pointers through the multi
tiered trigger decision chain. 

4) Generates addresses for SCA readout. 

5) Consists of four high-speed Rrst-In First-Out 
memories. 

Free 
List 
FIFO 
next 

next+ I 

ADDR 

Pending 
Levell 
FIFO 

Pending 
Level 2 
FIFO 

pending 
Readout 
FIFO 

\.12025 

last '/-4-------~I_-----~I_------1 

level I 
accept 
re Ject 

level 2 
accept 
re ject 
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10-Bit, 60 MSPS 
AID Converter 

RR:~'B 
v2028 

DC Coupled Demodulating 
l20MHz Logal1lhmic Amplifier 

1·~ 
•. c.. ... 

Trigger Interface v2027 

Each calorimeter tower of 0.1 xO.1 connected to trigger 
through a 1 Gbitls fiber. 

Up to 10 calorimeter readout channels summed, 
converted to logarithmic scale, digitized to 8 bits, and 
then transmitted along each fiber optic cable. 

Electromagnetic and Hadronic information digitized 
separately, so two words (bytes) of information from 
each tower are transmitted on fiber during one beam 
crossing. 

Event number transmitted as part of framing 
information every 1024 beam crossings. This 
maintains synchronicity across all trigger inputs. 

Design assumes that costs for this type of signal 
transmission will be reasonable by '96/'97. 

Presently possible to purchase a four port '(two full 
duplex) 0.25 Gbitls per port for $400 (Le. $100/port). 
Or a two port 1.0 Gbitls link for $1200. 

We have constructed a suitable single port 1.25 Gbit/s 
link for $380. We expect that this price will drop 
dramatically as standards are adopted and competition 
reduces parts costs. 

Data Module 1062 

Fiber Channel Standard 
Gigabit Performance 

02029 

-The IBM OMl0621S a h.gtt speed fiber optIC trIIr'IIIC8IVer 
InOttUeklrcNU~ appiICabons.ltis~ 
hl producbQn __ moWle, WIll be tully compatible WIth 
1Ite.ANSI Fibre Qaamei Sf.andard III the 100 MbyteJs --The OMl062l&'~ and r8Ceeves 581181 aplal ~ 81: 
the rate of 1 0625 Gbls The pnmary optICal componenIs 
8fe a 1 J()()nrn lnGaAsP laser dIOde and an InGaAs PtN 
pt'oIodetector. Data lranSfTllS$IOI"11S 0\Ief the user"S 9112Sum 
SIngle mode tiber apllC cable 

ElocIricoI 
T~~1CaI data paths Il'\1o the user's system COI'IS4t of 
two 20 bit 1I'VerfIIces. Q"II tor trensrm data and IhI otner tor 
teeeI'I'e data The data is encoded In the user'slySMm us
ng the 8BJ1OB codll'lg scheme. The Iransrnlland recente 
If\terlaces operate asynchronously lrom each other. E!eclrl
callfllerfac:e SIgnal levels Ira CMOS compa!.bIe (3 6V) 
Data transfer OYer the e/eClrJcallnterlac:es.s at a 53 125 
Mbls rate. Data senatlZallOI'IidesenahzallOl"l as well as clock 
generatlOl"l and recovery are all performed wllhtn the 
OMI062 module A 53 125 Mhz reference cloCk IS reqUired 
to be supplied by' lhe user's system 

Disclaimer 

-... 
- 1.0625 Gbls fiber optic transceiver 
·Inlegraled serialiZer/deserialiZer 
• ANSI Fibre Channel Standard ccmpatible 
• Wortdwide Oass 1 laser safety 
-1300 nm laser 
- 2 km hnk capability 

_Ing 
TheOM1062 IS a PIn., hole p.nond array rooO.JIe pa::k· 
age. It I'IU" cui. aII.mirun ~ Ind. pIUbc cannec· 
torl'lserl Supplydage~,are +3.6Vand 
+ S.OV Power ~ is 3.6W fYpCaI and S.OW IT'IIXI. 

mum. The operabng ~ range IS 10 degrees C 10 
eDdegfeeSC. ModuIe~are 12 0 rrm (0 47 1t'I) 
high. 42 0 f'M'I (1 65 I'l) wide, and 91 2 rrm (3 59 In) lOng 
'M1tl1tle ESCON connector InSert 

LHorSoNly 
The OM 1 062 w~l be Class I laser safety certifiable pnor 10 
delNeryof any prototype hardware The OM1062 supportS 
• data lInK IranStnlSSlOO distance of up to 2 !un b8Sec:I on an 
8 dBlfIIf'IImUtn 10$$ budget. Recetver sert$lIMty IS - 20 
dBmataBER of 10ltxQ(-12) 

Avolloblilly 

Early prototype modules WIll accommodate only the angle 
mode ESCON COMeCtOr. LaI:. prototypes and ptOducbor1 
level fI'IOduIts will accommodate the ANSI Fibre Channel 
Standard SC Duplex connector 

Prototypes available 2H92. 

The IflfOrmatlOl1 prOVided IS believed to be accurate and reliable IBM reserves the right to make changes 10 the product 
deSCf1bed Wttr.aut notice No liability tS assumed as a result of Its use flOf tor any Infringement on the nghts 01 others 

Contacllntormalion 

FQf further Intormatlon on thiS produCt. please call InternatlOl1al BuSiness MaChines Qplo·ElectronlCs Enlerpflse. 1701 North 
Street Endicott NY 13760 TelephOne number (607) 755·9935 Fax (607) 755·1239 



Observed PMT Signals 

~ R580 PMT wI scintillator hodoscope 

~ RU 106 source 
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SCA Pedestal Variation &2031 

Readout on VME CARD 

~ Single shot variation 

~ Differential inputs wI 10 volt effective input swing. 

, 
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'iii 
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... 
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-, 
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Cell Number 

~ 13.2 bit dynamic range (I :9000) achieved wI SeA 
mounted on VME card in simultaneous R/W operation. 

Observed PMT Signals 

Readout on VME SCA Card 

~ R580 PMT wI scintillator hodoscope 

~ simultaneous R/W operation wI trigger 

~ RU 106 source 

10000 .-_-,-_~ __ .--_....-_-r __ '--_""-_-' 

1000 

6000 

'<~~ -:: 4000 

2000 ••••••••••••••••••••••••••••• 
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...... .. 
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Test Beam VME Card 02034 

2 Front-End Crates, one for calorimeter, one for shower max 

Approximately 128 calorimeter & 256 shower max channels 

32 channels per 6U VME card 

SCA's readout through commercial 14-bit 6.3 llSec ADC 

Cards provide full simultaneous read/write capability 

Supports high speed block transfer readout 

Permits event acquisition rates in excess of 1 KHz 

Full waveform transient recording 

Expect 13 bit - 14 bit performance per energy scale 

Expect 2 x 105 to 1 x 106 dynamic range 

Card is presently in deSign 

Conclusions 02035 

1) Results from Switched Capacitor Array measured on bench top 
• < 0.5% non-linearity. 
• Low spatial and temporal crosstalk « 1 mY). 
• Operates in current mode or voltage mode. 
• 0.6 mV pedestal noise (single shot differential) 
• 14 bit dynamic range in bench measurements (1:16600) 
• implies 20 bit effective dynamic range wI dual range system 
• Uses cheap 1.2 micron CMOS process 

2 ) VME Card with SCA fabricated. 
• 1.1 mV pedestal noise (single shot) 
• 13 bit dynamic range in bench measurements (1 :9000) 
• Operated with PMT dual range preamplifier and R580 
• 2.5 x !O5 effective dynamic range with dual range 
• Ru 106 source signals recorded 

3 ) Bipolar PMT preamplifier designed for SCA based system 
• Uses high performance AT&T bipolar process. 

4) 16 channel 12-bit ADC fabricated in 1.2 11m CMOS. 
• Achieves < 10 I1Sec simultaneous conversion on 16 channels 

5 ) U!L2lReadout Architecture chip (ALP) in test 

6) Test Beam VME card in Design 





Requirements 

~ Provide pulse height Information with 12 bit dynamic range 
~ and a least count of one photoelectron (half MIP) 

> Distinguish between event every 16 ns 

> Supply a single bit per 16 channels to the Level 1 trigger every 16 ns 

> Store analog pulse height during the 3·4 Ilsec Level 1 latency 

> Provide Information to the level 2 trigger 

> Read out selected event to the DAQ at up to 10""4 Hz 

I 

c..' 
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~ ______________________________________________ ~w 

SOC ShowerMax • 4/24192 

Front end read out components today status 
(baseline design) 

Calibration ;t.L~iil··· 
~"fl ~ Y~id 1 .. j'~ Ir,t''l'. • 54'Phl' ' •. '.~ 

30 'eta' bit 

~8b11 
ASIC 1 l' ASIC 2 -. . .. .. .. .. .. .. -.. ~ ~ ~ ~ ~ 

8asellne-> • Integrator 
Analog • Multiplexing 

Pipeline DAQ MCPMT SCA AID Flash 
(54 Ch Philips) • Shaper (LBl) converter & 

'RAD-> • gain 
~4" .. c Dynamic rangs l2T APO's adju.lment 

Hybrid PM-APD 
'l!1.crlmlnator 

12 bit 12 bit Read out VLPC? reaolutlon 

SOC ShowerMax - 4124192 

<::> 

'" 0 ... 
'=' 

p, LeDO 

The ShowerMax 

Electronics 

An Introduction 

Constraints 

Large number of channels 

•••• > (94.208 after upgrade) 
• __ .> plus 10368 Massless gap. 

~!:heap" andcom.p~~t.ehJctronlcs 
array of devices (pMtodetectors ..... ) 
analog pipeline scheme ._.> SeA 
multiplexed read out'electronics 

Gain correction 

• Photodetector array 
- Radation dammage 

'~IDE;dlcated "frontf~nti 'ASIC 
'0. ". 

PAC 
May 92 ~ 

<:> 
w 

I 

C 
tv 
o 

~------.. ------------.. ----.... ----.. --.. --------.~ 
SOC ShowerMax - 4/24/92 



Signal Processing ASIC 

• "specific to the Showermax" 
• Independant of the type of photodetector 

t!f Input Parameters ~ • current s~sllivlty 15 FmCb to 60 PcCb ¥ _ ... > dynamic range = 4000 . 
• Maximum occupancy = 5 % 
_ .. > recovery time - 1 JJsec 
• Bandwidth -> 63 MHz in) 

"(~r- A Interface to 

,.----=-__ ---'ik~r-_ ___,~t '--- I the SCA ~ 
Gain '-_O:::"''''pulc:.:....;buIf=.;;..r --' 

Integrator ..... Shaper ..... adjustment 
riS8 time < 5 nssc ...,... ..,... 

p •• k1ngtlme s 16n. S 16 n. '-....;.deIt=.GlGc.;...-_S_-'\ 

16 Channels 

Discriminator 
progr. thre.hoId ; 1 • 10 

> 10 Gev/c 

I 

~ ~ 
1 bit (L 1 trigger) 0 

~--------------------------------------------... ~ SOC ShowerMax - 4/24192 

Read out organization 

• physical granularity 
• electronics packaging & Try to optimize between 
• trigger segmentation 
• OAQ test. integration & monitoring >- 64 Channels .... > 768 MCPMT (64 ChI I. Front End 1 elementary .. t4:., _.> 768 Front end "planchers" 

read out block .... or 384 'rontend boards (t28 ChI 

5 x64 Ch. 7x64Ch. 7x64Ch. 5x64Ch. >----_ ... > 
ondeep wedge ... dge end eep 

"'" • 32 ·phI"x 30 longitudinal strips .. ¥ . t x 736 transversal strips 

24 groups 
0164 Ch. 

IW*' "Data Collector" Board 
One per "phi" sector 

._> 32 Data Collection Boards & 32 control & monitoring IlProc. 

"Data Source Node" 
20 slots crate 

Aulonomous "local" 
._.> read OUI 
._.> control 
•••• > synchronizatiDn .... 

I 

o 
N 
o 
~ 

~------------------------------------------.~ SOC ShowerMax • 2121/92 

Photo detectors 

Multl.nodl! PMT APO Hybrid APO VlPC Idul 

• (;oln :t.l0"S 10" 2 to 10" ~ 10"S 10u 4 ~10"S 

• QuJntum Effldeney • SSOnm lOto 12" 40 to 8096 lOto 1296 80K 
I_ 

• OyNmIc rlnge !5 10"3 10u 4 2: 10··4 10"3 ! it: 10··4 

• NoIse :s lSMtv 30_ ! s5_ 5...., 

• CrosstaJJc lOll 0 ! 0 0 

• linearity (J() (J( ! (J( -
• Temperature stabllltization No Subie Stabl. 7 degres K No 

• Magnetic str8)' field 500 Gauss max 1 CJt CJt CJt -
• Status Established Tested for SMO Design Proto Prototype -
• Availability In 92 (J( CJt No CJt -
• Technic" complexity None Plelmp ! C1)tO.tlt None 

• Cost pet' chame! 20 to 25 S 1 40 ! ! s30S szoS 

• SuppI)'tir Philips EGG·RCA litton Rockw.1I 
Hamamatsu API 

Hugue. 

SOC ShowerMax . 2118192 

Photodetectors summary 

Established technology. but presently not good enough in 
• dynamic range 

VlPC >-

• crosstalk 
• gain uniformity 
• price 
.---> new development 

Successfully tested for SMD • but crucial questions are: 
• long term stability 01 many channels 
• cheap low noise amplification 
• engineering 
.---> new development underway 

Promising technology: 
•• --> still in design stage 

State of the art • but important issues: 
• dynamic range 
• engineering (distributed cryogenics ... ) . 
• preampli integration 
•. _.> application in SMD needs to be tested 

I 

I 

c.."' 
N 
o 

~ ............................................................... ~ 
SOC ShowerMax • 512192 



64 Channels 
Front end 

Analog board 

I.8wIl~ 
Trtggor¥ 

(768) modules 

64 channels 
Front end digitizer 

board 

.J,.' •••• .J,. •••• .J,. 24 10 Mbyte/ssC links 

~.:.~ ¢ _____ [::::!R~e~g~ls~t.~r!&1Le!v~e~12~d~a~ta~I~O~gg~e~r:J 
Data Collector DAQ BuHer ,.-.,..,,--=-"----, 

(32 boards) Board 
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Front-End Electronics and Detector Modules for 
the SOC SlJIcon Tracker 

Basic Concept 

Strip electronics register hit/no-hlt 
Pixels also record analog information 
Beam crossing of hit recorded 
ReadOU1 after receipt of level 1 trigger 

Detector subdivided 
a) at z=O (±6 em depending on layer) 
b) in 8 ... 12 sections in <p (barrel + disks) for each radius 

Available information 
Layer address (associated with cable) 
Section address (associated with cable) 
chip address 
strip address 
crossing time 
pixels: signal charge 

All electronics through data sparsification and local bus drivers 
in custom ICs on detector. 

soc SiUcon Tt'fIdur FrofII·E.nd El«tn1trics tIII4IlJatc«K Modula 
PACR~ 

Requirements 

Noise Qn< t200ei 
At< 16 ns for 1 fCsQsS8 fC 

0204S 

Time Resolution 
Power Dissipation 
Dead Time 

P_ 1 mW /channel for 12 cm strips 
-SO nsgoal 

(two successive 4 fC pulses) 

Radiation reSistance «I>c+«I>n= 1014 cm-2 
(limited by type inversion in detector) 

Dose> 5 Mrad 

Demonstrated for both detectors 
and electronics (analog + digital). 

ReadOU1within lOps alter receipt of level 1 trigger 
(also lor high-density jets) 

Calibration Inputs 
Externally adjustable thresholds (differential inPuts) 

Chip disable 

SDC.$WcoII Trodw FrDftI-E.nd El«tn!»tia tmd DttI«I« ItIIJIbIks 
PAC RIM_ 

n04S 

FtG.4-34. STS detector ana,.1 (pictorial ric .... ). 

150 200 250 300 

z(cm) 

FIG. 4-2. Silicon tracker design. 

02051: 

Implementation 

AC coupled, dOUble-sided detectors 
(strip pitch- SOpm, stereo angle-l0 mrad) 

128 channels per chip laid out on <SOpm pitch 

BJT Analog chip: 

CMOS digital chip: 

Baseline design: 

preamplifier 
shaper 
timing comparator 

time stamp/data buffering 
sparse readout 
dlfferenU&1 drivers 

One readout line per section (<p) and layer/ring (r) 
Local signal transmission by tow-mass AI/Kapton ribbon cables 
Intermediate Bus Selector Chips to limit bus loading 
Fiber drivers/receivers at outer shell 01 Si tracker 

~ - 160 ... 240 fiber links (300 Mb/s) at each end 

Aitematives being Investigated: 
Low-cost 60 MHz fiber links developed at Oxford 

(e.g. 1 fiber link per module) 
Arrangements that eliminate the Bus Selector Chips 

(more cables) 

need to balance technology, material, cost 

SDC SUic.on T~ FfOtII-E.tuI £kdroftia MIIlJ««:uN ModIJa 
PACRm_ 



G205i 

Responslblllties: 

1. Front-End Electronics: LBL + UCSC 

2. Detector Module Design: LBL 

3. Local signal transmission and cabling: LBL 

4. Fiber links and external DAQ: Oxford/RAL 

SDC SiJicDII TfJIdw FfOItl·£nd Ekct10nics IIIId /Jt1II:1tw ModIiJa 
PACRnWw 

H~lnuuh Spieler 
j-May-92 
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NOISE MEASUREMENT ON Si STRIP FRONT-END FOR ZEUS 
TEKTRONIX PROCESS (D. DORFAN + N. SPENCER. UCSC) 

1!El.A1\1,€ 
t.ONoIT ~ t"lol 

100 ffl~~~m~~~w.;:~~§!l 

80 

60 

40 

20 

a 
1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 

input charge (leI 

Qn=SOO el rms 

IN GENERAL: 

BIPOLAR ICs SHOW GOOD AGREEMENT WITH CALCULATED 
NOISE LEVELS. 

MEASURED NOISE RATES vs. THRESHOLD IN GOOD 
AGREEMENT WITH THEORY. 

112052 

Analog IC 

Key concepts verified In test circuits designed and tested at 
UCSC. . 

Full analog channel that meets SSC requirements designed at 
LBL and submitted for fabrtcation. 

DigitailC 

Digital time slice buffer clocked at 10 MHz designed. fabricated 
In rad-hard CMOS (UTMC). and tested at UCSC 

Various buffering schemes simulatE>d at RAL 
(test ICs in fabrication) 

Selection of final configuration: end 1992 

SDC SilicDII TftKker Front·End £leCtmftics IINI o.aor Modula H~/rrwlh SJ*ler 
S·May-9> PACRmew • 

Vendor Selection for Analog Ie: 

Criteria: 1. Adequate speed 
2. Radiation resistance 
3. Circu~ density (Circuit on pitch <45 pm) 

3 vendors with sulteble processes Identified 

1. AT&T 
2. Tektronix 
3. Westinghouse 

Some technical Issues: 

1. AT&T 
Well characterized (also radiation effects) 
Currently available process (CBIC-U2) 

relatively slOW with large feature size. 
High-density process with Improved speed 

to be released In late summer 
2. T eidronlx 

Well characterized (also radiation effects) 
High speed and circuit density 
Lateral PNP transistors 

(low current gain after irradiation) 
Vertical PNPs In preparation 

3. Westinghouse 
Need more data on radiation effects 

(have obtained test devices) 
Good speed and circuit density 

Expect that all three vendors will have comparable processes 
(speed. density. radiation resistance) by end of 1992. 

Note that for equivalent circuits (same functions for each) 
the currently available processes differ In power only by -100 pW. 

SDC Silicon TIflCW Front·End £l«trottiu IfItd DtI«tDr Modules 
PAC Rrt.Uw 



To allow valid comparison between vendors, specifically to assess 

circuit trade-offs 
radiation resistance of specific circuit 
die size ($$$) 
yield ($$$) 

we need to fabricate test ICs through all three vendors. 

Circuits to be designed to same specifications with same basic circuit, 
but details tailored to specific process. 

Choice for first run: AT&T 

Circuit and preliminary layout submitted (LBL) 
PO issued (UCSC) 
ICs expected in September 

At least two different ICs: 
1. Individual circuit blOCks 
2. Complete 64 channel front-end 

+ perhaps 
3. Array of preamplifiers 

Goal is still to have 126 channels/IC in final design, but we selected 
64 ch. for this run to obtain better yield data. 

Extensive pre-qualification of multiple vendors is 
designed to reduce risk in final mass production run. 

SDC SiUcort TMCklr Front·ENJ £lcaJotia l1li4 Dd«ltN AloduJu 
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Silicon Tracker (SSC) 
Front-End Bipolar IC (AT&T) 

Strip Length 
Strip Capacitance (1.2 pF/cm) 
Leakage Current (100 nAlcm, <1>=1014 em·2, T=O ·C) 

Bias Resistor 
Blocking Capacitance 

Equivalent Input Noise Charge 
Differential Comparator Threshold 
Time Walk [I fC - 8 fC] 
Power Consumption 
High Impedance Outpu t 

Prelirninap' Simulatign Results (3·cbannels) 

Output Noise Voltage 
Transfer Gain 
Equivalent Input Noise Charge 
Peak Output Current 
Comparator Threshold (4a) 
Time Walk [1 fC - 8 fC] 
Supply Voltage 
Power Consumption 

Illy Ki:"nis uwrenee Berkeley Llboratory 

D 
o -

0205h 

12 em 
14.4 pF 
1.2 jIA 
200 kn 
144 pF 

1250 e rms 
4a 
16 nsec 

mW 

39 mVrms 
180 mVlfC 

1350 erms 
400 jIA 
155 mV 
12 nsec 
3.5 V 
950 IIW 

12 February 1992 
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CROSS-TAlK BElWEEN ADJACENT CHANNELS 
(INCLUDING DETECTOR) 
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Silicon '!racker (SSC) 
Front-End Bipolar IC (AT&T) 

Noise Power Contributions 

x10-6 [V2) % 

Total 1533 100 

Q1 725 47.3 
-Ie -300 -19.6 
-Ib -300 -19.6 
orb -125 -8.1 

Detector Shot Noise 269 17.6 
Rr 181 11.8 
Q1 ofadjacent channel 93 6.1 
Q1 of adjacent channel 93 6.1 
Detector Bias Resistor 58 3.8 
R4 21 1.4 
Other « 1% each) 93 6.1 

Notes. 

. Adjacent channels contribute - 7% to the output noise voltage 
(increase the equivalent input noise char,e by - 8%). 

.Removinc deteetor noise, Q1 tontributes 84% or the linele c:hannel 
output noise voltaee. 

G2063 
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Detector Modules 

Module: 

A detector subassembly that combines 
detectors, electronics, and cabling to provide a 
self-contained and completely testable unit. 

Dedicated power and Signal bussing for 
groups of modules (sections) to minimize 
global cross-coupling through cables. 

Module conceived so that components can be 
tested at key stages of the assembly process. 

Problems: 
Cross-talk from electronics 10 detectors 
Cross-talk from cables 10 detectors 
Oecoupling of electrical supply lines 
Mass bonding (- 3,1 07 connections) 
Structural Precision 
Cooling 

SOC SiUcQtI Trad:D FIOftI-ErJd El«tlOltU:s.,uJ lHuc:uN ModuJu 
PACRInVw 
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Module Connections (Cable Traces) 

I. DC voltages/currents 

1. Detector bias Positive Bias 
Negative Bias 
ground ref. 

2. Analog powerVee • 3.5V 
Preamplfier Current Set 
Analog ground 

3. Comparator threshold (differential) 
use analog ground for reference 

4. Calibration level (differential) 
(also 2 pulse lines. see below) 
use analog ground for reference 

5. Digital PowerVdd- 5V 
Logic + Drivers 
Digital Ground 

Pulsed Signals (aU dlfferenUal) 

1. Calibration (off + 3 combinations) 

2. Master Reset 

2+ 1 

2+ 1 

2 

2 

2+1 

Total DC Unes: 10 + 3 

3. Chip Control (send. receive + 2 other modes) 

2x2 

1x2 

2x2 

1x2 

12 x2 

4. 60 MHz clock 

5. I/O Bus 

Total Data Unes: 18 x 2 

SOC SilicDrt TIDCUr FfOftl·£n4 £I«t1omcs end Dft«IorltlodlUu 
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CONNECTION SCHEME FOR DOUBLE-8IDED DETECTORS. 

L ; lDeaI Signal Loop 

ON DETECTOR 
One ConnectIon per Channel. 
but only One Common Return per ChIp. 
lDeaIloop has High Impedance 
to Digital Power Supply Unes. 

HElMITH SPIELaI 
01-NOV-I1 NY. 

0207(1 

SCHEMATIC CABLE LAYOUT 

DATA BUS 
IPARTIA...J 

PN<'LOG POI£R ClFRENT SET 

I I TESHDLD 

PN<'LOO SLPPL I ES 

i-£LMUTH SPi ELER 
2B'DCT-91 
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Critical Issues 

Unlike exiStIng detectors, Signal detection and readout activity are 
occurring simultaneously. 

lr2072 

Note that on-chip sparslfication with only M/no-/llt output does not 
allow signal analysis to reiect spurious pickup after readout. 

Critical to control cross-talk from 
a) chip to detector 
b) buses to detectors 
c) bus to bus 

(cross-coupling through common impedances) 

Front-end circuitry and bussing scheme specifically designed to 
reduce clock pickup and common mode coupling. 

Signal transmission on metal lines fully differential with small line 
spacing (150 I'm lines broadside coupled with 50 I'm spacing) 

Initial measurements with digital test ICs ana cables coupled to 
detector have yielded promising results. 

Goal for 1992: 
Assemble detector module with cabling and 
test at reacklut rates typical of sse operation. 

Note that this does not require final electronic system, but 
only front-end circuitJy with the same bandwidth and readout 
circuitJy and drivers capable Of the same rate! 

SDC Silicon TracA:u FrotU·£n.d EItcDotUcJ IIIId Dam« ModIlJQ 
PAC ItnWw 





Gas Microstrip Electronics and Trigger 
Silicon Trigger 

ITO Front-end Electronics 

Fibre Optic Read-out 

Off-detector Electronics 

Level-2 Trigger 

Primary Differences 

Pitch 
lower density eIettroDics desireable 

HV 
apprOximately x10 higher voltages 

LI Trigger 
additional elements in digital RIO chip 

Longer Signals 
edge sensitive digital design 

Higher Data Rates 
(L-I trig) more fibre optic channels 

02071. 
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Gas Microstrip Electronics 

Silicon GMD 

/I channels 
pitch 
<signal> in 16ns 
Max powerlchannel 
<power density>@max 
mean occupancy 
detector capacitance 

6M 
sOum 
2Sk e 
ImW 
:romW/cm 
0.2% 
ISpF 

Large number of digital RIO channels 
-> same read-out architecture 

Similar signal sizes and speed requirements . 
-> similar front-end amplifiers 

Electronics Chain 

2M 
300um 
SOk e 
SmW 
7mW/cm 
0.1% 
6pF 

02077 
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Figure 2 Data Format 

PI • ...n(l6bit) 
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Low Speed, Low Link Cost, Fibre Optics [62.5MHz(66MHz)] 

• Simple fibre optic transmission scheme 
based on LEDs, PIN diodes, 50/125 fibre 

. and use many links to achieve bandwidth 

Ftbrt Link 

--.. ., .(1. ! ."" -- n ' 

' .... rive .. ... 
.... ......,. ..... 111 

-..t.a ..... (1~) riMtime 

Estimated Cost II pounds /Iink 

in quantities of 100,000 

.. _a •• ·'" ",. .". A"··' ..... 
, ... ""' "'"' ".... "..., 

.... .... 
f' " r r r 

\. \i \,: \; \,: 

Top trace = system clock 125 MHz 

BoUom trace = Re«ived clock 

v;a Honeywell HMP2103 LED. 50 melres 50/125 fibre, 

Honeywell HFD3038 PIN plus preamp, 

and LeCroy MVt407 comparator 

lJ208S 

(,2087 

Top trace = system dock 62.5 MH. 

Bottom t.race == Received clock 

via Honeywell HMP2103 LED, 50 met.res 50/125 ftbre, 

Honeywell HFD3038 PIN plus preamp, 

and LeCroy MVL407 cOmparat.or 

(j208~J 

o~~ .. _ ..... 

LED DIAMETER - 1.5 111111 

power l-evels over LED s 

Flat window LED - Rod hard 



1 lTD Trigger Geometry Figure 
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SDC Data Acquisition 
& On-Line Computing 

SDC DAQ 
Design Philosophy 

• Standardization 

• Commercial Components 

• Modularity/Scaleability 

nIO.l 

Irwin Gaines 
May 6. 1992 

:J2105 

• Separate data and control paths (Simplicity) 

&2104 

SDC Data Acquisition System 
Design and Scope 

(outline of what is in technical proposal) 

• Design Philosophy 

• Requirements 

• Functional Overview 

• Boundaries with other Subsystems 

• Components 

• Simulations 

• Cost and Schedule 

SDC DAQ 
Requirements 

• Performance requirements 

02106 

• Partitioning and stand-alone operation requirements 

• Other Requirements 

• DAQ Controlll\1onitoring requirements 



SDC DAQ 
Requirements 

• Performance requirements 

_ Maximum Level 2 Trigger System input rate: 
_ Maximum Level 3 Trigger input rate: 
- Number of independent data sources 
- Maximum bandwidth through Event Builder Subsystem 

(based on 10kHz @ 1 Megabytes per event) 
. Minimum processing power in online farm 
. Maximum event size (for a calibration event) 
- Expected event size (data events) 
- Maximum readout dead time 
_ Maximum dead time due to DAQ errors/downtime 

SDC DAQ 
Functional Overview 

0210', 

100,000 Hz 
10,000 Hz 
400 
10 GBlsec 

10**5 MIPS 
20 MByte 
1 MByte 
10% 
5% 

0210~J 

SDC DAQ 
Requirements 

&2105 

• Partitioning and stand-alone operation requirements 

Must be able to operate separate non-interfering DAQ systems 
for each subsystem dwing commissioning 

Preserve this functionality after detector turn on for debugging 
and calibration of individual subsystems 

• Other Requirements 

Scalability 
Reliability 
Maintainability 

• DAQ Control/Monitoring requirements 

Setup (download) entire detector into known condition 
Track operation of both DAQ system and detector subsystems 
Record conditiions under which data are taken 
Allow for calibration data acquisition 
Allow for non-event da ta acquisition 
Detect and record error condition 
Prioritized alarm system 

!.10m<; 
_F..,JtE .... I'IIC.,. 
__ TI'IC9·rO• II 
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SDC DAQ 
Boundaries with other Subsystems 

• Front-End and Trigger 

• Ancillary Control System 

• On-line Processor Farm (Level 3 Trigger) 

• On-line Computing 

• Off-line Computing 

02112 

'ai'\ CY. QnI ..... Co!'ftPl,ller SYSlelTl 

Com;IuIer ()None 
Nerwo",. SIOf1IQe 
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SDC DAQ 
Boundaries with other Subsystems 

• Front-End and Trigger 

Standard Front-end readout crate: Crate designed by DAQ, used 
by front-end cards (with augmented specila purpose backplane if 
required); Trigger/gating card built by trigger group, generated 
high speed control signals; DAQ readout processor built by DAQ 
group. 

• Ancillary Control System 

Uses common network (see figure). DAQ group writes 
applications programs to provide control/monitoring functionality 
using low level subroutines provided by ancillary control group. 
Control programs can be run from control computers, online 
computers, subsystem workstations, or DAQ processors . 

• On-line Processor Subsystem (Level 3) 

DAQ group buildslbuys level 3 hardware, input and output 
networks, software to manage farm (downloading, debugging, 
delivering events, monitoring and controling performance). 
Trigger and omine groups provide actual physics code running at 
level 3. 
····LeveI3 processors must support the full omine environment, 
including operating system calls and data base references.·'!'··* 
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SDC DAQ 
Boundaries with other Subsystems 

• On-line Computing 

HW: boundary is at interface between level 3 processors and online 
storage subsystem. This network will be jointly designed by DAQ 
and online. 
SW: DAQ and online will use common tools, mostly chosen by 
online but some (eg real time operating system) by DAQ. DAQ will 
use online supplied tools in preparing application programs; both 
DAQ and online will supply tools and templates for subsystem 
physicists to prepare applications. 

• Off-line Computing 

Online storage subsystem and network link for express line 
analysis both belong to online. 

SDC DAQ 
Components 

• Standard readout crates 

• DAQ readout processors 

• Event Builder Subsystem 

&211'( 

• Online Processor (level 3 trigger farm) Subsystem 

• Event Data Flow Control Subsystem 

• DAQ ControllMonitoring System 

• Rack Protection 

~!~ 
c_~ 
UCu> 

u 

SDC DAQ 
Components 

• Standard readout crates: 274 crates 

02116 

&2118 

• DAQ readout processors: 274 processor modules 

• Event Builder Subsystem: 1 system, 394 inputs, 100 
outputs, 10GB/sec aggregate bandwidth 

• Online Processor (level 3 trigger farm) Subsystem: 1 
system, 10**5 Mips total processing power 

• Event Data Flow Control Subsystem: 394 links 

• DAQ ControllMonitoring System: 290 links 
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DAQ Components 

Fmpt$nd'DiggerSY5tem ~~ ~ l..acatim1 
Inner Tracltinl Silicon Strips &: 10 10 SDC DAQ Std. Counting Room 
Inner Trackinc Silicon Pixels 

Outer TrackinC Straw Tubes 

Intermediate Gas Microstrip Tracker 10 

Central Calorimeter (SCAs) &: 
Central Calorimeter Shower Max 

96 

Central Calorimeter (Flash ADes)· 95 

Forward Calorimeter 

Muon (Wires) 
Muon (Counters) 

Levell Triner ks 1 KBlerate) 
Level 2 Tri,ger «so 1 KBlcrate) 

Totals: 

48 
16 

EB 
25 

274 

32 SDC DAQ Std. On Detector 

10 SOC DAQ Std.Countini Room 

192 SOC DAQ Std. On Detector 

9S Special On Detector 
(+96 for shower max) 

SDC DAQ Std. Counting Room 

48 SOC DAQ Std. On Detector 
16 SDC DAQ Std. On Detector 

EB SDC DAQ Std. Counting Room 
25 SDC DAQ Std. Counting Room 

39C 

• Central Calorimeter (Flash ADes) not counted in totals 

O'ption:replaces outer straw & cas microstrip 
Outer Trackioi Scintillating Fiber & 14 14 
Intermediate Tracking Scintillatini Fiber 

Special On Detector 

Tablel 
Crates With DAQ CPU. 01: Front-EDdfl'riUer System Event Data Sources 

G2121 
5/5/92 SOC DAe Component Quantities 

, .0 Cempone"t. 

End s~~~,~:::~ ~=~ ~I:t o:a~iaIt-:~:;:n:.nenlS are contained in each Front-

Front-End Syst.m, DAOCIM DAOCIM DAOCIM ~::; DAOCtato 
TfiOger System N.twork N.twork Link. Fan UnitS 

or Routers Rope ..... Units 
Data Acquisition Subsystem 

was Number 5.2 .•.•.•. 5.2 .•. 5.4. 5.2 .•. 6 .•. 5.2.5 .•. 4 5.2.5.5.4 
1 1 1 

Inner Tracking SilICOn Strips 10 10 10 
& Silicon Pi.els 
Intermediate 
Microsirios 

Tracking Gas 10 10 10 

Central Calorimeter (SCAs), 96 96 96 
& Shower Mil)( 
Outer Trackina StrIIW Tubes 8 8 8 
Forward Calorimeter 2 2 2 
Muon 64 S. 6. 
Lev.' 1 Trioa.r 59 59 59 
leYe' 2 T' or 25 2S 2S 
Event Bui6der S S S 
Online Processor Subsysl'm 
Event Oata Flow Control 2 1 1 
DAQ CIM Network 7 7 34 
DAO Remote CJM Network 

nfo< ana,.1 use 
Commissionina ComDont:nts 1 1 12 8 8 

Totals 8 8 327 288 288 

G21211 

SOC Data Acquisition System 
Quantities Component 

Ken Treptow, Fermllab 
January 28, 1992 

Revised April 3, 1992 

5/5/92 

Sub System OAO .... Di'OCPIJ DAOCIM 
Exchongars Modules Slav. 

Int.rface 

was Number 5.2.5.5 .• 5.2.6 .•. 5.2.6.5. 
5 • 

Inn.r Tracking Smcon Strips 10 10 
& Silicon Pi •• ls 
Intarmediate 
Microst~iDS 

Tracking Gas 10 10 

Central Calorimeter (SCAs). 96 16 
& Shower Mil)( 
Outer Trackliro- Straw Tubes 8 8 
Forward Calorimeter 2 2 
Muon U 64 
Leve' 1 Triaoer 59 59 
Level 2 TiiOOer 25 25 
Event Builder 5 5 
OnTl". Processor Su stem 
Ev.nt Dall Flow COnUOI 1 1 

Ifjf-NO

-.. r aaneral use 1 
nina Comoonents 8 8 

Totals 288 288 1 

&2122 
SOC OAe Component OuIntffies 

Ev.nt Crat. 
0a1a Adapterl - Interface 
Port Modules 

Int.rface 

5.2.6.6. 5.2.6.7. 
3 5 

10 

10 

96 

8 
2 

U 
59 
25 
5 

1 

1 
8 

1 288 



(,2123 
5/5192 soc OAO Comeonenl OuanIiIies 

Event - - DaIa Switching 
SubSystem DaIa CIM CIM Un!< aalancing! Network 

Links Unks Repe • .., Input 

• 0u0ue0Ig 
Logic 

was Number 5.2.6.8. 5.2.6.10 5.2.6.11- 5.2.10.5. 5.2.8.5.3. 

" .5 5 5 1 
Inner Tracking Silicon Strips 10 
& SiJic:on Pix,ls 
Intermediat, Tracking Ga. 10 
Micro'triDS 
Cent,., Cak)rim.t.r (SCAs), 192 
& Shower Max 
Outer Track----.na Straw Tubes 32 
FOfWIIrd Calorimeter 2 
Muon U 
Level 1 Trtaa., 59 
Lovel 2 T .r 25 
event Builder 1 1 
Online ProceslOt lern 
Event Data Flow Control 
DAOCIM_ 
DAO Remote elM Network 128 32 
Doskln ror-OiMraI ..... 
Commissioning Com en .. 16 8 2 

TotalS "0 136 34 1 1 

02125 
5/5/92 SOC OAe Compone<11 OuanIiIies 

SobSys_ Online Electronics Electrontcs 
Processor Rod< Rack Wi1h 
.. Online Protection Protection 
S_ Challis & Cooing 

DaIa I..Inka HII-... 
wasNu_ 5.2.11 ...... 5.2.15 ..... 5.2.15.5." 

1 
Inner Tracking SIlICOn Slrips 
& Silicon Pixels 
Intermediate Tracking Ga. 
MlcrostrlDS 
Cenlral CaJorimeter (SCAs). 
& Shower Max 
Outer Track Straw Tubes 
Forward Calorimeter 
Muon 
Level 1 T riQQer 
Level 2 TriaGer 
Event Builder 2 2 
ornme Processor bs lorn 3 
e-I Da1a Flow I 

DAO CIM No"""" 
OAORomoteCIM_rk 
()es;an for aeneral use 
Commillioni Components 2 1 1 

Totals 5 3 3 

('212" 
5/5/92 soc OAO Comeonenl 0uanIiIies 

Sob Sysrem EBSIOPS 

~= 
DaIa Flow Processor Event 

e .... DaIa COntrol Array RaquosI 
Links Unit links 10 Links e_, 

Builder 

wes Number 6.2.1 .•.•. 5.2 .•.•• 5 5.2.'.5." 5.2.11.4.5 5.2.11.5.4 
1 .1 .1 

Inn.r Tracking Silicon Strips 
& Silicon Pixels 
Intermediate Tracking Ga. 
MIC'O$lrlP~ 
Cant'll Cak)rimet.r (SCAs), 
&SIIo_M .. 
Outer Track! Straw Tubes 
Forward Calorimeter 
Muon 
Level 1 Tr' .r 
leYe' 2 Trigger 
Event Buiid.r 32 
Online Processor ~em 1 7 
Event Data Flow Control 1 1 

OAO CIM No"""" 
DAO Remo,e CIM Netwotk 
Design for general use 
Commissio~!!!g_p~~ents • 1 1 2 

Totals 36 2 2 1 9 

Standard DAQ Crate (j2126 

Data link 
(to Ev Builder) 

F 
Read·Out Trigger R 
Control Clock 0 

Control N 
T 

E 
N 
D 

Commercial 
Network (SlOW Control) 

Standard Commercial crate and backplane 
(augmented with SDC specific Signals) 

To Detector 

F F F 
R R R 
0 0 0 
N N N 
T T T 

E E E 
N N N 
D D D 

High Speed 
event data 
flow control 

F 
R 
0 
N 
T 

E 
N 
D 
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Event Data neadout Interface 

Event Data 
Link To 

(vent Oullder 
Subsystem 

Ilemote 
1:11"1 Net work 

Interf ace 

" 

'. 

" 

'-
" 

DAQ Control/Monitoring 
(Commercia\) Network Interface 

Trigger/Clock Control Module 
(receives Level 2 Accept, etc.) 

soc Standard OAO Crate 
(wilh commercial crale & bacl<plane (& no Durrer Mo(llIlesJ) 

Event Data nea(lout 
Interface To 

Event Oullder SUbsystcm 
(possibly not uscd) " 

l1emote 
c/M Network 

Interrace 

" 

DAQ Control/Monitoring 
(Commercial) Network Interface 

'. , , 

rront-End Duffer t1odule," 

( ~---\ 

Event Data Links 
(to Event Oullder Subsystem) 

Trigger/Clock Control ModUle 
(receives Level 2 Accept, etc) 

SOC Standard OAO Crate 
(will) commcrcl(J1 crate fx bilcknlane (& [Jurrer r'lo(llIle~;}) 
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N 
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OAO Crates 

:)2131 

Data CoDedion 
(Bull"') Modul.(s) 

F2S: ingger Ca!)les 
---- Fromio ingper Systems 

FromITo '--,...---:;f,---- Online Computer Syslem 

P.nOtOAO 
ControVMOnHoling Networx 

Fiber Channel Basea UAU 

IIUI ~~Ir--L;~~I 
I Readout, 

Run Contro: I . Crates ' 

101 =1 Monitoring F 

,~~~' 
i 
b 
e 

Event Display I 
C 
h 

• Event Builder 

1°, I 
a 
n 
n 

Slow Control e 
I 

N 
D e 

t 

('2133 

Front Ene 
Dicitize .. 
Electronics 

Level' & 
Level 2 
Trigger 

High Speed 
Data Bus 

'O~"I 
D I 

Mass Storage and 
Data Recording 

'-------, 
MSS ' 

lJ2132 
DAQ for each Subsystem 

Front End Crates 

Slow Controls Supervisor 

, , , 

CJ 
C , 

~-------:,- : 
: : 

Subsystem Workstation 

,I '---"N;t~~;k----: I 

~------------: Router :----
: '--------:-------' , , 

, 
I , 
: , , 
~--------- ... ---... 

To other 
Subsystems 

SDC Data Switch Architecture lJ2134 

412 Data 
Sources from 
Readout 
Crates 

----------l 
I 

~N 20 Input : 
• Nodes I 

, 
r-...L---=---'-:::--=~---II 1 

1 I I 20 Output : 

Event 
Builder 

lOUT I lOUT I· .. ·IOUT 1 Nodes , 
I _______ _ _________ J L___ _ _______ _ 

1L3Pi) ~ L3P I 
I~- , __ , 

1000 Level 3 
processors 



From 3901 [vent Data Fragment 
Sources From SOC-Standard 

Readout Crates 

-------------------. 

-------
-

Data Concentrators/Duffers 
(Data Dalanclngllnpul Qucueing logic) 

/ 
0--
0--
0--

0--

To N Oranchcs Of 
Online Processor Subsystcm 

(level 3 Trigger) 

3901 x 12 Commercial 
(logical) 

Switching NelWOfk 

12 )( 12 Commercial 
(Logi<:.l) 

Switching Network 

'2 x N Commercial 
(logical) 

Switching NetWOlk 

Could be part or Level 3 T rigge( 

0.5 Gigabyte/second Event Builder Subsystem 
(Commercial Switching Network/Asynchronous Mode) 

From 3901 Event Data Fragment 
Sources From SOC-Standard 

Readout Crates 

DAQ Data Flow 

.. -----.. 

, -----
Ready To Send 

Data Concentrators/nurrers 
(Data Oalanclng"nput Queueing Logic) 

8 )( N Commercial 
Switching Network 

0.5 Gigabyte/second Event Builder Subsystem 
(Commercial·Swltchlng Network/Synchronous Mode) 

(Connections to Event Data Flow Control Subsystem & DAQ 
Control/Monitoring Network not shown) 

400 Level 
2 sources 

20 Event Builder 
Oulput Nodes 

1000 Level 3 
Processors 

To N Dranches or 
Online Processor Subsystem 

(level 3 Trigger) 
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Online Processor Subsystem 
(Level 3) 

., 

., 

., 

., 

., 

Commercial Crate 

C C C C 
P P P P 
U U U U 

CommercIal CPU cards 
16 cards/crate 

VO& 
~et 
f'.'ork To Online 

Storage 
Subsyste m 

2 100 MIP processors/ card 

From Event Builder 
32 1 Gbitlsec channels 

Option 1: We do system integration 
1000 100 MIP processors in 32 crates 

·To'" ,.,n'· ", .. m. { From Evtnt Bulloer 
Sut)svstem 
C32IMUlS ) 

1000 \ -Me9,oyle 
tvenlS Def seconel 

at DeSI9f1 lumlnoSlly 

(CommerCI,I) 
ProCtSSOrWr.y 

Event ~e~st " OIMr 1'1 
l'1e"a9U To/From Evenl 0.:1 --, 

FlOw ConlrOJ SuOsySlem 

02141 

(Commt1"C1.1Jlf1urT.Cr1, 
Comouter NetwOrk lo online Storl9~ 

(Incust'Y S:.ancarCll..lt\kS) 

/ 
}

I..e"el :s 1r19ger OUlCiul Events 
To Onlme Slor'9f 

10 to 10C Proc'!:sseC 
Even~, ~er Secone 

At 0.S19n LuminOSity 

(DAO Controi/MOn1l0rlng Network connections Ml snown) 

Online Processor Subsystem 
(Level 3) 

• ., 
., 

• 
• 
• ., 
• 

From Event Builder 
32 1 Gbitlsec channels 

Commercial Packaged System 

Commercial System 
32 cards/system 
1 00 MIP processors 

To Online 
Storage 
Subsystem 

Option 2: Vendor does system integration 
1000 100 MIP processors in 32 boxes 

--
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SDCDAQ 
SOFTWARE 

• Runtime User Interface 
Run Control 
Control of online processor subsystem 
Histogramming 
Event Displays 
Cali bra ti on Database 
Consumer Processes 

• Control, monitoring and downloading interface 

Software supporting memories and intelligent processors 
Downloading 
I/O (file system) services 
Terminal connections for debugging 
Network connections 

Software· suppoting "non-event" data acqulsllion 
Detector parameter moni toring and logging 
Calibration DAQ 
Data Base Access 

Software for recording unusual occurrences 
SuperVising remote control/monitoring links 
Online diagnostics 
Error monitoring and recording 
Alarms and limits 

Software for control of adjustable devices 

e 
c ... 

~ 

b -:: .-

-... 
~ -= ... 
S. 
.5 

--.9 -c. 
E 
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SDC DAQ 
Simulations 
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Cost and Schedule 
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SDC DAQ Milestones 
:"2154 

Completion of DAQ requirements Nov, 91 

Completion of DAQ system design, inc!. 1993 
technical choices 

Completion of DAQ component design 1994 

Portable DAQ for use in test beamsllabs 1994 

-Prototypes of all DAQ components 1995 

Delivery of partial DAQ systems Jan,97 
for subsystems 

Muon subsystem ? 
Calorimeter subsystem ? 
Tracking subsystem ? 

Installation of complete DAQ system Jan, 99 

Certification offull, working DAQ system July, 99 



SDC On-Line Computing 
Design and Scope 

• Requirements 

• Event Flow 

• Control Flow 

• Cost/Schedule 

SDC On-Line 
Requirements 

Acquiring and Recording Data 

~2155 

~2157 

Operability and reliability . 
Data logging: 100 MB/sec, 20 streams + 1MB/sec express Ime 
Run control 

Insuring Data Integrity 

Data monitoring 
Parameter and configuration management 
Calibration services 
Error detection and alarms 
Diagnostic services 
Databaselhistory services 

Physics processing 

Event displays 
Interactive histograms 
Event pools for analysis 
Dynamic full omine analysis framework 

SDC On-Line 
Requirements 

• Acquiring and Recording Data 

• Insuring Data Integrity 

• Physics processing 
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DAQ & ONLINE 
SUMMARY 

~ 
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• System requirements are understood 
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niSI 

Baseline architecture is understood, will not 
require bleeding edge technologies 

• Design is consistent with goals of standardization, 
modularity, use of commercial components 

• Schedule requires specific technology choices 
(bus for standard crate, real-time OS) to be made in 
next 12-18 months 
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ELECTRONICS R&D 

An Overview for the SSCL PAC 

A. J. Lankford 
for the Solenoidal Detector Collaboration 

May 6, 1992 

(,2165 

Electronics, Data Acquisition, and Trigger 
Technical Steering Committee 

Charge: 

Prepare Technical Design Report 
Direct R&D program leading to TDR. 

Reports to SDC Technical/Project Manager and Technical 
Board. 

This group has: 

organized all collaboration and working group 
meetings for approximately two years. 

guided development efforts and organized full 
coverage of SUbsystems, and fostered systems 
engineering. 

organized preparation of conceptual design 
reports for each front-end electronics subsystem 
and for trigger and data acquisition. 

organized a major design review of front-end 
subsystems (Sept. 91) and reviewed or 
discussed all conceptual designs. 

prepared R&D plans and allocated R&D funds 
for FY9l and FY92. 

PRESENT ORGANIZATION 
of SDC Electronics R&D 

Electronics, Data Acquisition, and Trigger 
Technical Steering Committee 

SDC Electronics Integration Group 

SDC Electronics Cost/Schedule Group 

Electronics, Data Acquisition, and Trigger 
Technical Steering Committee 

Membership: 

~216f 

Co-chairpersons and members of SDC Technical Board: 
Myron Campbell Michigan 
Irwin Gaines FNAL 
Andy Lankford VCI 
Wesley Smith Wisconsin 
Yoshiyuki Watase KEK 
Brig Williams Penn 

Other members: 
Bill Foster 
Henry Frisch 
Hiro Ikeda 
Mike Levi 
Richard Partridge 
Luciano Ristori 
Y oshihide Sakai 

Working Groups: 
Front-Ends 
Data Acquisition 
Trigger 

FNAL 
Chicago 
KEK 
LBL 
Brown 
Pisa 
KEK 

Leaders: 
Williams, Lankford, Ikeda 
Gaines, Partridge, Watase 
Smith, Campbell, Sakai 
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SOC Electronics Integration Group 

This group is constituted of a physicist, or a physicist and an 
engineer, for each subsystem. It has considered such issues 
as requirements for: 

Power 
Cooling 
Cabling 
Space 

and location and layout of electronics. It interacts with the 
mechanical integration group and the chief engineer. 

~2169 

SOC Electronics Cost/Schedule Group 

This group has prepared electronics elements of SOC 
Cost/Schedule Book. 

Lead Physicist for Cost & Schedule: 
Lead Engineer for Integration: 

assistant: 

Front-end Electronics: Coordinator: 
Straws 
Fibers 
Muons 
Calorimeter 

Digital Readout 
Analog Memory 

Andy Lankford 
Tom Moore 
Gene Oberst 

Oberst 
Van Berg 
Baumbaugh 
Hess 

Yarema 
Jared 

DAQ, Trigger, Controls: Coordinator: Moore 
Data Acquisition: 
Ancillary Controls: 
Trigger 

Barsotti 
Moore 
Smith 

~216S 

SOC Electronics Integration Group 

Lead Physicist for Integration: Andy Lankford 
chief (indispensible assistant): Chris Bebek 

Lead Engineer for Integration: Tom Moore 
assistants: Gene Oberst, Andy DuBois, Ken Hess 

Front-end Electronics: 
Silicon 

On detector 
Ofr detector 

Straws 
Fibers 
Gas Microstrips 
Calorimeter 

Digital Readout 
Analog Memory 
Shower Max 

Muon 
Wires 
Counters 

Data Acquisition: 
Ancillary Controls: 
Online: 

Trigger System: 
Calorimeter 
Shower Max 
Straws, Muons 
Fibers 
Silicon, GMD 
Global Ll 
Global Ll 

Spieler 
Nickerson 
Williams / Van Berg 
Baumbaugh 
Nickerson 

Foster / Yarema 
Levi / Jared 
LeDu 

Oliver / Chapman / Hess 
Thun / Chapman / Hess 

Gaines / Barsotti 
Moore 
Fry 

Smith 
Smith / Lackey 
LeDu 
Chapman 
Baumbaugh 
Nickerson 
Smith / Lackey 
LeDu 

1I217P 

SUMMARY OF FRONT·END ELECTRONICS 

The Challen~e: Fast, low-power, often rad-hard, reliable systems with 
Levelland Level 2 buffering and simultaneous signal processing and 
data readout, 

for silicon, scintillating fiber, straw, and gas microstrip trackers, 
scintillating tile/fiber and forwardcaiorimelCrs, shower max detector, 
and muon counters and chambers. 

The Solution: Readout based upon high-perfonnance custom integrated 
circuits for analog signal processing and data storage. High degree of 
architectural uniformity for all detector systems. 
e.g.: 8-chan fast, low-noise, rad-hard bipolar preamplshaper/discriminator chip 

for wire chamber readout, 
16-chan 63-MHz CMOS transient recorder chip with 4 p.sec deep memory 
for calorimeter readout 
l28-chan rad-hard CMOS data-driven hit buffer for silicon strip readout 

The Status: Prototypes of nearly all custom IC's exist. . 
Conceptual desIgns of all readout systems eXist. 

The front-end IC's and systems are our long lead-time items. 
Equippea with prototype fe's and system concepts, we must now 
demonstrate thilt our systems will operate withJUll performance and 
full juncrionality and mUSt complete detailed system designs. 

What's Next? Complete the evaluation of custom IC's. 
Optimize, design, prototype, and evaluate ~. 
Build large test systems for electronics evafuation and 
detector prototypes. 
Assemble and Implement systems with full control, 
calibration, monitoring, readout, and software. 

Timescale: Major systems in test beams in 1993. 
Complete systems as early as 1996 for some subdetectors. 



FRONT-END ELECTRONICS R&D 

SCHEDULE CONSTRAINTS 

Integration of electronics with detectors: 
6/94 11/95 Silicon Tracker 
1/95 9/98 Muon System 
5/96 8/98 Calorimeter & Shower Max 
7/96 8/98 Gas Microstrip Tracker 

11/96 6/98 Straw or Fiber Tracker 

MAJOR DESIGN MILESTONES 

Silicon Tracker: 
12/92 Selection of digital storage chip 
2/94 Complete design / Begin production 

Gas Microstrip Tracker: 
1/96 Complete design / Begin production 

Straw Tracker: 
1/93 Preliminary design review 
3/95 Complete design / Begin production 

Calorimeter & Shower Max Detector: 
6/92 Select readout technology 
3/93 Preliminary design review 
6/93 Calorimeter prototype beam test 
8/94 Complete design / Begin production 

Muon System: 
11/92 Preliminary design review 
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6/94 Complete design / Begin production (Regional) 
12/94 Complete design / Begin production (Wires) 
10/95 Complete design / Begin production (Counters) 

Front-End R&D Priorities (cont'd) 

Complete proof-of-principle of critical IC's: 

• Complete proof-of-principle of signal 
processing and data storage IC's (see individual 
subsystems below)_ 

• System tests: 

• Demonstrate performance of signal processing 
in the noisy environment of simultaneous 
readout, and subsequently of systems of many 
channels_ 

• Evolution of Conceptual Designs: 

Continue optimization of system implementations_ 

• Complete process of incorporating full 
functionality into conceptual designs_ 

e_g_: calibration, 
initialization, 
monitoring, 
preprocessing_ 

Adapt to SOC standards_ 
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FRONT-END ELECTRONICS R&D 

Recent R&D Focus: 
The recent focus of front-end electronics R&D has 

been: 
• Continued development of the critical signal 

processing and data storage IC's for each detector 
subsystem_ 

• Development of conceptual designs of complete 
readout systems for each detector subsystem_ 

• Development of a consistent overall architecture_ 
• Shared developments and techniques_ 

Recent R&D Activities: 
Development of IC's for signal processing and storage_ 
Tests of IC's on detectors and on boards_ 
Support of detector tests_ 
Conceptual design of readout systems_ 
Preliminary development of data collection_ 
Estimates of power, space, cooling, and cabling needs_ 

R&D Priorities: 

• Complete proof-of-principle of critical IC's_ 

• System tests_ 

• Evolution of Conceptual Designs_ 

• Engineering across subsystems_ 

• Support of detector prototype tests and beam tests_ 
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Front-End R&D Priorities (cont'd) 

• Engineering across Subsystems: 

• Complete development of protocols and 
interfaces between front-ends and trigger and 
between front-ends and daq, 

e_g_: front-end control signals, 
minimum spacing between "accept"s_ 

• Initiate development of support IC's, 
e_g_: programmable delays, 

low-level differential drivers, 
clock drivers, 
data collection_ 

• Support of detector prototype tests and beam tests: 

• For example, 
tests of modules of straws, 
muon supertower test, 

beam test of prototype calorimeter_ 



STRA W FRONT -END R&D 

Overview: 
~eamp, s.haper, d.is~r!minator, data buffering, 

formation of tngger pnmltIeS, and data collection circuits 
are all ~out;ted on ch~mber endplate. Packaging of this 
ele~tr?mcs IS .challengmg, and these circuits are in a high
radiation envIrOnment. 

R&D Priorities: 
Preamp/shaper/discriminator: 

Complete tests of 8-channel ASD in Tektronics. 
Fabrication of AT&T version. 

Data storage and readout: 
Extend TMC pipeline. 
Convert TMC to rad-hard process. 
Complete conceptual design of L2B. 
Complete conceptual design of DCC. 

System: 
System tests of digital/analog crosstalk. 
Study packaging for mounting on chamber. 
Study cooling. 
Refine system conceptual design. 

• Support chamber tests with ASD's. 

CALORIMETER (SCA) R&D 
including Shower Max Detector 

Overview: 
Towers: 
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Preamp/shapers with dual range outputs are 
mounted near PMT's. SCA cards in crates contain 
analog storage pending Ll/L2 decisions, trigger tower 
sums, and interface to data acquisition. 

Shower Max: 
Analog signal processors are mounted near photo

detec.tors. SCA. c.ards in crates contain analog storage 
pendmg Ll deCISion and perhaps pending L2 decisions. 
If more than I bit per hil strip is required by Level 2, 
then digitization will be performed after Level I. 

R&D Priorities: 
• Select calorimeter readout technology. 

Determine Level 2 requirements upon Shower Max. 
• Preamp/shapers: 

Fabricate, test, and refme bipolar design for towers. 
Design analog signal processor for shower max. 

• Data storage and readout: 
Complete unified design for towers and shower max. 

• System: 
System tests of digital/analog crosstalk. 
Refine system conceptual design. 

• Support prototype calorimeter tests. 
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MUON FRONT-END R&D 

Overview: 
Chamber-mounted and base-mounted electronics 

provide amplified and discriminated signals to nearby 
crates which buffer and collect data for readout and which 
form trigger primitives. Design will use ASD's and 
storage lC's developed for straw readout. The 
organization of the system is strongly influenced by the 
trigger requirement of combining information from 
counters and multiple chamber planes at Level I. 

R&D Priorities: 
• Preamp/shaper/discriminator: 

Evaluate straw ASD's. 
Design ASD with required output drive or 
design CMOS cable driver. 

• System: 
Refine system conceptual design. 

• Support muon supertower tests. 

SUMMARY OF TRIGGER 
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The CbaUenee: Reduce loB interactions/sec to a manageable number of 
the most interesting physics events. 
Implemenl this reduction in a discriminating, efficient, 
and flexible manner. 
Defme upgradable data paths and processors. 

The Solution: Identify and .paramet~rize physics quanta: 
e, J.l. Y, Jet, mlSslnlL Fr 

at early tngger levels. Combine quanta and select at 
highest level. 
EXllloit simple fast electronics at first levels, high
perfo.~ance co~ercial processors at high levels, and 
~Sltl0f! from Simple to more complex processors at 
intermed,ate levels. 

The Status: Model three level architecture exists. 
Model algorithms to trigger on principal physics exist. 
Trigger aataraths have-6een identified. 
PrOtotypes 0 some trigger primiti ve IC's exist. 

lYe believe that.we know how to select the most interesting 
phYSICS. Now we must thoroughly study the effectiveness of our 
strateD. and optimize irs implementation. Then we can move on to 
detaileCl design and implementation. 

What's Next? Optimization of algorithms within overall architecture 
i.e.: complete design of architecture. ' 

Thorough evaluation of effectiveness of system. 
Implementation of algorithms, 

i.e.: design of trigger primitives logic and processors. 

Timescale: 1993 Complete conceptual design 
1994-5 Perform detailed design 
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TRIGGER R&D 

SCHEDULE CONSTRAINTS 

1993 Prototype Clock & Control modules needed for 
tests of front-end systems and for beam tests. 

1996 Start of commissioning of Trigger with DAQ. 
1997 Serial integration of detector subsystems begins. 
1999 Trigger system installation complete. 

MAJOR DESIGN MILESTONES 

Levell: 
1/93 Start final Ll design. 

12/93 Complete Ll design specification. 
6/95 Complete L I design. 
6/96 Ll prototypes. 

Level 2: 
1/94 Start final L2 design. 

12194 Complete L2 design specification. 
12195 Complete L2 design. 
6/96 L2 prototypes. 

Level 3: 
97-99 Coding of L3 algorithms. 

99 Installation of L3 processors. 

Trigger R&D Priorities (cont'd) 

• Evolution of Conceptual Design: 

• Exhaustive physics simulation of 
event selection criteria and algorithms. 
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• Evolution of Conceptual Design of Architecture 

• Optimize partitioning of event selection 
criteria among trigger levels. 

• Optimize deployment of algorithms 
between Ll & L2. 

• Study residual backgrounds at L2, 
and srudy strategies for reduction. 
Optimize deployment of algorithms 
between L2 & L3. 

• Complete definition of data paths, 
• fron t -ends to Ll, 
• front-ends & trigger to L2. 

• Evolution of Conceprual Designs of Major 
Trigger Subsystems 

e.g.: intermediate tracker Ll trigger 
silicon tracker L2 trigger, 
global L2 trigger, 
timing system. 

• Definition of interfaces, (allow upgrades). 

• Track technology advances, 
e.g.: fiberoptic data transmission, 

signal and image processors. 
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TRIGGER SYSTEM R&D 

Recent R&D Focus: 
The recent focus of SDC trigger R&D has been a 

"baseline" 3-level conceprual design which provides a 
credible solution to the problems of "dead timeless" event 
selection at SSC rates. The conceprual design identifies the 
data which must be extracted from the front-end electronics 
for each level, as well as a hardware implementation of the 
event selection criteria. 

Recent R&D Activities: 
Requirements defmition: 

physics, 
times and rates, 
clock and control. 

De~ermination of level I latency ("pipeline" length). 
Physics simulation. . 
Conceprual design of architecrure. 
Definition of: 

inputs from subsystems to each level, 
data paths, 
control paths. 

Conceptual design of trigger processors, for Ll & L2. 
Development of prototypes of critical components, 

e.g.: clock & control distribution, 
calorimeter adder trees 
straw tracker segment finder 
fiber tracker segment fmder 
fiber tracker segment linker 
muon system mean timers 

R&D Priorities: 
• Evolution of Conceprual Design 
• Long Lead-time Components 
• Beam Test Related Items 
• Detailed Specification of System Components. 
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Trigger R&D Priorities (cont'd) 

• Long Lead-time Design Items: 

• Defme protocols and interface to front-ends, 
to allow completion of front-end design. 

• Circuits to form trigger primitives. 

• Beam Test Related Items: 

• Prototype clock & control module. 

• Begin Detailed Specification of System Components: 

• Starting wi definition of modularity & interfaces. 
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CALORIMETER TRIGGER R&D 

Overview: 
The calorimeter trigger is based on digital data from 

trigger towers at 60 MHz. Energies are summed and 
electrons are identified by patterns of energy deposition, 
The method of sums within trigger towers, and subsequent 
sums of trigger towers, depend on particular approach 
adopted for calorimeter readout (analog memory or 
digital). Prototype adder IC's have been designed. One 
type has been tested. A conceptual design of electron 
pattern logic has been completed. 

R&D Priorities: 
• Analog trigger tower sum (analog memory readout). 
• Develop design for digital adder tree, 

12-bit (analog memory readout) 
"floating-point" (digital readout) 

• Develop design for electron pattern & isolation logic. 
Develop electron soner logic, 

to identify most energetic electrons. 
• Develop strategy to put all energy into a single trigger 

time bucket. 
• Investigate techniques for clustering energy and 

adding energy in fixed cones for Level 2. 

FIBER TRACKER TRIGGER R&D 

Overview: 
Stiff track segments are found in superlayers by 

combinatorial logic. Track segments are also linked using 
combinatorial logic. Digital ASIC's provide trigger 
functionality. Prototype segment finder and linker has 
been constructed in discretes for use in beam test. 

R&D Priorities: 
• Emulation of trigger in test beam. 
• Completion of conceptual design of ASIC's, 

including determination of gate count. 
• Study of interconnections for segment linking. 
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SHOWER MAX TRIGGER R&D 

Overview: 
At Level I, hits in SMD strips in front of a trigger . 

tower are "OR"ed in order to reject PMT discharges. The 
"OR" is performed on the analog signal processing card. 
At Level 2, one or more bits per strip is needed in order to 
determine shower position (to match to a stiff track) and 
to examine shower proflle. More than one bit per strip 
will require extraction of pulse height after Level I. 

R&D Priorities: 
• Determine the number of bits needed per strip at L2. 
• Develop scheme to extract needed bits from f.e. 
• Develop strategy and circuit to transform response 

to energy in a single time sample for trigger. 
• Investigate techniques for measuring shower proflle. 
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STRAW TRACKER TRIGGER R&D 

Overview: 
A stiff track segment fmder ("synchronizer") is 

constructed from digital delay chains configured as mean 
timers. Maximum drift time and momentum cuts are 
programmable. The circuit's capability has been 
extensively simulated. Segments can be linked to form 
tracks. A prototype one-channel synchronizer is 
undergoing detailed tests. 

R&D Priorities: 
• Multichannel version of synchronizer. 
• Prototype tests with arrays of straws. 

Develop Ll buffer to store segments for L2. 
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MUON TRIGGER R&D 

Overview: 
Stiff muon track segments are identified at Levell 

by scintillator and chamber hits using mean timers and 
coincidences. Combining counters and multiple chamber 
layers determines organization of muon front-end 
electronics. At Level I, PI is determined from segments 
within the muon system. At Level 2, PI is determined by 
the central tracker or by line-to-line fitting in forward 
muon system. Prototype mean timer IC's have been 
tested. A conceptual design of the logic for combining 
detectors and coordinates exists. 

R&D Priorities: 
• Test logic of segment fmding and time tagging on 

muon supertower. 
• Study association of muon and tracker tracks for L2. 
• Study forward muon trigger at L2. 
• Refine conceptual design of logic. 
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SILICON TRACKER TRIGGER R&D 

Overview: 
The axial layers in the barrel and the radial layers in the 

forward direction of the silicon tracker are used in a two
stage process which identifies tracks by matching patterns 
of hits to programmed masks, fl!St in coarse roads, then 
with the full resolution of the silicon tracker. The 
technique exploits the azimuthal symmetry of the tracker. 
Outer track segments may be included in the same 
processor. 

R&D Priorities: 
• Study the robustness of the fITst stage of pattern 

matching in coarse roads. 
• Develop technique for pattern matching with full 

granularity . 
• Study effectiveness and efficiency of rejecting 

conversions. 
• Explore possibility of incorporating outer tracker. 
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lTD TRIGGER R&D 

Overview: 
The radial layers of the ITO are arranged in a projective 

geometry in phi. This allows pattern recognition in z-phi 
space. Straight lines are found at Levelland corrected 
for dip angle. Simulations show the algorithm to be 
efficient and relatively immune to background. At Level 
2, the ITO trigger is identical to that of the silicon tracker. 

R&D Priorities: 
• Study robustness vs. occupancy of transmission 

scheme. 
• Seek cost-effective way to reduce amount of data 

transferred off detector. 
• Further study of efficiency and rejection. 

SUMMARY OF DATA ACQUISITION 
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The Challen~e: Transport up to 10 GBytes/sec from F.E.'s to Level 3. 
Provide processing power for Level 3 trigger. 
Control data flow in F.E .• thru Level 3, to storage. 
MonilOr operation and performance of detector. 
Acheive a manageable, cost-effective solution. 

The Solution: Extensive use of parallelism. 
System integration of f.e. readout and control protocols. 
Highly buffered data collection from f.e. chips. 
Data transport on fiber optics. 
Parallel event building wi commercial switching network. 
Extensive use of commercial hardware and software 
from rapidly evolving computer and communications 
industries. 
Modular. scalable hardware/software architecture. 

The Status: Architectural modelling of componenls and system. 
Definition of requirements and functionality of 
system and of interfaces. 
Conceptual design of architecture. 

We know what we need to accomplish, we can present a case that 
the tools exist, and we have a conceptual design oJ the architecture. 
Now we must commence designing imd implementing the system. 

What's Next? Architectural model of the complete readout system (in 
lieu of a large prototype). 
Crisp definition of the modular pieces of system. 
DeSIgn and implementation of full system wi all features. 

Timescale: Test beam system 
Technology choices 
Component designs 

Mid 93 
Oct 93 
Oct 94 



DATA ACQUISmON R&D 02191 

SCHEDULE CONSTRAINTS 

1993 Stand-alone data acquisition needed for 
tests offront-end systems and for beam tests. 

1997 Serial integration of detector subsystems begins. 
1999 Data acquisition installation complete. 

Expensive commercial components should be 
purchased as late as possible to take advantage of 
falling costs. 

MAJOR DESIGN MILESTONES 

6/93 Stand-alone systems for test beams. 
10/93 Complete design specification, 

including technical choices. 
12/94 Completion of component design. 
3/96 Prototypes of all components. 

DAQ R&D Priorities (cont'd) 

• Evolution of Conceptual Design: 

• Optimize baseline. 
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• Comprehensive architectural model of system, 
including detailed inclusion of subsystems, 

and simulation of control mechanisms. 
Model in lieu of system prototype. 

• Initiate systems engineering, 
e.g.: common protocols and control 

for front-end systems, 
issues of large system design, 

reliability & redundancy. 

• Investigate technology choices, 
e.g.: standard daq crate, 

event builder, 
controVmonitoring network. 

• Track technology advances, 
e.g.: fiberoptic data transmission, 

switching networks. 
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DAQ SYSTEM R&D 

Recent R&D Focus: 
The recent focus of data acquisition R&D has been a . 

"baseline" conceptual design which provides a credible 
solution to the problems of high bandwidth and "dead
timeless" operation. The architecture allows scaling 
performance to very high levels. It also allows advan
tageous use of future progress in communications and 
computing technology. 

Recent R&D Activities: 
Requirements definition. 
Conceptual design. 
Architectural modelling. 
Development of front-end protocols. 
Preliminary development of data collection. 
Prototype barrel-shifter event builder complete. 

R&D Priorities: 

• Evolution of Conceptual Design 

• Long Lead-time Design Items 

• Beam Test Related Items 

• Detailed Specification of System Components. 

DAQ R&D Priorities (cont'd) 

• Long Lead·time Design Items: 
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• Define protocols and interface to front-ends, 
to allow completion of front-end design. 

Initiate design of data collection circuits. 

• Some components of event builder, 
such as input queuing network. 

• Beam Test Related Items: 

• Standalone daq systems. 

• Software for standalone daq systems. 

• Begin Detailed Specification of System Components: 

• Involves: 
technology tracking 
defmition of modularity and interfaces. 





SDCOflLThffiCOMWunNG 

PAC Review of SDC 

L. E. Price 
May 6, 1992 
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CONfRlBUfORS TO SDC 
COMPUTING PLANNING 

SDC collaboration members 

SSCL Pbysics Research ComputinK Group 

IBM Federal Systems Company (Houston) 

Semi-independent R&D projects 
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SDC OFFLINE COMPIITING FUNCTIONS 

Production Reconstruction 

Event FilterinK and analys\s 

Simulation 

Communication 

Software Development 

Calibration 
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EVENT SIZE AND PROCESSING 

Assumptions 

Triller Rare 

Event Size 

Processing for reconstruction 

CST Event Size 

Processing for analysis/histo. 

Hardware Requirements 

Cata recording rale 

Annual storage 

Production processing 

Masacr CST at SSCL 

Working CST 

Analysis Processing (distrib.) 

100 Hz 

1MB 

1000 SSCUPS 
sec/event 

100 KB 

10 SSCUPS sec/event 

100 MB/sec 

2 PB 

10'SSCUPS 

100 TB 

10M events. 1-10 TB 

10' SSCUPS IOtal 
3 TB fast stora,e 
30 TB med. sp. SlOr. 



I
I 
I 
I 
I 

--t--t 
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Production System Example 

Data Reconstruction Ranch 
Compute servers (20 It 200 SSCUPS) 

Cabinet, bus, power supply 
CPU Boards (4 CPUs w. 512 MB/ boud) 
Disk (5 GB) 
Network interface 
Basic software 
Control/management workstations 
Tape drives 

Raw data tape library 
Data servers 
Recorders 
Tape robot 
Control/management workstation 
Internal network 

Analysis Tape Library 
Recorders 
Tape robot 
Control/management workstations 
Internal Network 
Data Servers to analysiS system 

Simulation Facility 
Compute servers 
Disk Arrays 
Control/management workstation 
Tape drive 
Internal network 

Express-line cluster 

I 
5 
4 
2 

5 
5 

3 
3 
I 
I 

25 

20 
I 
5 

20 

25 
1.6 TB 
I 
I 



Software Requirements 

"Open" operanng system: Ur;IX/POSIX 

Portability 

Modularity 

Graphical User Interface 

Analysis "without programming" largely 

Programming languages 

Fortran 90 (including Fortran 77) 

c++ (including C) 

Kernll system with basic system provided by computing 
group 

Detector-oriented software provided by subsystem 
groups 

Hierarchy of engineering and documentation standards 

Review and certification process for all production code 

Database organization of data 

Metadata: keys and index files widely accessible 

Hierarchical storage 

Ability to read selected portions of event 

ANAL YSIS SYSTEM 

Regional Centers 

About 10 
- S in US 
SSa. 
KEK 
Pisa 

Each system 

> 104 SSCUPS Proc:essing 

300 GB fast storage 

3 TB medium speed s,orage 

Filter JOOO events/sec 

Local Institutions 

1 Midrange workstation per physicist doing analysis 
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(or equivalent X-terminal + departmental computer) 

> 100 SSCUPS + 10 GB disk each user 

Histogram > 100 events/sec 

Use regional center or SSCL for larger jobs 
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VERIFICATION OF HARDWARE DESIGS 

Simulation with RESQME 

91 '12 93 

ConcepIUCII CIeIIgn +-I-
0eI9>. 

COde. and _ soc _ 
~ 

_. ~ lei UIIYItemo 

"-- and _ soc son-

0eI9> soc e~ IIcIId\oII:IN 
ACOJ" and __ 

SInUatIon~ 

seNFOV~r 

&2210 

Fiscal Year 

<u 9596 91 ClII 99 

~ 

I-~ 
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COM~lCATIONS REQUlllEMEl'.lS 

Data Networks 

From online system to offline / ,. :"Is 

Around SSCL ring (to production system?) 

To analysis systems at SSCL and regional centers " 

Video 

Conference rooms 

Workstations 

()2211 
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Table 10-1 
SDe computinc costs. 

Cost E1emmt 

ProciUC".:o1l storace system; 

Te.'"ti&r7 storage system 
CommUllicatiom link CO oZIliz>e 
Productiall ~ farm (10-' SSCUPS) 
Produc:tioll diIk system(s) 
Somra.. 

DatA di.st:ibutiall system 

Express IiIIe ".Stem 
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Local &aalysis ".Stem 
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Planned Computing Organization 

Computing Manager 

At SSC Laboratory 

Area Coordinators 

Core software 

Detector software 

Networking and Communications 

Production system 

Analysis server system 

Simulation system 

Regional centers 

Detector software coordinators 

Tracking 

Calorimetry 

Muon 

\/2218 
R&D Needed for SDC Computing 

Data Storage and Access 

HPCCI Project: ANL. UIC. UNci, LBL, SSCL 

IBMIRAD 

Software Engineering, CASE 

SSCL PRD computing Jl'oup sraning studies 

Modular Software Architectures 

Human Interfaces 

Active work needed to talce advantage of industry developments 

Graphical interfaces 

Visualization 

Voice input 

Committees 

Computin~ Technical Committee 
Plan SDC computing system 
Assess pro~ress 
Advise manager 

Software Committee 
Core software coordinator 
Tracking software coordinator 
Calorimeter software coordinator 
Muon software coordinator 

Production Software Review Board 

:,2217 

Cenifies software for use in production reconstruction 

Computing review committee 
High level review by experu inside and outside of SOC 

Physics Research Computing Group 





Overview 
{cont.} 

• Multiple components Icont. J 
• Subsystem ReconSiruction 

• Bu if! on Core services 
• Written by physicists familiar with subsystems 

• Individual physicists analysis 
• Built on Core services and contribU!ed code 
• Wriuen by physicists for personal use 

• Simulation 
• Built on Core services 
• Wrillen by physicists familiar with subsystems 

• Level 3 trigger 
• Built on specialized Core services 
• Not off-line, but specialized versions of contributed code 

New Approaches 

• Data modeling 
• Working with extended relational and object oriented styles 

• Data access and storage 
• Moving from Zebra to database techniques 

• Use of standards for portability 
• Posix, X windows, Motif, DCE, etc. 

• Software engineering 
• Commercial, tool based systems 
• Rigor matched 10 lise of software 

• Languages 
• FORTRAN 90 for backward compatibility 
• C++/C for object-oriented and service level programming 

Off·line Software Development 

SDC PAC Review 
May, 1992 

Christopher T_ Day 
LBL ICSD/STA 

Overview 

• Very large effort 

• Unprecedented quanlity of data 

• CDr has I Meg lines of code; more expected for SDC 
• Mulriple componenls from varied sources 

• Operating system, compilers, etc. 
• Core system 

• Process distribution and communication 
• User interface 
• Data access/data repository 
• Processing control 
• Standard HEr software as appropriate 
• Professionally written for the most part 



Work in progress 

• Core software task force 

• Data modeling task force 

• Software development task rorce 

• HPCCI database computing project 

• Analysis environment development 

• Simulation software 

Database Computing Project 

• Collaborative effort by LBL, ANL, VIC and V. Maryland 
• 5 year project 
• Funded by DOE's HPCCI program & SSCL 

• $IM+ rorPY92 
• Proof of principle systems already 

• Relational database system 
• Object-oriented database systems 

• Major focllses 
• Scale> 4 orders or magnitude 
• Develop physicist usable interfaces 

Software Architecture 

• Frameworks 

• Fixed support 
services 

• Simplifies 
construction/usc or 
modules 

• Modules 

• Rellsahle racilities 
to support analysis 

• All components 
repl ace able 

Schedule 

• Conceptual design due end FY92 

• Code design, code and test PY92 through FY94 

Data Repository 

• Start subsystem code 3Q PY94, test and review FY97 through FY98 

• Simulation subsystem 3Q PY93 through FY96 
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a "Horizontal" Event Storage 

• All data for a single event is not stored together 

• One database for each type of component bank-all bank instances for all 
events in that database 

• Database never opened if its banks are not needed in filter 

• Rarely used data migrates to backing store even if other parts of the event 
are frequently used 
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Advantages 

• Collaboration 
• Stable, robust system 

• Production 
• Level 3 

• Reuse of code and minimization of maintenance 
• Everyday lIser 

• Concentrate on analysis of interest 
• Override standard modules when desired 
• Multiple modes 

• Interactive 
• Batch 

• Most complexity hidden in framework 
• Allows transparent parallelism 

Simulation Software 

• Current system to remain in use for 2-3 years 

• Replacement system to be integrated with SDC Core software 

• Reuse existing code as much as possible 

• Replacement system to be developed in parallel to Core software and 
feedback requirements to it 

c: 

Remote Procedure Call 
Communication 

RPCOien, 

.. tum 
d.,& 

RPCServcr 

Rcmo1C 
I"0ce4U" 

~ input vlumcntl 
w ~~~~~ ... 

Processing Control 

• Understands overall now of analysis process 
• Different processing control for different processes 

• Production process 
• Multiple streams 
• Batch mode 
• High reliability 

• Level 3 process 
• Stripped down for efficiency 

• General user analysis process 
• High nexibility 
• Interactive or batch 
• Investigating datanow models for parallelism 



• Certification 

Example Process 
Production 

• Submitted code must have: 
• Requirements Spec., Design Doc., User's Guide 
• Test suite 
• Read by at least one other person 

• Integration/build 
• Automated dependency and build tools 
• Configuration control 
• Final configuration approved at collaboration level 

• Testing 
• Automated regression testing on all test suites 
• Prob lems referred to developer, not fixed by production team 
• Problem resolution tracked by tools 

Example Process 
Level 3 

• Initial build similar to Production process 
• Swat team approach to on-line changes 

• Expedited process, short circuit some approval boards 
• Scope of changes detennined before changes made 
• Leave audit trail of all changes 

• Swat team supported by 
• On call experts in particular areas 
• Good documentation 
• Analysis tools 
• Test suites 

Software Development 
Process 

• Industry developed, tool-based methodology 

• Probably object-oriented design and analysis methodology 

• Not forced on everyday users, hut contributed code must be incorporated 

• Maximum use of tools to check methodology adherence 

• Automated tools for configuration control and regression tests 

• Potenrial to gather managemenr info for schedules, cost, etc. 

Software Migration 

• Important filters and intermediate analyses start as everyday code 
• Need to migrate from everyday to production/on-line 

• Fit to framework ~ 

• All frameworks have same interface to communications systems and 
data repositories 

• Fit to methodology ~ 

• Everyday code is free of methodology conformance while everyday, 
but confonnance reqllired for acceptance 



Example Process 
Everyday User 

• Central group provides 
• SDC Application Developer's Toolkit 
• SOC Application Developer's Style Guide 
• Problem support on Core software 
• Safeguards against runaway user code 

• User free of development methodology 
• User fully responsible for 

• Testing 
• Maintenance 
• Code control 
• Documentation 

• Code for common use must be certified 

Summary 

• Very large effort 
• Phased approach 

• Core services first 
• Subsystem code to fit into Core framework 
• Distributed software development 
• Let the methodology fit the 'code 

• Flexible architecture 
• Selected use of modem software technologies 
• Some R&D left 

• Data access and storage 
• PoiAt and click physics analYSis interface 
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Interaction Hall, Facilities & Assembly 

Assembly /Installation Facilities 

'J17/92 

Interaction Hall, Facilities & Assembly Interaction Hall, Facilities & Assembly 

Assembly/Installation Facilities 
Overview: 

1'--
Interaction Halls 

Facilities & 

Installation 
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Interaction Hail, Facilities & Assembly 

U/G Hall Isometric 

5/1/92 

Interaction Hall, Facilities & Assembly 

Assembly Plan 

Component Level Assembly - Most Provided At Design Institution -
Small Assemblies Or Components Shipped To IR-8 Site 

_ Subsystem Assembly - Sub-Assembles & Components Stagged & 
Assembled Into Subsystems At IR·8 Assembly Facilities (Surface) 

Final Assembly (Installation) - Subsystems Final Assembly At IR-8 
Interaction Hall 

Interaction HaJJ, Facilities & Assembly 

Surface Facilities Layout 

:!'u:.:,.":, ___ .. : 

"'. 111-1 
SITE PLAN 
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Interaction Hall, Facilities & Assembly 

U/G Hall Layout t----------,c1110-----------1 
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Interaction Hall, FacllitleSi & Assembly 

Facility Occupancy Reguirements 

Building SDC 44Baseline" Monlhs 
I>ale Dale Delayed 

AS:icmblx lluihllDI 
Hi-bay Assembly Area (BOD) J8n-94 Aug-94 7 
Siorage Area (BOD) Jul-94 Aug-94 7 
Office/Shop Area (BOD) Jul-94 Aug-94 7 

EIRC[(mcolal lIall 
Experimental Hall (JOD) 0<1-95 Jan-96 3 
Experlmenlal lion (BOD) Jul-96 Aug-96 1 

InslallaUao [a'ilili~s 
Headhouse Jan-96 OCI-96 9 
Ganlry Crane 0<1-95 0<1-95 
Shall Cover Jan-96 Jan-96 

Ulilily Building (1100) Jul-96 Jul-96 
Personnel & Equipmenl Access Building (BOil) Jul-96 Jul-96 -
Deleclor Operations Building (1101» Jon-97 Jon-97 
Gas Mixing lIuildilllLiBOJ)) Mar-97 Mor-97 -

TST 10 
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Interaction Hall, Facilities & Assembly 

Project Schedule 
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StbnItTon 0 (Ap':II ....... 
Approvals ~IO Os.eo. 
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Oe!IgrlCOfl~ ,---------' I 
Pfocure and Fall Compooonl, 

ASlOentie ~nonls On Sir, 
WGltaiBenelclalOU:t.,ancy 

Instal & Test DMIctor 
inslablloflCOft1llele 

Finish 11ooh14I. Te't' Check QuI 
SOC Delector Readr" lot Physics 

TO$\ 0081" "'00'''''" 
PreIOlrvnIC...,.. .. 1on 
Pe,lermance UonIlGrIng 

PfojectMg1fl1 & Oat lnIegtaUon 

I 
I,~, 

T~r II 

Interaction Hall, Facilities & Assembly 

Project Milestones 
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SUPCICorxb:tIog Magnal 

SC.Coi 
Clyooottlcs Syslmn 

EIoClfOflQ&ComplJfIng 

Front End Elociforb 
OAO 
TliQgofSyslems 
eo.l1pUI~"iI& Controls 
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STEP I: INSTALL 32 LONG BOTTOU SLOCKS 
AT DCUNT 5. 

STEP 5 = INSULl SECOND vERTIC AL BlOCIl STEP S : INS T ALL I THICII SHORT 
"T OCfANf 7. ?-?H~ tciN~CJt~TI'i~ :~Do~t:Zf I. 

'''~~'' ~~ Q 
STEP 6 z INS TALl SECON(} VERTICAL BlOCK STEP 9 : REPEA T SUP e UNfll TOROID IS 

STEP 3: INSTALL I vERTICAL BLOCK "T AT OCUNT 3. COMPLETE 
OCTANT 1. NOTE: 

STEP 4 : INST All I v(fHlCAl Bl DeK. AT 
OCTANT 3. 

STEP 7 : REPEAT STEPS 3, 4. 5 ANO 6 UNTil 
DUADRANTS 3 AND 1 ARE COMPLE TE 
(EXCEPT fOR ROW I wHERE REPEA T ONl Y STEPS 3 AND 5.) 

I. FOR EACH OCTANT THE tlRST BLO(1'i IS 
INS T ALl£D A T THE lONGITUOfNAL 
(ENTER Of THE TOROID. ADDITIONAL 
BLOCK.S ARE INS T All ED Al TERNA TEL Y 
ON EITHER SIDE Ot THE FIRST BLOCK, 
WORKINC FROM THE CENTER OUTWARD 
IN BOTH DIRECTIONS $IMUL TANEOUSL Y. 

c. THIS INS TALLA flOf\llS PRELIMINARy IN 
NATURE. SUPPORT STRUTS AND fRAMES 
Will BE RE OlJ1RED OURINC THE INS T ALL A TION 
PHASE WHICH ARE NOT SHOWN ON THIS 
DRAWINC. 
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SOC SCINT CAL DETECTOR 
HYQRAULIC Ji\CKING SV'.i T(M 
3800 I'tr lOre TONS CAPACITY 
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Kaiser Preliminary Construction Plan 

In.tallatlon Headcount 
(assume. 173 Hour./Month and 1 Shift/Day • construction labor only) 
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SOC Underground Hall 

Definitions JOD and BOD: 

JOD (Joint Occupancy Date) 
a. Underground nan concrtle noor finished. 
b. Base plales and tracks fully integraled inlo noor. 
c. Full use of ORr assembly shalt with surface cover. 
d. Overhead bridge cranes inst.lled, tesled and operational. 
e. Accessibilily 10 power. 
r. Survey rderences eSlablished. 
g. Personnel Access 10 the Underground Hall. 

5f7191 

( 

• SOC Underground Hall 

BOO (Beneficial Occupancy Date) 
Turnover of Underground Han from AElCM to SDC. 

a. Full use of second assembly shah. 
b. AU conventional services installed and checked out. 

I. HVAC 
2. Power 
3. Cooling 

c. All walkways and platforms installed. 
d. Fully functional interior elevators 
e. All shafts completed and fully equiped. (ie 51airways, elevators, utilities) 
t. Fire protution system installed and tesled. 

5f71U 
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soc Underground Hall 

SOC Major Underground Hall Requirements: 

I. Clear area for assembly and installation of detector: (Original width of 31 m was 
reduced to help meet the cost constraints) 

• 29 meters wide by 1{)5 meters long 

2. North and South operating noors level with 1.0. of Iron Toroid. 
• South Floor 29 meters wide by 30 meters long 
• North Floor 29 meters wide by 25 meters long 

3. Detector Pit 
• 29 meters wide by 50 meters long. 

4. Egress through cable shan. 
• Egress from the operations center to the underground hall. 

5. Two assembly sharts for installation of detector: 
• 14 meters by 11 meters. 

6. Experimental Hall Cranes 
• two separate 100 tonne/20 tonne overhead bridge cranes. 

IRS Underground Hall Cost Estimate: 

5"ft2 

• Current estimated cost of underground hall meeting requirements listed is: 
$34,400,000 
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SOC Underground Hall 

SlUtz 

SOC Underground Hall 
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SOC Underground Hall 
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SDC ON·SITE ASSEMBLY BUILDING SCHEQ.! LE 

ASSEMBLY BUILDING 
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Fisure 4.33 Endcap HAC &.Ssemb!y support pivot and installation sequence. 

02310 

ripn 3.15(a)· Barrel e&lorimete: suppon structvc. In thc iroc desip., only two cradles 

&Ad Rillmu rollcn are required. 

DRAW[;\iG OF BRAU':ETS ATTACHI.'iG BARREL 
WEDGES TO EACH OTHER 02309 

--;-ITJ; 
~ -~/ 

\ "/ I 
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Fisure 3.5(a). Tb.ree vie .... s a£ barrel calorimeter module, shawiq brackets used to attach 
wedses tosether durinS stackin!;_ 

Fisun 3.5(b) • Details a£ 9o..desree suppan brackets used to attach wedges tOllethcr 
durinS nac.kinS· 
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Detector Integration Planning 

Infel:ration Workinl: Group 
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Detector Integration Planning 

Detector Intel:ration Plan 

Hierarchical Integration: 
Detector (SSCL) 

s~s~s (SSCL & Design Institution) 

Sub-~mbIY (Design Institution) 

com~nts (Design InstitutionlVender) 

Integration Working groups 
Configuration Control Documents 

Parameters Book 
Utilities Book 
Interface Book 
Facilities Users Requirements 
Assembly/Installation Book 

TST·l 

Parameters Book 

Component Weights 
Component Sizes 
Component Geometries 
Channel Counts 
Technology 
Subsystem Layouts 
Electrical Layouts 
Facility Layouts 

Intel:ration Document Schedules 
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Parameters Book Revisions 0 0 

Utilities Book Revisions ! 
! 

Dnll 

Interlace Book Revisions i 0 

\ 
D,.n 

tAssemblyflnstaliation Rev, 0' 0 
D •• 1t 

SAR Revisions 
1 0 
i 

Procedures-Eng'r & eM 0 0 
Dnll 

Detector Integration Planning 
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Detector Integration Planning 
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Detector Integration Planning 

Parameters Book - Silicon Tracker 

""" 

CI c 
'2 
c 

..!!! 
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Silicon Tracker 
(WBS 1.1) 

I.m: I>ll< &>:nl 1.:: (go) ~ ~ 

Stripl 9 30 1700 57.61£: 
Stripl 12 30 22150 76.8k 
SU1p 18 30 3390 llS.l.k 

:: 21 30 3960 134.4k 
2' 30 4.520 lS3.6k 

mp 27 30 S090 172.8k 
mip 33 30 6220 211.lk 
I1np 36 30 6790 230.4k 

TOCIl l.lS2.ooo 
AIu: 6.78 ml for CyLindm 

JlW:s 

I.m: I>ll< IU!l:ml ~ = ~ tW!:D<I 
~p IS 39 33 4l1'IO 163.84k 
I1np 15 39 38 4070 163.84k 
mp 15 39 44 4070 163.84k • mp 15 39 S2 4l1'I0 163.84k 

5 ,mp 15 39 61 4l1'I0 163.84k 
6 stnp 15 39 12 4l1'I0 163.84k 
7 stnp 15 39 85 4070 163.84k 
8 smp 15 39 10 4l1'I0 163.84k 
9 strip IS 39 12 4l1'I0 163.84k 
10 SInp ~.S 46.5 

" 
SlOO 194.5610 

11 I1np 2U 46.S 182 4241 194.56k 
12 'mp 34.S 46.S 218 3OS0 112.64k 
13 ,mp 40.S 46.S lS8 1640 1 12.64k 

TOCIl 
~a: 10.16 m2 for Disks 

2.088.960 

Weilhe: l60kg 

Primary sourt:e: Silicon Tracking Con~tnal Design Repon. Nov., 1991. 
Tccbnic.1l Board _ ... 2/1Il2 

Sourtt: 27 Feb 92 Collabcnl:ion MCicting and 26 Feb 92 IDR Draft 

Updated; 24 Mar 92 
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Safety Overview and CSAR Methodology 

• Environment Safety and Health Program OVerview 

• Analysis Methodology 

• CSAR Results 

ES&H Program Overview 

• Department of Energy Orders are the root requirements 

I Planning! I--_r.)Asj~I--.. ...l---r=---' 

• SOC ES&H Implementation Plan 

• System Safety Design Engineering, Design for Maintenance 
Human Factors Engineering 

• safety Analysis and Review System 

<:> 
N 
c..:> 
c..:> 
.0 

EnvIrCllWMnl .... ty ...... h 

""C .., 
Q 

IJCI(I.) 

~= 
a~ 

::: ::6:; .. ~ = ... tI> _.= 
i" tl>rIl_ 

~ ::.Q~ 
... =~ ~ . IJCI rIl 

<1(1.) 
Q-ap! 
a e 
_.rIl -tb 
tI> 

Solenoidal Detector Collaboration 

Safety Analysis Status 

Program Advisory Committee Meeting 
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~~I Documentation I 

• Safety Analysis and Review j 
• Hazard Tracking j 
• Engineering Changes IJ SOP 

r-__ ~~ ____ ~EOP 

\ 
DSAR 

Decommissioning I 
and Dismantling j 

~ " , 

;I Initial Analysis and Documentation ••• CSAR 
Conceptual Safety Analysis Report 

• Qualitative analysis based on TOR conceptual design 

• Scope Includes all major detector subsystems In some detail 
-Beam PIpe 
- Tracking Systems 
- Superconducllng Solenoid 
- CalorImetry 
- Muon Systems 
- Structures 
- ElectronIcs 
- Access Spaces 

• Support systems to a lesser level of detail 
- Integrated safety systems 
- Are protecllon 
- Utilities 

II 
SOCDt~Ma.l-MIkI ... 
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• System Safety 
- Personnel and Equipment Safety 
- Required Design Criteria 
- Required Performance Criteria 
• Electrical, Mechanical, ADP 
- Fire Protecllon 

Oocumentatlonl 

1995 1996 ! 19C}7 

I.-.. 

ll~ 
! 

• Industrial and Construction Safety 

• Design tor Maintainability 
• Personnel Access 
• Confined Spaces 
• Mechanical Design of High Maintenance Items 

• Human Engineering 
• ManiComputer Interface Design 
• Detector PASS System 
• Integrated Safety Systems Design 
• Ergonomics 

1996 1999 
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PEI\SONII£L 
E~ E~O:"T 

DEATH >500K 
CAT .STROPHIC 

SEVERE fOOKTO 
CRmCAL INJURV 500K 

MfIfOR 1KT0100K 
' .... RG»IAI. INJURV 

""'NJURY < 'K 
NEGUGl8I.£ 

( 

• 
FREQUENT 

PROBABLE 

OCCASIONAL 

REMOTE 

IMPROBABLE 

IMPOSSIBLE 

Severity of Consequences 

=~ ..=:.s~ ~IIY=-~'l 

,4I1<Jt.iTHS UHII£COVEAA8LE DATA lOSS 5 VEAR ... nAY DMAAGE 

~~;E~ ,5000< CORRECTlO!< 0<1 
PJO!m.TIES 

2 WEEKS TO REpEAT OF CONSIOERAIllE f TO 5 YEAR TERM DAW.GE 
4!1ONTHS AMOUNT DI' RESEARCH 'OOK TO 500K COftltECTlO!< 

_ OI'-l'El'AlTlES 
1 {)AYTO REPEAl DI' SOME RESEARC>t « ,'fEAR T£JlM DAM-'Gt: 
2 WEEKS fK TO ,OOK CORRECTION 

...Q!!.PENAl~S 
<tDAY NON DATA lOSS MINOR TO NO ENVIRONMENT AI. 

DIIMN:le. lESS 'HE lK$ 

Probability of Occurrence 

liKELY TO OCCUR REPEATEDLY DURING 
THE LIFE CYCLE OF THE DETECTOR 

LIKELY TO OCCUR SEVERAL TIMES IN 
THE LIFE CYCLE OF THE DETECTOR 

UKL Y TO OCCUR SOMETIME IN THE 
LIFE CYCLE OF THE DETECTOR 

NOT LIKELY TO OCCUR IN THE LIFE 
CYCLE OF THE DETECTOR 

POSSIBILITY OF OCCURANCE CONNOT SE 
DISTINGUISHED FROM a 

PHYSICALLY IMPOSSIBLE TO OCCUR 

Rol>4lrt F lavelle 
JOlin Elias 

SOC Safety Working Group 

SOCES&H 
SDCESIH 

soc Sy.tem. Sst.tr 
Technical COn.Pllant 

Contrlbullng Tachnk:el ""thors: 

Flon FlISt (FNALI .................................................... SUperCOndUCIlng Coil 
Andr ... Slelsnlk IFNAl). ...................................... SUp.orcondllclfng Coli 

l.~~u':,:r~~;JL;:::::::::::::::::::::::::::::::::::::=:::::::=:::!.nl 
JeHery Weslern (SSCL) ......................................... Structur.,lnt.grlty 
JIll TMng ISSCL) .................................................. StI'UClur .. ,nllgrlty 
Jar Hollman IfNAll ............................................... s.tre/ I EnclcSp CIIlorl .... lry 
RobOIrI LeItch (ORNL) ............................................. Tracking 
Jelfery Cllerwfnke (Uoiver$lty 01 WlscOll$On) ..... Muon Toroid. 
Mike Hechler (SSCl) ............................................... B .. m Tul>4l 
GaVin Slalrs (Unlvarslty 01 ToronlOl ..................... fOlWerd CIIlorlmetry 

Analysis Methodology 

• Ha2:ard list developed based upon technology and design In TOR 

• Each Item In list identified geographically 

• Each Item analY2:ed In terms of 

1. probability 01 oc:currence 
2. severity 01 consequences 

• Results of above rated against a "Occurrence VB Crltica!it~ .. risk matrix 

• Mitigation hierarchy based upon accepted government and Industry 
approaches . 



catastrophl 
critical 

marginal 
negligible 

catastrophl 
critical 

marginal 
negligible 

Impossible 
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Risk Matrix Summary Results 

Risk Assessment Summary 

BEfORE ABATEMENT 

l'!lI!!:ltbable remote occasIonal -Rr_obabl. freauent 

I 16 7 5 29 
20 J 

I I 4 I 
I 

AfTER ABATEMENT 

I~abl. remote occasional -1!fobabl. freauent 
60 
J 20 
2 I 4 
I 

Risk Matrix Summary Results 

Before Mitigation After Mitigation 

o 
N 
W 

"'" .... 

Probability vs Severity Matrix 

NEGLIGIBLE 

MARGINAL 

CRITICAL 

CATASTROPHIC 

~ ~.() ~~~O Cb .()~O .<-~ 
~~ ~O ~ "'f~ ~~ ~O,,~ 
~ ~~ 11'0 ~~ 'i-;-
~~ ~~ ~< 

D OPERATION PERMISSIBLE 

• OPERATION REQUIRES WRITTEN, TIME LIMITED WAIVER BY MGMT 

• REQUIRES MITIGATION TO A LOWER LEVEL 

EnvIron.., .. ,. SIll." ....... h 

Mitigation Hierarchy and Examples 

1. Design or redesign for Minimum Risk 
- redesign of muon chamber electrodes to meet performance 
goals using non-flammable gas 

2. Incorporate Safety Mechanisms 
- overtemp and overcurrent crate protection 
- overpressure relief devices 

3. Provide Adequate Warning M.echanlsms 
- OOH monitoring 
- Incipient fire detection (VESDA) 

4. Use of Safety Oriented Procedures and Training 
- confined space training 
- beam tube maintenance procedures 

o 
N 
W 
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Central Calorimetry 

Fire Hazard Issues 

InaIUI" l-D mltlgeted to 1-[ 

Cet .. trophlc-Remote ----. Cet .. trophlc-Improbeble 

eddlng fire/loll control ----. Merglnel - Improbeble 
could be a posllble fu ture outcome 

'ulc Numbers 

Scintillator weight 

Metal weight 

Hello 

[ncaplulatlon 

60 tonnes 

3700 tonnes 

I part In 60 

The light-tight requirement wal combined with the Itack 
cam pression requirement and anlwered with the chOice 
of 10 mn stainless steel cia ding plul tenllonlng bands. 

Inal.111 

There Is good thermal contact between the "skin" of a wedge 
unit and the enclosed absorber metal Itack. 

The combultlble Iclntlilator Is not aecellible In the early stages 
of a fire Incident, where accessible requires either 

• II breech or mechenlcel fellure of the contlliner, Dr 
• preheating the entire Itack to the Iclntlllator 

melting point 

Central Calorimeter 

Magnetic Forces Hazard 

02349 

haue 

R large amount of magnetic flUH palSes through the end cap 
calOrimeters from the tracking uolume to the berrel calorimeter 
which results in hundreds of toni of compressiue force on the end 
ClipS. 

If the solenoid were to be energized With an end cap partially 
remoued, the resultant mechanical Instability could lead to loadings 
eHceedlng the design criteria with the potentlel for structural failure. 

MltlgatiDno 

RII mltlgetlon measures Inuolue Inhibition of the solenoid power 
supply, by mechen.cel, lockout, end electronic meens. The flnel 
choices haue not yet been made pending detailed fellure mode and 
effects analyses lind magnetic calculations of the forces Inuolued. 

• Operational readln.ss lockout 
Final authorization to operate dependent on 
operational readiness Ilgnoff IUblequent to e 
physlcellnspecllon of the end caps. 

• End cap access lockout 
Authorization to withdraw one Dr more end caps Is 
dependent on loctout of the power supply 

• PrOHimetry lenlors 
Power supply permit Interlock chain would Include 
sensors regllterlng the proper end cep pOSItioning 

• fastener sensors 
Power IUPPly permit Interlock cheln would Include 
lenlors Integral to tile mechenlsm which atttaChes 
the end caps to the berrel 

~ -Q) 

E 
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0 as 
0 
"C ... 
'" ~ 
0 u.. 
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Central Calorimetry 

Materials Hazards 

Le.d 3-[ no mltlgetlon needed 

Merglnel - Improbeble 

The Indlulduel wedge modules errlue on-site fully assembled 
with their light-tight metal containers In place. Lead eHposure could 
oecur through a handling mishap coupled with some as yet 
unidentified mechanism for dispersal/contamination. 

RadloecUue Sourc.. 2-C mitigated to 2-D 

Critical - Oceeslonal ----. Crilleel - Remote 

The 192 callbrallon sources mounted on the eelorlmeter are 
remotely movable ule wires Inserted Inside capillery tubes treuerslng 
the complete set of Iclntlllator Illes. IngU1i0n or relplratlon Of thele 
source materlall will be precluded by dellgn of the IYltem, and the 
rllk of Induced damage eHposure will be miligated by periodic 
surueys. 

RadloecUuation I-C millgated to 1-[ 

Catatrosphlc - Occeslonal ----. Catatrosphlc - Improbable 

Ouer timer the metel .t shower meNlmum, .. few inches Into the 
Ind part of the stack, will become actluated In ding to a radiation 
eHposure hazard In the Immediate ulclnlty of the conleel hole near the 
beam pipe. MItigation Inuolues the dellgn of appropriate portable 
Ihleldlng I tructures to be Installed during times of accelS . 
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r;;;8--------------------~V~---------1 
I GN. Vent I Combustor I 
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tReglonf 
I 
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I 
I 
I 
I 
I 
I 
I 
I "ii.Gkift 2- - -

I~- I 
I Role' 

l'rTO~) 1-;l.;::::;I;;:::::;l1H1;:;;Q~~ Solenoid I 
,.. .--l.J"-V...J."I....J."I.--l.J'-I.r!;!!!!!' U I . ne I I 

RegIonS 

Translet tinelReliel valve 
P <20psig 
10< O.Sin. 
Scl>adu1e40Pipe 

Air Circulation> 18.3 --.m.;
hrm 

I 

I ~ _____ L~~_I 
I --. I ~ I ____ Enclosure I ~ 

.11 •••••••• II ••••••••• R •• I ____ S_1iB-~ .... ;]!v.,.,!lillllOng_.") 
Figure 7.2-3 SOC Butane Cooling Safety Features 

I1zertillg Strategies 
• Thc totnl bnlllnc invcntory within thc dctector cnclosure, condenscr, 

and rced lines shall be lIIinimized. 

• All sellis mill joints and structures cllntllining worldng Iluid shall be 
designed ror 1111 leakllge 1II111 slt:1I1 be douhle cnclosed, Ihc ouler 
cnclosure fillcd with l10wing nitrogen g:ls. 

• A slightly IlIlsitivc I,rcssllrc shull be III11inluincd between the deteclor 
enclosure 1II111 the incrting VIII lillie. 

• Eight Circlllnlilln Clmngeslllollr in Detector ArrllY 

• Nitrogen Flow Outside Euclosure 10 Eliminale Oxygen Nellr Delcclor 

• Nitrogen Feed Line into Detectllr ror Fire SIl\ll,ression 

• Adc(IIHlte circnlation shall be lIluintnined in the delector hnll III 
Ilreveni ncculIIulation or val,or above 0.2 or the LEL in Ihe event or 
:lIIy credible brellch. 
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Miscellaneous Strate~ies 

• Ethylene Glycol Heat Exchunger Locuted at Dut;lI1c Condcnser Level 

• Condenser Charged with Untune rrom Inside the Detector HIIII 

Forward Colorimeter 

Sclntillotion 
Counfers 

y~ 
,/2 

RING CENTER 

Interaction 
Point 

The SOC Detector 
SIlO OR" .... • .otIOOIlO.OOS 

01-ll •• u-19')2 

Redundancv and Control Strater:ie~ 

• Uednndunt \llllIid feed lines will run between the condenser lind the 
detcctol" enclosllre. 

• Uedlllldallt vu/mr return lines will run betwcen the dctcctor cnclosllre 
;lnd the condenser • 

• Uednlldllllt I,ressllre relic!' vldves will be 1,luce inside the enclosllre to 
Jlrcvcnt over ur 

• Inter/uc/ts will be I'/uccd between the cundcnser refrigeration system 
lind the dctector powcr slIl'l'ly 

· F~uw acliv;Itcd intcrlucJtS on Jilillid SIII'I,ly Jincs urc IIsed to Cllt I,owcr 
11\ the event or u loss or couling IIccidcnt. 

• A I,rcssure I!clivatcd intcrlucJ{ will be Jlluced betwecn the lilillid retllrn 
hne solenOid und thc detector power SlIl'l,ly 

• I';Issivc "I'ai/ sul'c" shntdown lI\echanislll 

II azard Detection Strategies 

" Jlydrocllrbon sensors shall be installed at 1I1'IIl"III,riate locutions 
throllghout the system tu JUonilor rur bubllle Icnks within the dctectur 
hall. 

• II{ Hydrocllfbun Sensurs urc uscd ill 11i:1CC of c;ltlllylic hydrocurbon 
sensurs 

• A tllrec·ticrcd ul;lrlll system triggered ;It 10 lIIld 25 I,crcent 01' LI£L with 
;mtOlllatic shutdown well bdure 100 Jlercent of LEL 

• Oxygcn sCllsors shall be installed ;It 1IllllrOIIl"iute locations to 1II0nitur 
oxygcn Icvels. Oxygen detection sellsors arc loclltcd in ;l11l1l1ll1r seal 
nitrogen Sllil/,Iy lille, in thc detcctor IIITlly, und ill the incrlillg volume. 



SOC sbLENOlb SYSTEM SOC SOLENOlb SYSTEM 

OUTER SUPPORT CYLINDER MAJOR COMpONENTS 

HfUL14 COOliNG TUBE "\ 

AXIal. S(FPOAT~ ~ RADIAl. SUPPORTS 
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1. SUPERCONDUCTING SOLENOID 

2. CHIMNEY 

3. SERVICE PORT 

4. CONTROL DEWAR 
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l SOC SOLENOIO SYSTEM J SOC SOLENOID SYSTEM 

MAJOR PARTICULAR HAZARDS AND ABATEMENT STRATEGIES CROSS SECTION AT END OF SUPERCONPUCTING SOLENOID 

1. NEW DESIGN CONCEPTS AND ADVANCES IN TECHNOLOGY: 

ABATEMENT: 

- ENGINEERING ANALYSIS 

- TESTING COMPONENTS 

- QUALITY CONTROL 

- PROVING DESIGN CONCEPTS BY BUILDING, OPERATING 
AND TESTING THE PROTOTYPE SOLENOID 



r soc SOLENOib SYSTEM J l 
MAJOR PARTICULAR HAZARDS AND ABATEMENT STRATEGIES 

3. QUENCH - ABRUPT TRANSITION FROM SUPERCONDUCTING 
TO NORMAL, RESISTIVE STATE 

ABATEMENT: 

- DESIGN FOR FAST QUENCH PROPAGATION VELOCITY 
TO DISTRIBUTE THE RELEASED ENERGY OVER THE 
ENTIRE COIL 

- POSSIBLE USE OF QUENCH PROPAGATION STRIPS 

_ PROVIDE RELIEF VALVES ON THE HELIUM COOLING 
TUBE CIRCUIT 

SOC SOLENOib SYSTEM 

QUENCH pROPAGATION STRIP 

. E ALUUINIId 
STRIP 

o 
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to) 
0') 
0') 

SOC SOLENOle SYSTEM 

MAJOR PARTICULAR HAZARDS AND ABATEMENT STRNrEGIES 
i 

2. RATIO OF STORED ENERGY TO COLD MASS, ElM RATIO 

l 

0 

o. 

aSOC 

ZEUS a_ aALEPH 
a 

aTOPAZ H' 

clm-It 
a 
V!NUS 

.0 100 
STORED ENERGY 

SOC SOLENOlb SYSTEM J 
MAJOR PARTICULAR HAZARDS AND ABATEMENT STRATEGIES 

2. RATIO OF STORED ENERGY TO COLD MASS, ElM RATIO: 

ABATEMENT: 

- DESIGN FOR THE SOLENOID TEMPERATURES 
GENERATED BY OPEN CIRCUIT QUENCHES 

- DESIGN FOR THE ELECTROMAGNETIC AND STATIC 
LOADS 

- PROVE THE DESIGN IN THE PROTOTYPE SOLENOID 
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Muon Chambers 

Very large chamber system 

Layers of tubes would cover 12 acres 

Flammableltoxlc gas hazard 
The drift tubes have been engineered to meet performance 
specifications using nontoxic-nonflammable gas 

Central and Intermediate ArgonlCO(2) 

Forward Argon/Etha ne 

Oxygen deficiency hazard 

90%110% 

90%/10% 

ODH sensing and warning system throughout the detector 

Overpressure reliefs vented outside 

Flow restrlctors 
Monitor supply, return, and makeup gas flows 

Monitor oxygen content of return gas 

forword Calorimeter 

Scintillation 
Counters 

;~ 
RING CENTER 

Inter~Zlg~ 

The SDC Detector 
SOD 011 ........ MdOOIJO.OO5 

OH.4,","2 

0 
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soc SbLENOlb SYSTEM 

MAJOR PARTICULAR HAZARDS AND ABATEMENT STRATEGIES 

4. OVERSIZED POWER SUPPLY (EXCESSIVE CURRENT): 

ABATEMENT: 

- DO NOT OVERSIZE 

- CONTROL SYSTEM MONITOR AND TAKE CORRECTIVE 
ACTION (LIMIT CURRENT OUTPUT/SHUTDOWN) 

- DESIGN THE SOLENOID FOR AN OPEN CIRCUIT 
QUENCH USING THE MAXIMUM POSSIBLE STORED 
ENERGY 

Absorbers 

r OI"word Colorimeter 

Scintillation 
Counters 
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RING CENTER 

Interoctlon 
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The SDC Detector 
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VESDA 

CDFPPM 

Fire Detection 

Incipient Detection Is a Solved Problem 

sample-draw aspiration system 
measures obscuration optically 
1000 times more sensitive than spot detectors 

fuel specific evolved gas signature 
measures CO, CH(x), and HCL In ppm units 
more sensitive than VESDA 

Incipient detection Is planned for all Interior spaces within the SOC 

detector and the overhead space Immediately above It. 

Multi-tiered alarming is planned to take maximal advantage of the 

early warning provided by incipient detection. 
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Structures 

Design, engineer, and fabricate in compliance with 
the guidance listed in applicable codes and DoE 
orders for allowable stresses and safety factors 

eg: AWS 01.1 Structural Welding Guide 
DoE 6340.1 A General Design Criteria 

Design criteria are not limited to static situations -
allowance must also be made for deflections and stresses from: 

movement of very heavy objects 

probable failures, eg one jack In a multljack support 

floor settling 

seismic requirements 

Safety Review addresses adequacy of design criteria 

Peer Review addresses accuracy of design calculations 

Fire Protection 

Work on development of a comprehensive and 
integrated fire protection plan for the SOC detector 

and Its associated facilities Is just beginning. 

Fire Protection Workshop 

Participants: SOC, PRO, other DoE labs, AT&T, Sandia, and 
Factory Mutual 
Experts on fire protection for high-tech facilities 

Purpose: Evaiuate the unusual hazards of the SOC detector 

Risk Analysis: very iow intrinsic probability 
potentially catastrophic consequences 

The approaches being taken with regard to 
detection 
control 
prevention 
mitigation 

follow the concepts developed during the workshop. 
<:> 
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Prevention 

Primary ignition source is electronics and electrical eqUipment 

Mitigation: Overcurrent Protection Policy 

Rack Protection System 

Crate Protection System 

NEC/OSHA Compliance 

Other Measures: Tracking Volume Inertion 

Flammable Gas Safety System 

Housekeeping Policy 
Welding, Burning, Brazing Permit Policy 

Process Monitoring 

Containerized Plastic Scintillator 

1EnvtrcInIMnt...., .......... 
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• Mitigation 

Measures and Actions to Abate the Severity of an Incident 

Halogen-free environment - materiais control issue 

Power shutdowns, both manual and automatic 

Smoke election 

Pre-alarms and trained on-site personnel 

CCTV surveillance system 

Multitiered Alarms 

Purpose: distinguish between small problems and hazardous conditions 

allow for early Intervention to keep small problems small 

3-Leuel (Hllmple: 

• Leuel I Off-normal condition 

alarm is sent to local operations center for diagnosis 
condition logged into trouble database, slow controls 

• Leuel 2 Pre-Alarm 

aiarm sent as above and to relevant operations service 
center pius site emergency center (advisory) 
condition logged into troubie and alarm databases 
investigative response is mandatory 

• Leuel 3 Fire Alarm 

klaxons sound, gas & power shutdowns triggered, •..... 

EnvIl'clntMnl ... ., .. HAft .. 

GOAL 

Control 

provide for a broad range of suppression eqUipment to allow 
a staged response appropriate to the scale of an Incident 

emphasize locai application and localized application zones 
to minimize the induced damage of the fire control method 

PROBLEM halon is no longer available 

lack of people-safe alternatives 

lethal suppression systems would require lockout and 
tagout during personnel access periods 

effectiveness of incipient detection diminished by delay 
waiting for access control system to validate complete 
evacuation 

• 
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• Confined Space Issues 

• Detector maintenance access spaces meet the classic 
requirements for confined space 

• ready escape 
• possibility 01 huardous atmospheric conditions 
• Oxygen> 19.5 % 
• Flammables> than 10% LEL 
• tight working environment with 
• mechanical and electrical hazards present 

_"-1_ ....... 
( 

• Confined Space Requirements 

• Formal confined space survey 

• Formal confined space classification 

• WriHen procedures 

• Training 

• Atmospheric monitoring and testing 

• Permit system (personnel access and control) 

• AHendants and 2 man-rule 

• LockoutlTagout procedures 

• HVAC procedures 

·PPE 

Detector Maintenance Access Spaces 

• Calorimeter Access Space 

• Muon Access Space 

• Tracking Access Space Confined Space Issues 

• Detector Pit Area 

• Safety Systems Design and Integration 

Detector Maintenance Access Spaces 

Env"onmenI "'.Iy' ..... h 
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Preliminary Evaluation Results 

• Based upon preliminary evaluation, engineering controls 
and Initial estimates of hazard potential ..• 

- Calorimeter access Is "Permit required" during normal ops 
- calorimeter access Is "Permit required" during the 1.2 pullback 
- CalOrimeter access Is "Nonpermlt" during major pullback 
- Muon accass Is "Permit required" during normal ops 
- Muon accass Is "Permit required" during the 1.2 pullback 
- Muon accass Is "Nonpermlt" during major pullback 
- Tracking access Is "Permit required" during normal ops 
- Tracking access Is "Permit required" during the 1.2 pullback 
- Tracking access Is "Nonpermlt" during major pullback 
- Pit area access Is "Nonpermlt" 

EnWontMnI SIll..,. ........ 

Calorimeter Maintenance Access Space 
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Safety Systems Design and Performance Criteria 

• All systems Integrated to provide a comprehensive 
situation awareness, alarm, and response structure 

• Minimal cognitive Interpretation required for assessment 

• User-Friendly man/computer Interface design 

• Minimal workload under non-normal situations 

• Based upon a 3 level alarm scheme 

1. Engineering Out of Tolerance condition I 
2. Pre-alarm Condition ••• Immediate response 
3. Emergency Condition w/ associated activities 

• In IQJDl cases two 1's make a 2 
• In III cases two 2's make a 3 
• Corroboration and Persistence 

Fire Protection 

• Integrated with Hall and Laboratory systems 

• Will utilize both incipient and traditional detection 

• Three level alarm scheme 

• Comprehensive coverage based upon fuel loadings 
and Ignition sources as a result of detailed fire 
hazard analysis 

• High Reliability - Low Maintenance 

-_ ....... 

------------

Integrated Safety Systems 

• Fire Protection System (Detection & Control/Suppression) 

• Personnel Access and Control (Ie. PASS) 

• Detector Systems Monitoring 

• Utilities Monitoring 

• Atmospheric Management System 

• Control. Display Integration 
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Detector Utilities Monitoring 

• Gas and liquid flow rates at Interfaces and sources 

• Power draw 

Atmospheric Management System (AMS) 

• Monitors detector Interior and pit area 

• Integrated with Hall AMS 

• Integrated with appropriate alarm systems 

• Monitors for both 02 concentration and 
experimental gases 

Personnel Access 

• Designed to be complimentary with Lab PASS 

• Facilitates confined space safety features 

• To be Implemented for both Hall and Detector Interior 

• Redundant, high reliability design 

Detector Systems Monitoring 

• Monitors utilities and performance of detector systems 

• Gas and liquid parameters Inside the detector 

• Electronics overtemp and overcurrent 

• Makeup rates of selected detector utilities 

• Radiation dosage data 



n·· 
1 
Ie 
, 

I lr"~:Wl1"" o 
.... 1 .... 

{~::~:~~-~:~f~~~": 
~j~ B 

SITE PLAN 
1 lIS IS A CAD G(N[RAT[O (IR"Wt«;. (lONOT 0 
... k[UAMJAl R[VISION') 011 AliERAh)NS, A I\:) 

:~ 
1-.] 

I 

UTILITIES 

WATER COOLING SYSTEM 

HEATING VENTILATION AIR CONDITIONING 

GAS SYSTEM 

ELECTRICAL 

CRYOGENICS 

Fire Protection 

Work on development of a comprehensive and 
Integrated fire protection plan for the SOC detector 

and Its associated facilities Is Just beginning. 

Fire Protection Workshop 

Participants: SOC, PRO, other DoE labs, AT&T, Sandia, and 
Factory Mutual 
Experts on fira protection for high-tech facilities 

Purpose: Evaluate the unusual hazards of the SOC detector 

Risk Analysis: very low intrinsic probability 
potentially catastrophic consequences 

The approaches being taken with regard to 
detection 
control 
prevention 
mitigation 

follow the concepts developed during the workshop • 

Detector Safety Systems 
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Gas System 

A gas mixing facility will supply the detector systems with 
experimental gases at required pressure, flow rate, temperature, 
purity and gas constituent rations. 

SYSTEMS 

Barrel & Intermediate chambers Gaseous Argon 
Carbon Dioxide 90%/10% 

Forward Muon chambers Argon/Ethane 90%/10% 

Forward Calorimeters 

Barrel Tracker 
Straw tube option 

Silicon Tracker 

High Pressure Argon 

CF4 and lsobutane 30%J2O% 
N2 inerting 
N2 cooling 

Gaseous Nitrogen 

Electrical System 

Electrical power will be supplied by three circuits from the East 
Main Substation feeding the Detector operations building, Utility 
building and the balance of the surface building. 

Power Summary 

Location Est. Load Service Remarks 
KVA Voltage 

SYRFA!;E: 
Conventional 2054 480Y,208Y 
Technical 269 408Y,208Y 4260 VAC for cryo 
UNI2EBGRQUNI2: 
Conventional 2024 480Y,208Y 
Technical 9772 480Y,208Y 

EMERGENCY 970 480Y,208Y 

TOTAL 15099 

Water Cooling Systems 

Cooling pond/tower water is used as the primary cooling medium 
for all cooling requirements. The majority of the heat rejected 
to the cooling water system will be transferred to the atmosphere 
by means of evaporative cooling. These systems are: 

Cooling pondJtower water (CPW) 
Low conductivity water (LCW) 

Chilled Water (CHW) 

HVAC 

Two systems make up the HVAC for the detector: 

1. D~tector hall ventilation system mixes 25% outside air 
wl~h 75% return air before conditioning. During emer!jlency, 
Units can double their airflow and use 100% outside aIr. 

Provides air occupancy 
Dilutes any escaping gases 
Provides a heat sink for heat not removed by water system 

2. Detector ventilation system provides 100% conditioned air 
for the interior of the detector. 

Duri~g operatio"! the system removes escaping gases 
ProvIdes fresh aIr for occupancy during maintenance 
Provides a heat sink for heat not removed by water system 



Liquid Nitrogen System 

Supports cooling of the thermal shields In the magnet system, 
helium refrigeratorlliquefier and the transfer lines 

Supplied from a storage dewar adjacent to me Utility building 

A liquid nitrogen subcooler and three liquid nitrogen pumps are 
housed with the helium cold box module In the Utility building 

The gaseous nitrogen piping is routed along with the liquid 
helium and liquid nitrogen transfer lines. 

Source of the gaseous nitrogen. 

Hazards and Mitigations 

HAZARDS 

Oxygen Deficiency 

Flammable Gas Leaks 

Support Equipment Fire 

Personnel Identification 

Electrical 

Cryogenic leak 

Overpressurlzation 

MITIGATIONS 

ODH monitoring, HVAC purge 

Flammable ~as detection monitoring 
Code compliance 

Fire alarm, detection and suppression 

Pass installed in the hall 

Code compliance 
Training, certification program 

ODH monitoring, HVAC purge 
process monitoring 

Rupture disks and over pressure 
relief valves systems 

o 
N 

"'" o 
<:" 

o 
N 

"'" o 
en 

Cryogenics 

Two systems make the cryogenics: 

Helium refrigerator/liquefier 

Liquid Nitrogen 

Helium Refrigerator/Liquefier 

Supports the superconducting magnet and the Visible 
Photon Counters (VLPCs) 

RefrigeratiC?n ~nd liquefaction capacity of approximately 1200 
watts and liquid flow rate of 90 gm/s 

System is hous~d in the Utility building and consists of 
compressors, 011. remover and purification systems coolers 
and support equipment ' 

Interface point between the refrigeratorlliquefier and the 
detector cryogenics is at the input of the control dewar 
located on the top of the detector. 
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Primary Hazard Categol'ies 

• Life Safety 

- Confined Spaces 
Barrel Calorimeter Electronics 
Muon System between BS2 and BW3 

- Underground Enclosure 

Detector Maintenance Access Spaces 
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Charge to Panel 

Evaluate the SDC Conceptual Design, the technology 
choices, and the facilities required of the Labora'tory 
infrastructure and address the following questions. 

• What are the principal hazards of the detector and 
associated infrastructure during the operation and 
maintenance, 

• Have the hazards been correctly identified and 
assessed? 

• Can the hazards be reduced, eliminated or 
adequately controlled, and what is the resultant 0 

level of risk? ~ 

Panel MemberShip 

Robert Bell 

Jeff Bull 

Larry Coulson 
(Chairperson) 

David Hawkins 

Barry Hendrix 

Lewis KeHler 

Robert Macek 

Edward Verminski 

SLAC 

SSC 

SSC 

SSC 

SSC 

SLAC 

LAMPF 

SSC 

o 
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• Radiation 

. Induced Residual Levels 

. Accidental Beam Losses 

• Environmental Releases 

• Emergency Detection/Response 

• Mechanical Integrity 

• Electrical Hazards 

Low Voltage/High Current 
High Voltage 

• Oxygen Deficiency/Cryogenic Liquids 

~ ___ D_e_te_ct_o_r M_a_i_nt_en_a_n_Ce_A_C_C_es_s_s_p_ac_e_s ___ ~_/~." 
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• Fire 

. Large Combustible Load 

Cables and Scintillator 

Many Ignition Sources 

. Butane 

Ylf92 
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SOC Conceptual Safety Analysis Report 
Review Panel Summary 

The Panel was impressed with the depth of analysis, 
systematic approach, and level of detail which is 
contained in the draft CSAR. No show stoppers 
were detected which the Panel believes would 
prevent the experiment from being constructed as 
currently being planned. 

The Panel concludes that the SOC has a system and 
organization in place which will identify hazards, 
assess the magnitude of the hazards, and assess the 
impact of proposed mitigation measures. The Panel 
found no hazards which had not been already 
identified by the SOC safety analysis process. 
Because there are still numerous technical choices 
to be made in the detector components and the SOC 
is still in the process of identifying and assessing 
mitigation measures, the Panel did not feel it ~ 
appropriate to attempt to determine the resultant ::: 
level of risk. CTl 

However, it appears the Panel, that sufficient 
mitigation techniques have been identified and can 
be applied to the final design to lower the resultant 
risk to acceptable levels. 

The Panel also concludes that there are serious 
environment, safety, and health (ES&H) problems 
to be solved. It is, therefore, important that the 
SCC continue to utilize the best possible resources 
in dealing with these ES&H issues. 
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SDC Trigger System Requirements 
and Performance 

Greg Sullivan 
University of Chicago 

SDC Review 
Session on Trigger, Physics and 

Integrated Performance 
May 7,1992 

SDC Trigger Structure 

• Physics Rate", Tape Rate 
Final trigger level must use offline 8tyle cuts. 
RISe processor farm with many MIPS. 
Need a reasonable rate into processor 

farm(- kHz) . 

• 16 oSee between crossings 
First level trigger operates at 60 MHz. 
Algorithms at 60 MHz are expensive. 
Fixed and small latency (- 4/.1S). 
Can't reduce rate to - 1kHz in first level 

= 3 Level Trigger Scheme: 
Algorithms at level I (60MHz) are difficult and 

expeIlSive. 
Reduce rate with simple "hardwired" algorithms 

at Levell. 
Level 2 operates at 10-100 kHZ - reduced speeds 

allow processors (more economical) 
Level 2 uses programmahle algorithms to reduce 

rate to a few kHz 

0242(} 
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SDC Trigger System Requirements 

"Hardware" 

Input Rate: Beam crossing every 16 nSee 
108 interactions per second at C = 1033 

First level trigger at 60 MHz 

Output Rate: 50- 100 Hz written to ~'Tape" 

= 10' rejection 

"Physics" 

Higgs/SUSY: leptons - Pr > 40GeV 
dileptons - Pr > 200e V 
diphotons - Pr > 20CeV 
missing Er > looGeV 

02421 

Bread tf Butter: (push the thresholds down) Pr> 20GeV ? 
tt (1-90 Hz) 
W _ev (10 Hz) 
W_/.Iv (10 Hz) 
Z-ee, Z-JJJJ 

Physics rate - 20-100 Hz 

Physics rate", Tape rate = 10' rejection and 
high signal/background 

02423 
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0.1 

0.05 

o 

-0.05 

-0.1 

-O.1S 

TriQQer Rate Simulation 

Isajet plus fast detector simulation. Uses 
parameterizat ions of detector response. 

Includes 

Multiple interactions 
Vertex position smearing 
Calorimeter response shaping function 
7t and K Deacys 
Photon conversions 

02424 

Tracking resolution and efficiency from 
full simulations of tracking trigger 

Calorimeter longitudinal & lateral 
shower fluctuations 

Electron Bremsstrahlung 
Shower maximum detector parameterized 

from full simulation 

02426 

EM Resolution 

AE = ~ EB 0.01 
E >IE 

Etectrons 

c 

'" ~.32 
"'0.28 

0.24 

0.2 

J.16 

0.12 

0.08 

0.04 

0 
0 

1200 

1000 

800 

600 

400 

lOO 

0 

10 

-0.4 

Interactions per crossing < n >= 1.6 
and vertex posi tion smearing 
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J II 10 
n (events/crossin9) 

-0.2 0.2 0.4 
Vertex F'osition (meter, 

Had/Em ratio for Electrons 
for .1 x .1 towers 

0.06 0.08 0.1 
Hod I Em 
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Straw Tube L1 Trigger Efficiency 

2 of 3 in 1/64 wedges 

>u 

0.8 

~ 0.6 

] 
W ... 
C1J 

'" .~ 0.4 
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0.2 

SDC Level 1 Trigger 

Electrons and Photons: 

( 6 tubes each layer) 

Elf above 20GeV = 0.97 

Pt (GeV) 

(.1 x .1) calorimeter towers with E-r> Threshold 
E ... /E.m <.04 . 0.1 
Shower max above threshold in .21/ x .24> segmentation 

.ke!""",.' Track Segment with Pr > 10.0GeV 
Track segment matched in tP to tower. 

Muons: 
Muon "hits" from Scint + e chambers with Pr > 
threshold 

Option: "link" with track segments from tracker in 1/64 
bins in 4> cutting on track Pr 

Jets and Hadrons: 

Calorimeter energy sums and single tower energy> threshold 
hadro",.' E ••• / E.m > thresh 

Shower max below em threshold 

Neutrinos: 
Missing E-r for sums of .1 x .1 towers> E,., 

==> Levell tigger rate::::: 30 kHz 

0243(, 

Shower Max Response vs. Energy 
for Pions and Electrons 

r~ A1tti~[~t""; , 
o ~ 0.1 0.2 CI.l 0.4 0.5 

SDC Levell 
Trigger Rtaes 

0., 0.7 0.1 
ControlSlrip __ 

Background Rates from QeD 2- jet events 
with 20 GeV < Pt < 200 GeV 
mixed with minimum bias events 
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Background rate vs. Z Rate 
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10Hz 

1 Hz 
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Electron Trigger 

SolId: £m To •• , 

00.": Hod/.",+Y,octa 

Doll: _/ .... +TItI+SU 

1101-_: H/om+TItI+SU+1oo 

o 10 15 20 25 JO 35 40 
Threshold (GeV) 

Combined EM Trigger Rates 

e = electron; Had/Em < 0.05. 
Track Pt ) 10 GeV matched 
in, with tower 

2e = dielectron; Had/Em < 0.1 • 
Track Pt ) 10 GeV 

1 = photon; Had/Em < 0.05 

21 = diphoton; Had/Em < 0.05 

Tri~ er Threshold GeV) Rate (kHz) 
e 2e -, 2-, ollJ»cm-2S-1 

20 10 30 20 9.8 
20 10 40 20 8.1 
25 10 40 20 5.0 
25 15 40 30 4.7 
30 20 45 30 3.8 
20 - - - 7.0 
- 10 - - 0.3 
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Level 1 Trigger Thresholds 

Trigger Threshold (GeV) 

'electron 
dielectron 
photon 
diphoton 
I tm. hadron 
Jet (1.6 x 1.6) 
muon 
dimuon 
e-mu 
missing Er 

SDC Level 2 Trigger 

Electrons and Photons: 
cluster Er > Threshold 
Ew/E ... <.04 - 0.1 
Isolation where necessary 

20 
10 
30 
20 
50 

140 
20 

<20 
10-20 

80 

electron,: silicon tracker tags conversions 

Muons: 

Track matched in '" to shower max in I / I 024 
to reduce .. + - -y overlap 

sharpened track Pr 

Match muon system to Silicon and outer tracker 
sharpen Pr threshold. 

Isolation using calorimeter 

Jets and Hadrons: 

Cluster energy sums and single tower energy> threshold 
h"dro ... : EIooJ/E ... > thresh 

Sho ... r max below em threshold 
track isolation 

Neutrinos: 
Missing Er for sums of .1 x .1 towers > E, •• 
Correct for Muons 
Olis$ing Er from sum of iet energies 

Displaced vertex trigger: 
Displaced vertex from Silicon tracker 

=:} Level 2 tigger rate:::: 1·3 kHz 
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Preliminary 
SDC Level 2 

Trigger Rtaes 

IT,I < 3.0 
33 

I mb = I MHz @l 10 

.~ .. . ~ 

Background Rates from QCD 2-Jet events 
with 20 GeV < Pt < 200 GeV 
mixed with minimum bias events 
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"" 'Ol ... 
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t!Qll.;. 

NO Level 2 clustering Done - single towers only 

No Conversions removed - The level I rate is 
dominated by charged pion-neutral pion 
overlap and convers ion electrons in appro x. 
equal proportions. 
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• Track iii Tradt with Pr > IOCeV matched in Q with tower 

• SM.= Sbower-Mu strip over threshold mathed to 1/1024 in 
• wltb track and .6." = .2 with tower 

'. ISO 5: "8lunoundinl Had. towen/EnerIY < 0.07 

Conversions not Removed 

.' 

i\ ....... 
.~ 

...... ~"'I 

OCD 2-Jet 20-200 GeV Rote 

L2 Electron Triggers 

Sorod: Hod/Em+Track 
Da.h: Had/Em+TRK+SII 
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Rate for 2 towers over Ihreshold 
(Conversions not Removed) 

. 
! 

• Track .= Track with Pr > IOCeV matched in f with tower 

• SM == Sbower·Mu strip over threshold mathed to l/t024 in 
• with track a.nd .6." = .2 with tower 

QCD 2-Jet 20-200 GeV Rote 

L2 Oi-Electron Triggers 

Solid: Hod/Em<.1 + Trock 

Dash: Hod/Em<.05+Track+SM 
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Threshold (GoY) 
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QCD 2 -Jet 20- 200 GeV Rote 
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L2 Photon Triggers 

Solid: Hod/Em < .05 
Da.h: HocI/Em<.05 110<.07 
Dal.: Oiphalon-Iso 
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o 20 40 60 eo 100 
Threshold (GeY) 

Summary of Performance 

"Hardware" 

Input Rate: 

Trigger Rate: 

"Physics" 

Beam crossing every 16 nSee 
108 interactions per second at r. = 1033 

First level trigger at 60 MHz 

50- 100 Hz written to "Tape" 
Levell ==* 30 kHz 
Level 2 ==* 1·3 kHz 
Level 3 ==* 20-100 Hz "PilYsics" rate 

oIBine style cuts. 

Ll Thre.hola..: leptons. Pr > 20Ge V 
dieleetrons· Pr> lOGeV 
photons· Pr > JOG.V 
diphotons . Pr > 20Ge V 
Jets· Pr> 150GeV 
missing Er > BOG.V 

L!! Thre.hola..{?): leptons· Pr ~ 20G.V 
dielectrons· Pr > lOGeV 
photons. Pr ~ 35GeV 
diphotons . Pr > 2OG.V 
Jets - prescaled 
missing Er ~ 100G. V (1) 

The trigger can achieve 10· rejection while 
maintaining sufficiently low thresholds . 
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Summary of Tracking Simulation 
Results 

Work done by: 

David Coupal 

D.Adams 
F.Bird 
D. Coupal 
P. Estabrooks 
W.Ford 

SOC TraCking System Design 
Resolution 

..... Occupancy 

..... Tracking Algorithms 

..... Higgs 

..... Jets 
..... b-jet Tagging 
..... Conclusions 

B. Hubbard 
W.Lockman 
F. Luehring 
K. O'Shaughnessy 
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02454 
The purpose in these simulations is to verify that: 

a) we get sufficient single-track effiCiency and reconsttucted mass 
efficiencies as to not significantly impact the acceptance for the 
physics processes open to SOC, and, 

b) we maintain resolution close to the TOR parametric values, 

with a realistic model of the environment and detector response. 

NOTE: 

TIlls is a difficult business. 

Many results are from not fully-optimized tracking algorithms. 

Ongoing improvements in track reconsttuction algorithms will improve 
perfonnance 

Adding more reality (dead channels, noise hits, misalignments) will 
worsen perfonnance. 

i 
.!l 
e 
0' 
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Environment 

PAC Review 
Review of Tracking Simulation Results 

David Coupal 

May 7. 1992 

HOSTll.E!! 
02457 

Average of 1.6 interactions / crossing. each interaction producing 
-20trackswithP,>400MeV/cand 1,,1 < 2.5 

Beam crossings every 16 nsec 

=> contributions from previous and later crossings due to: 
I) time window spanning several crossings 
2) loopers 

Add 10 this: 

.... Trigger event (e.g. Higgs. another 70 tracks) 

.... Neutrons 

.... LUmIDosity > loJ3 

Reconstruct tracks in this mess with: 

(16 hits in silicon) + (36 hits in outer straws) per track at ,,=0 
or (32 hits in outer fiber) 

II 
Compare to Marl< n at SLC: <n> = 22. 16 msec between beam crossings II!I 
3 Silicon + 38 VDC + 72 CDC hits per track 

( 2· 3 person-years 10 develop optimized track finding and fitting code) 

DeteClOr Configuration 

PAC Review 
Review of Tracking Simulation Results 

David Coupal 
May 7. 1992 

02459 
Silicon + Straws + Gas Microstrip 

I ~·I'''·I 
;".:.r,·:;o.~; 

01"!' I 
I 1IIIIIft!I~1111111111 I I 

I I I . 
I I I I I I 1111Ii!!!!!!!1I111 I I I I I I I 1 I 

Status in Simulation: 

Silicon and Straws: 
Detailed model of deteclOr response and averaged material 
thicknesses. Straw segment-finding and silicon-based track 
reconstruction working and being optimized. 

Gas Microstrips: 
Detailed model of detector recently installed. Also recently 
added to track reconstruction. 

Monte Carlo Simulation 

Signal: 

Background: 

PAC Review 
Review of Tracking Simulation Results 

David Coupal 
May 7. 1992 

02458 

ISAJET 
Beam spot simulated (5Ilmx5Ilmx5cm) 

PYTHIA minimum bias 
Beam spot 
(-4.+2) beam crossings 
(n) = 1.6 events/crossing at loJ3 

.... GEANT used to track particles through a fairly complete model 
of detector elements (active and inert ) . 

.... Digitizations are generated. including detector time windows and 
dead-time. and reconstruction algorithms work off of these data . 

.... Some studies done with pre-TOR designs that may differ slightly 
from final design. 

.... GEANT simulation is slow: full simulation of just tracking deteclOr 
atL= 1034 is 

> I hour / event on 25 MlP machine 

Review of Tracking Simulation Results 
PACRevieWU 

Detector Configuration 

Silicon + Fibers 

,-0.0 

"'.IK A.lal Cho"nels p., !ftcl 
11.0 K Stine etl.nnets ,., End 
473.2 K Toto. Ch_,,".1 Count 

Status in Simulation: 

Fibers: 

,,-1.0 

David Coupal 
May 7. 1992 
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Detailed model of detector response and averaged material 
thicknesses. Road-search track-finding algorithm working. some 
initial results. Optimization in progress 
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May 7, 1992 
Higgs Event at 103": Muon in Straw Layer 1 David Coupal 
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Higgs Event at 1034 

PAC Review 
Review of Tracking Simulation Results 

May 7,1992 

David Coupal 

Higgs - Z·Z· - 4~, Silicon + Straw, Luminosity - 103" 
02462 
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0246j 
Rt',,,,,,-,1.·~, r 001 

02467 

, 

." 

02466 

02468 

," 



.. ! 

02469 

..... ; 

''''''~,:!,~,. : . 

~ .. '-.\."" ':j 

I 
I 
1 

" '::;" '1 

I

· .'\. /.", ':'~!~~'~ ..•..•• ~.. 'I _<:: I ,..., 
! "~ ~ ,,", ":;,.',.;;,_.','.'.'," ._"""" ......... " ' .. ',,' , ' :.,'.,.... 1 _'" ,,· ... '-.... <N·'!.;~:O~,:~.:Vt:"o .. \,.. i 

':; .. , .~~·~:2";:'"i~.:-.~ 

02471 \ 
\ 

02470 

02472 



Higgs to 4 Muons in ITD 

seeQ 

PAC Review iii 
Review of Tracking Simulation Results 

David Coupal 
May 7,1992 
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30/4/92 

400 GeV / c Higgs event 

Resolutions 

H;ggs ~ z· z· 
z· ~ 1"-1"-

p, > 10 GeV!c 

PAC Review 
Review of Tracking Simulation Results 

May 7,1992 
David Coupal 

Sohnmary of parameters affecting resolution 
02475 

Silicon Straw Fiber Gas Microstrip 
(Barrel) 

# of layers 16 36 32 12 

# of superlayers 8 5 6 3 

resolution/superlayerOLm) 12 85 90 100 

stereo angle 10mrad 3° 6° 8° 

0 .... / p.2 (reV/cr! 2.0 1.0 1.0 
at T\ = 0 

(0 .... / p? = .16 (reV/cr! for combined system) 

Higgs to 4 Muons in ITD 

PAC Review Ii 
Review of Tracking Simulation Results 

David Coupal 
May 7,1992 
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SGOO SDC T~ lTD superioyer 30/4/92 

1"-

4 

Resolutions 

400 GeV / c Higgs 

Higgs ~ zo zo 

Review of Tracking Simulation Results 
PAC Review Ii 

David Coupal 
May 7,1992 

Silicon + Straws 02476 

.---------------------"] 500GeV 
Muons 

Fit algma _ .1628 

\ 
r---------------------------------------,5OOGeV 

Electrons 

Fit algma _ .1921 

4Pt I p,' creVIer' for Straw Barreillegion 



Parametrized Resolutions 

Silicon + Straws 

PAC Review 
Review of Tracking Simulation Results 

David Coupal 
May 7.1992 

50.0 e) (- - - !'it ineludina 

beam constraint) 

10.0 p, • 1000 GeV 

5.0 

p, • 100 GoV 

1.0 
Pt - 10 a.v 

0.5 E======::;::::::::=::=::;;=:::;::r--c; 
p, • 1 GaV 
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0.1 L..~~.....jL..~~.....jI:---~~.....j~~~---:J~~~~ 
0.0 0.5 1.0 1.5 2.0 2.5 

Parametrized Resolutions 

Silicon + Straws 

0.010 

.) 

0.008 

0.008 

c 
0 
::I 

i 0."" 
p\-lGeV 

0: 

~ 
C :. 0.002 Pt - 10 GeV 

Rapidity 

PAC Review 
Review of Tracking Simulation Results 

David Coupal 
May 7.1992 

p, - 100. 1000 r.eV 

0.000 
0.0 0.5 1.0 1.5 •• 0 

Rapldlty 
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Review of Tracking Simulation Results 

Parametrized Resolutions 

PAC Review a 
David Coupal 

May 7.1992 
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Silicon + Straws 

Measured resolutions for single lOO-GeV muons 

50.0 I-

10.0 

5.0 

\.0 

0.5 

0.1 
0.0 0.5 \.0 

Rapidity 

1.5 
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o 

2.0 2.5 

Occupancy 

PAC Review I; 
Review of Tracking Simulation Results 

David Coupal 
May 7.1992 

Occupancy has several contributions: 

Trigger evenl 
1.6 events/crossing of minimum bias 
secondaries 
looping tracks from previous beam crossings 
delector time windows that span several crossings 

Occupancy vs layer radius including all the above effects 
except the trigger event (Adding a Higgs to 4 lepton event 
increases occupancy by x 2 - 2.5) : 

10-4 
0.0 

~ 
Fibers 

~icon 

0.5 1.0 1.5 
Layer Radius (meters) 
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Track Reconstruction Algoritluns 

Several algoritluns are in use: 

• "Segment-clustering"-

PAC Review 
Review of Tracking Simulation Results 

David Coupal 
May 7. 1992 

I) hits in silicon are paired to fonn segments (local track vectors) 
2) segments are clustered in curvature-phi space to fonn tracks 
3) least-squares fit done to silicon track 

02481 

4) silicon track projected to outer tracker to pick up straw segments 
or fiber coordinates. refitting each time one is added to track 

• "Road-following"-

I) pairs of hits are used to stan a track at some radius. 
2) candidate track is projected outward andlor inward to 

pick up additional hits 
3) least-squares fit each time a hit is added 

• "Binning"-

I) detector divided up into overlapping curvature. phi and taM bins 
2) bins subdivided until small number of segment combinations 

in bin 
3) Fit all combinations for best single-track fit 

Segment-finding efficiency 

PAC Review 
Review of Tracking Simulation Results 

David Coupal 
May 7. 1992 

Segment Fmding in Straw Outer Tracker 
02483 

Method: Brute force search staning with pairs of hits in extreme layers of 
superiayer and projecting inward. Segments locally straight within 
a superlayer. 

Perfonnance: 

!i' 
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c 
:;; 
c 
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Pt>2GeV/c 
H->4~ 

1.2 1 1 ·1 1 
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~ --r - -'+ 0.81- /-t· r --r/ XObg 0.61-

0.41-
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-
-
-

-

-

PAC Review 
Review of Tracking Simulation Results 

David Coupal 
Track Reconstruction Algoritluns (cont.) May 7. 1992 

The low occupancy and high resolution of silicon tracker make it a 
powerful pattern recognition tool. 

Critical to the integrated perfonnance of the entire tracker. no matter what 
algoritlun is used. is the error on a silicon track projected to the 
outer tracker. 

Atl1=O. the error on a track found in the silicon, projected to the 
first straw or fiber layer is 

(Jp,ol (r =.7 m) < 100 J.1D1. 

Well-matched to superlayer resolutions of the outer tracker. 

Projecting to larger radii. it gets quickly worse: 

1.00 f-

0.75 f-

0.50 ~ 

0.25 f-

0.00 
o 

I I I 1 

~ t_,~;~~x" --
t- 1 XOb, 

o lXlO· 

o 3xtO" 

o 8xlO· 

I 1 1 1 1 
2 3 4, 5 
Superlayer Dumber 
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Higgs 

PAC ReYiewI; 
Review of Tracking Simulation Results 

David Coupal 
May 7.1992 

Requirements: 02495 

-+ Efficiency ~ (single-lepton efficiency)4 

~ efficiency 2: 97% for high Pt isolated tracles. 
over full acceptance (1111 <2.5) 

-+ Z' mass reconstruction 

~ t.p, / p,2 S 20% (TeV/c)-1 

+ massive If! . massive gauge bosons. w+ w+ may require that SDC 
maintain above perfonnance at luminosities beyond 1Ol3 . 

Higgs -+ 4 Leptons (cont.) 

70 
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50 

~ 40 

~ 
'l; 
... 30 

20 
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40 

PAC Review iii 
Review of Traclting Simulation Results 

David Coupal 
May 7. 1992 
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,n In) Ul n.n 
60 eo 100 120 

11+11- Invariant Mass (GeV/c2
) 

Study of Higgs -+ 4 Leptons 

PACReVieW _ 

Review of Tracking Simulation Results 
David Coupal 

May 7. 1992 

HO -+ ZOZo 

l 4e+e-
11+ 11-

HO mass = 300 GeV 

Luminosity = 1033 -+ - Iol' 
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Most results shown here use straw outer tracker option. Some results on 
lepton efficiencies and resolutions for fiber option. 

Overall efficiency at 1033 vs 11 for tracles with Pt > 1.0 GeV/c (si+straw): 

0.8 r-
>-
() 

0.6 r-c ., 
~ 
r::; 0.4 r-

0.2 r-

0.0 ~ 
0.0 0.5 

Higgs -+ 4 Leptons (cant.) 

-

-

-

-

I I I I 

1.0 1.5 2.0 2.5 
Pseudorapidily 1) 
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Electron identification requires Elp cut: 
02498 
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" 1005 
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rM!.W 7.000 
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Set the cut at .7 < Elp < 1.4 



Higgs ~ 4 Leptons (conL) 
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Q2489 

,n; In r 
°2~O~~~~40~~~~-7.60~~-u~~B~O~~~~'O~0~~~~'20 

e+e- invariant mass (GeVlc2
) 

For the reconstruction of the Higgs mass use calorimeter energy for electrons 

PAC Review Ii 
Review of Tracking Simulation Results 

David Coupal 
High Luminosity May 7, 1992 Higgs ~ 4 Leptons: 

Muon track-finding efficiency versus luminosity: 

eo 
I.OOt~==~==-_-=:i~ ____ -£] 

~ 0.95 

.. 0.90 
.5 
'g 
~ 0.85 

~ 
~ 0.60 

• Si+SlraWB 

C Si+Fibers 

0.75 OL...~-2L....-......J4-~......18-~......18~--1J.O~-..J12 

Luminosity (lo33/cm'/sec) 

Electron track-finding efficiency versus luminosity: 

1.00 
+-----~--------+~ ~ 

'~ 0.95 

~ • Si+Slraws 
::' 0.90 

l 
... 0.65 

i! 
~ 0.60 

0.75 OL...-~2L....-......14-~.......L8~-....J.6~--1.LO-~.J12 

Luminosity (lo33/cm'/sec) 
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Higgs ~ 4 Leptons (conL) 

PAC Review 
Review of Traclcing Simulation Results 

David Coupal 
May 7, 1992 
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0 -:::::::: 
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40 c 
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Q) 

'0 ... 20 Q) 
.a 
e 
=> z 

0 
200 250 300 350 400 

Four lepton invariant mass 

Fmal Efficiencies: 
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Luminosity Track 
efficiency 
pt>IOGeV/c 

Electron E/p 
efficiency 
.7<E/p<J.4 

Mzcut 
efficiency 

Higgs I<:constlUction 
efficiency 

e 

,991 .96± ,01 ,99±,01 ,99 ± .01 ,84±,04 

E .. d ... ~iv, 0\ e,lp e .. + ou., .. 11 t~~ = G 'I'I/)'i ,'9 '.19 = ,''1 

(Gool; ,'10) 
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David Coupal 
High Luminosity May 7, 1992 Higgs ~ 4 Leptons: 

Resolution remains good out to limits of study: 

6,0 x 1 al3 Silicon + Straws 

1.0 x lol4 Silicon + Fibers 

Muon pt resolution versus luminosity: 

1.0 ,......~...,...,---r-~-r-~,..--... -......, 

-c:;- 0.8 

=t 
S 
M 0.6 

~ 
~ 0.4 =-
S 

o Si+Slraw. 

c Sl+Fibers 

~ 0.2.L.:::::::::::8==--------£l -
O.00L---2~--4L....-~6~-~6~--710~-~1·2 

Luminosity (ItfJ/cm'/sec) 
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Higgs --+ 4 Leptons: 

PAC Review Ii 
High Luminosity May 7,1992 
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Some loss in lhe tail: Silicon + Straws: 02493 

1.0 X 1033 
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Review of Tracking Simulation Results 
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David Coupal 
May 7.1992 

Requirements: (j2495 

W W signal has large background from W W- where one lepton 
'Sign is mismeasured. 

To reduce lhis background requires: 

charge mismeasurement probability < l(r' at Pt (lepton) < 100 Ge VIc 

< 10-3 at Pt (lepton) ;: 500 GeV Ie 

Study: 

Ran 1000 500-GeV/c electrons and muons on background of 3xl033 

One muon track out of 1000 had wrong sign. 

100.0 100.0 f\ /.) ~ 
00 •• 50 .• E-
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nc. 141. Tbe tv'fUVe diltribatbl ... _pie or ..... " CIIIIIIiatiaI of WptoIl ada witb PI - 100 GeV 
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PAC Review Ii 
Review of Tracking Simulation Results 

David Coupal 
Higgs --+ 4 Leptons: Higher Luminosities May 7, 1992 

0249.1 
Final Efficiencies (Silicon + Straws): 

Luminosity Track Electron EIp Mzcut Higgs reconstruction 
efficiency efficiency efficiency efficiency 
pt>IOOeV/c .7<E1p<1.4 11 

I.OX I 033 .991 .96± .01 .99±.0l .99±.01 .84±.04 

3.OX1033 .989 .96± .01 1.00± .01 .97±.01 .83±.04 

6.OX1033 .972 .93± .01 1.00± .01 .93 ±.02 .75±.04 

Luminosity Fake 
rate 

l.OXl033 .03± .01 

3.OX1033 .04± .02 

6.OX1033 .18± .03 

Track-finding in Jets 

PACReviewU 
Review of Tracking Simulation Results 

David Coupal 
May 7,1992 

Requirements: 

b-quark jet tagging and reconstructing leptons from b decay => 

Track reconstruction efficiency in jets > 85 % 

for jet P, < -100 GeV/c 

Jet fragmentation measurements to 15% up to 500 GeV/c => 

Efficiency in jets > 80-85% for jet P, < -500 GeV/c 

Study: 

Used ISAJET 2-jet samples wilh PI nUn = 50. 100, 200, 500 

Jets found using clustering algorilhm wilh a fixed cone size of 

R = ..,J (.1'1')2 + (.1TJ)2 = .5 

02496 



Review of TracJting Simulation Results 

, Track-Fmding Efficiency in Jets 

PAC Review Ii 
David Coupal 

May 7, 1992 

For Silicon + Sttaws: 

For Silicon + Fibers: 

Pt > 4. GeV/C 
11"\1 < 1.5 

Pt > 4. GeV/c 
11"\1 < 0.7 

02497 

Preliminary! Algorithms not yet tuned for dense environment of jet 
cores. 

1.0 

0.8 

o SWcon .... t ... ft. pt.> •. 

c SWcon+f1IMrI. pl>5. 

0.2 

0.01·~0:----2-!:0:----~.J.50-~-I.J.OO---2.J.0-0-~--5~0L..O~~~I.JOOO 
Jet PI (GeV/c) 

Review of Tracking Simulation Results 

b-Jet Tagging 

PACReviewil 

David Coupal 

May 7,1992 

Requirements: 
02499 

In t t studi~. b-jet tagging Significantly reduces the background 
from non t t and the combinatorics in reconstructing the top quark 
mass. 

The SOC goal is a tagging efficiency of 25%. 

One needs an impact parameter resolution small compared to typical 
impact parameters of the decay products of the B meson (100-200 Ilm). 

For Silicon + Sttaw system: 

200 
• SWCOA Gal,. eta< .• 

• a 
100 

• .. a 

150 • 
.! 

~ 
120 • 
i a 

10 

5.~~~----~~L-----~--~----__ L-__ 
0.5 1.0 5.0 10.0 50.0 100.0 500.0 1000.0 

Pl (Gev/c) 

b-Jets in t t Event 

0249& 

PAC Review Ii 
Review of Tracking Simulation Results 

David Coupal 

May 7,1992 

t t ~ elluub b with IIltop = 150 GeV/c2 
• 02500 

Arrows indicate true decay vertices of b and c mesons within b jets. 



b-let Tagging 

b-jet tagging algorithm: 

PAC Review 
Review of Tracking Simulation Results 

David Coupal 
May 7.1992 

Demand 3 or more tracks in a jet have: 

(Measured impact parameter) / (predicted error) > 3. 

Example for t t event with mrop = ISO GeV/c2
: 

40 

20 I-

02501 

: i;( );( .:. 

.... 
CJ 
C!l 
0.. 

.§ 

-20 -
:p,=lBO GeV/c 

300 
Azimuth (degrees) 

Review of Tracking Simulation Results 

Cone Ius ions 

PAC Review Ii 
David Coupal 

May 7. 1992 

Moderately detailed simulations of the SOC central tracking design sRo~50 3 

it to be: 

• Very efficient for high Pt isolated tracks and reasonably efficient 
for non-isolated tracks 

• Adequate resolution for most of the physics goals of SOC 

• Robustness to luminosities of6 x 1033 for Silicon + Straws 
and 1034 for Silicon + Fibers 

minimal goals for a detector with an emphasis on tracking. 

Future: 

Work continues on track reconstruction algorithms. Some improvement 
in performance expected. 

Work also continues on adding more reality (dead channels. 
misalignment. noise). Worsened performance guaranteed. 

b-let Tagging 

PACReVieW _ 

Review ofTracIring Simulation Results 
David Coupal 

May 7. 1992 

02502 
b-jet tagging efficiency vs b-jet Pt and background from non-b jets. 

>-
CJ 0.4 <= 
" 
~ 0.3 
" .. 
" ... .. 
'" ... 

0.1 

0.0 
20 

x boltom jet. 

() eU other jets 

we .lalislical errors 

40 50 60 60 100 
Jet p, 

200 
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CENTRAL TRACKING PERFORMANCE 

AND DETECTOR LAYOUT 

.. ... 
I: .. 
> .. .., .. ... 
'" .. 
u 
u 
II 

'0 
I: 
0 

:;: 
u 
II = 

1.0 

0.6 

0.6 

0.4 

0.2 

A. Seiden 
May 1992 

1 234 5 6 
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~ a Natural 

MH (GoV) 0.05 0.1 0.2 0.3 0.5 Width (GoV) 

Ruol .. +>- FWHM(Z): 

200 1.3 1.9 2.7 3.7 4.8 2.5 ..... ~ 

400 1.4 2.1 3.1 U 5.7 2.5 

600 1.7 2.7 4.7 6.2 7.6 2.5 

SOO 2.1 3.9 5.3 6.7 9.2 2.5 

~o/ .. -4;.. FWIIM(H) 

200 2.2 3.3 4.8 6.6 9.3 1.4 ...-~ 

400 5.1 S.7 14.0 18.0 31.0 30.0 

600 10.3 19.0 34.0 51.0 73.0 107.0 

SOO 17.0 26.0 39.0 57.0 83.0 255.0 

F""o"\'"" S~'d ..... ~-f-::j J .."...J..... I.I.SI/-+:..l ~ 
'111 14 • L.:J. mi: J -r4- ..,,_.u H~ 
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Momentum Resolution 

SDC has chosen to do accurate momentum mea
surement for muons in the central tracking vol
ume for 1171 ~ 1.8. 

This is a cost effective choice (allows thin muon 
toroids) which also has the benefit of avoid
ing tails from muon radiation in the calorime
ter and allows sign of charge measurements for 
electrons to very high momenta, over 1 Te V. 

Issues I will cover for baseline design: 

(1) Momentum Resolution 

(2) Pattern Recognition and Vertexing 

(3) Triggering 

02510 

The ability to measure characteristics of com
plicated high Pt events: multiplicity; presence 
of leptons within jets; vertexing in general, add 
to the discovery potential of SDC, but are hard 
to quantify. 

02512 

Momentum Resolution 

SDC has chosen to do accurate momentum mea
surement for muons in the central tracking vol
ume for 1171 ~ 1.8. 

This is a cost effective choice (allows thin muon 
toroids) which also has the benefit of avoid
ing tails from muon radiation in the calorime
ter and allows sign of charge measurements for 
electrons to very high momenta, over 1 TeV. 
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Resolution depends on the radial lever arm. 
Thus, for fixed transverse momentum resolu
tion in the central tracker, at large dip angles 
the detector half length would have to be: 

Z = Ttan>' 

For 1) = 2.5, tan >. ~ 6, would imply a Z = 10 m 
for r = 1.7 m. This is impractically long (and 
would lead to an unacceptably thick coil, in 
radiation lengths, preceding the calorimeter). 
Thus, at very large rapidities the muon toroid 
system has been chosen to provide the better 
measurement at very high transverse momen
tum. 

The central tracking does still provide a vertex 
constrained O"Pt/Pt =3% at Pt = 50 GeV and 
1) = 2.5. Thus, for leptons from low Pt Zo de
cays (for example, from a modest mass Higgs) 
it still provides a reasonably good measure
ment. 

1' .... so(Pd is ~f.·,c.s.1 -{cr c...(o,..·,~ 
. lOb L·1n\ P r-!)". hs. t>- ..e S'O I A7r>" '7 

U, Y1lTl· ' _ 0 --fr, :3 /0 
t/ ...... ,·L~ fw..... .1. '7. ~-(;- 1-

... t 7 ::.:J.-~. 
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From the point of view of momentum resolu
tion alone, an error of 20% at 1 Te V would 
require: 

2.2 m straw tracking length or 
.8 m silicon tracking length. 

SDC system of silicon + straws requires 1.4 m. 

Including the distance to the first measuring 
layer and allowing for a contribution from global 
misalignment we arrive at the SDC 1.7 m track
ing volume_ 

Allows most of straws to sit at T > 1 m where 
occupancy is fairly small. 

Silicon in central region covers a radius of 9 cm 
to 36 cm which satisfies momentum resolution, 
pattern recognition, and vertexing goals. For 
large 1), the silicon goes out to a radius of 46.5 
cm to partly compensate for the smaller lever 
arm for the full tracking system. 

Gas microstrips for 11)1 > 1.8 complete the cov
erage for triggering and provide the tracking 
measurements for radii> 46.5 cm. 

0251-1 

A disadvantage of the SDC design is that track
ing elements have to survive the full flux of 
particles coming from interactions. Thus, it re
quires a careful design from the point of view 
of occupancy and radiation damage which we 
have done. 

02511"; 

For the SDC design both the silicon and straws 
contribute together to provide the momentum 
resolution which is dominated by the position 
and direction of the silicon portion of the track 
combined with the outermost straw measure
ments. 

Resolution - (outer radius)-2. Outer system 
improves resolution by factor of 10 over silicon 
alone at 1) = o. 
Example of dependence on silicon at 1) = 0, for 
Pt = 1 TeV, O"pJPt is: 

Baseline system, 8 silicon layers 

T(inner) = 9 cm, T(outer) = 36 cm 
+ straws 

4 silicon layers 

15.9% 

T(i~er) = 9 cm, T(outer) = 21 cm 28.5% 
+ straws 
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In the SDC design the silicon provides extremely 
good pattern recognition, particularly in high 
Pt jets or at very high luminosity. To achieve 
the full resolution of the system we want to use 
the measurements from all tracking devices to
gether. 

Guarantee good matching if silicon track pro
jected out has an error ~ size of an outer tracker 
measuring element. 
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Straw system has 3 axial plus 2 stereo layers. 
Three axial layers is the minimum needed for 2 
out of 3 trigger allowing robustness and good 
rejection of fakes. 

System will allow significant independent track 
finding which will be useful for understanding 
efficiencies and alignment. 

Provides track segments which simplify pattern 
recogni tion and are the basis for the trigger. 
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',1 

(» 

~~.'t.- f 
.t= It~ 
~ 

l -

~\ 

~~)'j.-

jzo 

! .. .... 150 __ -

.. 
c.) Ca) .... (r) 

f ;£:,,, ffJ I 
~ 
.s .. 

I 
€: 
~ f : .. 
~ .. 

If if 1" ; 9 
t f • # " ~ . 

•• .. , .. 120 40 •• .. , .. , .. . ... -- "'" -. Pew ...... &a.utaat. ...... 

Summary or efficieDciei and D.umber or lake tracb ror HO - c·,-,,+,,- eYellt. for nrio\ll 
conficuraliODI I 

Falla per Track E1 ....... Ell' 
evenl with efticinc), efficieac)' 

Lumincoi'y 1'.>5 GoV/e 1'.>10 GoV/e 0.7<E/p<1.4 

Mzeu. 
efIicieoey ,. 

Rip. 1eCOII

Itn&ctioa 
efticieacy 

1 x 10" 0.03:1: 0.01 0.991 0.96:1: 0.01 0.99:1: 0.01 Q.99 :I: 0.01 0.84:1: 0.04 

0.97:1: 0.01 0.83:1: 0.04 ~x 10" 0.04:1:0.02 0.989 0.98:1:0.01 1.00:1:0.01 

5 x IOU 0.18:1:0.03 0.972 0.93:1: 0.01 1.00:1: 0.01 0.93:1: 0.02 0.75:1: 0.04 

.. 
Q 

= . 
Q 

~ .. 
= :;; 
~ 
~ = e 
:f ., 

1.00 I-

0.75 f-

0.50 f-

0.25 -

0.00 
0 

I I I I 

~ 
f_ ~ :;~:A / --r 1 x 0 b, 

o lxl0:S:S 

o 3xl0:S:S 

() 6xl0" 

I I I I 

2 3 4 5 
Superiarer number 

025~2 

-

-

-

-

6 

02524 

Tracking Length for Gas Microstrips 

Determined by trigger requirements. Again re
quires three superlayers for high efficiency and 
small fake rate. Basis for trigger is measure
ment of curvature via local deviation of track 
from a ray emanating from origin. Thus, in 
barrel measure d¢/dr, in forward system d¢/dz. 

Errors on curvature (K) scale as: 

6K ex: __ 1_ [Uposition] 
barrel rbarrel !::J. r 

where !::J.r = barrel radial tracking length to 
measure K and !::J.z = length along z to measure 
K for the gas microstrips. 

Since r!!?:,?,~rd '" 3 and tan(>.) can be larger than 
. uarrei 

6, !::J.z has to be '" 20 x !::J.r. Requires significant 
length along z. More careful calculation gives a 
tracking length for the gas microstrips of about 
1.3 m. 



0252;; 

1.0 

~ 0.8 
.!! 

~ 0.6 
En above 20 GeWc • 0.96 

& $ 0.4 

0.2 

o 
o 10 20 30 40 

PI (GeVIe) 

Threshold curve (or the lwo-out.-Or-Lhree superlayer OTD firs&. levcil.riuer. 

~'~'r:J l::l~' 0 
o 5 10 15 20 25 0 5 10 15 20 25 

PI (GeWe) PI (GeYle) 

::1 ~' r:, /1 ::1 ~. t:1 
n 5 10 15 20 25 0 10 15 20 25 

PI (GeWe) PI (GeVIe) 

"n-iger lhrclhold curve (or 'he rour aeparate IJ bins or the ITO triger. 

1.0 

~ 0.8 
.!! 

~ 0.6 .. 
co 
.~ 0.4 .... 

0.2 

o 

En above 20 GeVIe • 0.96 

o 10 20 30 40 
PI (GaVIe) 

Threshold curve (or the Lwo-GuL.o(·Lbree .uperlayer OTD firs&. 1eve1l.riuer. 

02526 

~l~' r:J I ::f'~' 0 
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Electron Identification 

A. B. Wickl";;it 
May7,l992 
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See: TDR, MP Testbeam, CDF 

Physics "Benchmarks": 

Systems: 

Isolated 

Nonisolated 

Other 

E/p 

HACIP 

"Massless Gap· 

SMD 

W, Z, Top, H ..... yy 

t ..... b( ..... e) 

yQCD ..... e+e-

(Tracking, Calorimetry) 

CHadron Leakage) 
CPreshower at - 1.2 Xo) 

(Shower Max Energy, Profile) 

ElectronID 

... 

... 

... 

",± ",0 overlaps 

Electron-Hadron Separation 

Conversions 

yilt" Separation 

Effect of Materials (Inner Detector, Coil) 

Calibrations 

02530 
~---------------------, 

Irdusive s i~!:)(e. eJlctrvA r«1e u:t SDc 

• W, t: ., e. t 
• top -') (I;I.,Co·) 
• 0Qt:o ~ Co.vt~ti ... ;ft 0,1 Ko 

40 TeV 
\ 
\ 

\:_b .. c+-R>.II.C.~ ('t\OO\lsq\o.~l 
\ 

~->.+-. 0.1 XO 
\ 

\ , 
\ 

\ 

lso\o..~ t,1: 

Pt (GeV/c) 
o-(P-t ):10 ,'Il.<2.5) ... 501\\0 (isolo.-wI t.!) 'PHYld" 

... 3000 'l\b (1..4) MAIIE"", .. ,IIA{I: ~, 
_ ,00"""" eL.l. "" 5,140 ,14/11<1'.' 

Pb(em) 

Fe (em) 

Rm(em) 

AEMfcm 

AHACfem 

Depth CPresh.) 

Depth (SM) 

R(SM) 

~(SM) 

t.("o ..... yy) 

Depth (HAC) 

Longitudinal readouts 
Lateral segmentation 
Absorber layers 
Absorber material 
Absorber thickness (0101) 
Scinto thickness (mm) 
Cell thick"e" (nun) 
Depth (not including coil) 

, Possible upgrade. 

300 

200 

025')~ -
Barrel Endcap 

CDF SDC SOC 

.32 .4 (.2) .6 

2.5 2.4 4.2 

3.5 3.4 (5.4) 2.7 

.030 .030 (.021) 

.040 .049 .052 

1.lXo 1.2 - 2.4 Xo 

6Xo 6.2 Xo 

184 em 210cm 

1.5 em 1.2 em 

1.0 em 1.2 em 

19Xo 22 Xo 25 Xo 

Central calorimeter parameters. 

Barrel Endeap 

EM HACI HAC2 EMI EM2 HACI HAC2 

1(2)' 1 
0.05 0.1 0.1 ~ 0.05 ~ 0.05 ~ 0.1 ~ 0.1 

29 28 15 6 17 20 11 

lead iron iron lead lead iron iron 

4.0 23.95 53.90 6.0 6.0 42. 90. 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 

10.0 30.0 60.0 12.0 12.0 48.0 96.0 

21 Xo 6.9 Xo 18.3 Xo 
0.85 >. 4.11>' 4.91 >. 0.3 >. 0.8 >. 5.04 >. 5.99 >. 
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COF: Sepo.f"Q-tiOA ofelc.ctflm fro ..... r?".. OuerlopJ" 

Level 2 
/cPt>4, DI>7. Had/EII< 0.1211) 

(Caloriffte.ter rffuirelftto"h ) 
\. in 0. c.~ ltd! -.7. x.'l.S" 

(.'1 )1'.1. SIX) 

100 + CES Cut.. 

E/P 

Figure (1) 
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0253:1 
CDF Testbect'll'1 

eooo a so &11 
~ CeV •• 

X 1/10 

6000 

4000 

·AIITI\t~ 

2000 

120 

Em/p (%) "EIP" 

360 

270 
50 CeV IT+ 

t . ~ Had IUC/Em< .03 . il aHu tl~k t7A <:vt· 

180 => E'lr ) H·"Ie III an 
StroftC!\'.l corn:l .. tul. 
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C ... lorillltttJo ! ) 
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Full 81muJ.aUon 
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~ HIIDI,. ... Cut 

• X • 

OL_.l..-_----1 __ -L. __ ..l.----l 

120 160 200 240 

Mlop (GeV) 

• ASSUIU tt triS.,u- dOe$ 1IOt look for b...,e, 
Oft'!! t"'l 'II b .., It V I> 

~ HAD/Em iSol«tiotl cllts (If'e i.tfficit~"t li/r b"1' 

~ L.oaI.I l!1~trotl ID (~D) is cr""i«( 

~ I1ACI ~tqMft"to .. tior\ (.1 y.l) is fiftt e.'IIOU!n 

Use of Shower Max Detector 02535 

Total pulse-height near projected track 
(Separates e - !t, a - 30%) 

Shower Shape (normalized to total p .H.) 

• Separates~, x±,1t"fy 

SMD bins - 12 mm 

* Shower size, exp (-xIS DUD) 

• Fitted resolution, a(x) - 1·2 mm 
XO -> yy separation, M, Z - 8 mm at 50 GeV 

• "Surgical" fit to testbeam shower shape takes advantage of 

smallness of fluctuations (- 5% per bin) => x, z, X2 (x, z) 

Provides ID local to track, 
(Ideal for non-isolated b -+ e) 

Also use SMD to eliminate other 'Is in the "electron" 
cell (n±!t0 overlap) 
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Pions Remaining V.rsus Electron Efficiency 
Cutting on EM and Hadron Calorimeters, 

Adding Masslese Gap or SM Cuts lor 15, 35. and 50 G.V. 
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CDF Testbeam 

~ 
~"Gl. Had/Em< 0.2 

~ , ' ~ + SM (xi) <6 

"t _ + SM (PH»0.5 
-t-

~
- f + Preshower 

+E/p >.9 
+HadjEm<.03 

E(11") (GeV) 
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(1) 

REJECTION 

Moliere Radius: Pb I Scint = 3 cm 

Strip Width: 0.05 I 8 = 1.3 cm 

Use narrow core for improved :r.0 rejection? 

xl03 
1200 

1000 

800 

600 

400 

200 

PS 
2800 E 
2400 ~ 

2000 E-
1600 ~ 

1200 =-
7"0 800 =-

SM 
Strips 
13mm 

[1 
o 20 

400 

O~ 
-4 ·2 0 

Distance from peak fiber Strip Number 

!J,0 relection factor for 80 "Yo electron efficiency: 

25 GeV 6.7 8.9 
50 GeV 1.5 2.6 
75 GeV 1.3 1.5 

Itafitl-g1l: : Readout fibers x 2 

= :r.O background x 213. 

Materials Issues 

•• Tracking System 

E .. 
0.14 Xo (external) ~ 

j .. 
+ 0.025 Xo (W -+ ell internal) J. 
(0.05 + 0.025 Xo, CDF) I. II 

02545 
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"( .... e+e' conversions (see rates) 1.0 I.S z.o Z.S 3 C 

e brehmsstrahlung 

EIP losses (trigger, otlline) 

EIP calibrations 

• Shower. Track position matching 

Utilize STD (only 0.06 Xo) 

, .. dorapid,ily tt 

For'p'inElp ~ "'95"/0 e.mcio<~ fw S(p <1."1 (SOC !i",yl.) 

.. q<j % (CD!", .OS Jra) 

(2) Coil 

1.2·2.4 Xo 

"Massless Gap' corrections using first EMC tile 
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Stochastic Resolution/ Massless Gap 
100 

10-1 

10-2 

0 

10 GeV E. 

_.14mmPbl 

1 It"o 2 1t=1.'f 3 

Coil Thickness (XO) 

Color-iftllttf 
S"«XII~lc 
term 

"Massless Gap" &2549 

3=~= a ebSl) 
E Et -;JE; E 

"a" Pb Sampling + Photostatistics (- 1Isin 9) 

"b" Coil Loss Fluctuations (_ et/to) 

Use preshower pulse height correlation to 
estimate coil loss 

"Undercorrect" (Weighting), otherwise dElE 

dominated by preshower fluctuations 

Ef = *.{ae b(t,E)(Sin9)1I2} 

COll&i.Cl\iO" b&t"'UI\ (Y\Cls.,less ,sal' c" ... 1 11.1'\. ~lo1t ... h. 
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'0'''''",,"- C la,J\ -
soc 8."..., calorimeter eost Summary 'oJ 

!J2554 

.. Ig Total 'I 

was Marls. Labor EDIA au. Cont. '"I ConL ':-1 • (Sk) ($k) ($k) (Sk) ($k) '" -
2.t.l Module ComDOMnts 27,191 10,16 4,489 42,542 11,G79 2'-1) 53-'21 

2.n .. od .... Auembly 310 3,n 1,531 5,141 1,789 31.7 7,C 

2.1.3 Support Structure 1,509 603 1,10: 3,214 840 26.1 4,O! 

2.1.4 OGling 3,141 1,724 2,- 7,849 2,806 35.7 lOA! 

2.1.6 F.dllll_ 41C 2~ 1,713 4,210 1,344 31.1 : 2.1.7 SUt1_ Auembly C 1,35: 458 1,809 590 32.6 

2.1.8 Prog18mMa_nt 310 0 2,128 2,938 470 16.0 3,4c 

2.1.1 A&DlPrelOlypes 101 599 1,G30 2,530 982 38.6 3,51 

!'Total a. .... ColOrtme1er 34,34: 20,105 15,4II! 70,73: 19.at! 21.1 90,131 

Total wi 

Cost SUmmliry by Ma)or System Components Cont. 

(Sk) 

~ _'~r'''1\\.E'' ! " 24,981 
"odulo Struelur. (WIO Collb18l1on Groo.es) C:"". ,,"C.I'fO f}. ~ I- 31,56' 

PhOIO·"ulllpllerTubos (PUTs) Fe ~""I"'''' It'''S • 
ModUle Assembly and Misc. Support System Components • 

6,3&' 

8,181 
Support System 4,042 

Sur1acl ASHmbly 1,se: 
Management 3,431 

R&OlProlOly'pes 3,512 
Erection Tooling for Surface Assembly and Hall Installation 2,319 

calibration 4,637 

Total Barrel Calorimeter 90.631 

in situ Calibration 
'J2556 

• Electrons (Photons) 

W-l> e v 

Z ~ e e 

Absolute calibration to 0.2% for all towers in the regiOi 

11 < 2.5. {CDF with 1500 W's achieved an absolute 
calibration of 0.24% and a relative calibration of 1.7O/c 

over 480 towers.} 

• Hadrons 

Absolute calibration is obtained at moderate energies 

from EIP for isolated tracks. - "'ow fT 

• Jets 

Absolute and relative response as a function of jet Et 
can be done at the 3% level using a variety of physics 

processes: dijet balancing; high Pt Wand Z productio, 

and "(- jet Et balancing. '1 '1 ~ l 
':J w ~)" 

SOC Front·End Electronics Cost Summary 

11 fawi .... <.".., •• \.5 T"AItoI O~ 
_ling olal 

was Parameters Cost eo.t 
& Subsystem (Chon .. I.) ($K) Formute 

ls-1.2 Straw Tracker 137,164 $12,711 56.1M + $48ICh. 

5.1.3.1 Calorimeter (SeA) ""20,352 $9,315· S3.8" + S271/Ch. 

501.3.2 Shower Max (seA) + M 6 57,472 $5,961 • $2.6M + $S9/eh. 

5.1 .... 1 Muon Wire Chamber 89,1164 S3,_ SIAM + $23ICh. 

!s-,.U Muon Scintillator Counter 6,736 SI,236 SII.3M + $139JCh. 

5.1AA Regional Electronics 96,_ S1O,o21 SUM + $58ICh. 

5.1.4.516 Sys. Integ, & P.M. 51,153 $1.2M 

5.1 Front~End Subtota'- 311,588 543,883 SI9.8 .. + 5nlCh. 

C~l ~ SO".-..~ '1\16£ <,AI.,a"''''''ot.lS 02557 

lO."~" S,,,&,~,.,.,, A&!JOL.VTf: :t·l~. 'Sf ... " .. S,,. 

"'" 0 ON SO"ALt. \..0<=. ... ., HI'" 
C,.O"''''OL. ",..0 p .... t ~,,,~~ 
C.14"'~(,~ t.O"-"-1: ~'t\0 NS 
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Moliere Radius: Pb I Scint = 3 cm 

Strip Width: 0.05/8 = 1.3 cm 

Use narrow core for Improved 1f,0 reJection? 
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Added "stochastic" error as a 
function of coil thickness,t 

fit to CDF test beam data 
.....•. dElE'sqt(E)=g'exp(tIk::) 
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SDC Muon System 

Integrated Performance 
and 

Design Optimization 

(Design Choices) 

G. Feldman 
SSC PAC Meeting 
May 8, 1992 
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Design Choices 

Since I was asked to be brief, I will only discuss why we 
made two sets of design choices: 

• Toroid thickness 

• Number of layers 

These choices drive the cost of the muon system. 
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Toroid Thickness: 

Central Toroid: 

The thickness of the central toroid is I.S m. We 
considered 1.0 m for some time and rejected it as too 
risky. 

Having a thinner toroid would clearly reduce the resolution 
of the toroidal momentum measurement. However, the 
more important issue was the ftrst level trigger rate. The 
rate is dominated by lOW-PI muons which scaner to appear 
to be higher-PI muons. Lowering the thickness from 1.S m 
to 1.0 m would change the bend to scaner ratio from 3.9 to 
2.8, sharply increasing an already marginal rate (-6 kHz). 

Further, we would become qUite sensitive to any increase 
in the longitudinal bunch length. 

The forward toroids have a total thickness of 3 m. The 
issue here is momentum resolution. For Pc> 300 GeV/c 
and 1111 > 2.2, most of the momentum resolution comes 
from the toroidal measurement. Having 3 m of iron allows 
a mUltiple scattering limited resolution of 11 %, only about 
a factor of two worse than in the central region. 
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Contributions to the time difference of the first level 
trigger: 

" e Bend Scattering IP Chamber 
(dee) Res. 

0.0 90 81O/p, 21O/p, 5.9 1.8 
1.0 45 81O/p, 160/p, 2.5 1.2 
2.0 15 450/p, 70/p, 0.9 1.7 

"Bend" varies as the thickness, 
"Scattering" varies as the square root of the thickness, and 
"IP" and "Chamber Res." are independent of the thickness. 
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Number of Layers: 

We have designed the system with the absolute minimum 
number of layers for a robust system. 

It must be remembered that 20 to 30% of the time. high 
energy muons exiting material are accompanied by 
electromagnetic debris. This debris tends to be at wide 
angles to the muon. and should not be a major problem for 
chambers with good two-track separation. However. some 
of the time. a measurement will be corrupted by the wrong 
particle creating the signal. Thus. our design does not 
depend on a single superJayer for a critical measurement. 

Each superlayer contains 4 layers: 2 pairs of half-cell 
offset projective wires. The projective wires are needed 
for the level I and 2 triggers and the half-cell offset is 
needed for efficiency. 

0258P-

Tubes are positioned to measure e. <1>. and stereo in the 
central regions. and to measure e and two stereo directions 
in the forward regions: 

Central Chambers 

Label Coor- Number Channels 
dinate of Layers 

BWI e 4 10674 
cb 4 

BW2 e 4 9136 
IW2 
BW3 e 4 37814 
IW3 <I> 4 

s 2 
Total 22 57624 
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Forward Chambers 

Label Coor- Number Channels 
din ate of Layers 

FWI e 4 4390 
FW2 e 2 11904 

sl 2 
e 2 

s2 2 

FW4 e 4 4310 
FW5 e 2 11636 

sl 2 
e 2 

~ 
2 

Total 24 32240 

In addition. room is being left between the two forward 
toroids for an additional 4 layers of e tubes. This upgrade, 
which is not part of the baseline design, would allow a 
detennmation of whether there had been a large-angle 
muon scatter in one of the toroids, and allow for a correct 
point-line measurement in the other. 
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Central Region e Lavers: 

There are two superlayers after the toroid and one before. 
The two after the toroid are used for the fIrst level trigger. 
Both are needed for high efficiency since a coincidence of 
two pairs of projective wires are needed to suppress low-pt 
fakes. 

The superlayer before the toroid is used for the toroidal 
momentum measurement, may be used in an augmented 
fIrst or second level trigger, and is useful for track
matching. It has no redundancy, but its functions are not 
as critical as others. For example, the input vector for the 
toroidal momentum measurement can be taken from the 
inner tracker, with a larger error due to multiple scattering 
in the calorimeter. 
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Central Region cb Layers: 

There are two superlayers, one before the toroid and one 
after. These layers are critical for the second level trigger, 
track matching to the inner tracker, and high-precision 
momentum measurements of high-pt muons. 

The superlayer before the toroid has less error from 
multiple scattering; the superlayer after the toroid has a 
less hostile environment. 

Central Region Stereo Layers: 

Two single layers are a clear minimum. 
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Assumed possible :,: .......... / 
high momentum tracks ~/ 

./ >./. 
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Forward Region Chambers: 

The same arguments generally apply. There are two main 
differences: 

(a) There is a better and more independent 
momentum measurement. There is one 
additional e superlayer, FWI, to provide a line
line measurement. 

(b) Small angle stereo is used instead of $. 
($ measurements are diffIcult in the forward 
direction and link moderate and high 1].) 
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Summary of SDC Detector U.S. Cost Estimate by Subsystem 

Prol.ct Yaml. & D.t. Integr.tlon 
$11.4M (3%) 

s.c. 111;""' $42.411 (7%) 

Tracking SB8.8M (15%) 

Cost History 

H.U Convlntlonal Facllltl •• 
$14.211 (2.4%) 

Compullng S9.311 (1.1%) 

Cllorlmelry $112.411 
(28%) 

Total FY92 U.S. Cost Equlvalenl = $584M 

Previous estimates escalated to FY92 

Same accounting as present detailed estimate 

See graph 

o 
I\:) 
<') 
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Solenoidal Detector Collaboration 

Cost and Schedule 

Introduction and Summary 

M. G. D. Gilchriese 

May 7,1992 

'---------------------------------------------------------~ 

Cost Summary 

Detailed "boHoms-up" estimate for ail systems 

Based on Parameters Book Rev. D 

All costs (including R&D and prototypes) from U.S. FY93 - FY99. 

No physicists salaries 

U.S. estimating practices (to the best of our ability) 

Does not take account of existing infrastructure - calculate cost 
offsets later 

Non - U.S. contributions (cost offsets) will not be discussed here -
presented in separate session 

Cost information documented at three levels of detail 

1) Cost and schedule summary 

2) Cost detail - roll up 

3) Cost backup 

~---------------------~ 
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SDC Detector Funding Profile 
U.S. Cost Estimate 

FY 95 FY 96 FY 97 

• "'jectllgmt. 
~ Inst.nellon & T •• I 

• Hill! Cony. Fac. 
e Computing 

• Electronic. 

• S.C .......... 
fiaI Muon Systems 

• CslOflmetry 

• Trscklng Sy.tem. 

FY 98 FY 99 

Funding ProfileCFY93· FY99) and Previous Funding 

Int'9,rated schedule does not yet exist => preliminary funding 
profile only 

Construction funding profile· U.S. equivalent· see Fig. 

Funding· from SSCL "detector pot" 

FY91(post Lol approval in Jan. '91) 

FY92(present) 

FY93(request • start construction) 

$2.4M 

$16.4M 

$35-40M 

In addition there is funding this year (FY92) from non· U.S. sources 
('" $3 • 5M). State of Texas ('" ~2' equivalent) and other SSCL and 
OHEP sources (=-$aM) :; 
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Firsl SOC Bottoms Up 

750 

700 

650 

&DO 

TllA 

550 Letler of In lent 

NDJFMAMJJASONDJFMA 

Silicon 
Straws 

Intermediate 

1990 1991 

Date 

Lal TOR 
28 m2 -_ •••• _> 17m2 
8 _ ••• _._._._> 5 superlayers 

188,000······-··> 137,164 channels 
straws •• _ •••••••• > gas microstrip detectors 

Central calor. 41,000 _._ •••••• > 20,352 tower channels 

1992 

25,000···_······> 47,104 shower max. channels 
Pb ••• _ •• _ ••••••• > Fe hadronic absorber 

Forward calor. 7000 _ ••• _ •••••• > 1056 channels 

Muon system 

Trigger 
OAQ 

108,400·····_···> 89,864 wire channels 
7,800 -_._-> 4496 scintillation counters 
28 -_ ••• _ ••••••• > 22 layers· central region 
26 --_ •• _ ••• -.> 24 layers· forward region 
4m • __ ._ •• __ .> 3m forward toroid thickness 
-decrease scope-·_> 
-stage part of Level 3-·> Q 
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SOC Detector 1992 1993 199" 1995 1996 1997 1998 1999 

Summary Proiect Schedule 1 
1 2 3 4 1 2 3 .. , 2 3 4 1 2 3 4 1 2 3 • 1 2 3 • 1 2 3 4 1 2 3 4 

OteraU Schedyle I 
! 

SOOmKTDR <> "".~ 
Review = 
Approvals -,<> -, 
Begin LOI'9 Lead Purchasing <> tOd~ 
Fabdcate & Test Prototypes 
Design Components I 
Procu", and Fab. Components 
Assemble Comp. On·Site ?(JwI., ! UiG Hall Senetlclal Occupancy ! 
Install & Test Detector 
Installation Complete OtMarIl9) 

Test and Check Out = 
SOC Detector Ready (or Physics (Oc:tgg) 0 

~I--' 

IR8 (SOC) Facility Occupancy Dates 

soc MBe,.Un." Months o.Iec:lor A •• embly 01 In".'_lIon 

Bulldlna D.,. D.'. Delilled I Activit All_clad 

6lumbb: Builsllog 
HI-bay Assembly Are. Jan-O" Aug-S" Slart-up ., on·si .. Muen Supertower assembly 

Slotage "' •• Jul·9" Aug·g" Storage of Muon Chambws 

OHicelShop At .. Jui·94 Aug-9 .. Qllices lor SOC persennai 

Slorage & Staging "'ea Ocl·IS nOl speCified Staging of Muon Barrel Toroid Steel & Support components 

In.lalle1ion Ganlry Crane Ocl·9S Ocl·9S lewering 01 Barrel Toroid Supperl componenls 

Exp.rlmenlal Hall 
Experimenlal Hall (JOD, Ocl·OS Jan·96 Installalion 01 Barre' T eroid Supporl 

Experimenlal Han (MJOD) Jan·9S Jan·96 Inslallation 01 Sarr.1 T erok! 

E~rlmenlal Hall (800) Jul·96 Aug·96 Continualion 01 Detector installalion & Forward Toroid .r&Gllon 

In.lallelion Headhouse Jan·9S Ocl·16 Covered lowering 01 Barrel Toroid .1 .. 1 

Installalion Shalt COllar Jan·OS Jan·16 lowering 01 Barrel Toroid .teel, rain proteclion 01 instailalion 
.hall 

Utility Building Jut·OS Jul·98 Inslalialion 01 Uliii1ies, cenneclion 01 UlG sy.tem. te surlace 

PersonMI & Equipmenl Jul·9S Jul·9S Ingrus Into Underground HslI lor del8C1or inslailalien 

Access Building 

Oelec1or Operation. Bktg. Jan·17 Jan·17 Inslallalion and heok-up 01 Oeleclor Eleclronica sy.tem, 

Gas Mixing 8uiIdJng Mar·g7 Mar·'7 Ins lallation 01 go .yslem' and connection 10 UlG syslems 

Nohts, 
1, ceo Ex!*,lmental Heli schedule Is dlllided inle Ihree conslruclion pack.,." Excavation, Hall Conslruclien, .nd MechsnicallEleclrical. 

Excavalion fini.h is 1S·July.g.c, Hall Construcllon finish I. 12·Januery·96, and MechanlcaliElectrlcal linish Is 1S·Augusl·96. 

2. JOO for Experimental Hall (Joint Occupancy Dale) requlr.e access threugh (I) instanatlon shaft, and activallon 01 crane capacity. 0 

3. MJOD for Experimental Hal (MechanlcallE*='rlcal Joinl Occupancy Dale) requir .. access Ihrough (2) in.lsnation .hafts and subStanlial 
l\:) 
0') 

clear hoor areL 0 
CD 

4121/12 

Schedule Summary 

Fully Integrated schedules under development - first pass complete 
by Sept. 1 In time for DOE review ' 

Summary schedule - see Figso 

What's on or close to the critical path? 

Barrel toroid and its support 

Central calorimeter 

Underground hall 

See summary book for more details 

o 
l\:) 
0') 
o 

'-----------------a~ 

I i"Hf or n~ ... rnf~ iU! i ill' HIHIHiftJl I '" ~ ~ nil § 

H f. IiI HI -Ii hff H o~ .; !LI lill(! ih: ~ f PH 'p 
'~i I Il! i ~H r 'fifH i ~~ 

~ . 
r" I fr " 

9 iP flU 00 0 0
0 

: · • 
Ilf 01' · {loo o i if iO · n if ,q , 'I J' " 

IIJlo~h ~d 10 · : 

1 
00 J ,0 , · 

I o if I 00 10 If! ~ " i 
I ft.' Of • , · 

,fut ;f 
0 ..... · 

~Jli if 'f ,II! If i J · 
i I. 0 , " 

0 f! il · ! 
0 fi f!1 ! '0 I I~, 9 · 

o .f a 011 i · 
.1 0 0 HI f " i !~ 0 I· I · :1 II 'fO I 0

1 00 0 
01 0 

· In t 0 · I. i II ,f 0 flf lof If ! II " ! " 

fl oif if ~I! · 0 IIi If I · 
If: of " o i 

I · 
, J.K Ii tf!f, 

0 " i fO · Of .\ ,If II f <>. If 0 If ~ool 
... .. 

IP • ir · 
I I , - i O· · o I · 0 

l\:) 
0') 
0 
~ 



Future plans 

Level of detail needed for project of this magnitude greater than 
previous HEP experiments I 

Cost machinery In place and can track detector design cnanges 

Need to integrate schedules 

Detailed funding profiles and Identify major procurements 

Survive DOE review in Septemberl 

Establish baseline cost 

Q 
N 
en 
Q 
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TOR Review· Cost and Schedule 

Cost/Scbedule PrQCedures 

SSCL PMP Guidelines for Costing : 

Cost estimates will be made in compliance with DOE Order 5700.2C and will 
be coordinated with and approved by the PMO and DOE. 

Main points of DOE 5700.2C are: 
establish and document the basis for the estimate 
show basis for estimating quantities of materials not yet detailed on 
drawings, and for wage rates, productivity factors, and installation man
hours, etc. 
perform a contingency analysis on the project estimates. 
estimate in constant-year dollars in the year the estimate is performed, 
escalation will be addressed by spreading the constant-year cost over the 
project funding schedule and applying appropriate escalation indices. 

PRO Guidelines for LOI Costing : 

5/"92 

Guidelines exist for Detector LOI costing. These encompass EDIA definition, 
labor rates for on-site activities, proposed method for contingency analysis, 
and escalation guidelines and indices. 

DLE·) 

TOR Review· Cost and Schedule 

CostlScbedule PrQCedures 

SOC Approach for Costing/Scheduling : 

516"2 

Procedure for cost estimating and scheduling is in SDT-OOOOO9. 

Main points are: 
Orzanjzatjonal . . 
_ establishes Work Breakdown Structure to manage costmg/scheduhng 

efforts and to track detector through conceptual design. 
establishes organization and management of costing/scheduling process. 
provides guidelines and mechanisms for submittal, roll-up, and 
documentation. 

Procedural 
_ estimates to be in base year FY92 dollars, including labor and material. 

costs to be included from October 1992 until project completion. 
costs not to be included are support provided by existing HEP funding of 
physicists at collaboration institutions. 
labor rates identified for each institution. 
contingency analysis performed at lowest level. 
establishes scheduling approach tied to costing at lowest feasible level. 
calls for common milestones, sets-forth calendars, establishes 
mechanisms for schedule summarization and integration. 

DLE-" 
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TOR Review· Cost and Schedule 

SOC 

U.S. Cost Estimate 

& 

Preliminary Project Schedule 

!"/U DLE-) 

TOR Review· Cost and Schedule 

Cost/Schedule Procedures 

OOE Guidelines for Costing : 

,,,192 

The cost estimating process should include the following tasks: 
1) Define and plan the estimating tasks. 
2) Select the estimating structure for preparing cost data. 
3) Collect, evaluate and apply the necessary cost and cost related data. 
4) Apply the proper estimating methods. 
5) Document the estimate in enough detail, so that it can be reviewed, 

evaluated, and used in the decision-making process. 

Uncertainties, limiting assumptions, and constraints identified by the estimator 
must be understandable. 

The most frequently used methods of estimating are as follows: 
- Bottom-up technique 

Specific Analogy technique 
Parametric technique 
Cost Review and Update technique 
Trend Analysis technique 
Expert Opinion technique 

DLE-! 



TOR Review - Cost and Schedule 

Cost/Schedule Procedures 

Research & Development (>$34M) : 

5""2 

R&D including prototypes and development models beyond October 1992 
were to be included in the cost estimates. 

Most (if not all) of engineering effort for prototypes addressed as EDIA and 
not included in $34M. 

R&D costs identifted within WBS by subsystem are: 

Trackers 
Calorimeters 
Muon System 
S.C Magnet 
Electronics& Computing 

Total 

>$2M 
6M 
1M 
6M 
~ 

>$34M 

This adds to R&D from prior years and FY92 with the total for SOC related 
R&D to be around $60M. 

OLE·' 

TOR Review - Cost and Schedule 

Cost/Schedule Procedures 

Labor and Labor Rates : 

5"'92 

Labor. including Manufacturing labor and Engineering. Design. Inspection 
and Acceptance (EDIA) labor is divided into labor categories associated with 
relative pay-scale at institution or work location: 

Mapnfactnring 
Engineer· EN.M 
Engineer A.uociate • EA.M 
Drafter • DR.M 
Administtative . AD.M 
Teclmician • TE.M 
Laborer· LA.M 

EmA 
Engineer. EN 
Engineer Associate • EA 
Drafter· DR 
Adminiscrabve • AD 
Teclmician . TE 
Laborer· LA 

All labor was identified including manufacturing support and direct 
administrative support. Indirect efforts were reflected in the burdened labor 
rates. 

Labor rates were developed for each institution that was designated as a work 
center. This includes individual national labs. university groupings. SSCL. 
and industry. 

DLE·5 

--........ • 
SOC PLANNING GROUP COST & SCHEDULE RESPONSIBILmES 

SUBSYSTEM GROUP COST & SCHEDULE RESPONSIBILITIES 
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TOR Review - Cost and Schedule 

CQstlScbedule Procedures 

EDIA ($124M = 175 person-years) : 

Enlln.erlnl " Deslln 
I.DesipI~, 
·dcoiJn~ 
· drawin,_klpment 
· dcoiJn maintenana: ond support 
• labs 
• focilily Jaj ........ 1S ondde,il" 

2. Desil" AnoJysis 
• Stress 
. !henna! 
· physics 
· other analysis 

3. Design SuppM 
- malCrials engineering 
· CAD engineering support 
· checking a: ",lease 
• change conorol 

4. Test Engineering 
- lest requirements 
• lest plans & pnxedurcs 
- lest operations 

5. SyStemS Engineering 
- subsyslem integration and support 

$161.2 

Contingency ($120M) : 

5/61U 

6. Logistics Engineering 
-mining 
·1OChnicai publications 

- IpIrC5 managemenl 

7. Enginc:c:ring Administration 

8. Pack and Ship 

9. Tool Ensin«ring 
- 1001 design 
- tool manufac:ruring 
- tool procurement 
- tool maintenance plans 
- test tquipmem design 
• caIibnlion 

10. ManuflCtUring Engineering 
· P"'planninl. producibility 
- process plans 
- operations management 
• Industtial Engineering 
- numerical COOD'OI planning 
·tooIconoroi 
- IUlOmattd systems 

II. Quality Engineering 

12. Safety 

13. Planning 

14.ContrlCts 

15. Procurement 

16. Finance 

17. Publication Services 

18. Personnel 

19. Progrun Managen 

21. Factory Receiving & Inspection 
22. Fab./Assy/lnstallation Inspection 
23. Factory Quality Control Support 
24. Local & oosite Procure. Inspeclion 
25. QA Pack a: Ship 
26. Quality Management and Supervision 

DLE·' 

TOR Review - Cost and Schedule 

CostlScheduJe Procedures 

TECHNICAL COST a: SCHEDULE RISK FACTORS 

TOR Review - Cost and Schedule 

Cost/Schedule Procedures 

Manufacturing Labor ($I00M = 177 person-years) : 

5/6192 

Includes: 
efforts for fabrication, assembly, and installation. 
covers all efforts including tooling, production support, factory test, as 
well as "touch" labor. 
also includes fabrication supervision, facility modifications, material 
handling, and packing/shipping. 

Addressed at lowest level to guide design development (design-to-cost) and 
because design flexibility (early stage) reduces ability to develop bid packages 
for vendor quotes of large assemblies. 

Obtain, document, and incorporate vendor estimates to the greatest extent 
possible. Especially for high volume repetitive work where industry 
knowledge is greater than laboratory experience. 

DU':-I 

TOR Review - Cost and Schedule 

CostlScheduJe Procedures 

Materials ($242M) 

516'92 

Includes: 
raw material for fabrication. 
procurement of components, subassemblies and tooling from outside 
sources. 
detector hardware, equipment, fixturing, tooling, utilities, test 
equipment, assembly equipment, computer hardware/software, and 
procurement processing. 

Three categories for cost visibility and future acquisition planning: 
I) Expense - single procurements <$5k 
2) Minor - single procurements >$5 and <$50k 
3) Major - single procurements >$50k 

Obtain, document, and incorporate vendor estimates to the greatest extent 
possible. 

Vendor estimates obtained prior to FY92 were escalated by 6.31 % and 3.66% 
for FY90 and FY91 respectively. 

DLE·' 



TOR Review - Cost and Schedule 

Cost Summary 

SDC Integrated Project Schedule : 

,"'92 

,_ ,_ I_ ,_ 
1_ 

If ----

Integrate installation schedule. facility milestones. and subsystem summary 
schedules in OPEN PLAN. 

Establish programmatic constraints for Design Reviews. Production Readiness 
Reviews. Safety Reviews. etc. 

Tie subsystem schedules t~gether via su~ystem-subsystem interfaces. i.e. 
calorimeter electronics avatlable for calonmeter module test. etc. 

Use integrated level 4 schedules as communication tOOl. with su.bsystem groups 
including funds negotiation. project status and contrOl. mternat1O~al. 
contribution tracking (schedule commitments). and subsystem actIVIty 
reporting. 

Committed to having an integrated project schedule by Sept. I. 1992. 
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TOR Review - Co~t and Schedule 

CostlSchedule Procedures 

Cast of Players : 

Principal contact people 

WIS PenrlpUp. 

1.1 
1.2 
1.2 
1.3 
2.1 
2.2 
2.3 
3 
4 
S.I 
S.2 
S.3 
S.4 
6.1 
7.1 
7.2 
7.3 
7.4 
8.1 
8.2 
9 

SiliaJnDttoaor 
Banel Trooker (S ...... ) 
Bond Trooker (Fiber) 
InIormediaIe Trooker (G-M) 
CentnI CoIorimetct 
End Cop Cakxim_ 
FcrwonI Caklrimete, (Liq. Scint.) 
Muon system. 
S.c. Magnet 
EIc:cuonics 
DAQ 
Triuer 
Ancilluy SYSlCm. Coouol. 

~~.:: 
E1ectricaIUIiliIie. 
Safety Systems 
Struct Supt. & Access 
Test Beam Pro.,..., 
Subsy ..... Instailatioo/I'oS! 
Project Mansgement 

with assistance from many others .. _ 

Neme 

R. Stone. A. Grillo 
R. Swensrud 
RLeircll 
G.OakIwn 
D. Scberbonh. P. Mantsch 
D. Scherbonh. P. Mantsch 
G. Stain 
M. MootJDIII"'Y (B. Vinncdge) 
R. Stanek 
G. Oberst. ot. II 
E. Barsotti. E. Gaines 
W.Smith 
T.M""'" 
A. Fry 
M. Hech, 
W. Kampmeier 
B.La",11e 
B. Barney 
I. Siepist 
D. Ethenoo 
D.Ethenoo 

ha' 

LBL, UCSC 
Westin&house 
ORNL 
FNAL. CRPP 
WSTC.FNAL 
WSTC.FNAL 
UofToronlO 
Martin Marie .. 
FNAL 
llNL 
FNAL 
Wisconsin 
llNL 
SSCL 
SSCL 
SSCL 
SSCL 
LBL 
SSCL 
SSCL 
SSCL 

OLE-II 

TOR Review - Cost and Schedule 

Cost Summary 

Where We've Been: 

Have 2892 element cost estimate database to continue design-to-cost process. 
to follow/understand design evolution of subsystems. and to track cost offsets 
of foreign participation. 

Can do parametric studies based on minor modifications of detector 
parameters. i.e. length. radius. channel counts. weights. 

Have established initial contact with vendors and industrial groups. 

Have developed summary schedules and milestones to be used as initial 
guidance. 

Where We are Headed : 

5"'92 

Get ready for DOE review ... 

Develop international funding plan ... 

Develop integrated project schedule for SOC ... 

DLE·U 
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SOC Detector 1992 1993 1994 1995 1996 1997 1998 1999 
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Overall Schedyle 

S<bm~TDR 

Review 

Approvals 
Bagin Long Lead PuttIlasIng 

Fabricate & Tos' Prototypes 
Deslgn~onts 

Procure and Fob, Components 
__ Components On-SIte 

00 Hall Benelldal Clc<:upn:y 
,_ & Test DeI8c:Ior 

_Complete 

Flnlsh HooIwp, Tos' & Check Out 
SOC Oetsctor Ready lor Physics 

Test Beam Program 
Prototypes & C8Iibratton 
Performance Monitoring 

Projeel Mgm .. & De .. ntegratlon 

12341234123412341234123412341234 

p, ...... 
==:I 

5.'<> 0 ..... 
P"", ... 

~ , .... ., 

FNAL.BNl.,CERN.KEK._. 
I 
.SSCl 
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Silicon Tracker 
Cost & Schedule Review 

Alex Grillo 
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UC Santa Cruz 
SSCL PAC Review 
7-May-1992 

8£RYLLIW TLo8£' 

rLEJeJ8L.£ INtERFACE 

STS layout (side view) 

I 
(1 .. ,-..1 
~ .. ~~ 

"ClJlWAIIION.UIN 

STS detector arrays (pictorial view) 
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Estimating Process 

Principal Authors: 

LANL: 
William Miller 
T. Thompson 
C. Grastataro 
R. Reid 

LBL: 
Roger Stone 
Helmuth Spieler 
Bob Barney 

Project has been broken down to WBS levelS elements 

02632 
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There are over 600 activities included in the project design 

A cost and time estimate has been made for each activity 

Engineering estimates 
Vendor quotes 
Based upon engineering drawings & specifications 



Examples of Estimating Process 
(Taken from STS Cost/Data Book) 

02635 

W.B.S. number: 1.1.12.1 

W.B.5. name; Tubes, Space Frame 

Estimate source: Vendor estimate 
Engineering judgment 
Historical reference 

Definition: A collection of graphite/aluminum tubes sharing a common 
diameter and wall thickness but varying in over all length. 
Component of the space frame. All conditions apply 
regarding the space frame assembly. Reference drawing 
89Y279132-/1. 

Basis: Labor type identified in detailed W.B.S. format under labor 
categories. Prototype effort induded for testing. 
Manufacturing effort based on vendor estimate. 

W.B.5. number: 1.1.2.1.2 

W.B.5. name: Front..end electronics (FEE) 

Estimate Type: Vendor quote 

Definition: The front-end electronics indude the bipolar preamp and the 
CMOS digital circuits. Induded are the necessary storage 
buffers. These components are connected to 1.2.1.1 DET, at 
the input side and 1.1.2.1.3 RlH at the output side. They will 
be attached by adhesive to 1.1.2.1.4 Other module 
components as shown by Figure 1.1.2~2. Some funds for 
prototypes are included. The number of readouts required is 
on EXCEL worksheet "1.1.2.1 Mod assy Worksheet". 

Basis: A quote was received from VTMC for rad-hard, l00-channel 
CMOS readouts in 100 k lots. Personnel from UCSC 
estimated the equivalent size for the 128-channel chip and 
determined the estimated costs. 

A quote was received from Tektronix for the bipolar chip. 

Risk Reduction 

We believe that we have significantly reduced the risk of 
construction and the uncertainty of the cost & schedule 
estimates by the R&D effort already expended. 

Detailed analysis of mechanical design 

Fabrication of prototype components 

300 and 1200 arc segments 
Edge-bonded detector modules 
Material studies 

For Example: 

02637 

Construction of prototype edge-bonded detector 
modules (full 24 cm long) has demonstrated structural 
Integrity of this key STS building block. 

Simulations of detector and electronics designs 

Fabrication of prototype devices 

Double sided detectors 
Bipolar analog circUits 
CMOS digital circuits 

For Example: 
Tektronix prototype has allowed verification of both 
functionality and production issues: chip size, yield, 
and verification that we don't need laser trimming. 

Over $S Million have been spent in the last 4 years on 
design and proto typing for the Silicon Tracker to insure that 
the construction plan can be met. This includes work in the 
U.S_, Japan and the U.K. 
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Item 
Barrel detector 
Frwd detector 
Barrel readout 
Frwd readout 
Optical rrans/rec 
FEE Design/test 
Labor 
Enclosure/suppo 
rts 
Space 
frame/mounts 
Disc cooling ring 
Heat rejection 
sys 
Trker assy /test 
Mech Int/exp 
In-situ 
alignment 
Program 
Management 

Major Cost Drivers 

Unit 
Cost, k Unit Number _ Total, k 
SO.750 each 3600 S2,700 
S1.500 each 3112 S4,668 
SO.053 each 18000 S954 
SO.053 each 32640 S1,730 
SO.500 set 1236 S618 
S3,008 effort 1 S3,008 

S881.0 each S881 

S501.0 each S501 

$11.3 each 48 S542 
S516.0 each 1 S516 

S879.0 each S879 
S2,254.3 effort S2,254 

S511.3 sys S511 

S848 effort S848 

Silicon Tracker Totals 

Base Cost: 
Contingency: 
Total Cost: 

S32,472 K 
26.9% 

S41,204 K 
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SDC MODULAR STRAW OUTER TRACKER 

TABLE OF CONTENTS 

INTRODUCTION 
1. Overview of the Outer Tracker 
2. WBS for the Outer Tracker 

2.1 WBS Cost Content by Percent 
2.2 Cost Content by Major Element 1.2.1 Thru 1.2.12 
2.3 Some Major Cost DrIvers 

o Modules 
o Straws, Module Shels, and Labor 

o Support Structure 
o CyRnders, Shim Rings, and Spaceframes 

o Tooing 
o Modules and the Support Structure 

3. Manpower Requirements per the WBS 
3.1 WBS Manpower Requirements Content 
3.2 Manpower Needs by Major Element 1.2.1 Thru 1.2.12 

4. Schedule for the Outer Tracker 
4.1 Gantt Chart of Some Major Milestones 
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SOC OUTER STRAW TRACKER 

FOR THE SSCL 

PAC COST " SCHEDULE REVIEW 

AT SSCL 

MAY 07 1992 

WESTINGHOUSE ELECTRIC CORPORATION 

(W)STC 

PITTSBURGH, PA 

R.L.SWENSRUD (ROGER) 

"'" Westinghouse 
\BJ Sdence cit: Technology Center 

SDC MODULAR STRAW OUTER TRACKER 

INTRODUCTION 

This set of vlewgraphs presents a short summary of the cost and schedule 
for the modular straw outer tracker for the SDC detector for the SSCL. 

Yhwtr ..... 2 I1jf'I Westinghouse 
\,g) Science &: Technology Center 
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SDC MODULAR STRAW OUTER TRACKER 

2. WBS FOR THE OUTER TRACKER 

This WBS Major Element Summary is taken from the Complete 
WBS (316 line to level 9) used for Cost and Schedule work. 

HIGH LEVEL ELEMENTS: 
1.2 Central Tracker 
1.2.1 Modules 
1.2.2 Support Structure 
1.2.3 Cy"der Into Superlayer Assembly 
1.2.4 Modules Into Support Structure 
1.2.5 Equipment. Tooling. " Fixtures 
1.2.6 Final Surface Facility Assembly 
1.2.7 Final Surface Facility Testing 
1.2.8 .. Reserved" Tracker Transportation 
1.2.9 Drift Gas System 
1.2.10 Facl&tles 
1.2.11 Program Management 
1.2.12 R " D Effort 

~ Westinghouse 
\gI Science " T echnolosy Cente, 

SOC OUTER TRACKER 
COST CONTENT PERCENTAGE BREAKDOWN 

MATl(48.4'Jl,) 

EDlA(U.2") 

BASE COST + CONTINGENCY IS $31.5 MILLION 

.MATL DMFG .EDlA OCONT 

Westinghouse Electric Corporation - STC VGNO.l 

_. 
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SDC MODULAR STRAW OUTER TRACKER 

1. OUTER TRACKER OVERVIEW 

THE MAIN COMPONENTS ARE: 

1) The Detector Elements 

o Five Superlayers of 720 Straw Containing Modules 

o Modules 292 Stereo G 159 Straws Each" 428 Trigger 
G 212 Each or 137.164 Total 

2) The Support System 

o Two Spaceframes 

o Five support Cylinders 
3) Methodology 

o Modular She. ARgns the Straws. 

o Support Structure Aligns the Modules 

~ Westinghouse 
\gI Science " Technology Cente, 

rieur. 1.2 - Outer trackiDi detector. 



SDC OUTER TRACKER (K$) 
WBS 1.2.1.1 TRIGGER & WBS 1.2.1.2 STEREO MODULES ].,. 

,.,. 

10'" 

STRAWS ENDPLATES SHELts 

.MATL DMFG OCONT 

Westinghouse BeC1ric Corporation- srC VG NO.4 

SOC MODULAR STRAW OUTER TRACKER 

2.3a WBS 1.2.1.1 " 2 MODULES 

COST DRIVERS 

STRAWS ASSEMBLIES: QUOTES 
WIre 

MODULE SHELLS: 

WIre Supports 
Metallzed Wrapper 
Wmding 

Bal (Estimates " Travel) 
QUOTES 

Trigger Shens 
Stereo Shells 

Bal (Estimates" Travel) 

,58K 
S274K 
'343K 
,69K 

'8K 

U.113K 
S759K 
8117K 

Q 
l\) 
a, _ .... 

R" 
~ Westinghouse ~ 
\gJ Science" Technology Center 

SDC OUTER TRACKER 
COST CONTENT PERCENT WBS 1.2.1 TI-lRU 1.2.12 

U.II MGMT{6.4"') 

12.9 DRlFTGAS SYSTl!.M (:'0%) 

1.2.6 U11UT1ES (2.5%) 

1.2.3 en'S SPACEFRAMI, ASSY (I.S%) 
12.4lNSTALL MODULES(ll", 
1.2.7TES11NO(I.K) 

BASE COST + CONTINGENCY IS $31.5 MIUION 

Westinghouse Electric Corporauon - STC VGN02 

SOC OUTER TRACKER (K$) 
COST CO NTENT BY WBS 1.2.1 THR U 1.2.12 

BASE COST + CONTINGENCY IS S31.S MILLION 

I~I 

r . 

.MATL ~MFG .EOIA DCONT 

Westinghouse EI$ctric Corporation- STC VG NO.3 



SDC OUTER TRACKER (K$) 
WBS 1.2.5 TOOLING 

,~,----------------------------------------------, 

2000 

I,.. 

1000 

INSP. A ALION ERECllOH 

.MATL IIIMFG .EDIA DCONT 

Westinghouse Electric Corporltion- STC VG NO.8 

-' III 

SOC MODULAR STRAW OUTER TRACKER 

2.3c WBS 1.2.5 TOOLING 

COST DRIVERS 

SHELL MOLDS: 

MANDRELS: 

QUOTED 
1 Stereo 
4 Trigger 

QUOTED 
5 Steel Mandrels 
Shipping 

.5BK 
S346K 

Bal (Estimates" Travel) 
MACHINE STATION:ENGINEERING ESTIMATE 

'1,20BK 
S39K 
'5K 

BALANCE: 

1 Machine 3 Axes 
Bal (Estimate " Travel) 
ENGINEERING ESTIMATES 

.630K 
,BK 

'2.001K 

Q Westinghouse 
\gI Science '" T ethnology Center 

SDC OUTER TRACKER (K$) 
WBS 1.2.2 SUPPORT STRUCTURE 

»00 ,---------------------________________________ -, 

2000 

I~ 

1000 

SHIMRINOS SPACEFRAME ASSY. MACHINING MOUNTS 

.MATL ~MFG .EDIA DCONT 

Westinghouse Electric CorpoI'ation- STC VO NO.5 

SOC MODULAR STRAW OUTER TRACKER 

2.3b WBS 1.2.2 SUPPORT STRUCTURE 

COST DRIVERS 

CYLINDERS: QUOTES 
5 Cylnders 
Shipping 

Bal (Estimates" Travel) 
SHIM RINGS: QUOTES 

5 Sets Shim Rings 
Bal (Estimates " Travel) 

SPACEFRAMES: QUOTED 
2 Spaceframes 
Shipping 

Bal (Estimates" Travel) 

'1.BooK 
'65K 
U6K 

'550K 
'16K 

'1.3B5K 
'7K 

U4K 

0:> 
I\) 

a.l 

-' 'ou 
Q Westinghouse ~ 
\gI Science '" T ethnology Center 



SOC OUTER TRACKER 
MANPOWER PERCENT BREAKDOWN 

DRAFT(II.S") 

TECH (.(6.S",,' 

Wollinghoule eledrlc Corporatlon- STC WNO.? 

SDC OUTER TRACKER 
MANPOWER BY WBS 1.2.1 lliRU 1.2.12 

~~------~~~~~~----------------------~ 
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OTE.M DOR .DR.M 

Welllngllouoe Elodrlc Corporotion - STC VGNO.9 
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SOC MODULAR STRAW OUTER TRACKER 

2.3d WBS 1.2.12 R" 0 EFFORT 

COST DRIVERS - MATERIALS ONLY 

CYLINDER PROTOTYPE: 

• 108K 
MODULE PROTOTYPE: 

• 208K 
MODULE INTERFACE PROTOTYPE: 

• 88K SUPPORT SPACEFRAME PROTOTYPE: 

• 88K 
SUPPORT PROTOTYPE: 

• 51K 
BEAM TEST PROTOTYPE SECTOR: 

• 193K 
TOTAL • 736K 

C 
N 
0) 

~ Westinghouse ~ 
\gJ Science " Technology Center 

SOC MODULAR STRAW OUTER TRACKER 

3. SUMMARY OF MANPOWER NEEDS - MANVEARS 

EDIA: MANUFACTURING; 

Engineer 21.38 Engineer 8.24 
Engineer Associate 2.18 Engineer Associate 11.65 
Drafting 9.34 Drafting 2.82 
Technician 4.26 Technician 44.76 
Labor 0.00 Labor 0.76 

Subtotal 37.16 Subtotal 68.23 

Total 105.4 MANVEARS 

Note: Labor Rates Used are University, Laboratory, and Industrial. 

o 
N 
0) 

~ Westinghouse '2 
\gJ Science " Technology Cente, 
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SDC MODULAR STRAW OUTER TRACKER 

3.2 MANPOWER NEEDS BY ELEMENT 1.2.1 THRU 1.2.12 

COST DRIVERS 

-" "" 

-" IILI 

MANAGEMENT WBS 1.2.11 
Project Engineer - EN. 

1670 MD's at 6.2 Year Project Duration Is One Man Ful 
TIme. 

Sarety and Qualty Engineering 
344 MD's at 6.2 Year Project Duration Is One Man One 
Fifth TIme. 

FACILITIES WBS 1.2.10 MODULE AND SUPPORT STRUCTURE 
Facllty Supervision - EN.M 

1000 MD's at 3.5 Yrs at 2 Faclltles Averages 143 MD 
per Year or Half TIme. 

Project ASAstant - TE.M 
1000 Mandays Also is Half TIme 

Drafting - DR.M 
400 MD's at 3.5 Yrs at 2 Faclltles Averages 57 MD per 
Year or One Fifth Time. 

<:> 
~ Westin&house ~ 
\gI Science" Technology Center Q) 

SDC MODULAR STRAW OUTER TRACKER 

4. SCHEDULE SUMMARY FOR THE OUTER TRACKER 

The WBS Schedule and Mlestone Summary Presented Is developed 
from the Complete WBS (316 Ine to level 9) Schedule used to 
Design, Procure, and Assemble the Outer Tracker. 

Task 
Design It Procure Componentl 
Aisemble and Test at SSCL 
Instal and Test 

Total 

Summary Durations: 
Years 
3.5 
2.1 
0.6 
6.2 

~ Westin&house 
\gI Science " Technology Center 

<:> 
I\) 
Q) 
Q) 
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SDC MODULAR STRAW OUTER TRACKER 

3.2 MANPOWER NEEDS BY ELEMENT 1.2.1 THRU 1.2.12 

COST DRIVERS 

_II 
Ill. 

MODULES WBS 1.2.1 
Assembly Technician - TE.M 

8560 Mandays at 720 Modules Is 11.9 Mandays per 
Module 

Assembly Testing and Supervision - EN.M+EA.M 
2655 Mandays at 720 Modulel Is 3.7 Mandays per 
Module 

Balance - EN .M+EA.M 
463 Mandays EN and 308 Mandays DR 

~ Westinghouse 
\gI Science " Technology Center 

SDC OUTER TRACKER 
MANPOWER BY WBS 1.2.1 TIlRU 1.2.12 

1''-orn~~I~E~X~CUJ~D~~~TE~CH~N~IC~~~UW~~OR~--------------------' 

M~.S'11\~~:lft"MO~lJI'ILmES~OAS~11ES MGMT RAD 

.EN+EA .EN.M+EA.M .lE 

DlE.M DDR .DR.M 
-12.1 EXQ1JDESTEOINlClANllME 

We.Unghouse E~r6C CorporMlon- STC VGNO.8 
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G. Oakham 

7th May 1992 

Intermediate Track Detector 
Cost Estimate 

What is being costed:-

-~) LOc~;;on of lID in the SDC Detector 

b) Basic detector element of lID; a microstrip tile 

c) Engineering sketch of support structure 

Costing Method 

Detector will be built in Canada and the U.K. but for the SDC 
cost estimate we have used:-

a) Standard methods based on SSCL costing procedure 

b) U.S labour rates 

c) SSCL methods for estimating contingency 

The costing is based on an Engineering estimate of the 
components of the system. 

G.M.D Tile Cost summary 
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Category Cost Contingency 
k$ k$ 

Fixed Costs; Infrastructure, 
Jigs and Fixtures, Masks 453 182 

Developement of technique for 
tile assembly 90 36 

Costs of detector tile production 
(Includes assembly and testing) 918 323 

Costs of detector tiles:-

Microstrip plates 3300 @$600 1980 1550 
Frame & backing 3200 @$300 %0 384 
HV supply board 3200 @$75 240 80 
Preamp/FE board 3200 @$150 480 192 
Wire bonding 3200 @$70 224 90 

(fotal unit cost per tile = $1195) 

Total cost of microstrip modules 5345 2837 

TOTAL Cost + Contingency = $ 8182k 

02670 

lTD Cost Summary table 

Category Cost Cant. Cost+cont 
k$ 

Microstrip chamber modules 5345 
Front End electronics 714 
Mechanical Engineering 2625 
Detector Design 750 
Miscellaneous 1840 

TOTAL COST 11274 

lTD COST DRIVERS 

"Base" Cost; Design. support etc 

Layer Mechanical cost $25k per layer 
24 Layers 

Microstrip tile cost $2.84k per tile 
3120 tiles 

Total 

k$ 
2837 

301 
980 
210 
490 

4917 

I.T.D. Milestones 

Fix Final Geometry 
Complete R&D of Detector Tiles 
Freeze Detector Design 
Freeze Tile Design 

k$ 
8182 
1015 
3605 
%0 

2330 

16092 

S6631k 

S 600k 

S 8861k 

S16092k 
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Jun 93 
Dec 93 
Jun 94 
Aug 94 
Dec 94 
Mar 97 
Dec 97 
Aug 98 
Sep98 
Feb 99 

Complete Tests with Large Scale Prototype 
Complete Tile Manufacture 
Detector Complete 
Detector Assembled and Tested 
Transport to SSCL 
Complete Installation 
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• .......... WU OR AC'nVrTT DUCUI'nDH 
___ .. T ___ .U~.'~l~~ 

) 1.3 .II<TEl\MEDIATE ANGLEnACICEIt M100STRlPS , 
• 1.11 jOu~ a.ccorTO. , , 
• D.l.l ~ Daactor Till DaiIPl '65' 0' " .. %2' " , 1.3.1.2 ' ...... 0' Il' 13' .. 33 II 
1 1.3.1.3 

'~- '1'lO' 1"'2' I~O' 11 .,.., 3'" • 1.1 ... 
,_ ... .... ' ... ' 900' .. ! )i,&1 (34) 

• 1.3.1-' IHV~1oItd ... , ,., :wo' n -17: 316 l' 1.3.1.6 - U,.,' .,., -, .. , .9%' ]r. 
11 1.3.1.7 I Wire laid 12', n· ..... .. , 901 l~l 
1%1.3.1.1 , ,.000 "., .. ' 90, .. , 

36' '%6 
13 1.3.1.9 ,TIlO ... - 430' .. , .10' .. 01, :z3t 
1<6 1.J.L10 '_far 0' :ZOO' 200' .. i 10' }!Ii 
I! 1.3.1.11 , 01 '20, 0' 121: 19 1 50' 171 
16 L11.12 1'J1Ie~~ .211, 63 050' n WOL._"! 
11 1.3.1.13 ~T"'T'" 196' " %I' » , 100, .~ 
II 1.3.% 1".... .... ~ , , I 1 
19 1.3.%.1 1 l( "101 36, 110, .. 1 01' 239 
1II1.).l.l ,- "JOI 10' ..... .. 1 UI7 »1 

,.! 1.3.%.3 IBIadIt DiI!!I ...... 360' ", I .. · .. 1 :~=: %2 I u,o tDolo_~ , 165' .. , !2A. 3% , 
%3 1.3.3 

, __ ._-
t , 1 , 

.. Llli ICAD_( .. _1 1 0' 2110, 200' :IS , SO, 25IJ 
2S 1.3.3.2 .c-.-' D!!iP 300' '1 1)01 OJ , 47L_·5I ,,1.3.u ,- , 

300' 
., 1101 19 I 

1:C;1 
.. 

rt 1.3.3." 'ee...aorDIiIiID ."", 0, ,so· .. , 71 
a 1.).3..5 . ""'"'--" - ... , '" .,. .. , "71' m 
29 1.3.3.6 :~~ , 20' 1"31 .50' .. , 60.1- lil 
JI 1.3.3.7 ITde~lipA""'" 

, 
190' . ., "" . .. , ...., _#10 

Jl 1.3.3.1 ~SCnIcNnI~ , ,COO, 1411 .... :IS 1 .20' ... 
11 J.3.3.f .-.,c- , 

110' %31' 500 .. , 
200' ::1!Jo 

13 1.3.3.10 , , 500' .. , :zoo . .. 1 10, %10 
34 1.1111 IAliI!!!!!!!!~ 1 :ZOO' 131 200' .. 1 :t=: ~ 1.3." ,-=- , m, '" 200' :IS I 

'1.1-' 100S~ no, 10, 10' •• , :' : l'11.3.' ICooUD S."... %3%1 15, 10, •• , 
~ 1.3.1 i-"-tlh 1 1 I , 
J9 Ij.7.1 1~1UaDD 1101 10, :15.' .. 10' 353 

~ 1.3J.:L--L~bII~..sC-
t .,., ., 1%3' .. I::I-!~ 1.3.1.3 tT"'-~ 11201 311 300' 1I 

.u 1.3.7", IT_ ..... 1 .. , 6i 20' :15 , J! 
4J 1.3.' ,,.,..._ %101 :19, .. ' OJ 36 120 
.. 1.3.' 

15 ___ ... T_ 
101 1 36' J9 ,. ~~ 

OIl 1.3.10 !"" 1120 .. ,sOl 20 1J0I-Josi! 
~ '±I!...--.J.~~ 

... , '51 2201 :15 :I-{; 1.3.12 IT~I 0 %90 lie, I" • I 1 .. TOTALS I %207' "51' 11%7'" 0.41 .... , .... 
..... 
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I was HlnUEIt .,., oaaD'I1OtI ~ ___ • TIQI'WT c:.unrr 1UD'In'...osfT'£ AI: 

1.3 IPlTUMEDlATEANW1iACiCD.fwioOiRlPS-, --- --- -- -
I.)., .... __ '11100--.-.,,-;;--_~=;=_. _~_~ 

1.3.1.1 OeIcCtorTde~p 10" 2 2 
1..3.1.1 Mulls 6--'--'--'---2--' .1' 

1.3.1.3 ~.~ 10 15 • " % 
1.3.1." frvIt..s a.:ma 6 10 • 2 1 
1.3.1~ HV Sappty Ikwd ". , 1 
1.3.1.6 ~~~ 6 10" 1 

10 1.3.1.7 Will ac-a 6 10 1 
11 I.l.U .~~P .... err 6 10 2--'" 
U 1.3.1.9 Tde.......,Jip_~ 6 10 1 
U 1.3.1.10 ~~~6 10 2 I 

I' 1.3.1.11 lDIpIctiODolCllll!Pd!!!!!!! • U 2 
15 1.3.1.12 Talc ~ 10 1 
'1.11.13 __ r~J..~ 15 2 

171.l.l' ,.. ... ~ 
.. 

1I'.3.l.1 -,p;1(~1lw I 
I . , 

19U.l.' .......-........ I. 

1II ,.loU ---~:P""~·~~~::jE=f=1=jC:. 21 1.3.%.' c...T~C~ , 

~ :~:i.. ~I" .e;~-:-__ I} i-~ ·1 

~ :.;:i~; =-'Dew~ ~o ::-__ : __ z __ .' __ _ 
16 1.3.3.' DttetKtor~... 3'" 
71 1.3.3" ~ol~.scn.a- ".. 2 
a 1.3.3.6 ~.~ "--'---1' 
2f 1.3.3.7 nc .......... ~ .. !~ '" --z-
JO 1.3.3.' StnIC:nnl u~ 15 " 
JI 1.3.3.9 StNc::Nr.IICoais , 
32 1.3.3.10 ~I sappc;a: • , " 
33 1.3.3.11 A.&&~~ ",-----~ .~_2_ •.. 
,).4 1.3.' Cables I" I 
35 1.3.' GIlSysttmi .,--.-- 1 
J6 1.3.6 CootiDIS~__ -f 
l'1 1.3.7 ........ bly 
JI 1.3.7.1 ....... TaIa.u,.a ___ .:._~._ 
'" 1.3.7.2 ...... blela,." .. C!JGCS ___ ._~ . 
.to 1.3.1.3 Tn" Auembiy 10 
'1 1.3.7.' T~j.s"'" J 
"2 1.3.' FiDIlIlllllllMioa 10 
.u 1.3.9 Synm ... .-.aDty-.. ---·-,-· 
.. 1.3.10 ProJICI~.· I 
<t5 1.3.11 .,._rxtareContrOI -----1--'-
M 1.3.12 T~'l/CI - --- '·'-1'·-

• 
'-

Table 1 02676 
In .. rmediat .... s/e Track Deleclor Coal SIlIJUDUy 

C",-y Coal CoDt. CoaI+Cool. 
kl kI kI 

Micro-.trip chamber modules 5345 2137 8182 
Froat End electroDicl 714 301 1015 
Mechuic&l Eqiaeerial 212.\ 1180 3805 
DeIecIor daip 730 210 tIIIO 
MitceIlueoul 1&10 4110 2330 

TOTAL COST 11274 4917 111092 

.. .. 
71 .. 
II .. .. .. .. 
39 
3' 
l> .. .. .. 
n 

3' ,. .. .. .. 
" .. .. 

" '3 
39 ., 
" .6 



Table 2 
lntermediue·us1e Track Dflccwr COlt Sull1lll.U7 

GAS MICROST1JP DETICTOI. TILES 

CaLqory Cool Ccmiinl eDc1 
U 

Fixed (OIU: 

M ... ks iDcludiD, sec:oDd&ry. 3ti at 12300 83 
lip and fixtures needed Cor aaembly 171l 
Infrutructure for NHlDbl, 200 
(Clean rooma, miao.copes) 

Development of tedm.ique ror tile UHlDbly: 

Hardwan 40 
Labour = O.T 1""' (Ioel» 50 

COIta oC Detector tile prociuc1.ion! 

Dm", of deledo, Ille 0.5,.., (""") 55 
lnspect.ion of compoaenu 1.7:ran (tech) 128 
A ..... bly of .... 8 yrs (Ioel» ~ 

Teol'" ofln.. 3.8 (Ioel» 285 
BueJine daip 3120 liln . ID&Z 10" x I" 

MiCfOltrip plate, 3300 a1. t600 1980 
(lncluda lu!Mirate, metal coatill" etcIWI" 
ud iupeeI"o 10?erify IiIe 6lbocraphy) 
Frame and backinl, 3200 at 1300 
(iI&cltina piau, au ijpl hme, drifi plane) 

980 

BV .apply board, 3200 at 175 240 
P ..... p/FE board, 3200 al 1150 480 
Wire boad.iDI, 3200 at liO 224 
To~&l Qni~ COlt per tile = '1195 

TOTAL cost o( micro-urip chamber moaulcs 5345 

Table S 
lalormedial .. ucle Track 0.. .... , Cool S.....", 

MZCIIAlftCAJ. E1fcIlfUUlfG 

U 

32 
TO 
80 

18 
20 

23 
50 

ISO 
100 

1550 

384 

80 
182 
80 

283T 

0267'7 

02679 

C.'ecOf'1 Coot Con\iqcocy 
U- ts 

eoacept.al -. aad .. taiaI drreopma.t: 

2,""(aam-r) 220 80 
rutal cleIec1« Urd....., 

SlnIclaroIlqen 24 at 20k 480 120 
Stndaral coaes 2 ., 250k lIOO 200 
ldou.uq npporb 200 80 
AlipmCD\ 200 80 
Jip/hI .... and """elba 
Cor JD01UIUq tiles iaiG 1ayen '350 140 
o...Jo_lltud ..... 150 60 

Mu.powu: 
Deniopmal. olnpport "nctue 
(2,......1eda) 150 60 
AlHmhly- palllqlilea .. la,..., 
Ulemblelayen aad CODes, 

labour COC ..... _I 
(5 yoan-leda) 3T5 150 

TOTAL Noel> Enciaeeria& 2821i 110 

Table 3 
lalermedi_ucle Tradt Do<ecIor Cool S.....", 

FaOIfT ExD ELECT.OlfleS 

F"tzed COIU: 

Compoaeat dneopmeJlt COl" 
Locai eiectrOJIia cieftIoPIDal t. 

Compoae:llt COIU: 

P ..... p/di .. / ...... 
Encoder/diplal p;poliae 
DaI& I:oIwIIiMioa 
total compoaaa\ caN 

TOTAL FE decUoai .. 

Table. 

Cool 
U 

ITO 

714 

In termediate--usle Track Dnedor Colt S1lDUDar'J' 
DETICTOI. DUIGN 

02678 

71l 

231 

301 

Caiqory Cool Conliqcocy 
kl kI 

oS yean enpnemq time 550 100 
hafrutrudure, CA D equipment 200 50 

TOTAL Deledo, 0..;", T50 210 
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Table. 
Inlctmcdialeoancle Track Do<ecIor Cool S1ImfIlary 

LAIOUI.. TUVEL, AlfD MIiCELLAlfEOUI Cost.: 

Muufaclurina COol,,", 2 yan (_) 
Proje<! ",_t, 5 yan (""") 

Traft!- for eqiAeeriac coordiaiioa: 

220 
550 

t:K/CauAa, Iitrip'/" x 51'1 x 12K - 1160K 
Muuloct_I_pp6cr.,;,i1l -

S ...... _ 20 tripa x IO.aK s 110K 

l"tIft 40 trip. x IO.aK - I32X 
SDC coord, 8 trip./,. x 5 1'1 x IUK - I4SK 
w..u....o prep, 6 lrip. x 12K _ 112K 
hut.alla&iaA. 6 tripl x 14K - S24Jt 
Tolal T .. ..! 200 

Trial Auembl" 
Hardware 
Laboou (D ...... 1 ..... 3 yan) 
(mixol.ldIla) 

Final iDst.alla.l.ioa ad Yil.: 
Hardware 
Traupon u.d pa.ci:iac 
Labour (3 ............. I ,....l 
(mixof.killo) 

PbYlical PLaai: 

Cablcs 
G .. pipes 
Coolin, 

TOTAL labour, ..... e!, aDd mio<eIIaoeoa. 

30 

270 

30 
20 

200 
71l 
TO 

1840 

Con\iapllcy 
tl 

55 
110 

50 

10 

100 

10 
5 

50 
30 
30 

480 

- Since t.be ITO poup piau 1.0 uacmhle 'he detector "bide ol ,he US. tJau 
.hip ;110 lhe sse Laboratory Soc ialtaIIa ..... , .... ..! ;./lotcd ~cilly. 





SCINTILLATING FIBER TRACKER 

COST AND SCHEDULE OVERVIEW 

Dale M. Davis 

Oak Ridge National Laboratory 

c 
ill . 
1 
8 

I 
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SCINTILLATING FIBER TRACKER 

COST SUMMARY 

Support Structure 5.6M 

Fibers/Ribbons 6.6M 

Electronics 12.2 M 

Assembly/Test/Shipping 4.0M 

Project management 3.0M 

Contingency 9.5 M 

40.9M 



Tooling 

SCINTILLATING FIBER TRACKER 

COST DRIVERS 

Fibers/Ribbons 2.4M 

Support Structure 2.5 M 

Assembly .4M 

Electronics 12.2 M 

Fiber 4.2 M 

SCINTILLATING FIBER TRACKER 

SCHEDULE DRIVERS 

Ribbon Fabrication 

Cylinder Fabrication 

Super layer Fabrication and Assembly 

02686 

02685 
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SCINTILLATING FIBER TRACKER 

KEY MILESTONES 

Begin Cylinder Production July'93 

Begin Fiber Production Sept. '93 

Complete Assembly May'97 

Tracker at SSCL June '97 

Tracker at Top of Hole August '98 





SDC CENTRAL CALORIMETER 
BASE COST PERCENTAGE BREAKDOWN 

CONTINGENCY IS 29 % OF BASE COST 

BASE COST IS $116 MILLION 

BASE COST + CONTINGENCY IS $150 MILLION 

~MATLDMFG fBEDIA 

Westinghouse - STC VGNO.3 

SOC CENTRAL CALORIMETER 
COST CONTENT BY MAJOR COMPONENT 

111"AaELI"S.j 

WBS 2.2 IS 39.5 % 

111-11'I!HbCA'WIO'UIQU1"'j 

TOTAL COST IS $150 MILLION 

• BARREL [!ll ENDCAP WIO PLUG 

• PLUG 

Westinghouse - STC VGNO.l 

For-word teNor-lmete" 

Scintillation 
Count.rs 

y~ 
/1 

RINC CENTER 

END CAP 

wns 2.2 

PoND "I,UC 

'fig 2.2.10 

The SDC Detector 
50000130.005 

CENTRAL CALORIMETER - MAJOR COMPONENTS 

BARREL 

WBS 2.1 

BAlIRBL SUPPORT SYSTEU 

IllS 2.1.3 

,:, 1.4 

11M-I 

1111(-7 

"I: 7.0 

END CAP SUPPORT SYSTP.Y 

IllS 2.2.3 



SOC CENTRAL CALORIMETER 

SCINTILLATOR COST SUMMARY 

TASK 

SCINTILLATOR FAB & MASK 

SCINTILLATOR INSERTION 

TOOLING 

FACILITY 

TOTAL 

• Includes 768 K$ for Pizza Pans 

TOT At COST - 35,312 K$ 
TOT At TILE COUNT - 538,320 
APPROX. FIXED COST - 9,561 K$ 

BARREL 

12759 

2543 

5430 

4065 

24797 

APPROX VARIABLE COST - 25,751 k$, OR 48 $/TILE 

COST(K$) 

END CAP END PLUG 

8n3 1819· 

1693 184 

68 

8468 2049 

TOTAL 

21351 

4400 

5496 

4065 

35312 

......... ' ow. 
UU7 

w.. Westinghouse 
~ Science & Technology Center 

SOC CENTRAL CALORIMETER 

MODULE STRUCTURE COST SUMMARY 

ITEM COST(K$) 

8AAAEl END CAP END PLUG TOTAL 

EM CASTINGS 9078 4701 13777 
FINISHED PIECES 7041 3730 10771 

TOOLING 1380 971 2351 
FACILITIES 655 0 655 

HADRON SECTION 20853 10813 2843 34509 
FINISHED PIECES 20532 10555 2575 33662 
TOOLING 321 258 268 847 

OUTER SUPPORT SECTION 1738 1361 228 332B 
FINISHED PIECES 1525 1178 229 2932 
TOOLING 213 183 0 396 

<.:> 
31667 16875 3072 51614 I\j 

TOTAL a> 
to 
c::> 
:J: 

.......... @ Westinghouse 
ow • - Science & Technology Center 
•.•. n 

VI.wp.," , 
ow, 
UUt 

"'"',,., 
OWl 
1.30." 

SOC CENTRAL CALORIMETER 

COST SUMMARY BY WBS 

WBSELEMENT COSTS (K$) 

BARREL END CAP END PLUG TOTAL 

COMPONENTS 53621 30637 5752 90010 

ASSY 7430 5021 932 13383 

SUPPORT 4054 3243 331 7628 

TOOLING 10655 2570 845 14070 

FACILITIES 5553 622 369 6544 

SURFACE ASSY 2399 2219 141 4759 

MANAGEMENT 3408 3142 1360 7910 

R&D/PROTOTYPE 3512 1512 503 5527 
CJ 
I\j 

TOTAL 90632 48968 10233 149831 
(j) 
CD 
. -
nT 

@ Westinghouse 
- Science & Technology Center 

SOC CENTRAL CALORIMETER 

ALTERNATE COST SUMMARY 

COMPONENT OR ACTIVITY COSTS(K$) 

BARREL END CAP END PLUG TOTAl 

SCINTIlLATORS 24797 - 2049 35312 

MODULE STRUCTURE 31687 16875 3072 51614 
f'N/O CAliBRATION GROOVES) 

PMrS 6420 4635 432 11487 

MODULE ASSY. AND 8219 5782 1468 15467 
MISC MODULE COMPONENTS 

SUPPORT SYSTEM 4054 3243 331 7628 

SURFACE ASSY 3910 2284 284 6478 

MANAGEMENT 3408 3142 1360 7910 

R&D/PROTOTYPE 3512 1512 503 5527 

CALIBRATION 4644 3031 737 6412 I\:: 
~ 

TOTAl 90831 48970 10234 149635 
.) 

'T\ 

w.. Westinghouse 
\.E.I Science & Technology Center 



SOC CENTRAL CALORIMETER 

CALIBRATION COST SUMMARY 

Cost 
Comeonent or Actlvitll 11ill guantltll 

Tubes 1.568 36.352 

Hadron Grooves 2.136 18.688 

Permanent Source Drives 942 36 

Portable Source Drives 254 3 
" Support Electronics 

Test 3.512 

Total Cost 8.412 

Unit Cost 
IS} 

43 

114 

26.000 

85.000 

e, 
r.:
co 
(.0 
n 

" _. Q~~~ 

owl \;;J Science .If Technology Center .. " ... !..,-----------------------------

_ .... 
ow. L." 

SOC CENTRAL CALORIMETER 

BARREL CALORIMETER SCHEDULE HIGHLIGHTS 

o 
I\:) 
CO 
to 

~ Westinghouse 0 
\,gI Science " Technology Cenler 

SOC CENTRAL CALORIMETER 

HADRON STEEL COST SUMMARY 

Cost Quantity Unit Cost Basis of 
Comeonent lJill (Tonnes} IS/Lb} Estimate 

Barrel Steel 20.532 1.938 4.81 Quotes 

End Cap Steel 10.555 1.000 4.79 Scaled from 
Barrel Quotes 

End Plug Steel 2.575 194 6.03 Scaled from 
Barrel QUotes 

Total 33.662 3.132 4.87 

Costl Include raw material. fabrication, assembly, EDIA. contlnlency. Costs do not Include tooling 
and sourCe tube grooves. 

.......... 
ow. 
4.1..,2 

c:..' 
N 
CO 
1.0 rvr Westinghouse n 

\,gI Science" Technology Ccnle. H 

SOC CENTRAL CALORIMETER 

PMT COST SUMMARY 

Cost Unit Cost 
Comeonent or Activitll lJill guantltll IS} 

·Single Channel PMT for 4.725 20.352 232 
EM. HAD1. HAD2 

*64-Channel PMT for 5.418 960 5.644 
Shower Max. Massless Gap 

PMT Drift Monitoring 
System 1.145 21.312 54 

Too6ng 199 

Total 11.487 

c 
°lndud .. PMT. maln.llc .hi.ld •• f •• l.n.r ...... mbly. Ieli. EDIA. and conlln,oncy. Do .. nol I\:) 

Includ. ba.... ~ 
~ 
C_ .... 

OWl 
4 ••• " 

~ Westinlhouse 
\,gI Scienc. " Technology Ccnl.r 
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SOC CENTRAL CALORIMETER 

END CAP CALORIMETER SCHEDULE HIGHLIGHTS 

1992 1993 1995 199G i~ 

C' 
tv 
en 
CD 
o 

tVr Westinghouse .z 
\gI Science tit Technology Center 





02692 

was and Costing for the LiqUid Scintillator Fea! 

SOC Fc.J Group, IPP ~ 

~by 

o.vIn _ ... University of T"'-o 

Project Engl ... , 

SSCL, May 7, 1992 
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We>-::::. c Ce~"""'G, S'l'7'tT'tAS 

.. Tl:OWOL06i'i', GtbMeTRY , e!c... No'- vr:T FIX~ 

101--, J.-J~aA c:kA ....... "'* 'IV ~ , 

Pn&"cJWc. ~ p~i-a.1. 
"'c.;...~ .......... ..-I..-r -.) ~ -:f7$1-t:-. 
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Electronics and Photomultipliers 
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Absorber Parameters and Costs 02706 

Assume a 12 nuclear interaction length bacf<8Iop at 12476mm IZI. with 5mm 10 
tubes on 13mm centres in a hexagonal array. and mild steel abaorber. 

Total ..... man for boIh encII: 310 IIIIIIrIc: toM (Mg) 

Canadian Fine Blanking Ud. eslimate based on 4.6mm diameter holes (for 3mm 
inside diameter tubing). plates 2mm thick with 100 holes per plate. standard 
cleaning and deburring: 

US $0.30 per piece 
136 9 per piece 
2.21 mIHIon pieces 
US SUM million 

Rough scaled estimate for 7.4mm diameter holes (for 5mm inside diameter 
tubing). plates 3.2mm thick with 50 holes: 

us $0.40 per piece 
184 9 per piece 
1.69 mUIton pieces 
US $0.674 mUIton 

I.e.: For a given sampling fraction. the cost is independan1 of hole size. 

Surface finishing. thickness Sizing. cleaning. square corners. etc. are additional 
costa. 

Quartz Tubing Parameters and Costs 02705 

Assume a 12 nuclear interaction length bactcstop at 12476mm Ill. with 5mm 10 
tubes on 13mm centres in a hexagonal array. 

At the cost of last purchase of tubing (from John Scientific. Toronto. Canada): 

Toial cost = US $2.35 Million 

At cost of ballparfc estimate from GTE. Ipswich. NH: 

Total COlt = US $0.268 MiUIon 

Scintillator Parameters and Costs 02707 

Assume a 12 nuclear interaction length bactcstop at 12476mm Ill. with 5mm 10 
tubes on 13mm centres in a hexagonal array. and mild steel abaorber. 

Volume of SCintillator inside abaorber. 6514 \Itres 

Volume of scintillator outside absorber. 1486 Iitres 

Total Volume of scintillator (one fill): 8000 liIrII 

Most recent purchase cost of IBP Scintillator. quantity 151~res: 
US S35/111re 

Cost of one fill of IBP Scintillator. US S 0.28 MiUlon 
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LU9. quantlty bud9.tary cost est1ute of Hadron1c Detector 
Cell - full production: &-4 tube. per cell, 1nd1vidual 
detector tubes. 

'TI" TUBi' 

Tube 
Caps 
alectrodes 
tnsul.to%. 
Extrude 
Isolat1on 6 aelief 
Cell Asseably 
weld1n9 
Tube MIl" 
P% •• s T •• t 
w.ld Closed 
"lnal Teate 
Chil%9 1n9 

, .82 
2.25 
4.85 
1.16 
9,9. 
J.n 
2.18 
6,5. 
5.35 
1.'5 
1. 41 
1.,. 

-.Lll 
• Sf. 98 

L...ll 
.,518 .12 

p:1ce lnclud •• labor and uter1al, but doea not 1nclude flnal 
at.Ckln9 and 1nataUat1on .t Ilte, 0: transpottatlon coste to 
the lite. 
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Larle ,uantit, budletar, co.t •• tl.ate of aalironic Detector 
Cell - full productioD: 

SIIIL IU'I SArlI Alp IU'IS 

Tube Sa.eet 
Cap. 
Wire. 
Inaulator. 
'uDclii Set 
La.i.atio •• 
I.U.f Va1.e 
Val.e 
Stack La •• 
[natall La •. 'acka 
Weldi., 
". .. 
Pre •• Te.t 
Weld Clo •• d 
ri.&1 t.ata 
Charlial 

* 629 
144 
310 
12. 
2. 

034 
28 
40 
90 

140 
41. 
]42 ,., 

90 
12. 

--Z.ll. 
*3484 

Price iacludea labor and •• terial. 'ut doe •• ot include f1nel 
atackia. a.d iaatallatioD at 8it., or traaa,ortatioa coata to 
the ait •• 

fill: jb 



SOC TRIGGER COST AND SCHEDULE 

Wesley Smith 

University of Wisconsin 

on behalf of the SDC Collaboration 

SDC Review -- May 8.1992 
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SOC TRIGGER COST ASSUMPTIONS _II 02714 

3. Engineering TIme Per Electronics Boord: 

"Easy" Design 

"Average" DeSign 

'Hard" Design 

1.0MY 

2.0 MY 

3.0 MY 

4. Engineering TIme Per ASIC Design: 

"Easy" Design 1 .0 MY 

'Average'Design 

"Hard" Design 

2.0 MY 

3.0 MY 

5. Each MY of Engineering TIme uses: 

Technician 1.0 MY 

Travel 5.0 K$ 

Computing (incl. CAD) 

Supplies 

5.0 K$ 

2.5 K$ 
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SOC TRIGGER COST ASSUMPTIONS - I 

l. Cost Per Electronics Board ($): 

Parts 1.200. 

Board 400. 

Assembly 400. 

Total 2.000. 

2. Crate Costs Each ($): 

Hardware" 2.500. 

Power Supplies 2.500. 

Processor 5.000. 

Total 10.000. 

('more if custom backplane) 

02715 
LEVEL 1 BASELINE DESIGN 

• 1 Gbit /s optical fibers carry trigger primtives from 
detector electronics to crates in electronics house 
on surface. 

• Design assigns logic blocks to boards in crates. 
Implemented using standard technology (i.e. 100K 
ECL. HCMOS) with ASIC's only where necessary. 

• Design maximizes flexlbility'and programmability 
through use of digital logic built around memory 
lookup tables and programmable gate arrays. 

• Boards and crates designed for power. circuit 
space. I/O connections (std. density). fiber optic 
Interfaces. backplane traffic. timing. and DAQ and 
trigger clock/control interfaces. 

• DeSign minimizes hardware on detector: reduce 
detector cooling. power. space; maximize access; 
decouple trigger and detector geometry. 

• Fiber optic and twisted pair cable plant have been 
designed to reduce the Inaccessible single point 
failure risk to 1-2% and to minimize interconnects 
between crates. 

• The system carries sufficient Information for 
diagnostics. efficiency studies. and understanding 
of trigger behavior. 
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8x 

x 31 

ON DETECTOR,;r 

SDC TRIGGER COSTS 02718 

Item Cost (K$) Conting (K$) Total (K$) 

Levell: 14,589 4,855 19,444 
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I Ii I ru ......-.......,..... 
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! ~ 0. I .. 
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m 0 !III • ! 

JaJPl.Il. UOQfUS 

Calorimeter 5,342 1,691 i,033 ., .. 
Muon 1,076 343 1,419 

Silicon 128 37 165 

Global 2,536 848 3,384 

Level 2: 6,772 1,949 8,671 
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Trigger Schedule Milestones. 

Major Milestone 

Start Final L1 Design 
Test System Available 
Complete L1 Design Specs. 
Final L1 Design Review 
Complete Design of Levell 

Start Final L2 Design 
Complete L2 Design Specs. 
Final L2 Design Review 
Complete Design of Level 2 

Deliver L1 & L2 Prototypes 
Initial Delivery of Trigger Interfaces 
Delinry of Trigger System Begins 
Begin Integration & Test w/partial systems 
Begin Integration & Test w/final systems 
Commission Trigger System 
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Scheduled Date 

January 1993 
May 1993 

December 1993 
January 1995 

June 1995 

January 1994 
December 1994 

July 1995 
December 199.5 

June 1996 
June 1996 

January 199i 
June 199i 

January 1998 
October 1999 



MUON SYSTEM 

M. MONTGOMERY 
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SOC Detector 
Muon Chamber. 

Forword CoIorlm.'e!"" 

Sc1n1i"otlon 
Counters 

The SDC Detector 
5000000098 

Layout of SOC Muon System 

Muon ·3 

soc TOR Cost Review 

SOC Muon System Costs and Schedules 

Agenda 

• Configuration 

• Key Design Parameters 

Michael Montgomery 
8 May 1992 

• Cost Ground Rules and Assumptions 

• Muon System Cost Model 

• Labor Categories and Rates 

• Muon System Cost Evolution 

• Review of Costs 

• Schedules and Milestones 

• Cost/Schedule Book 

MARrIN I'W;'1R'ETTA 

Science Systems 
Muon -, 

Muon· , 



Key Estimating Parameters 

Magnet System Measurement System 

• Weight (MT) • Number of Channels 

• Number of Plates • Number of Layers 

• Number of Blocks • Number of Supermodules 

• Number of Fasteners • Scintillator Area 

• Number of Coils • Number of Counters 

• Number of Jacks/Load Cells • Drift Tube Dimensions 

• Toroid thickness (mm) • Drift Cell Orientation 

• Plate/Coil/Support Dimensions • Chamber Locations 

Muon- 5 

Cost Ground Rules and Assumptions 

·1992 Dollars 

• Estimates Reflect Current Maturity of the Design 

• Explanations of Costing Methods Included in WBS Dictionary 

• Estimates Follow SOC Costilig and Scheduling Procedures 

• Nine Different Labor Categories Used 

• Costs Reported as EDIA, Procurement, Mfg Labor, and Contingency 

• Procurement Includes Raw Material, Vendor Delivered Components, and 
Expenses (Travel and Consumables) 

• University and National Laboratory Labor Rates Applied 

• Costs Reported to Lowest Level in WBS (-425 Elements) 

• "SDC Muon System Costs and Schedules (SuPfe0rting Documentation for 
Techinical Proposal)" Document Should Be Re erenced For Detailed Cost 
Backup and Estimating Methodology 

Muon ·8 
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Assignment of Labor Rates by WBS Element MUon System Cost Model Flow Diagram 

WBS# WBS Description EDIA Mfg Labor 
3.1.1.1 & 3.1.2.1 Barrel & Forward Steel SSCL SSCL 
3.1.1.2 & 3.1.2.2 Barrel & Forward Coils PSL PSL 
3.1.1.3 & 3.1.2.3 Barrel & Forward Supports SSCL SSCL 
3.1.3 Utilities SSCL SSCL 
3.1.4 Forward Absorber SSCL SSCL 
3.2.1 Tracking Chambers Avg. Univ. Avg. Univ. 
3.2.2 Support Structure SSCL SSCL 
3.2.3 Alignment System SSCL SSCL 
3.2.4 Handling Fixtures SSCL SSCL 
3.2.5 Local Utilities SSCL SSCL 
3.2.6 Scintillators Avg. Univ. Avg. Univ. 
3.2.7 Supermodule Assembly SSCL SSCL 

Other Subsystem Inputs 

Magnet System 
• Magnel Utilities 
• Forward Absorber 

Muon Measurement System 
• Suppan Structure 
• Alignment Sysiem 
• Handling Fixtures 
• Local Utilities 

Estimating Faclor. 

• Labor Rates 
• Contingency Factors 
• Admnistration Factor 
• Mtg Suppon Factor 
• Inspection Factor 
• EN, EA, DR Allocations 
• EDIA Perecentages 
• Graduate Labor Allocations 

3.2.8 Gas System SSCL SSCL 
3.2.9 Transportation SSCL SSCL 

• Counters 
• Transportation 
• Spares 

was 

• Expenses Algorithm 
• Escalation Indices 

3.2.10 Spares Avg. Univ. Avg. Univ. • Prototypes 

3.2.11 Prototype SSCL SSCL 

Muon-g Muon -1 

Labor Rates ($/Manday) Labor Categories and Estimating Methodology 

Labor Category Estimating Methodology 

Institution EN EAlENM DR/DRM TEITEM AD/ADM LAILAM EN (Engineering) Bottoms-Up Estimates and Factors 

Average University 397 268 238 248 201 106 
EA (Engineering Associate) 30% of EN mandays allocated as EA 

DR (Draftsman) 10% of EN mandays allocated as DR 

National Labs 392 306 300 325 220 200 TE (Inspection) Factored at 15% of TEM 

SSCL 421 302 248 250 197 160 AD (Engr. Administration) 12% of EN, EA, DR and TE 

ENM (Mfg Support) 300k of TEM and LAM 

TEM (Technician) Bottoms-Up Estimates 

LAM (Graduate Student) 67% of TEM for drift tubes/scintillators 

allocated as LAM 

ADM (Administration, Mfg.) 8% of ENM, TEM and LAM 

Muon -10 Muon-. 



Muon System Ta/l Poles 

30.0 

2s.o 

~ i 20.1 

& 
c 

.0 

Magnet System 
($59.6 M) 

11.1 

'E 11.0 

~ 
12.5 Measurement System 

fO." ($S6.2 M) 
1i 10.0 

B 
u 

7.3 

I s.o 

0.0 

I It; I j ! ! i I I 
Muon System: $115.8 M 

Muon System Labor Breakdown 

Laborers 
(LAM) 

Administration 
(ADM) 

EoIA: $19.9 M 

Manufacturing Labor: $20.7 M 

0.8 0.7 0.5 

Muon ·13 

Muon· 1. 

Muon System Cost Evolution 

1. soc LOI Review Panel (S/91) 

2. Muon System DownSize (12191) 

- Reduce Forward Toroid Thickness 1 Meter 
- Reduce Barrel Toroid Length 2 Meters 
- Reduce BWl Chamber Layers From 10 to 4 
- Reduce Barrel and Forward Toroid Radius O.S Meter 
- Develop Muon System Cost Model and Parametrlcs 

3. Prototype Experience and Bottoms-Up Estimates (3/92) 

- Toroid Conceptual DeSign Report & Specifications 
- Drift Tube Prototypes and Round Tube Selection 
- Further Maturity of Designs and Estimates 
- Cerenkov Counters, FW3 Chambers, Additional 

Scintillator Layers Now Options 

Muon System Project Costs 

40.0 

~ 30.0 .. 
g 20.0 
U 
1 
ii 10.0 

~ 
0.0 

Procurement MIg Labor 

.""11 ... ,5,._ 
o Measurement System 

EOIA 

$lS0M 

$123M 

I $116 M I 

Muon- " 

ConI. 

Magnet System Measurement System 

EDIA 

$M 

Procuremenl 32.0 

MIg Labor 9.3 
EOIA 8.0 
ContIngency 9.3 

OTAl 59.6 

Procuremenl 
MfgLabor 
EOIA 
Conllngency 

OTAl 

$M 

22.2 

11.5 

10.9' 
11.6 
56.2 

Proc:urement 

o 
l\:) .... 
Co) 
CJ1 

Muon· 12 



Muon System Cost Parametrics 

132.0 

128.0 

i" 124.0 

~ 120.0 
OJ 
~ 116.0 

J 112.0 

108.0 

D Muon System with Electronics 
• MUen System without Eloctronlcs 

SM. 71.7 + 1.1 -Length _______ • ----. .-------. 

132.0 

128.0 

i" 124.0 

~ 120.0 

~ 116.0 

! 112.0 

108.0 

~. 

SM.65.o.7.5-""""1 

104.0 -I--...--...--.,--.,--...-~ 104.0 -I-_::......+-~-+-~-+-~--., 
22.0 24.0 26.0 28.0 5.00 5.50 6.00 6.50 7.00 

Barrel Toroid Longth (moters) Insldo Banol Toroid Radius (molers) 

[

Muon System Costs May Be Reduced By $1.6M ($1.7M with Electronics) I 
per Meter of Reduction In Barrel.Toroid Lengt.h and $7.5M (~.6M w!th 0 

Electronics) per Meter of Reduction of the Inside Barrel Toroid Radius ~ 

Muon System Schedule 

Muon Subsvstem-IWBS 3.0) 

3.1 Magnet System 1992 1993 1994 1995 1996 1997 
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

tH aliableTC 
~oollng CIFIxture /:;. C/Shlp oSSCL 

/:;.~ ClRlngTo p. /:;. ClProosse InblylTast 
Design /:;. IProcure pont/Fobrl 

3.1.1 Barrel Toroid 

/:;. pAYailabl< 
/:;.CIS IpTo SSC 

/:;.CI xtur.srr. ling /:;. Preas ... [bIylTost 

3.1.2 Forward ~ sign /:;.CIP!< puremontll 

/:;.~ Avollable 
IShlpToS 

fj CIOasign /:;.cn: ocuremen 
3.1.3 Utilities 

/:;.A 
/:;.CJShl 

Jj ClDeslgn t. ClProcur. 
3.1.4 Forward Absorber 

1998 

.... 
o 

Muon ·17 

1999 
1 2 3 4 1 2 3 4 

~ 

iatlon 

TOH 

iot>r1C8110n 

/CL 

aiiabloTO 
To SSCL 

inanlfFabrl allon 

Muon ·18 

Muon System Level 3 Cost Summary 

MIg Totalwf 
WBS WBS Description Procurement Labor EDIA Base Cont. Cont. 

I ISM) (SM) (SM) (SM) (S"!L iS~ 
3.1 Magnet System 
3.1.1 Barrel Toroid 22.2 6.5 5.8 34.5 5.8 40.4 
3.1.2 Forward Torolds 7.4 2.5 2.7 12.6 2.5 15.2 
3.1.3 Utilities 1.3 0.2 0.3 1.8 0.5 2.3 
3.1.4 Forward Absorber 1.1 0.2 0.1 1.3 0.4 1.8 

Total Mllgnet System 32.0 9.3 9.0 50.3 9.3 59.6 
3.2 Muon Measurement System 
3.2.1 Drift Tubes 6.0 1.1 4.0 11.1 1.4 12.5 
3.2.2 Suppon Structure 1.7 0.4 0.5 2.6 0.8 3.4 
3.2.3 Alignment System 2.0 1.6 0.8 4.4 1.5 5.9 
3.2.4 Handling Fixtures 2.0 0.3 0.3 2.5 0.9 3.4 
3.2.5 Local Utilities 0.3 0.1 0.1 0.6 0.2 0.7 
3.2.6 Trigger Counters 4.5 0.5 0.5 5.5 1.8 7.3 
3.2.7 Supermodules 3.1 6A 3.3 12.7 3.8 16.6 
3.2.8 Gas System 1.7 0.6 1.0 3.2 0.7 3.9 
3.2.9 Transponatlon OA 0.2 0.1 0.7 0.1 0.8 
3.2.10 Spares 0.2 0.1 0.0 0.4 0.1 0.5 
3.2.11 Prototypes 0.2 0.2 0.4 0.9 0.3 1.2 

Total Measurement System 22.2 11.5 10.9 44.6 11.6 56.2 
3 Total Muon System 54.2 20.7 19.9 94.9 20.9 115.8 

Muon· IS 

Muon System Costs by Detector Region 
MIg lotaiwi 

WBS Description Procurement ~~~r EDIA ~~i Cont. Cont. 
ISM) ISMl . (S"!L .lS~ 

Barrel 
BT 23.2 6.6 6.1 35.9 6.2 42.0 
BW1 2.3 1.4 1.4 5.1 1.2 6.4 
BW2 1.8 1.0 1.0 3.8 0.9 4.7 
BW3 6.3 3.5 3.4 13.2 3.2 16.5 
BS2 3.1 0.3 0.3 3.8 1.2 4.9 

Total Barrel 36.7 12.9 12.2 61.8 12.7 74.5 
Intermediate 

IW2 0.3 0.2 0.2 0.7 0.2 0.9 
1W3 2.5 1.6 1.3 5.4 1.4 6.8 
IS2 0.5 0.1 0.1 0.6 0.2 0.9 

Total Intermediate 3.3 1.8 1.5 6.7 1.8 85 
Forward 

FT1 3.7 1.3 1.4 6A 1.3 7.7 
FT2 4.0 1.3 1.5 6.7 1.4 8.1 
FW1 0.4 0.4 0.4 1.3 0.3 1.6 
FW2 1.3 1.2 1.2 3.7 1.0 4.6 
FW3 0.0 0.0 0.0 0.0 0.0 0.0 
FW4 0.7 0.4 OA 1.5 0.4 1.9 
FW5 2.1 1.2 1.2 4.4 1.1 5.5 
FS4 0.4 0.1 0.0 0.5 0.2 0.7 
FS5 0.4 0.1 0.0 0.5 0.2 0.8 
CC 0.0 0.0 0.0 0.0 0.0 0.0 
Absorber 1.1 0.2 0.1 1.3 0.4 1.8 

Total Forward 14.2 6.0 6.2 26.4 6.4 32.7 
ota C!!'!.uon~tem 54.2 20.7 19.9 94.9 ZU.9 1~ 

Muon-HI 



Magnet System Estimating Basis 

• Barrel Steel Estimated Bottoms-Up From Conceptual Design Report 

• Coils Estimated From Preliminary Concept & Other Projects Ongoing 

• Forward Steel Estimated From Preliminary Designs & Barrel Estimate 

• Utilities Based On Vendor Estimates & Historical Costs 

• Support Systems Estimated Bottoms-Up From SSCL Conceptual Design Report 

• Forward Absorber Estimated From $lIb Based On Barrel Steel 

Muon·21 

Measurement System Estimating Basis 

• Drift Tube Estimates Based On Vendor Deliveries and Prototype Experience 

• Trigger Counters and Alignment System Estimates Based On Vendor Estimates 
& Physicists Judgement 

• Supermodules, Support Structure, Handling Fixtures and Transportation 
Estimated From Manufacturing Engineering Analysis And Production Simulations 
Utilizing The Resource Allocation Model (RAM) 

• Gas System Estimated Bottoms-Up By SSCL 

• Prototypes and Spares Factored From Manufacturing Costs 

...... ·22 

Muon System Schedule (continued) 

3.2 Muon 
Muon SubsYstem WBS 3.0) 

Measurement System 
1992 1993 1994 1995 1996 1997 1998 1999 

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 34 

ClPrOCU
I ClTube , sembly 

ClDesig Io.tn!nl 
3.2.1 DrIft Tubes ClShlp oSSCL 

I:;cn leslgn I:; CJProcure hanl enn llI1lallon 3.2.2 Support Slructure o Magn.1 
Clo.. ,Ian I:; I:;ClProe rement 

3.2.3 Allgnmenl Syslem 
I:;Prol type Allgr ~nlSysl ~Avalla 

ClFabrlCl lion 
e 

ClDeslan I:; ~oeurer .... 1 
3.2.4 Handling Flxlures Fabrlcanbn 

Q \lesign I:; b.C/Procu amenl 
3.2.5 local Ulllllles ClShl ToSSCl 

I:; 
C/Deslg' 
IProlotyl 

bC/Asse 1:;( Irroollng bly 
3.2.6 Sclntillalor Counlers C/Shlp SSCl 

ClDeslan 
urementl. s;;;;;, Mo 

ClPro brleallon 

3.2.7 Super Module Assembly 
uleAsse, bile. 

3.2.8 Gas Syslem 
ClDesi nl:; ~c;JProcu menl 

C/shl ToSSCl 

3.2.9 Transportallon 

3.2.10 Spares 

I:;s art Fullse Ie Prototy p. Fabrlca Ion 
3.2.11 PrololypaS ClFabrlCl lonlTesll nalysls 

Muon· 11 

Overview of Muon System Cost/Schedule Book 

• Introduction 
- Report Content 
-Cost Model 
- Muon System Configuration and Parameters 

• Cost Ground Rules and Assumptions 

• Review of Costs (Viewgraphs w/Facing Page Text) 

• WBS Dictionary (Definitions, Parameters, Cost Methodology by WBS) 

• Muon System Cost Evolution 

• Potential Upgrades 

• Schedules 

• Appendices 
- Costs by WBS Element (425 items) 
- Contingency Analysis 
- Engineering Estimates 
- Subsystem Detailed Cost Estimates 
- Detailed Schedules, Logie Flows, and Resource Listings 

Muon·2O 
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SUPERCONDUCTING SOLENOID 

R. STANEK 
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SUMMARY STATIlS OF COST DATA 

4.1.1 Superconducring Coil 

4.1.2 Power Supply System 

4.1.3 Conuol Dewar System 

4.1.4 Controls & Inst. 

4.1.5 Sarety Report 

4.1.6 Assembly & Test 

4.1. 7 Magnet Map Device 

4.1.8 Mgm't & Integration 

Cost/Shedule estimate: 
.Supplied by Japan 

Cost estimate: 
-Vendor quote 
-Engineer estimate: 

Cos I estimate: 
-Based on replacement cost 
of CDF control dewar. 

Cost estimate: 
-Engineer estimate based on 
communication with vendor. 

Cost/Schedule estimate: 
·Based on FNAL experience 

Cost/Schedule estimate: 
· Engineer estimate 

Cost/Schedule estimate: 
· Engineer estimate based on 
FNAL experience (Zip Track). 

Cost estimate: 
· Engineer estimate based on 
CDF experience. 

02753 
SDC SOlENOtl)/CltYOGENIC SYSTEM 

COST/SCllmULE DRIVERS 

PROTOTYPr: ~IAc.Nr:r 

S(}Li.!'JOID COil 

1I1·1.1l!~1 SY511.~1 

INS"I,\I.l ... \IIOf'l, & IUil 
"IN IIAI.I.·· 

4.0 SC ~IAGSTI 

-1..1 SC SOLFNOII) 

-1..2 C!{VOGl:NIC SYS'IT!<I 

~t"T'1. 
&< 

LAil 

29.2 

23.S 

5.-1. 

OliRATION 

2.15 HARS 

4.;-:; YIARS 

0.75 YlARS 

% SUB 

EDI" EDIA TOT 

.U 10% 32.3 

I.X 7% 25.(1 

J.3 19% (J.7 

SupcrconduCling Coil .If;,.l % of TOlal 4.1 COSIS - 75.8% 

~III [STONE 

rF.H 9-' TEST I JAPAN 

rEB 97 TEST IJAPAN 

JIJl 97 TEST/SSCl 

JUN !)g ~tAP MAG 

% 
CONT CONT TOT 

10.1 31% -1.2.-1. 

x., 33% :n.9 
I., 17% 8.5 

Helium Refngcl"'.llion S~slem as.l %of lotal-l..2 COSts _ ':;5.5% 

4.2.1 Refrigeration Systems 

4.2.2 Transfer Systems 

4.2.3 Aux. Crya Systems 

4.2.4 Vacuum Systems 

4.2.5 Sarety Report 

4.2.6 Assembly & Test 

4.2.7 Mgm'r & Integration 

Cost/Schedule estimate: 
-Vendor Quote 
-Engineer estimalc 

Cost/Schedule estimate: 

02752 

-Detailed engineer estimate 

Cost/Schedule estimate: 
-Engineer estimate 

Cost estimate: 
-Vendor quore 

Cost/SChedule estimate: 
-Based on FNAL experience 

Cost/Schedule estimate: 
. Engineer estimate 

COSt estimate: 
. Engineer estimate based on 
CDF experience. 
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COST NUMBERS SUPPLIED BY TAKA KONDO: 
WBS_ Coni. Base S 

PRCITOTYPE SOLENOID SS.4M 4.1.1.8 68% 3.27M 

Design. manalement S.36M 
Superconductor S1.1M 
Coil Winding S1.2M 
Cryostat & Cryogenics SI.OM 
Power Supply for Test S.86M 
MonilOlS S.14M 
Assembly & Inspection S.29M 
Excitation Test S.36M 

SDCSOLENOID $16.8 M 4.1.1 

Less Installation Costs. S1.1 M ............... $15.7 M 

Design. Management SI.4M 4.1.1.7 38% I.02M 
Supercondutor SS.7M 4.1.1.1 24% 4.60M 
Coil Winding SS.6M 4.1.1.2 28% 4.38M 
Cryostat S5.4 M 4.1.1.3 24% 4.36M 
Monitor System SI.2M 4.1.1.4 24% .968M 
Assembly & Inspection S3.6M 4.1.1.5 32% 2.73M 
Excitation Test S2.1 M 4.1.1.5 32% I.S9M 
Transportation S.71 M 4.1.1.6 16% .612M 
...• -.... __ ._-----_.-._-
Installation &: Test SUM 

140yen-SI 



Table s..11 
OYvaU ac:hedv.le ror dw prototype IOleaoid aDd the produet.ioD 
IOleDold. The J&p&DeM IxaI yur bepu April I or the 7HZ ........... 
JFY1991 

JFYI992 

JFY1993 

JFY1994 

JFY1995 

JFY1996 

JFY1997 

REALITY CHECK II 

Prototype Maillet Development 
-Superconductor fabrication 
-WiDd.ioc machine development 
-Outer support cylinder fabrication 
-bocrid vacuum wall development 
-CoU wiodloc 
-Cryostat element fabrication 
-Assembly oC the magnet 
-Cool-d.owu &Ad excitation in air 

Productioll Map.et Fabrication 
-Superconductor fabrication 
-Cryostat element fabrication 
-CoUwmdlo, 
-Mamet assembly 
-Mapl;et asaembly continued 
-Cool.doW1l &Ad excitation test in air 
-Transportation to SSCL 
-Cool.down and eXCitation in iron 
-Field mappinl 

• Compare Cost E:,timatc of SOC with LBL pap::r by R. Bym:, . 
·'Esnmanng the COlot of Supen:onductlng ~ag!ll:ts and the Retnger.lIors to 

Keep Them Cold·' 

Cost Equation, for SulenOld .\1agnets: 
.662 .662 

C()<IS) = O.523IE()<IJ)I = 0.523[1461 

3 .577 
C(MS).0.868[V(Tm )I .0.868[1451 

SOC EstimateS 

COSt Equations for Helium Refrigeranon: 
.7 .7 

C(MS) = 1.51 [R(kW)J = 1.51[1.51 

SOC EstimalCs 

,ao 
eo.. .. 01.,... in 1"1 Dolan 

I II I I 

~ ,. 
! 

I CUt(lll).l.5tRU (Rgt¥IInln~W) 

~ 
., 

I II I II I 

.577 

0 

"" 14.2 ~S 

.15.4 )<IS 

= 20.2 ~S Base 
5.5 MS Cont 

25.7 ~1S Total 

·2.0 )<IS 

= 3.6 ~S Base 
1.1 MS Cant 

4.7 MS TOtal 

I 

I I -HI 

I I I 
a 111111 I II I II - II I Tn 

'.o 

I 
! .. , 

, , I . " 
I I I I I I I I " 

11111:',,~I~ I I III 1111111 i III 
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I ............... (1M1l !...i-
, , IIII : '1 I ......... 11.,.·1 t+ I 

111111111 I 11111111 I II 1111----"" III 
• .o' .... , u, .. ' , .. 

Mellum Refrigem60n at 4.5 K (1IW) 

,. '00 

REALITY CHECK: 

* Compare Manpower Estimate of SDC with CDF Experience 

Magnet Support 

Classificarion: 

Engineer 
Engineer Assoc. 
Drafting 
Technicians 

Electrical Support 

Classification: 

Engineer 
Engineer Assoc. 
Drafting 
Technicians 

CDF Experience 

7.5 manyears 
1.5 manyears 
2.0 manyears 
2.0 manyears 

CDF Experience 

2.5 manyears 
2.5 manyears 
2.5 manyears 
5.0 manyears 

SDC Estimare 

7.5 manyears 
1.5 manyears 
3.0 manyears 
4.1 man years 

SDC Estimare 

5.0 manyears 
1.0 manyears 
2.3 manyears 
7.5 manyears 

Refrigerator Support 

Classification: 

Engineer 
Engineer Assoc. 
Drafting 
Technicians 

TOTAL SUPPORT: 

Classi fication: 

Engineer 
Engineer Assoc. 
Drafting 
Technicians 

CDF Experience 

6.0 manyears 
1.5 many ears 
2.0 manyears 
5.0 manyears 

CDF Experience 

SDC Estimate 

10.7 manyears 
1.5 manyears 
3.7 manyears 
6.8 manyears 

SOC Estimate 

16.0 manyears'. 21 <; 23.2 manyears, l.7.""L 

5.50 manyears! 4.00 manyears 
6.50 manycars 9.00 manyears. 
12.0 manyears ~manyears 
--;;;;- ~!.(. (, "Y 

It appears that the level of manpower estimated for SDC is 
comparable with that used for CDF in some areas. As expected, the 
level of manpower is higher in total. 
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SOC REAUTY CHECK III 

cm .. !PARE nil: SCALED l·!' !!!STORle\!. COSTS Or: Cl1F TO SOC fSTlt-.IATfS: 

CDF magnct in 1 <)83·8~ dollJ.ri COSI S .... ;'\I (()OO~I ~ cn) [1'·J.r;lmetcrs-30~1J and 1.5TI 

Scaled for innation = SS .. ~.'I i .... %. -; )t!Jrs) 
.662 

S(a\cdforstorcocncrg) -SI.:;.!t--1 iU~lfigfonnula; [1~6/30] ) 

* This comp:.lrc~ r~, or"Jbl~ ,,;Ih thc eo~ts gCl1cr.:ucd by UiL COSt equations. 

cnr refriJtcr~lIor;n I ')83~8"" doll;ln emt S I ~I IParJ.mctcrs-.6KW. FNAL labor] 

S<.-aJed for inn;Jtion - S 1.5~1 ((J'~, -; ~ c.J.rs) 
.7 

Scaled for refnger;ltion'" S2.9~1 (using fonnula: {1.51.61 

* This is more than Ihe costS gener..1tcd by the ~L COSt equation bul less than 
the quOtc from the ,·cndor (which is c.\.pectcd). 
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SOC Cryogenics System Cost Summary 

AetrtgeraUOn Systems 

ransfer Systems 

Auxullary CryogeniC Sppt. 

Vacuum Systllms 

Soloty Ropott 

.... mbly ... Test 

.. gmt. I: Integradon 

irotal crvoaonl .. SY.· 

'" '" '" 

.. 
'" '" 

'" '" 

~ 

'" '" 

.. .. 
" .. .. 
N .. 
'" 

"'g 
Mat'ls. Labor 

(Sk) (Sk) 

3.913 28 

668 424 

20 4 

189 42 

a 
10 82 

5 0 

4.807 580 

I ! 
= I : 

I ~ 

EDIA B_ Cant. 

(Sk) (Sk) (Sk) 

453 .,'31. 1,252 

418 1,5" 332 

43 68 22 

133 365 82 

104 106 2: 

23 115 41 

126 131 28 

1,300 6.6110 1.712 

, 

-.::.--

I 
I 

I 
I I 

I 
~ 
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Total wI 

Cant. Cont. 

"" (Sk) 

28.5 5.646 

22.0 1,843 

32.4 110 

25.2 457 

21.7 128 

35.7 156 

22.1 160 

26.8 8.482 
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Cost & Schedule 

for 

Front End Electronics 

H. H. Williams 
University of Pennsylvania 

for 

SDC Collaboration 

SOC Front·End Electronics Cost Summary 

. ~c.1 ng 018 
was Parameters Coal 

.Sub ... tam (Chlnnlls) ($K) 

1.2 $b1Iw Tracker 137.164 $12.711 

t.3.1 Colorlmotaf (SCA) 20.352 $9.315 

t.3.2 Sh_ MIll (SCA) 57.472 $5.9&1 

1.4.1 Muon WI,. Chamber 11.864 $3.48& 

~1.4.2 Muon ScinU'lator COunter &.73& $1,23& 

js.1 ... A Regloftlll Electronics ".600 $10.021 

p.1.4.51& Sys.lntag •• P.M. $1.153 

15-1 Front-End Subtotal· 311,588 $43,883 
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COal 
Formulli 

$6.1M. $48ICh. 

S3.8M • $271/Ch. 

$2.&M • $59JCh. 

$tAM • $23ICh. 

$O.3M. $1391Ch. 

$UM • $58ICh. 

$UM 

$IUM • $77ICh. 
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Comments on Costing Procedure 

WBS for most systems to Level 7 

Lowest level typically PC boards, custom 
IC's, special commercial IC's, connector, 
cable, etc. 

Most items based on recent experience or 
written/phone quotes from manufacturers 

• Costing of all systems reviewed in jOint 
session for consistency 

• Engineering estimates typically 3/4 - 2 years 
for PC boards, IC's (depending on complex) 

• Engineering estimates included for tracking 
production 

• Estimates assume much of IC design 
largely completed by Oct 1992 

Some Interesting Comparisons 

Straw Readout 

Calorimeter 

Shower Max 

Muon 

DAQ 

Trigger 

Total 

Eng. Manpower 
(mandays) 

2654 

3066 

1801 

5250 

12771 

9500 

19000 
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Online Cost & SChedule Summary (92.0S.08) 

SO man-years of effort 

o evaluation and selection of commercial tools 

o detailed high level design and review 

o development and testing of proto-type 
software 

o documentation 

o close cooperation with off-line, daq, 
trigger, detector sub groups. 

o supporVconsultation with various 
subgroups 

o frequent incremental builds of the system 

02774 

Online Cost & Schedule Summary (93.0S.08) 

Major Milestones: 

Data Structures etc. July 93 

Preliminary proto-types Jan 94 

SSCL testbeam Jan 97 

Level III routing & data logging Oct 97 

Muon system readout Oct 97 

Cosmic Ray tests Mar 99 

Online Cost & Schedule Summary (92.0S.08) 

Procurement 

o SO% of cost is hardware procurement and 
software licensing, assume some site licensing 
of well used products. 

o use "off the shelf' workstations, typically about 
100 Mips: 4GB disk, about $2SK each. Used in 
the online system and for development and 
debugging by the daqldetector groups. 

o some workstations will have higher performance 
some will act as fileservers, typically $SOK each 

o mass storage tape drives $3S0K 

Online Cost & Schedule Summary (93.0S.08) 

Variables 

o Extent of overlap with: 
- testbeam program 
- integration costs 
- offline software 

o Extent to which it is appropriate to adapt 
and reuse existing software 

o time spent coordinating with and supporting 
software efforts of other groups 

o degree to Which commercial software is 
appropriate 

o trade-off of quality vs man years 

o contingency ~ 30% 

A. Fry 
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Online Cost & Schedule Summary (92.05.08) 

Encapsulation of User Code 

Controllntertace 

Template Process 

User Code 
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SDC DAQ 
Cost and Schedule 

SDC DAQ Milestones 

Completion of DAQ requirements 

Completion of DAQ system design, incl. 
technical choices 

Completion of DAQ component design 

Portable DAQ for use in test beamsllabs 

Prototypes of all DAQ components 

Delivery of partial DAQ systems 
for subsystems 

Muon subsystem 
Calorimeter subsystem 
Tracking sUbsystem 

Installation of complete DAQ system 

Certification offull, working DAQ system 

02775 
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Nov, 91 

1993 

1994 

19if3 

1995 

Jan, 97 

? 
? 
? 

Jan, 99 

July, 99 
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J.l DATA A 

SOC DAQ c.. on.... (Mllaial) 

WISI ... U..CCIII ......... ..... 
UlstnON SYSTEM 
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SDC TRIGGER COSTS 

Item Cost (KS) Conting (K$) 

Levell: 14,589 4,855 

Track 2,706 966 

Calorimeter 5,342 1,691 

Muon 1,076 343 

Silicon 128 37 

Global 2,536 848 

Level 2: 6,772 1,949 

Track 378 110 

Calorimeter 522 151 

Muon 306 89 

Silicon 2,822 818 

Global 2,694 781 

Proj. Manag. 552 160 

Total 21,863 6,965 

. 278eE 

027!iEET 

Total (K$) 

19,444 

3,6i2 

i,033 

1,419 

165 

3,384 

8,671 

488 

6i3 

395 

3,640 

3,4i5 

712 

28,828 
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Trigger Schedule Milestones. 

Major Milestone 

Start Final L1 Design 
Test System Available 
Complete L1 Design Specs. 
Final L1 Design Review 
Complete Design of Level 1 

Start Final L2 Design 
Complete L2 Design Specs. 
Final L2 Design Review 
Complete Design of Level 2 

~~liver L 1 &: L2 Prototypes 
iIUtial Delivery of Trigger Interfaces 
Delivery of Trigger System Begins 
Begin Integration &: Test w (partial systems 
Begin Integration &: Test w(final systems 
Commission Trigger System 

l,2i86I 

Scheduled Dat, 

January 1991 
May 1993 

December 199~ 
January 1995 

June 1995 

January 199'! 
December 199~ 

July 1995 
December 199·: 

June 1996 
June 1996 

January 199~ 
June 199~ 

January 1998 
Octo ber 1999 
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Online Cost & Schedule Summary (92.05.08) 

50 man-years of effort 

o evaluation and selection of commercial tools 

o detailed high level design and review 

o development and testing of proto-type 
software 

o documentation 

o close cooperation with off-line, daq, 
trigger, detector sub groups. 

o supporvconsultation with various 
subgroups 

o frequent incremental builds of the system 
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Online Cost & Schedule Summary (92.05.08) 

Encapsulation of User Code 

Control Interface 

Template Process 
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Online Cost & Schedule Summary (92.05.08) 

Procurement 

o 50% of cost is hardware procurement and 
software licensing, assume some site licensing 
of well used products. 

o use "off the shelf" workstations, typically about 
100 Mips: 4GB disk, about $25K each. Used in 
the online system and for development and 
debugging by the daqldetector groups. 

o some workstations will have higher performance 
some will act as fileservers, typically $50K each 

o mass storage tape drives $350K 

Online Cost & Schedule Summary (93.05.08) 

Variables 

o Extent of overlap with: 
- testbeam program 
- integration costs 
- offline software 

o Extent to which it is appropriate to adapt 
and reuse existing software 

o time spent coordinating with and supporting 
software efforts of other groups 

o degree to which commercial software is 
appropriate 

o trade-off of quality vs man years 

o contingency ~ 30% 

0279~ 
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Online Cost & Schedule Summary (93.05.08) 

Major Milestones: 

Data Structures etc. July 93 

Preliminary proto-types Jan 94 

SSCL testbeam Jan 97 

Level III routing & data logging Oct 97 

Muon system readout Oct 97 

Cosmic Ray tests Mar 99 
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Technical Board Review 

513192 

Conyentional Systems 
WBS 7 

WBS Totals: 
$11.5M 

UM 

$14.2M 

Base 
Contingency 

Total 

7.1 Conventional Mechanical Utilities = $2.5M 
7.1.1 Deionizing Station 7.1.5 MCHW System 
7.1.2 HTLCW System 7.1.6 Detector Duct Work 
7.1.3 LTLCW System 7.1.7 Venting Systems 

7.2 Electrical Utilities = $1. 7M 
7.2.1 400 Hz Power 
7.2.2 Cable Trays 
7.2.3 60 Hz Distribution Power 

7.2.4 Grounding System 
7.2.5 IR Region Comm. 
7.2.6 Conv. Const. Interrace 

S:/~ .6¥wN~/}r J

~1't.PRI2fi::"'1C.. O"c.~ 

DLF.-2 

.4 J~' 
fj",.., 

T'(,.·:j 

.420 

""5" 

Technical Board Review 

513/12 

SOC 

U.S. Cost Estimate 

WBS Elements 7, 8, & 9 

Summary of SDC Detector U.S. Cost Estimate by Subsystem 

ProJect Mom!. • Oet. Integrltlon 

"8.4M (3%) '~~ 

HIli Conventlonl' Flcilities .'UM (2.4%) 

/ 
Inltlilition a T •• t 

"8.2M (8%) 

DLF.·I 

Tot •• FY82 U.S. COli Equl .... nt = S584M 
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:WBS' 7.1.1 

'WBSNAME 01 Station Sch TO S5 

was DICTIONARY 
BASIS OF ESTIMATE 

'ESTIMATE SOURCEITYPE " 2, 4 

1. VENDOR 
2. BOTTOMS-UP 
3. ANALOGY 
4. ENGINEERING JUOOMENT 
5. MANUFACTURING ANALVSISnE STANDARDS 
6. HISTORICAL 
7. PARAMETRIC~ACTORS 

02801 

[DEFINITiON IThe deionizalion Sla'ion consisis 01 Ihe liUers and deionization tanks 
with siandard carbon steet piping lor the raw water and siainiess steel 
type 316L schedule TO tor the deiomzed water. This serves as the make
up water system and poliShing system lor the HTLCW and LTLCW. 

r BASIS I Pipe sizes and lengthS are based on the conceptual design and drawings 
I presented in the SEFUR. A sketch 01 the pipmg layout at the equipment is 
I used fo' the malerlal take-oil with 10"1.. 01 the pipmg allowed for 
i fittings, Equipment and valvmg are aClual take-oM quanlitles. COSI of 
i controls is based on an estimated number 01 control points and an ! average cost per point, using engineering judgment. 

: An escalation lactor 01 10% is used On all vendOr supplied quotes to get 
. 1992 material costs 

The pipe manifolds are assumed to be SSCL shop fabricated With 
manhours based on either the 1991 MEANS or an estimating textbook, The 
same is true for the installation of equipment and valving. All procured 

I matenals and equipment are lemporarlly stored at SSCL and shipped 
. from the same place to the site. 

,The Installation aSSumes matenals and/or equipmant cost approximatelY 
equal to 1 % of tOlal subsystem cost. and Testing al about 1/2%. 

'The engineering portion is based On 4 drawings al 24 mandays each. 
l equally divided into preliminary and hnal designs wl!h resources EN. EA. 
I and OR proportioned as 25%.25% and 50%, raspedivaly, 

5.11 AppendiX K - '1 

02803 

~!~. ~;f ~~ ~ ~.~ ~.~ ~ ~~;, ~~?: ~T~ ~ ~~; • I i I::; I!: i! l 
I! i ,!: ;!! I! ' I! ! I, 

~I~:; ;.," ~ z.~ :;.,:; ;::; 0 ::::,~.;, :::::: ~ ~ j: ::."';O:!' ~ 

'Ii;; _'.'0 '00000,0 0 "'0 0 0' •• ,0,0 00 0" 

:I!:~ ~~.:::::. '/;"~,2" '" ~.;::.:;'.o :::::l!': ~ ;:::: ~.", ~'-::' "';": ~ ~ 

;,; "",. ~:,,;>. ~ i! 0; ~~ '0'"",0'"'; o, .• ~, 

.,~;! 

"1· 
1:_' JIll:! lit.!;;;. 

.1ii~ 'o'""':s 

I", , 

~'Q:~:~ o:~:~ ~ o.:::~;'; 

lo.;:::!!o.o ~ ~ 0 0'::,:: , 

':;'''~:'O!~;~!O=:~i~; : : 

~~!!":O'::·~:O'1::.~'~ 

o,~,:'o,o:*:~ 0 ~~~, 

:Oll:r
l 

li:~:; I~:#:'~:oi!!~'z o,~,i':;' !~:~'~'O:~'~'O'i :o·i 

·,t;;' , 

t;': i : 1 
'-I I , , , 

I I: i 1111; 
: I:'!! I i,!1 j j: 
I. ,I I" 

-ts:l::I:
1 



~ ~ -,. ~ 02801 

~j~ : .. ~;, --

- 2: 
3 C 
C 0: 
:'::-C 
=Z~ 

,......,~ 

C~' 

~~= 

=~~ 

--=~ 

'-

----- ~~ 
----~~--: 

~---

--S-... 

. -r-
---;-~.: 

i~! ~~-~~ 

WORK BREAKDOWN STRUCTURE 

'1 Hi <I! 

02806 

WBS: 7.3 
WBS Name: SYSTEM SAFETY INTEGRATED SYSTEM 

Definition: The system safety integrated system includes all pertinent safety systems 
associated with the detector. This includes oxygen management systems 
for both personnel safety and material conditioning, flammable gas 
management for personnel and equipment protection, personnel access 
safety systems, and emergency centers. The interfaces of these elements 
are with the detector and laboratory safety oontrol systems. This section 
contains engineering and materiaillabor costs. 

7.3.1 
WBS Name: OXYGEN MANAGEMENT SYSTEM 

Definition: The oxygen management systam provides Oxygen monitoring and 
enunciation through out the detector. The interfaces of this element are with 
the detector ventilalion system and the detector control center. This section 
contains engineering and materiaillabor costs. 

WBS: 7.3.2 
WBS Name: FLAMMABLE GAS MANAGEMENT 

Definition: The flammable gas management systems consists of monitoring. 
enunciation. and detection of flamma~e gasses of the detector. The 
imertaces of this elemlnt are with the mechanical gas mixing systems. th. 
detector subsystems and the detector control center. This section contains 
engineering and mate"alllabor oosts. 

WBS: 7.3.3 
WBS Name: PERSONNEL ACCESS SAFETY SYSTEM 

Definition: The personnel access safety system consists of the detector and pit 
access. h provides personnel access control, monitoring and procedu res 
for construction repairing and operation the detector. The interfaces of this 
elements are with the hall infrastructure, and the control centers. This 
section contains engineering and materialllabor costs. 

WBS: 7.3.4 
WBS Name: EMERGENCY CENTERS 

Definition: The emergency centers consists of save zones and emergency equipment 
In the detector and detector pit. The interfaces of this element are with the 
hall infrastructure. This section contains materialllabor costs. 
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BY: FSS 

8.1.3.1 FERMIv.B 

8.1.3.2 BNL 

8.1.3.3 

8.1.3.' SSCL 

TOTAl FOR WBS 8.1.3 

Prepared by Cos, ESlimOling Group. 

BY: FSS 

8.1.2,1 TEST SEAM DAD 

soc TEST IIEAIIPROGIIAM 

SUBSYSTEIlBEAli TESTS 

SOC TEST BEAll PROGRAM 
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8.1.1 Fixtures & Facilities = $1.7M 

8.1.2 Test Beam DAQ = $UM 

8.1.3 Subsystem Beam Tests = $S.3M 
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Contingency 
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Estimate method was to identify possibilities for off· and on·site beam 
tests and supply facility modifications, test cadre, data acquisition and 
processing systems, and test operations expense money. 
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WBS estimate Is: 

Subsystem Ipstallatiop & Test 
WBS 8.2 

$22.4M 
i..2M 

$27.3M 

Base 
Contingency 

Total 

Takes system components from "Top of Hole" and assembles, installs, 
integrates, and tests. 

Flnisbes with commissioning of detector - Ready to receive beam in 
October 1999. 

Strategy is to identify common facility tasks like crane operators, some 
riggers, tool crib personnel, clean-up crews, etc. and have tbose provided 
by SSCL under Facility Operations. 

Estimating method uses preliminary schedule and forecasts labor, 
material, and rigging contracts to install and test each subsystem 
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Installation & Test Major Milestones 

Installation • Test "alor Milestones 

Hall Availabil~y lor Support Syslem Installation 
Begin Conventional Systems Installation 
Muon Barrel Toroid Steel at T.O.H. 
Begin Muon Barrel Installation 
Hall Benelicial Occupancy (Baseline) 
Barrel T aroid Steel Complete 
Begin Electronics Installation & Test 
Muon Barrel Chambers at T.O.H. 
Coil Installation Complete 
End Toroid Steel at T.O.H. 
Barrel Cal. Toroid Ready at T.O.H. 
Phase I Muon Complete 
aegin Calorimeter Connect Sign8VPower Cool 
Solenoid & Chimney & Electronics arrives at SSCL 
Begin Solenoid Electronics Instailation 
Ready to Begin Solenoid Installation 
Muon End Chambers at T.O.H. 
End cap Calorimeters at T.O.H. 
Sotenoid Installation Complete 
Barrel Tracking System Electronics Inst. & Checkout 
Ready to Begin Solenoid Electronics Field Mapping 
Ready to Install Electronics for Tracking Syslems 
Ready to Begin Field Mapping 
Cantral Trackers Ready for Inst. at T.O.H. 
Field Mapping Complete 
Ready to Install Tracking System 
SilPixel Tracker Ready lor Installation T.O. H. 
Forward Calorimeter at T.O.H. 
Interm. T raeker Ready lor Installation T.O.H. 
Forward Muon System Ready for Installation 
Conv. Systems End Caps Calorimeter Installad 
Conventional Tracking System Installed 
Detector Ready to Reilin Forward Muon Toroid Sys. 
Electronics Tracking System InstailatlOn Complete 
End Cap Calorimeter Instailation Complete 
End Cap CaiS Installad 
Tracking Syslem Installation Complete 

4121192 
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Oct·95 
Oct-95 
Oct·95 
Jan-96 
Jan·96 
Aug-96 
Aug·96 
Aug·96 
08e·96 
08e·96 
Jan·9? 
May·9? 
Jun·9? 
Jun-9? 
Aug-9? 
Aug.9? 
Sep·9? 
Nov·9? 
Dec-9? 
Feb-98 
Feb-98 
Feb-98 
Mar·98 
May·98 
Jun·98 
Jun·98 
Ju~98 

Oct·98 
Nov-98 
Feb·99 
Mar-99 
Mar-99 
Mar-99 
Mar-99 
Mar·99 
Mar·99 
Mar-99 
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eegin Accelerator Work 
Main Detector Installation Complete 
Acceferator Complete 
Hall Conventional Systems Inslallation Complete 
Detector Turn-on 
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Apr·gg 
Apr-99 
Jul-gg 
JuI-99 
Oct·gg 
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Technical Board Review 

WBS estimate is: 

Project Management 
WBS 9 

$IS.9M 
UM 

Base 
Contingency 

$18.4M Total (3.2% of total project cost) 

Defined as overall SDC project management at SSCL supporting total 
project planning, tracking, administration, coordination, and integration. 

Includes: SDC project manager, chief engineer & starr. 
Project planning, tracking, and reporting 
Document control and distribution 
Detector integration 
ES&H, QA 

~27 FTE's x 7 Years = 192 FTE's = $18.4M 

Is augmented by Subsystem project management at lower levels of WBS 
elements I • 6 (about $22M to add to $18M = $40M or 7% of total cost) 
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Basic SDC Project Goals 
and 

Tools for their Realization 

GOAL 
• The detector must meet Its 

physics performance specs. 

• The detector elements must 
work (technical performance) 

• The detector must be ready 
on time (schedule performance) 

• The costs cannot exceed the 
funding provided 
(cost performance) 

TOOL 
• Physicist oversight, 

Insight and reviews 

• Engineering reviews, CM 
and QJ A Programs 

• Management role, I.e. 
planning, tracking 
and resource allocation 

• Value engineering, early 
procurement, and vigilant 
production oversight; 
vigorous sponsor solicitation L-___________________ ~ 

Strategy for Detector Work 
• Offsite Design & Production to Max Extent 

- u.s. Sources 
- Non-U.S. Sources 

• SSCL - Based Integration & Installation 
- Installation at SSCL is Intrinsic 
- Integration has three key areas of application 

- detector subsystems 
- machine/detector interface 
- conventional facilities interface 

• Beam Tests I R&D Activity 
- FNAL In early years 
- CERNIBNUKEKlBEPC for special studies 
- SSCL after 1996 

• Management and Tracking 
- SSCL - based for high level aspects 
- Offsite - based for subsystem level aspects 
- Coordination/liaison personnel as needed 

• ESH Aspects 
- Installed elements must meet SSCL standards 
- Offslte activity must meet local standards L-______ ~ ___________ ~ 
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The Project Manager's 
Dilemma ... 

TECHNICAL PERFORMANCE 
better! 

A 
cheaper! 

COST 
PERFORMANCE 

faster! 
SCHEDULE 

PERFORMANCE 

;: ., 
e?.OO 
[0 
~(j 
til ..... 
§~ 
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til •• 

~(D 
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Once the basic mission has been Identified, Its execution 

becomes a continuous struggle to stay within the sponsor's 

triangle of acceptability. 
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Measurement and Reporting 
Overview 

OlE Rev. 2-19-92 

An integrated cost/schedule/technical Performance 
Measurement System (PMS) will be utilized on the SOC 
Project, in order to support SOC project management 
and reporting. Based on the SOC WBS, and the 
baselines established following establishment of the 
approved SOC Technical Design, the SOC will establish 
monthly performance measurement reporting. For SOC 
activity performed at non-US institutions, or involving in
kind contributions, special procedures will be 
implemented to track schedule and technical progress. 
In most cases those special approaches will be spelled 
out in individual institutional agreements established by 
SOC management. 

~---------------------~ 

o 
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Detector 

I 

r 1 I l 
Tracking Muon Electronics Project Conventional 
System Systems Systems Management Facilities 

1.1 1.3 1.5 1.9 1.7 

Calorimetry Super. Computing Installation 
Systems conducting Systems & Test 

Magnets 
1.2 1.4 1.6 1.8 

---------------------~ 

Detector Cost ConSiderations 

• The cost estimation and tracking will follow methodology 
described in the SOC Project Management Plan (PMP) 

• Resources to meet the approved cost elements will be 
provided through multiple U.S. and non-U.S. resources 

multiple accounting methods for foreign 
contributions 
resulting cost tracking will be evaluated using 
SSCL methodology (U.S. protocols) 

• Reporting on project evolution will follow the prescriptions 
identified in the SOC PMP 

• Oversight and review of the cost performance will be 
carried out as prescribed in SOC PMP 

o 
N 
00 .... 



STATUS OF RESPONSIBILITIES, 
RESOURCES AND FUNDING 

G. TRILLING 
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Solenoidal Detector Collaboration 

International Funding Plan 

0284fi 
and the subsistence costs of conabarators from those countries in connection with their SOC
related visits to the SSCL or other institutions. These compensatory payments wlli not exceed 
50% 01 the estimated U.S. coSIl tor the items being provided. 

Taking account 01 the In-kind contributiens, and. where ralevant, the compensatory 
p8yments. we obtain the subsystem by subsystem lppOftionment 01 detector costs shown in 
Table 2. The tot .. s given In Table 2 for the non-U.S. contributions represent the U.S. 
EOUIVALENT COST OFFSETS.1I1d do NOT __ 1 ... totals 0' Iuncfs actually being requested in 
1hI Vanoul counlrteL Accounting prIICticn In each country are dtffarent: and, In many cases, 
moat IU)of COlli IIIOciatllCl with delign and Iabriclltion are nparated out Irom the funding 
roque"',..,1Ike U.S._. 

. The numberl given in Table 2 are very pretimlnary and represent the present status of the 
dlvilion el responsi)ilitlas among the countries in~vllCl in the SOC. As the design of the' 
delador avolves, tha national responsibilit"s will become more precisely defined. In the 
lections below, we delcrlbe In ganeral terms the responsibilities of the various countries in 
aa::h lUbIyslem. A summary o. the general funding situation in each country is also provided. 
This document provides e fnlmIWOfk tH' mora detailed agreemenll to be worked out between 
these countriel and tha DepanrMnt of Energy anQIOI' the SSC Laboratory. 
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INTRODUCTION 

The Soktnoidal Delector CoUaboration (SOC) is proposing 10 design and bui5d I large. general 
purpose detector 10 pursue a broad range of physics goals af the Supel'COnducting Super CoIlider 
(SSC). The SOC Is comprised of approximauHy 100 insrilulions from throughout the worid. The 
distribution and number of the inslltuUons is summarized in Table 1. About 900 physicists and 
engineers are presentty involved in the design of the SOC defector. The design, conslruCtion and 
eventually operation of the SOC detector will be the respensibility of Ihe participaling 
institutions and their respective staffs. Funds tor the design and construction of the detector 
wiD be provided by the countries invoMtd through the laboratories and universities who are 
members of the SOC. This document summarizes the pntSenl understancing of the diYt.ion of 
responsibilities among the various countries wfthln the SOC for design and construction of the 
detector subsystems and also provide. I brief overview of the funding situation within each 
country. Negotiations 8S to the divisions of responsibilitieS between collaborating groups are 
further advanced in some subsystems than In others, and, in such cases, are reftected In specifIC 
percentage divisMms of effort. In most cases, the divisions are sUII under discuuion, and no 
specific percentages are given. 

Table 1 
Celleboratlon Institutional Member,hlp 

Brazil 1 institution 

CaaB 7 institutions 

China 2 institutions 

Commonwealth of 9 institutions 
independent States 
Eastem Europe • institutions 

France 1 institution 

Isra81 1 institution 

italy 3 Institutions 

J_n 17 institutions 

United Kingdom • institutions 

U.SA. 53 in titutions 

COST SUMMARY 

The cost of the SOC detector has been estimated in detail by using standard U.S. estimating 
practices and the detailed costs are aummarlzed el.ewhere'< 1) To a large extent the 
contrl)utions to the design and fabrication of the detectOl' companenis from outside the United 
State. wiU be in the form of in-kind contributions totally funded by the countr"s Involved. In 
the case of the member states 01 the Commonwealth of Independent Statls (CIS) and the PttOP'eS 
Republic of China (PRe), hard currency compensatory payments from the United States or 
other SOC collaborating counlnes may have to be provided to defray the costs of klcaI industry 
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Table 2 

SOC Funding 
u.s. Equlv ... nt eolts 

Estlmatad 
Call 

MS 

~~kiiii":~.f~-:a~:·::",~~ ,*,T;E'!3' 
t'~1 Silicon Tracker 41.2 

1.2 Straw-Tube Batrel Tracker 31.5 
1.3 Gas Microstrip Inlennediate Tracker 16.1 

5.2 Oala Acquisition System 
5.3 Trioger System 
5.4 Control Syslem 

U.s. Non-U.S. 

"" MS "" MS 

~TP::s~~IE~ 
86 27.1 34 14.1 
07 30.7 3 0.0 
o 0.0 100 18.1 

~-.,tf~~:·:·,~: .:~-:~','..:~-7!i_\~ ~f8;.3~=' -;:~I.· 0°'-:: . ...::-8.~.:~;.:: ':~~I ~~=~~::~ 
6.1 On-U'" Compuling 

tn:;40~T~ua~Csi.t~m. "::~ ~.i."Z' ::1cfo~: ".".12£.:S~ Jo~::;~~O=-:W<.,l!::o ,-
7.1 Mechanical Utlllll'S 2.5 100 
7.2 Electrical Uhlitll& 1.7 100 1.7 0.0 
7.3 Safety Systems 3.6' 00 3.6 0.0 
7.4 Struclural Support/Access Equipment 6.4 100 6.4 0.0 

pI~~.la~on &.~,r .. i ,. ~A~:.:}l":.-:;C::B1: ';:;!~:2~ 
8.1 Test Beam Program 8.0 
'.2 Inslallallon & Test 27.3 

i "ProfeCr ·Uan.aement··~--- <'<"·~77~ '~"':4 "';' 

Total $M 51. 

:'.0 as.~ 
6S 
6S 

.23:~;::: -':~.';:; :J.jq;:< 
5.7 35 3.2 

17.7 35 9.6 

377 207 .. '" ,.% 
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TRACKING 

Sjlk:pn T,p,' 

The c:onSlfuctio" of the siliCon subsystem will invotve a I.rge internalional collaboration 
wUh Ihe following ,,8n8ral interests: 

.. High precision vertexlng • Halian and U.s. groups. 
b. IntegraUon and testing of barrel de1eClor • Japanese groups. 
Co Integration and testing of forward diak deleCtors • U.S. groups in collaboration with 

'''lian groups. 
d. MechanCaI Integralion of fuO system. U.S. groups. 
e. Development of OAO and Trigger for silicon (mentioned to, COmpieleness, but discussed 

In OAO and Trigger budgets) - Collaboration 01 Italian and U.K. grouPS. 

. ~ the ~e geographical spread 01 activities. we plan 10 have a unit;ed design. lIems 
will be ~red In the most.c:ost-effec:tive manner and Ihen distributed 10 Ihe groups focusing 
on specific parts of the full SIlICOn detector (e.g .• barrel and disk regions). 

Gwen this approach we foresee the IoUowlng contributions from non-U.S. groups: 

1. The venex-orienled inner detectors (5% of tolal)-Italy 

2. The remaining detectors (95% of IOlal)-Japan 

3. The assembly of modu~s. and Ihe bonding and lestlng for lhe barrel (35% of IOtal 
module assembly costs) . Japan 

•• Mechanical support structure. tor barrel (10% of tolal mechanical costs) - Japan 

5. The assembly of modules inro structure (35% of assembly costS) - Japan 

6. The lIssembly 01 modules, bonding and IM&ing for Iotward diSks (20% 01 total moc:Iufe 
assembly costs) . Italy 

7. Purchase 01 fronl·end electronics {25% of IOtal front-end electronICs COSIS) - italy 

8. Purchase 01 power supplies {100% 01 lolal) - Italy 

In ~bn, should J!le COllaboral!On proceed with Ihe addition nf ptxel detectors (inilially or as 
an upgrade) lhe I~II~ groups Will contr~e 50% of the pixel costs. The remaining sySlems. 
including the remaining fronl-end electronICS, will be responsibilitieS of U.S. groups. 

Barr@1 T"cker 

. We ~re considering two allerna~Ne options for the barrel tracker: a straw tube traCker or a 
SCnlllallng-tiber tracker. The design and fabriCation of eith.r opllon for the barrel Iracker is 
almolt completely a U.S. relponsl~liIy. In Ihe case of Ihe straw tracker. Japan will conlribute 
etton for the mechanical mounting of Ihe eieclronlcs, since Japan will have Ihe major 
responSibility for Iha electronics {see front-end electronics leetlan). In the case of Ihe 
~lnllll~lIng fiber Iracker, Japan and IlJIly could contribute Ihe full fiber ribbens. and 
discuSStOns .... u~ way. An other aspects of belh options would be a U.S. responsibility. 

02850 
MUQN SYSTEM 

The muon S)'Ilem will be designed and fabricaled by a collaboration of U.S., Japanese. and CIS 
groups. A contrbltion by Italy is also being discussed. The u.s. and CIS groups will collaborate 
on the design and llIbric:ation of the muon forokfs and magnetiZing coils. The U.S. and Japanese 
groups wiU work together on 1he barrel and Inlennediale chamber systems and Ihe U.S. and CIS 
on the forward muon chambers. Produclion of the scinlillation counters will be Ihe 
responsibility of thl CIS, Ihe U.S. and pouibIy Italy. 

Thl viability of ~n.slruction of a. thl Iron IOroids In tha CIS is presently under study. 
incIudng the delannlnatiOn 01 CDmpeI'IAtoIy paymenlS. Design of the barrel toroid wm be dene 
primarily in the U.S. with lOme conlribution from CIS groups. Delign of Ihe forward llroidl 
would be spHt between the U.S. and CIS. CIS would contr'b.Ile materials tor the construction 01 
.... coils for .... ba .... _Id. but design _ '_ion would ..... place In Ihe U.S. CoUo for 
Ihe forward lOroidl would b. designed and fabricated In Ihe CIS. Power supplies wtll be 
~ by the U.~. :he U.S. would design Ihe support structur" for Ihe toroids. Potentiaf cost 
Shanno on 1he fabricetiOn of lhese support structures is yet to be negotiated. 

T~e U.S. and J~n will coDaborate on the preduction ollhe muon chambers tor the banel 
and Inlermedlale regtOns. The U.S. Ind CIS will shari the responsibility fOr .he forward 
chambers, with most of the chamber fabricalion OCCUrring in the CIS. 

Ihis ::o~s= Ilro.'t:~S=~'Y and alignment will be primarUy beme by Ihe U.S.. since 

$c;!oUII.tlpo .ad C.[ftOkpy Cpl/Ollet 

Th. CIS, Italy and Ihe U.S. shall have Ihl mainr responlibllily for fabricallon of 
scintillation counters. wilh cnmpensatory payments shared betw"n the U.S. and lIaly. The U.s. 
will Shar. rlsponsibility for design and production. and have final responsibility lor assembly 
en Ille. The malor r.sponsibility tor lhe Cerankov opl/on will be in Ihe CIS which will be =:::.: ~~~~= . ..=ig,~~ and support slructure fabricallon. Desig~ werk will be 

FRONT-ENO ELECTRONICS 

aarrel Strew Tr'cker 

Jepan will dlslgn and produce the str1lw lube fronl-Ind electronics In collaberation with Ihe 
U.S. Primary responsi~lity for manuf8C1ure 01 chamber-mounted Iront-end beards will be 
Japan.... U.S. R&D on radialion-hard amplifi.,·shaper-discriminalor and dala-collection 
chip (OCC) IC's wiU conlinue. Prmary responsibility 'or Ihe mechanical Inlerface of front
end boa~ds 10 1he chamber. will .be U.S .• a. will primary responsibility lor Ihe nearby. on
dllector Interface cards. II IS estlmaled that, In these efforts. Japan wouid carry mosl of Ihe 
straw lube front-end electronics cost. wtlh Ihe U.S. carrying the rest. 

Fiber Tradser 

The U.S. wil carry full responsibility for front-end electronics. 
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Gas Mk;rO$!rjp Intermediate Tracker 

Groups from Canada and the United Kingdom will request. at an appto~riale Ii,me. their 
respective funding authorities to make available the necessary resources to build and ",stali the 
detector, ils support structure. front end electronics, utilities, trigger and DAO syslems. There 
is 08neral agreemenl among the groups that the funding wiii be spiit approximately 50'50 
between Cana:ia and the U.K. 

SUPERCONDUCTING SOLENOID 

A prototypo 01 the superconducti"O magnel is presenlly under construction In Japan as a 
c:dlaboralive effon between Japan (90%) and .he U.S. (10%). The U.s. is responsible lor the 
protntype vacuum vessei. The final magnet will ~ produced eXClusively In J~n. ~~d the 
Japanese group will be responsible for IransportaliOn 10 Ihe U.S. The respon.slbilll"S for 
instaUation. the cryogenics system, Ihe power supply systems and the fteld-m8ppl"O systems 
are under discussion between the U.s. and Japanese groups. 

CALORIMETRY 

Central Calprjmetry 

Significant conlributions 10 cenlral calOrimetry are expocted from France. lIaly, Japan. the 
PRC, and possibly the Russian Federation. Contributions to the mechanical structure of .Pb and 
Fe absorber plateS are being discussed with institutions in belh the PRC and RUSSia. The 
scintillator tiles must be cut. poliShed. and grooved. Wavelenglh shifting fibers (WLS) are Ihen 
installed wilhin Ihe grooves and spliced 10 ettar fibers which run 10 the phOIO mutlipU.r lubes 
(PMn which are facated on Ihe rear of Ihe calorimeter. The fabricalion and tesling of Ihe 
tllelfiber assemblieS wiil be the responsibility of lIaly, Japan and the PRC. lIaly and Japan 
will share PMT procurement and testing. The shower maximum delector (SMO) striplflber 
assembly will be solely the responsibility of France. while the SMD transducer precurement. 
test, and screening will be Ihe joint responsibility of Italy and the U.S. 

The assembly of the optical syslem inlo the absorber structure will be dene by the U.S. 
institutions. The assembly of Ihe PMT Into Ihe calorimeter tower struCIUre will similarly be 
done in rhe U.S. The signaVHV bases will be buitt and lested joinlly by lIaly. Japan. and lhe U.S. 
The somewhat different SMO bases will be built and listed by Italy and the U.S. The calibration 
system is inleoral to the oplical assem~y and quality control. Therefore. It will be ~ne 
entirely in the U.S .• where final assem~y into the absorber slructure takes place. Th. high 
vol1aoe power supplies for Ihe PMT will be jointly purchased by lIaly. Japan, and Ihe U.S. 
Possible coSI sharing among counlries tor Ihe design and conslruction of the support structure 
has not yel been negoliated. 

Fgrward Calorimetry 

It is e"pocted Ihat the Canadian SOC grouP will request funding Irom Canada to cover the 
Forward Calorimeter as a complele subsystem. The Subsyslem will consist. of Ihe delector 
itself. power supplies, tront-end eleclronics. calibration and monitoring systems, trigger 
electronics. and the data acquisilion and control syslem. While the lostallalion will be mostly 
performed by SSCL personnel, the Canadian group will help to provide manpower tor 
inslallalion. 
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C.olr,' Calgrimetry 

The U.S. will carry full responsbility tor the tower fronl-end eleclronlcs. 

Franca will adapt the design of the front-end electroniCs ef Ihe calorimeter towers tor the 
,..,ant photodelectorS, dynamk: range. and trigger 1n\«feCI required for the thower 
maximum det.ctor (SMD) slrlps. Th. design will uH the cunent splitterlintagrator or 
NiIched capacitor array (SCA) ASIC's develQped for the cafonmellr lOWers. Franca and Italy 
.. _ ....... ~o,tho .. __ for". SMD. 

Fprwlrs:t ljetgrim,rry 

Canada wlll acsapI the dHign Of the fronl-end electronics of the caforlmeler lowers for Ihe 
IIPPOPriOt ec:t"'e media and se;men .. tlon In the toNtatCt calorimeter •. Canada will labricate 
aU front-end electronics beards and cratlS. Including purchase of ASIC's common with the 
centra' calorimeter. 

~ 

Japan and the U.S. will collaborate on Ihe design of fronl-and electroniCS and the. mechanical 
interface of electronics to chambers. The design envisages use of Ihe same amplifiar-~aper
discnmlnatOr (ASD). Ume memory cell (TMC). and L .... el 2 buffer (L2B) AStC's as destgned 
for the straw traCker. Japan will labrlcate Ihe front·end electroniCs boards. Includl~ 
purchase ot ASIC'S for the banel and intel'l'T18diate Chambers. The U.S. will purchase the ASIC I 
tor the forward cl'lambers and the U.S. and CIS will share Ihe labricatlon ot the Iront...and 
ef8CIrOnics tor the torward dtambers. The U.S. and ltaty will design. and 1M U.S .• lIaty. and CIS 
will provide the PMT bases and preamplifiers for muon ICintUlators in all angular regions. The 
LPeI 1 and Level 2 slOrage and trigg.r Interfaca tor the sctrltiaators is induded on the same 
front-ond boards as for the chambers. II is axpected lhat Ihe Japanese effot1 will amourn 10 a 
major part of the muon front-end electronics cost; and that. including componSa1ory payments. 
Ihe ramainder will be spiit between the U.s. and CIS. 

DATA ACQUISITION SYSTEMS 

Slime Tracker 

Italy (50%) and the U.K. (50%) wnt collabor~~e on the ~Sign and fabrication at all off
detector readeut electronicS and software specifiC to Ihe silicon tracker, Including Level 2 
buff.rs, crates, OAO CPU's, Unks 10 Ihe evenl builder. end lrigger control. modul~S .. Much 01 
this electronics is in'lOrai with Ihe silicon traCker Level 2 trigger electroniCS, which IS ihared 
by ltaty and lhe U.K. In the same proportion. 

S.([,I Tracker 

The U.S. will cerry 'ull responsibility lor the straw tube and fiber IraCker DAQ systems. 
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Gas MIGmS'tjp 'OI"anftdj'" Trachr 

Canada (50%) and the U.K. (50%) will collaborate in adapting tne design of s1.I~ tracker 
otr-dal8Ctor .6eC1rontcs 10 the gas microslrip Intermediale tracker and on the fabricatIOn of all 
off-daleetor readout .Ieclrontcs and software specinc to the gas microstrip intermediale 
nc:ker, including Level 2 butlers. Ctales, DAQ CPU's, linkS to tn. ev:enl tM;Jilder. and I~oer 
control modules. Much ot this electronics ts integral with the gas mlCfOstfl) Leve' 2 tngger 
etecIroniCs. which is shared by Canada and the U.K. in the same poportion. 

Fgrward C'!grime'er 

Canada wi. design and fabricate all data acquisition electronics and software specifIC to 
forward calorimeter, including crales. CPlfs. links. and trigger conb'ol modules. 

Japan and the U.S. will collaboration the design and fabricalion of all data acquisilion 
llectronics and software specific to the muon system. Including crates. CPU·s. links. and trigger 
conlrOl modules. 

QtynIpMl·nt qat.S "'; 

The U.S .• Japan, Canada. and France will collaborate on tne design of the ponion of the data 
lCqullition sYltem whk:h is not spec1rtc to panicular subsystems and whlc,h lies ~pstream of 
tne event builder, Its input queuing logic. and the Level 3 farm. Canada Will contribute to the 
design of data collection from front-end chIpS. France will design and fabricate dedicated 
modulel necessary lor hterarchlc:al control and data access of subsystems (eg: subsystem crates 
or local data nodes). Japan Ind tne U.S. will coUaborate on specification and design of fiber OPtic 
data links. and Japan will provide the IIMS. The U.S. will design and provide other components 
which are common to all subsystems. 

Event Allik1er pr EquiValent 

Japan and tne U.S. will collaborate on tne design and fabrication of the event builder or ils 
equivalent. including the input queuing and data balancing lOgic, data linkS 10 tne Level 3 farm. 
and the controt and monitoring nerwork 

Japan will provide 30% of the processors in the Level 3 farm. the rest being provided by 
OlIo U.s. 
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INSTALLATION 

Our eslimale for InstallatIOn and in·place testing of detector syslems Includes all costs 
lIIOCialed wllh installation and tlSl of subsyst.ms In the underground halt and instaUation of 
data KqUisition Ind tngoer .lectronlcs and on-line cemputing in the surface operations centar. 
HenOl. the cost of Ingineering Ind lechnical labor during this period Is cevared under the 
instlllltion COSI. The .nginHring and technical staff In each country Ihat will be responslb'e 
lor delign and fDiclltion of I particular component will abo. in general. be responsib61 for its 
instal&aUOn Ind lesl. aided by SSCL , .. ident alaff. Thl cost of tnlH staffs Is included in lhe 
Installation Istlmate. As I result. WI Ire Ixpecting the U.S. to bear about 65% of the 
Inl1a1"lion. tn. remainder being dlltributed among other countries in rough propertlon 10 
lhelr overlll contributions. 

TEST BEAM PROQRAM 

The bulk of test beam work wnl be done In Ihe U.S. and primarlty supported by the U.S., 
anhough IU the ceunlries wid help IUpport lest beam work "'evanl ~ tne systems which they 
are contributing. Testing of redialton damage 10 calorimeter modules will also be conducted in 
France. Japan and tn. PRC. Muon chamber beam tests will also occur in the CIS and Japan, gas 
mlcroltrip tlSlS In Europe. and siliCon module lests In Japan. 

CONVENTIONAL FACILITiES 

Responsibility for mltChameal and electrical teChntcal systems to connect the detector to 
Ilr-condlUonlng. power. water. elC. will be berne by the U.S. Safety systems and other 
conventional facillUes (shops. acaffolding, etc.) will also be U.S. responsibiliUes. Possible cost 
sharing wfth non-U.S. coIlabor.etOtS Is under discussion. 

PROJECT MANAGEMENT 

The SOC overall Project Management will be located at the SSCL and will be a U.S. 
re.ponsibilily. 

11 
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TRIGGER 

Silicpn Tracker 

Italy (50%) and the U.K. (50%) will collaborale on design and tabricaUon of the Level 2 
silic.on traCker trigger. Much of this eleclrontcs is integral with Ihe silicon tracker dala 
acquisition etectronics. which is shared by Italy and the U.K. in tn. same proportion. 

Baue' Tracts" 

The U.S. will carry full responsibility for the barrel Iracker lrigger systems. with eilher 
straw tube or fiber oplions. 

Gas Micmstdp Intermediate Tradeer 

Canada (50%) and tne U.K. (50%) will collaborate on design and fabrication of Ihe Level 1 
and Level 2 gas mtcroslrip intermediate tracker triggers. Much of this electronics Is inlegral 
wilh the gas microstrip intermediale trackar data acquisilion llecIrona. which is shared by 
canada. and tne U.K. in the same proportion. 

The U.S. win desjgn and fabricate the Level 1 end Level 2 central calorimeter lrigger 
systems. Canada wiU adapt the deSign of the Level 1 and Level 2 caIorimeler trigger electronics 
10 the forward calorimeters and will fabricate the trigger electronics specific to the forward 
calorimeters. France will design and fabricate tne Level 1 and Level 2 calorimeter Shower-max 
trigger systems. 

Japan and tne U.S. will collaborale on the design and fabrication of the Levelland Level 2 
muon system triggers. While Japan will focus on the barrel and intermediate muon systems. 
and tne U.S. on tne forward muon system. it is envisaged that the designs of the trigger systems 
lor aU these regions will be very similar. 

Glgbel Leyel 1 ,ad 2 

The U.S., France and Italy will carry responsibility for the Global Level 1 trigger. 
cIockIcontrol syslem. and Global Level 2 triooer. 

CONTROL SYSTEM 

The U.S. will carry full responsibility for the control system for eleclrcntcs systems. 

ON-LINE COMPUTATION 

Japan wI!! carry rasponsibility for 30% of the high speed magnetk: storage devices. The 
U.S. will have responsibilily for the remainder of the storage devices as well as all other 
Ispects of the hardware and sotrware lor the on-line system. 
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CANADA 

The responsibilities of the Canadian groups within SOC will Indude tn. following: 

1. Full rasponsibility for the forward calorimeters. Including mechanical. electronics. 
trigger, DAO and calibration functions. 

2. Shared relponsibllity with the U.K. for the full Gas-Microltrip Intermediate Tracker. 
Including mechanical, electrenics, trigger. DAO. and calibration functions. 

3. Panicipation in design and development of tne general DAQ system. 

... Participation in installation and .. st beam ettona r.e'-tvanl \0 the forward ceiorimetry 
and Ihe gas-microstrip tracking detectors. 

FUNOING STATUS 

In 199211993. for the first lime. 1he Canadian groups havl been awarded sutrlClent funds 
10 pursue a 'easonab'e R&D program. We expect that this ·operating- level of funding will 
continue. and increase in-line with the developing situation. 

The aarliest date for substantial construction funds is AprH 1993. which would entail the 
IUbmission of a propolal in Summer of 1992. Such a funding request would be for a -Major 
Installation Gran ... In the past (ag. ZEUS) such funds have been Iwarded for tna construction of 
I designed and deveklped syltem. Given the schedule for botn1he Intemedate Tracker and the 
Forward Calorimeter. this may be a somewhat optlmisllc schedule. If -Major installation
money is not requested by Summer 1992. Ihe aarilest dale thai thase funds could be awarded 
would be April 1994. in view of this dall. wa are invesllgatlng tess conventional avenues of 
funding. whk:h do not have such a strict annual rhythm. 

The final level of funding may dapend on tha laval of Canadian enthUSiasm for such 
attamative projects IS LHC. There is a sman Canadian invotvement in LHC devalopments. bul. 
at present. tne level of activity on SOC is much h'Oher. 

12 
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PEOPLES REPUBUC OF CHINA 

The PRC groups' InvOlvement in the SOC detaclOr will Indude the toUowing: 

1. TnUng el radiation ""'"- __ risles 01 __ wIIh .... BEPC Onac. 

Z. CakM1rneter WLS fiber cutting. end poashing. slvering. splk:Ing 10 dear !b&rs. and 
testing of the resuiUng .... mbIies. tor a traction af all tn8-__ r asambhes. 

3. Barral calorimeter .... 1 abSOrber fabrication and as.sembfy by Chinese Industry are 
under negotiPon. 

FUNDING STATUS 

The PRC DI'OI4» Intend to appty to their funding authorities tor resources raWiant to he,!,s 
1 and 2 and to the support of lnc;IuSlrlal Darson ralevant te Item 3. preliminary Industr.al 
contllCtS • for the .... 1 fabricaUon haY. been made by IHEP Beijing, and the provil6on of the 
IIbIorber approved at the leval of the Academia Sina. The U.S. will have to provkte 
~ payment tor the Iteel aorber II • level not to exceed 50'4 of the estimated U.S. 
COIL 
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FRANCE 

FRENCH RESPONSIBILmES 

TIle __ of .... French!lfO~ _in .... SOC include .... Iollowing: 

1. Ful ~Iy Ior..-- _Ion el Ihe _, MaxInwm 00_ 
(&MD). including PfOVIalon 01 all tilolllbo, ... embI .... 

2. _ of pari 01 SMD Ironl...., .Iectronlcs. 

3. Par1IcipaIlon in design and praducIIon 01 lhe triggllt Inc:IudIng !he SMD and Global 
Level 2 Irigg .... 

4 .... _ 01 SMD. and __ ...... _ 10". SAoIl. 

FUNDING STATUS 

02858 

It Is expeded that the COlts Incurred for the SOC tasks can be covered from tha Seelay 
budget. The aIocatlon In capitll funds expected to be avatlable from 1991 to 1998 totals 20MF 
(.t»ut 13.8M,. end the allocation In engineerlnglted'lnician manpower I. 130 man·yaars. Any 
excell cost tor the above hems wII have to be covered elsewhete In the CoIJaboration. 
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CONFEDERAnON OF INDEPENDENT STATES 

Negotiations in progr.ss ar. aimed IOward .~tabl~hinQ the following araas of potential 
responsibility for SOC groups from the former Sovl8l Union: 

1. PartiCipation in the design of barrel and forward toroids. 

2. F abric8lion of the barre-! and forward IOf'Okis. 

3. Provision of copper tor the colis In the barrel IOI'Otd. 

4. Oeslgn and fabrication .f the coils for the forward toroid. 

5. Design and fabrication .f the absorbers in the forward muon systems. 

6. participation in the design .f forward muon chambers. ICinIDLatton counlers for ali 
parts .f the muon system, and the Cerankov counters (If IIwI opdon is 8dopIed). 

7. Fabrication of major part of the forward muon chambers, SCinlUlalion counlers. and 
eerenkov Coun .... (If Ce_ option is 1dopIed). 

8. Fabrication.f part .f the fronl-end e-Iectronics for forward muon chambers and 
ICinlillatiOn counters. u we. u part of PMT bases, with eleCb'onk: componenls 
supplied kom !he U.S. and el_'e. 

9. Fabrication of tha absorber platas and slructures lor the cenlral caIorlmelar. 

10. partidpation in tha 1151 beam program. 

FUNDING STATUS 

Most of the above afforts are cenlered in collabOrallng inslltutions In the Russian F.aeratton 
wilh the exception of itam 3 in which collaborltors In Uzbekhlslan may alse be Invotved. 
Inl.nabarllory agraaments between SSCL and both JINR (Oubna) and IHEP (Protvino) have 
oIready been signed. They PfOVide lhe gene'aI hme_ lor collaboration on !he cI8IOCIOn. h 
ls .xpected that ail SCientific and technical manpower provided by the CIS coUaborll1ng 
inslitutlons 10 carry on the responsibilitias tlsled abOve will be su~rted through tha budgets 
of those institutions. Compensatory paymenls wili apply 10 contrbutiOns from CIS Industry and 
In support of SOC·relaled subsistenc»'trlYel costs, and will in no case .xceed 50'4 af U.S. coati 
for the sama ilems. 
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ITALY 

The responsibilities af the Italian SOC groups wlV include: 

1. For the lilicon lracking system: 
a) Procurement. assembly. bonding end IeSIIng ef the two Innermost cylindricai barrel 

layers of slrip detectors end participation in their Integration inle the barr.1 
detector. 

b) Developmenl of altemative pix.1 version of a,. In collaboration with U.s. groups and 
fabricalion of tha two innermosl barral layer. u pixel devices H this option Is 
Imp6emenled. 

C) Sharing Iho usembIy of modules. banding. Ind inlognIlion 01 Iorward dI ..... 
d, Purchase and running·in of au bw-votlage power auppU8I end • fraction of IiKcon 

front-and ektctrontcs. 

2. For the cantral calorimetry: 
a, Sharing in the design. labricallon and tilting of tile·flber .... mbl .. s end In the 

procuremanl, testing, instillation. end checkout of PMT and baseS tor calortmelry 
towers. 

b) Sharing in the procurement, testing. Installation. and checkoul of sensors and bailS 
tor the showar·maximum detedOr (SMO,. 

e) Sharlng .. e PUrchase and _ .. el PMT HV powe, 1UJIPIieS. 

3. For the muon SClnliliation counlers (Ihis contrbutlon Is ltill under diSCUSSion,: 
a, Sharing in the design, fabrication. and procur.ment af ICintUlatiOn counters end In 

their mechanical .... mbIy. 
b, Sharing in the purchase. checkout end FUMing-in of phototubes and basel u well u 

HVpow8fS_. 

4. Fo, Iho Ironl_ oIecIIonics. IriIIger and DAO: 
a) Sharing in the design. checkout Ind running-in of SMO front-end etecIronicl. 
b, Sharing in Ihe deSign, procuremenl. fabrication, checkout •• nd running-in af slUcon 

IrlCker Level 2 Irigger. II well u oft-detector readoul electronics end software 
specific to silican tracker. 

C) Sharing in the design; fabrication. checkoUI and running-In ef Glebal Level 1 end 
Level 2 trigger. 

5. Participalion in tast-beam and installation efforts with emphasis on systems lor which 
Italy carrias responsibilitlas. 

8. fer the outer tracking system. ff sclntillaling-fiber technology ls adOpled: 
a' Providing one supertayer (-20%) of lhe fiber ribbons. 

FUNDING STATUS 

The funding lor the lIallan contributions autilned above (with the exception of item 5, have 
been discussed in the appropriate Ibilian Commin" in I first m"ling In March '"2. with the 
goal of in .. rtlng Ws enort tor the SOC detector as Plrt of the INFN rellarch 8CIMt", In the 
Quinquennla' Plln lor the yaars 19&4 - 1998. AI this tim. (April 1992). the Quinquennial 
Plan. IS drafted In Ihe above meeting, Indudes Iha SOC project with I .upport t.v.1 tor 
hardware end detaclOr camponents of aboul 10% of the ov.rall INFN construction effort II LHC 
and sse. which is estimaled at S10OM. 
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JAPAN 

The Japanese SOC oro~ inlends to contribute approximatety 20% of the totaJ COSI of the SOC 
deteclor including the development, production, I.Sling and installation of the deleclor 
components as ~ bekM. This proposal assumes thai the Japanese Government approves 
neatly tM ful amount of tM requesled coUaboration funding tor the collider itsett and tor the 
experiments. The proposed contributions include the foItowing itemS: 

1. TN aaumbty and checkout of Ihe barrel sectkln of the dicon tracker. and its shipment 
to the SSCl tor final Integration. The detailed responsibilities are IS tollows: 
.) o.velopmenl and production of the deubl.-sided strip sensors tor both the barrel 

lectlon and for the forward dlk section. The sensors lot the disk section are to be 
delty.red to the disk silicon group aft.r basic portorrnance teslS show that 
specifications are met. Deveiopment and design of the sensors of the disk section is 
the responsibUity of tM disk silicon group, and the Japanese group will help them to 
work with the manufacturer. 

b) The U.S. silicon group is 10 devetop and provide the front-end electronics system 
Including cabling system to, the barre' saclion 10 the Japanese group. The 
etectronics system IhJst be tested 10 meet specifications before shipment. 

C) The Japanese group has responsibility for the assembly and tesling of the detector 
units tor tha barrel section except for these units thet are the responsibility of the 
Italian group. 

Ii The Japanese group is responsibte tor the integration of the detector units inlo the 
IUpport structure and testing them tor the ba"el saclion. Japan will purchase the 
necessary componeniS. The Japanese group axpects that the Italian group wilt 
provide lasted detector units tor the inner two layers, which are integraled into the 
barrel section In Japan. 

a) The shipping of the assembled barrel section of the delector to LANL Or SSCl and its 
Integration Into the space frlme are Japanese responsibilities. 

2. For the Superconducting Solenoid: 
I) Fabrication and lesting of R&D prOlOtype coil including responsibility for: 

• Suporconduelor, 
- Coil fabration. 
. Radiation shield, coil support and chimney, 
- Magnet Assembly, 
- Tesl inCluding the equipment required in the lest and the power supply 
- Oala taking system, cryogenics etc. 

b) The fabrication of the main solenoid inCluding responSibility for: 
- Superconductor, 
- Coil fabricahon, 
- Cryostat fabrication, 
- Magnet assembly, 
- Tesl in air inCluding the equipmenl required in the test, 
- Transportalion of Ihe magnet to the U.S. 

c) The organizalion of an indepondenl R&D program at KEK to make an effort to devek)p 
brazed honeycomb vacuum vessel. 

3. For tha central calorimeter: 
a) Provision of moSI of Ihe scintillating tiles, fibers and PMT for the towers. 
b) Procurement of a fraction of the photomultiplier-lube bases and power supplies for 

photomulliplier tubes. 

... For the ba"el and Intermediale Muon Chambers: 
a) The design and construction 01 a fraction of the wire-strung tubes. 
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of the detector collaboration, Including fundng. will be seHIed onty after an agreement on sse 
coUkier collaboration is "Iched. The aariiest fiscal yaar tor serious involvement by the 
Japenae gcwemment. If Japan -OrBS to panicipate, begins In April 1993. 

Thii J~eH collaboration in the SOC. known II the JSO. is organized by about 100 
physicists. Various decisions concemlng physics research .. well as organizational activities 
have been made Ihrough JSO collaboration mHtlngs. workshops, or JSD executiVe beard 
mHUngl. The group has submitted a very informal budget proposal. for the Japanese 
_ to "'" SOC. to "'" Mlnlslry of Education. the Japan ... HEP funding agency. IhIough 
KEK. How Ihe Uinislry of EducltlDn traits this proposal depends strongty upon the outcome of 
"'" U.s.oJ_ WotI<ing glOUp Ie" "'" sse. 

During JFYI991 (beginning April I. 1991) • totai of aboul .OOMY (aboul $2.BM) "IS
allocated to detector R&D for h.sren COfiiders from the U.S. Japan High Energy Physics 
COIobotation Program. A budget propooai lor JFYI992 has been submitted. There seems to be 
no indicotion of • budgel incr .... In JFY 1992. 

I. 
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5. For the tronl-end electronics: 
a) In the straw-tube readout the Japane .. group will take responsibility: 

i) Design and fabrication of the front-end readout units that are attached to the 
straw chambers. 

ii) Design and fabrication of TUC Chips Ind Leve' 2 trigger buffer. The 
responsibility tor design and labrlc.lien of other parts 
(preamp/shaper/discrtmlnltor, DCC, level 1 trigger. HV distribution, 
calibration circuits ate) wH1 be shared with U.S. collaborators. 

I I I) The assembly, tast, and shipment of front....-.cl re8dout boards. 
i v ) Radiation-hard cues technoJogy will be avail3t* In a Japanese company in 2-

3 yellS. We will pursue this possbility to accomplish the rad-hard NC and 
Level 2 buffar. 

b) In the muon chamber read·out. the Japanese group will be responlible tor the 
front-lnd eklctronics of the barrel and Intermediate muon detectors, which Includes 
preampishaperJdlscrlminator (ASO). TUC, slCOnd·level buffer, data collection 
system. Ind level 11level 2 trigger systams. The Japanese group is primarity 
interasted in taking responability tor ASO. TMC. Level 2 buffer and Level 2 trigger. 
Design Ind fabrication of othar parts wlU be shared with other collaborators. 
Critical components for the tofwlrd muon readout system wII be provided. 

6. For data acquisition: 
a) The design and production of frIIction of the data transfer system. 
b) The design and produCilon of part of tha event builder or equivalent with ECl 

switches. 
c) The devalopmenl and production of I fraction of the tevel -3 farm system. 

7. For the Trigger System, the devetopment and production of local trigger units tor the 
Uuon OeteClOl. 

8. For the On-line Computing systems, the development of part of tha hardware. 

9. For the Off-line Computing systems: 
a) The support of the SOC regional computer center In Japan. 
b) The support funding of the SOC deteclOr remota control center in KEK • 

10. Participalion In the installation of the silicon delector. central calorimeter, IOlenoid. 
Ind electronics-trigger of the barrai muon detector. 

11. Participation In the tesl beam program lor the silicon detector. central calorimeter. 
and barrel muon detector. 

FUNDING STATUS 

The contributions of Japan to the SSC projed including the coilider have been discussed 
between the U.S. and the Japanese governmants. When President Bush visited Japan in January 
1992. the possibility of Japanese coRabotation on the SSC project was one of the ma;or topics 
clscuSHd by the President and Japanese Prime MinISter Miyazawa. The two govemments agreed 
that a working group would be formed lOOn to establish Ihe mechanism by whk:h Japan Should 
p!ay a rote In Intemational cofIaboration In the SSC project. 

in Japan the coIaborations on the sse colk»r and on the sse dlteclors are regarded as being 
a single package. This is in order to mlnimiza possibla funding conflicts betwHn the SSC 
contributiort. future domastic accaiarltor projects, and currently ongOing international 
collaboration experiments. by handling Ifte sse project as a -special case-. Therefora the details 
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UNITED KINGDOM 

Contributions of the U.K. groupo 10 the SOC indude the following items: 

1. Shared responsibilities with CMadJan groups for the gas mlcrostrip intermediate 
tracker (ITO), Including front-end llecIrenics and power supp'ies. trigger system and 
data acquisiUon systems. 

2. Uajar participation In data acquisition and trigger sy51em for silicon 51';:' traac..,. 

3. installation of the above syltems. 

... TMt bum program relevant 10 the above systems. 

FUNDING STATUS 

The UK groups of the SOC Intand to apply to their funding authority for the relOurces 
requlred to make the above contributions. 

The future funding of partfde physics in the U.K. Is currenlly under consideraUon. Until 
these decisions are made. Ind funding levels tor possible lHC experiments are known, It is 
inappropriate for the U.K. groups coUaborating in Ihe SOC to apply tor capital and manpower 
exponditure commitments. We believe, at this time, that an approprllte time to make these 
tormaJ ~lcatlons will be In mid 10 late 1993. In the meantime we are confident that we will 
receive suffictent funding to enable us 10 conUnue the R&D necesswy to meet the lChedute. 
Curr,nt "tlmates (U.K. accounting meUms) of th' Intended U.K. conlrbution to the above 
syltema all 5.22M pounds lterUng plUI 71 man-yelrs of nen·phyaicisl effort. 
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UNITED STATES 

In the previous pages, 11'18 responsibilities associated with the various countries whose 
0f0'4tS ar8 non-U.S. members 01 the SOC have been summarized. Not all countries represent~ 
in the SOC •• induded. but because of the limited capabililies or resources of the groups In 
11'1 ... other nations, It ,,8ms unlik.ly that Laroe additiOnal contributions can, be expected 
(",hough lOme resources and int81lec;tual inP~ts ar. C8~inly .xpecI~. :hlS means that 
pr8CI1caJly aU the respollsibllities nel covered In the prevIOus summanes WIll be carried by 

U.S. Inltitutlona. 

The sum 01 S585M(FY92) has been allocated by the sse Laboratory 10 the two lar;e 
deledOrs SOC and GEM from the sse Total Project Cosl It is expected thai at least halt of that 
amount, namely S293M(FY92), wiD be allocated 10 the SOC. 

OYERAl.L SDc: DETECTOR COST AND RESOURCE SITUAnON 

Table 2 summarizes our present understanding of the capabilities and. interests ~f the 
physicists from countr .. s represented In th. SOC 10 design. procure, fabricate. and Install 
detector components. Although the table Is based on a plausi:We set 01 responsi~lities lor ~he 
SOC non-U.S. collaborators, final and detailed commitments from the relevant fundlllO agenaes 
wiI, in almosl atl cases. not be made unlil earty to late 1993. The actu~1 level ~f ~upport from 
outside the U.S. that will acluaDy be commined is rherelore quite uncortalft at 11'115 time. 

Given this situalion, we can onty provide an estimare rather than a precl$8 measure of non· 
U.s. contributionl 10 the SOC deledor. We consider it plausible 10 assume a match between the 
interests and capabilitiel of rhe non·U.S. members 01 rhe collaboration. the resources rhal they 
can command. and the needs of 11'1. detector at Ihe tevel of about a S200M(FY92) COSI offset from 
the total estimated cost II should be emphasized that each country has its own accounting 
practices. and thallhe above figure is baSed on the U.S. ~unting equivalent ~rresponding to 
the In-kind contributions described earlier. Given the everall delector cosl estlmale of about 
$5&4M(FY92), the IboYe eXpeeled U.S. SSCL conlribution and estimaled non-U.S. cosl offill. 
adcllional funding al the level of about S90M(FY92) is needed 10 complere Ihe SOC detector. 

II II ImpottanllO note from T.". 2 that non-U.S. Involvemenr penneales almost the whole 
detector. The inevitable consequence of Ihis tact is rhat removal of rhe S90M shortfall through 
IOOpe reduction woutd. on any reasonab'l scenario, enrail substantial slmu.ltan~Us reductIOn of 
Ihe non-U.S. conlribution. There is limply no way 10 make large reducllons In rhe U.S. part 
without itnpacCing In a major way the non-U.S. parts. The consequence ts thai a reduction of the 
needed U.S. inpul by lom.thing close to S90M(FY92). accompanied inevitably by very 
IUbltantial non-U.S. reductions, weuld require a dramate change in the delector concepl. We 
e,. Iheretora led 10 .xamine credib6e ways 10 fund the above shortfall. 

It seeml unlikely thet subslantial nen-U.S. funding beyond the S200M(FY92) indicaled 
above wW be forthcoming. althouOh we wUl continue 10 seek luch funding and 10 add new non
U.S. groups. It is atso nor prudent ar this rime to assume that additional lunding will be 
available from more favor"" ((stribution of the SS85M(FY92) lor '-"Oe deleclors, or lrom 
the use of SSC Project contlng.ncy. However, we note thar the Report of the 1992 HEPAP 
Subp8nei on 11'1. U.S. Program el High Energy Physics (April 1992), in the seclion labelled 
Other R.commendalJollS 8IJd ColnnUlnts. ItatlS thai resources lor modest-size sse experimenrs 
·should be made cvaJJabIe In It'll laner pan of the 1990'S frem the base High Energy Physics 
Program, on • compettliYe basis.:, and recommendS nor commining the $80M(FY92) now held 
in reserve by the SSCL tor lmaller experlmenrs -unril Ihe funding lor the large delectors Is 
NCUIB-. If 11'1. SSCL were 10 talbw up on thar suggestion and assign half of the S80M(FY92) 10 
e8Ch of the large deteclDrs. nearty hart of the above ShortfaU would disappear. The remaining 
funding needed weuk:! amount 18 about S6M1year, which one might plausibly oblain from the 
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resources potentially available 10 the COllaboration in the U.S. tt the SSCL does not make the 
$8OM(FY92) available 10 the large detectors, the full shortfall would have to be obtained from 
the other U.S. collaboration resources. The required yearly amount 01 SIOM wouki be much 
more difficult 10 obtain. 

At Ihe present Ume. there ere about "00 U.S. experimental partide physeists in the SOC. 
.-1d this number Is expected to grow somewhat by the end of the decade. Thus we estimate that 
the SOC will represent at least 30% of the U.S. experimental HEP community during the· 
remaJnder of Ihis dec.lde. Furthermore. tn terms 01 8Ctual FTE (Full-Time-Equivalent). we 
estimate that Ihe SOC effort. averaged over the next eight years win represent about 22S FTE. 
or Ibout 20% of the full U.S. experimental HEP community. As this Large community devoles 
more and more time 10 Ihe SOC detector. II seems reasonable 10 expect that Ihe intemal 
resources available to the universities and laboratories within the SOC will increasingly be 
allocated to the SOC. These universities and laboratorin are supported primarily by the 
DMsJon of High Energy Physics (OHEP) of the OOE. If the urUversities and laboratories 
continue to receive such support from OHEP •• e tMHleve .,at II is realislic to obtain most of the 
8ddtdona1 needed suppon (S6Wyear under Ihe conditions diSCUSsed above) from redirection of 
eflott at the more Ihan 50 U.S. institutions invotved in the SOC. assuming continued StJA)Ort by 
OHEP of the redirected technical resource.. These resources include engineers. technicians. 
IhopI and other facilities thar wW be usad to design and build Ihe SOC derector components. As 
ltated above, It rhe SSCL does nor a!locare the $80M{FY92). presently reserved lor Imaller 
experiments, to rhe large derectors. it may srill be POSSible to fund mosl 01 rne shOffall rhrough 
the aboYe means, but It win be mueh more dlfficuH ro do so. 

Finally, the sr .. e of Teltas has pledged about $100M lor rasearch and development end 
Improvements to university infrastructure. The SOC universities have already benefined from 
this support ar rhe level of a few millions of deliars from the 120M that has already been 
aHocated by the State of Texas. We would expect this to continue. alleasl during the design and 
R&D phase of the SOC project. 

In summary, we intend 10 proceed 10 deYelop a detailed funding plan lor the U.S. u weU as 
lor the non-U.S. members of the collaborallon. The U.S. lunding plan must InClude 
contrlburions from rhe uisling infrastructure within COliaberatlng universities and 
laboratories in rhe United Stales. Without this support, Ihe U.S. members of the SOC will 
simply not be able to fulfill the responsibilities Which they want ro carry within the 
CoUaboration. and participate as they expect In the fabr'lCalion of Iheir deteclor. 
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Status on SSC Collaboration 02866 

• January, 1992 
President Bush and Prime Minister Miyazawa had 
agreed in setting up a joint working group of Japanese 
and US Governments in order to establish the 
mechanism by which Japan should playa role in 
international collaboration in the SSC project. 

• April 9-10, 1992 
1st JWG in Tokyo 

- set up two sub working groups on 
cost estimate 
physics/scientific goals 

- outline of the JWG plan 
interim report by July 1992 
final report by December 1992 

• April 20-23, 1992 
visit to SSCL by Japanese team on accelerator 

• May 11-13,1992 . . . 
sub-working group meeting for physics/scientifiC goals 

at SSCL 
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Comments 

• In Japan, the collaborations on the SSC collider and on 
the SSC detectors are regarded as being a single 
package. 

• In order to avoid possible funding interference, the Japan 
Science Council recommended to Prime Minister in Nov. 
1991 that the SSC funding should be handled 
"separately" . 

• KEK director Sugawara has stated for every possible 
occasions that domestic future plans of high energy 
physics such as asymmetric B-factory and/or JLC 
projects must be proceeded before the large scale 
intemational collaboration such as SSC come in. 
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Activities toward SSC Experiments in Japan 

• 1987-1989 
- 9 workshops on high-energy hadron collider physics 

and experiments 
- Detector R&Ds under US-Japan HE Collaboration 

• Sep.1989 
two ideas on solenoid detector for SSC 

• Nov. 1989 
formation of JSD group by - 110 physicists & engineers( 
JSD = Japan Solenoidal Detector 
representative of JSD group: Y. Nagashima (Osaka U) 

• April 1990 : Workshop on Solenoidal Detectors for SSC 
May 1991 : SOC Collaboration meeting at KEK 
May 1992 : SOC Collaboration meeting at KEK 
4 JSD workshops 

• Detector R&D and design activities have been supported 
by the US-Japan collaboration on High Energy Physics 

JFY1990 - 150 Myen ( - $ 1.1 M ) 
JFY1991 - 380 Myen (- $ 2.8M) 
JFY1992 - 380 Myen ( - $ 2.8M ) ? 

as well as by the KEK Physics Department 
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SOC responsibilitY-1 

item representative institutes 

silicon 

straw 
readout 

solenoid 

T. Ohsugi Tohoku Gakuin , Niigata, 
KEK, Nagoya, Osaka, 
Wakayama Med. Coil., 
Okayama, Hiroshima, Saga 

T.Ohska KEK, Tokyo Metropolitan U., 
Tokyo U of A&T 

A. Yamamoto KEK 

central K. Takikawa Tsukuba, KEK 
calorimetry 

muon 

DAQ 

S. Mori Tsukuba, KEK, Ibaraki Coli of 
Tech, INS, Osaka City U. 

Y. Watase KEK, Tokyo Inst. of Tech, 

computing K Amako Tohoku, KEK, Tsukuba, Tokyo 
Metropolitan, Fukui, Kyoto, 
Naruto, Hiroshima Inst. of Tech 
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SOC responsibility -2 

Silicon Tracker 
• R&D and production of double-sided strip sensors for 
both barrel and forward disk sections 
• assembly and testing of the detector of barrel section 
(except for inner 2 layers) 
• integration, testing and shipping of the barrel section 

Straw-tube readout electronics 
• front-end readout units, TMC, 2nd level buffer 
• assembly, testing and shipment of the front-end boards 

Superconducting Solenoid 
• fabrication and testing of R&D prototype coil 
• fabrication, testing and transportation of the magnet 

Central Calorimeter 
• most of the scintillating tiles, fibers and PMT 
• fraction of PMT -bases and power supplies 

SOC responsibility -3 

Muon chambers 
• fraction of the wire-strung tubes 
• front-end readout electronics and trigger system for the 

barreVintermediate muon detectors 
• critical components for forward muon readout system 

Data acquisition 
• design and production of fraction of DAQ system 
• part of event builder 
• development and production of a fraction of level-3 farm 

Computing system 
• software and hardware development for simulation, 

data-taking and analysis 
• regional computer center in Japan 
• remote control center in KEK 



02874 

CIS 

N. TYURIN 



PAC Review .... 
]PAC Review 

to-
Nay 71991 lI.y 7 1992 

Responsibilities (proposed) 

1. Participation In the design of barrel and forward torolds. 
2. Fabrication of the barrel and fOlWard torolds. 
3. Provision of copper for the colis In the barrel toroid. 
4. Design and fabrication of the colis for the fOlWard toroid. 
5. Design and fabrication of the absorbers In the fOlWard muon The Status of Management. Resources and Funding at CIS 

system. 
6. Participation In the design of fOlWard muon chambers, 

scintillation counters for all parts the muon system, and the N.Tyurln 
Cerenkov counters. 

7. Fabrication of major part of the fOlWard muon chambers, 
scintillation counters, and Cerenkov counters. Institute For High Energy Physics, Protvino 

8. Fabrication of part of the front-end electronics for fOlWard 
muon chambers and scintillation counters, as well as part of PMT 
bases with electroniC components supplied from the U.S. and Russia 

elsewhere. 
9. Fabrication of the absorber plates and supporting structures for 

the central calorimeter. 
10. Participation In the test beam program (at 70 GeV accelerator). ~ 

~ 
-I 

~ 
~ 
~ 

PAC Review loll 
Nay 71992 

PAC Review to-
lI.y 71992 

ResQy[ceS reguired to follow 
the proposed responsibilities Participants (CIS) 

1. Personnel. Principally agreed. Composition will depend 
on responsibilities approved by the collaboration. 

- Russian Federation: IHEP, Protvino 
JINR, Dubna 
ITEP, Moscow 

2. Workshops and assembling area. Decision has been 
taken. Construction work is required. 

- Georgia: Tbillsi State University (IHEP) 

3. AssistaD!:~ of th~ !:~ntral workshQPs at IREP and 
JINR, general engineering. 

- Belorussia: Gomel State University 
Academy of Sciences 

4. Beam time. Will be provided at U-70 accelerator 
- Armenia: Institute of Physics, Erevan 

in accodance with requirements. - Uzbekistan: INP, PII, Tashkent 

~ 
N. Tyurln IHEP Protvlno 

CJ:) 

-J 
N. Tyurln IHEP I'tDtvIno <T> 



PAC Review 
~ PAC Review .... 

Nay 7 rt'z Uay 7 rt9Z 

Initial Management Structures Funding 

Yu.Antipov (drift tube chambers) 
V.Kochetkov (iron toroids) Already available sources of funding are: 

V.Kubarovsky (Cerenkov counters, 
coordination, 
link with SOC) 

- basic budgets of the Institutions, 
- the State program "High energy Physics" 

V.Rykalin (sclntlllator counters) 
N,Tyurin The proposed contribution can not be 

totally funded by Russia. It is expected 
that compensatory payments wlll be used 

- regular overvews, to obtain detector systems, in general. 
- priorities, distribution of funding for R&D, at a cost of less than 50% of the estimated 
- resources allocation US cost. 
- personnel pollcy 

N. Tyurln IHEP Protvlno 
N. Tyur/n IHEP Protvino 

PAC Review ... 
Uay7199Z 

PAC Review 
'"-

Nay 7 199Z 

MANAGEMENT 
Coordination between IHEP, JINR, ITEP on construction 
of the barrel and forward toroids: 

V.KQcbetkov -IHEP 

J.Budagov ( calorime try) 
V.Snyatkov (toroid, design) 

V.Snyatkov -JINR 
O. Pogorelko -ITEP 

- trace design in home institutions 
- create joint policy in respect to industry 

Report is expected on May 20,21 in Dubna: 
- choice of industrial firm 
- discussion of design issues 
- proposal on future design work and supervision 

N. Tyur/n IHEP Protvlno N. Tyurln IHEP Protvlno 



PAC Review ~ 
Nay 7 799Z 

1. Interlaboratory agreements 
between SSCL and IHEP (Protvino) 
and JINR (Dubna) have already 
been signed. 

2. General agreement between DOE 
and Ministry of Atomic Energy 
(Russian Federation) 
is under preparation. 

N. Tyurln IHEP Protvlno 

PAC Review to-
May 7 799Z 

1. Raw material and components to produce sc. 
counters for prototype. 

2. PMT's for prototype (standard). 
3. R&D contract for drift tubes (preparation 

for Industrial production, prototype samples). 
4. Raw material and R&D contract to develop 

technology of PMT's (with long photocathodes) 
production. 

s. Machinery for large scale production of sc. 
counters. 

6. Construction work to create the area (workshop) 
to fabricate SCintillator. 

7. Conceptual design work on FMS and Its parts. 

N. Tyurln IHEP Protvlno 
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TO APPEAR IN TlU: SDC TECI!NICAL PROPOSA:. 

PISA Salvator Roberto Amendol~a 
Franco Bedeschi 
Gior~io Bellettini 
Valeria Bolognesi 
Marina Cobal 
Bans Grassmann (Visitor) 
Sandra Leone 
Michelangelo Mangano 
Aldo Menzione 
Giovanni Pauletta (visitor) 
Bans Wenzel 
Francesco Zetti 

MILANO Giovanni Cesura 
Fiero Inzani 
P1erfrancesco MAnfredi 
Daria Menasce 
Luigi !of-eroni 
Daniele Pedr~ 
Valerio Re 
Silvano Sala 
Francesco Svelto 

PAVIA Gianluigi Boca 
Mario cambiaghl 
Gianluca Introzzi 
Giuseppe Liquori 
Sergio Ratti 
Paola Torre 

Pro!essore associato 
Pr~~ ricercatore INFN 
P:o!essore ordinaria 
Bors!.s'Ca 
Bors:'sta 
Ricercatore ~ 
Borsista 
Rice=catore INn! 
Prir.~ ricercatore INFN 
Professore associate 
Bors:'sta 
Pro!. Scuola Media Sup. 

Dotto=ando 
Tecno logo XLiv. 
Professore ordinaria 
Prirr~ Ricercatore rNFN 
Prirr~ Ricercatore rNFN 
Ricercatore INFN 
Rice=catore Oniversita' 
prime Ricercatore INFN 
Dottorando 

Rice:catore Oniversitario 
Professore Associato 
Rice=catore Universitario 
Tecnico Laureato 
Professore Ordinario 
Ricercatore Oniversitario 

clorli. BtUetllnl 
SSCL, May 7, 1992 

02888 

SDC !<'UNDlNG STATUS BY INFN 

• CALENDAR YI!:AR 1991 

• CALENDAR YEAR 1992 

• LIKELY REQUEST FOR 1993 

pi ... 

· CALENDAR YEARS 1994.1998 

(NEX·" INFN QUINQUENNIAL PLAN) 

• 20 KS for RID 

- 70 K$ far "PSOC·· 

- 200 KS .roup opefllion 

- SO<> K$ detel:tO< prolOtypeI 

FORECI\ST OF .. COMMITI'EE No 1". (panicle phy.ic. experimenls II 

Icceleraton) 

_ 10 MS CAPITAL EQUIPMENT (or SOC de •• ctar c ..... NCtiOft 

. CALENDAR YEAR 1999 

NEW FUNDS EXPEerED FltOM NEW PLAN 

tl61~ I!' OtI3lc:1'S-'I~':I'N'1 

-l2-
02887 

February 18. 1992 

ZERO.LEVEL Gl'ESS OF SDC FUNDING BY ITALY 

Sl',\"'ARY OF ITALIAN CONTRIB!lTlONS 

SILICONS 3.1 MS (1.0 for Pixels RID) 
FlBERS 0.4 MS (cancelled if straws are adopted) 
CALORIMETRY 9.9 MS 

BARREL COUNTERS 2.1 MS 

FORWARD COUNTERS 0.6 MS 

FORWARD CHAMBERS 2.4 MS 

FRONT·END 1.5 MS 
TRIGGER 2.8 MS 
DAQ 0.1 MS 

TEST BEAM 0.5 MS 
INSTA LLATION 1.5 M'i 

TOTAL 

25.1 M$ 

02888 

HISTORY OF FORECAST FOR 1994·1998 

E1l£MJSE 

Overall L""FN budget e"pecte<i; 

1994 - 1993 + inflation + very few % 1 s E! 250 MS 

Following years: allow for;: S% inflation. 

Since traditionally "Committee No 1" spends ~ 20 % of 
budget 

TOTAL FOR "COMMTMCE 1"'!N QUINQUENNIUM: - 280 MS 

WHAT HAPPENED RECES" y. 

Committee 1 mcc:tjn& of March 20. 1992 

I) I:.STIMATED COST OF CONTINUED ACTIVITY OF AI.L SCIENTIFIC 

AND TECHNICAL STAFF. AND HOME JNFItASTR.UCTURES 

b) SHARED REMAINDER AMONO 

• ON'()OINO EXPERIMENTS (LF.P. HERA. CDF. etc.) 

• INVESTMENTS ON NEW DETECTORS (DA«>NE. LHC. SSCl 



.... 
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CONe! IlSION' 

AV AILABLE FOR HADRON COLLlDER DETECTORS 
- 100 MS IN QUINQUENNIUM 

ESTIMATE SOC/LHC - 1110 lIASED ON PRESENT NUMBI:!R OF 
PEOPLE WHICH LEAVES 

V. 
- 10 MS FOR SOC CONSTRUCTION 

REQUEST PRESENTED BY soc ff AWNS WAS 

- 2S MS FOR (OVERALL) soc CAPffAL EQUIPMENT 
COMMITTEE FELT THAT WE SHOULD UVE WITH LESS, BECAUSE: 

MOTIVATION ~~~~~~~~~ IMPACT 

• No people presently involved in 
muon chambers --+ cancel conlribution 

• Few people presently involved in 
calorimelry --+ reduce contribution 

• Few people prc~ently involved in 
muon counters --+ reduce contribution 

·5· 02892 

WHY CDF IS AN EXTREME F.XAMPLE , 
BECAUSE ALL CONDITIONS CHANGED IN FAVOUR OF CDF: 

.) At the starl, Ihe italian group was very small. Now it 
comprises - 50 people. 

b) At the stan, Ihe CERN collider program was shadowing that 
of Fermilab. Now Ihe Tevalron Collider has monopoly of the 
field. 

c:) The prestige of the Fermilab accelerators was poor. Now is 
much better. 

d) CERN was expected to discover everything. Now we have 
the best chance for Ihe Top. 

IN CONCLUSION. FOR THE FUTUREj 

a) Lei us shoot for a stronger italian ifOUP. 

b) How will LHC proceed? 

c) Let us build SSC in time and within specifications, 

d) Let us make clear to everybody that our proaram is second 
to no one in scientific quality . 

.... 

·4· 

WE CAN LIVE WITH 1'1. 

REMEMBER: 
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INFN CRITERIA WHEN FllNDlNG EXPERIMENIS 

a) apply filter 10 select significant experiments 
b) put money whefe people go 

NOTE: 

In the past, condilion b) was beller satisfied than condition a). 

roBEI'AST FOR snc 

. Condition b) will be enforced strictly (LHC competition) 
• Depending on people work, IlEAL (;ONTRIBU'1'I0N TO CAPITAL 

EQUIPMEN1' can be more than 10 MS. 

---•• _--=-== ••• -------=-=== ........ _-

EXTREME EXAMPLE: CDF 

• In 1980. conditional approval for a total contribution to 

uClector construction not to exceed 1.2 MS. 
• 1980 .... 1992 integral budget ( for capital equipment pans 
only) -7 M$ 

• Acknowledged italian contribution (US accounting standards) 
- 13 M$ ("COST OFFSEr) 
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FRANCE IN LHC I SSC 0290S 

C NBS = National Scientific Research Commission 

HEP In IN2p3 Head: Detraz 
Many Universities and Laboratories 
Policy: LHC only 

L3 : Annecy, Villeurbanne 
CMS: Annecy, Lyon, Ecole Polytechnique 
EAGLE: Annecy, Clermont-Ferrand, Grenoble, 

Marseille, LAL Orsay, Paris VI 

~ = Atomic Energy Commission 

HEP Is at Saclay 
Division Head: Aymar (DSM) 
Department Head: Turlay (DAPNIA) 
Policy: 1 expt. @ LHC + 1 expt. @ SSC 
Investments: LHC / SSC == 4 /1 
Physicists: LHC / SSC == 30 /15 

LHC: ASCOT 
CMS 
EAGLE 

SSC: §Q£ 

Saclay on 3 Eol's. 
Choose 1 Lal 
in June 1992 

March 1990 
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SHOWER MAXIMUM DETECTOR 

! 
I I I 

: I : I , 
! , , I I 

,[ 
i ' i . , 
1 II I 
! 

1 I r 
-: , 1 I , I i 

. I 

159744 physical SM strips 

Gang 4 fibers =0 1 electronic channel 

47 104 channels =0 768 MCPMT's 

Upgrade x 2 to match trigger segmentation 

Massless Gap readout 

10368 channels =0 192 MCPMT's 

'1 strips 

0.0518 x 0.05 

<I> strips 

0.05 x 0.0518 

0291() 
SAC LAY RESPONSABILITIES IN SOC 

ely Identification 

SHOWER MAXIMUM DETECTOR 

Northeastern, Rockefeller, Saclay, Tel Aviv, UCLA 
+ Italy, Japan 

Mechanics, Optics & Raddam : Saclay 
Photo detectors : 
Front-end electronics: 

U.S. Groups 
Saclay 

Japan: SCintillator & fibers 
Italy: Participation in electronics 

GLOBAL LEVEL 2 TRIGGER 

Saclay responsability 
Italian participation 

SHOWER MAXIMUM 
FRONT-END ELECTRONICS 

64 Channels 
Front end 

Analog board 

(768) modules 

64 channels 
Front end digitizer 

board 
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1. Shover HaxillUII Detector 100% 11.0 HF 75 HY 45.7 HF B.1 H$ 

2. SHD Front-end Electronics 40% 2.0 HF 20 HY 11. 2 HF 2.0 H$ 
3. SHD Trigger 7% 0.3 HF 5 HY 2.6 HF 0.5 H$ 
4. Global Level 2 Trigger 75% 6.0 HF 18 HY 14.3 HF 2.5 H$ 

5. Ins talla tlon 3% 0.4 HF 10 HY 5.0 HF 0.9 H$ 
6. Test Beam 2X 0.3 HF 2 HY 1.2 HF 0.2 H$ 

20.0 HF 130 HY 80.0 HF 14.2 H$ 
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IFOR SDC MAY REVIEW MEETING I 

H. Mao 

Institute of High Energy Physics 
Beijing, China 

May 4-9,1992 
at Dallas, USA 

1 . INTRODUCTION 

2 . RADIATION DAMAGE 

3· FIBER 

4· STEEL ABSORBER 

5· CONCLUDING REMARKS 
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2. RADIATION DAMAGE (RADDAM) 
TEST 

" ITEM 3, TESTING OF RADIATION 
DAMAGE CHARACTERlSTICS OF 
SCINTILLATORS USING THE BES 
ELECTRON LINAC 30%" 

Any detector operating in the SSC 
facility will encounter a considerable 
amount of radiation. The worst case 
occurs in the calorimeters where all the 
particle energy is deposited. Within 
the calorimeters, the worst location is 
at electromagnetic (EM) shower maxi
mum. 

Because the calorimeter will play a 
very important role in the physics pro
gram of SDC, and because it is the sin
gle most costly subsystem, it is abso-

- 3 -
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IFOR SDC MAY REVIEW MEETINGi 

1. INTRODUCTION 
The SD C is a truly international collabo

ration comprised of approximately 100 insti
tutions from more than 11 countries. 

As a member of the SDC, mEP j China is 
very happy to make our contribution to. the 
design and construction of the SDC detector. 

Presently,the proposed responsibilities 
for the IHEP of PRC are mainly concerned 
with the calorimeter,and are as follows; 

(l)Barrel Calorimeter steel absorber 
fabrication and assembly lOO~ 

(2)Calorimeter Wave Length Shifting 
(WLS)fiber cutting, end polishing, 
si Ivering,splicing to clear fibers, 
and QA/QC testing of the resulting 
assemb I y . 20~ 

(3) Testing of radiation damage 
characteristics of scintillators 
using the BEPC electron linac. 30~ 

- 2 -

029211 

lutely crucial to decide whether or not 
the tile / fiber scintillator calorimeter 
will survive at the SSC. 

This technology has been chosen by 
SDC with the proviso that it must be 
established that plastic scintillators will 
withstand a radiation dose correspond
ing to a luminosity of 

1034jcm2 . sec 

for 10 years of operation. 

From the radiation damage test data 
taken by the physicists of the IHEP / 
China, the tile / fiber technology has 
been proven to fully preserve the func
tionality of the SDC barrel calorimeter. 

The work done at llIEP made a sub
stantial contribution to the SDC calorime
try R&D effort. 

The collaboration item will continue. 

- 4 -



a) RADDAM TEST SCHEDULE 

Oct.1990 - 1993, '" 3 Years 

7 module's tests have been completed. 

MODULE 
TR N 

MOD #1 SCSNII 
MOD #2 SCS"ll 
MOD #I SCSJCll 
MOD II SCSNlt 
saCOND aOVND 
MOD #1 11 
MOD .2 SCSlifll 

1I0D~ 

The RADDAM test of various scintil
lator tiles, fibers and PMTs WILL BE 
CONTINUED UNTIL 1993. 

b) TEST BEAM 

BEPC LINAC 1.1-1.3 Gev electron 
beam 

- 5 -
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the RADDAM test and organized into 
a group. Their first job is the RAD
DAM test. 

In addition, FNAL, FSU and Pudue 
Univ. contribute to the joint experi
ment with IHEP /China. 

d) FUNDING 

Some of equipment was provided by 
the U.S., such as the moveable table 
and source driver. 

Most of equipment was supplied by 
IHEP / China. 

IHEP / China will support all of the 
test funding except for the tested sam
ples, scintillator tiles, fibers and PMTs 
will be provided by FNAL. 

TillS COLLABORATION ITEM (No.3), 
HAS BEEN AND WILL BE COMPLETED 
IN A VERY TIMELY FASillON. 

- 7 -
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The radiation at the SSC in P-P col
lisions is due to the abundantly pro
duced neutral and charged pions. Most 
of the effects of radiation damage on 
the calorimeter performance are due to 
the production of electromagnetic show
ers in the calorimeter itself, through 
the two gamma decay of pions. These 
photons will have energies typically in 
the few Ge V range. This condition al
lows us to use an electron beam with 
beam energy of about 1 Ge V as an op
timum radiation source for the study 
of radiation damage in multi-TeV SSC 
operational environment. 

c) ORGANIZATION 

At IHEP / China, there are about 
15 physicists and engineers involved in 

. - 6 -
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3. FIBERS 

"ITEM No.2, CALORIMETER WAVE LENGTH 
SHIFTING (WLS) FIBER CUTTING, 
END POLISHING, ALUMINIZING (or 
SILVERING ), SPLICING TO CLEAR 
FIBERS, AND TESTING OF THE 
RESULTING ASSEMBLY - 20% n 

According to the present design, there 
are 365,440 fibers in total in the 
calorimeter. 

This collaboration will require a lot 
of human resources. Since most of the 
work in this item are rather delicate, 
the formation of a team at IHEP, con
sisting of technicians and highly skilled 
workers under the supervision of physi
cists, will be very important and nec
essary. 
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a) HUMAN RESOURCES 

IHEP jPRC will organize a special gr~up 
to be responsible for the collaboratIon 
item.This group wil I consist of several 
physicists and enough trained techni 
cians and highly ski lied workers. 

In IHEP there are many experienced 
scientist~, engineers and technicians 
who have previosly worked on the BES 
subdetectors such as TOF(Scinti Ilator, 
Laser calibr~tion system via fibers), 
Drift Chamber (Stringing about 20,000 
wires in Main Drift Chamber), Calorime_ 
ter, Muon tubes and so on. 

WE ARE CONFIDENT THAT IHEP WILL BE 
ABLE TO ORGANIZE A VERY GOOD GROUP TO 
TAKE RESPONSIBILITY FOR THE FIBER ITEM. 

- 9 -
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c) EQUIPMENT AND TRAINING 

OF LABOUR 

IHEP will provide the standard and 
normal equipment. 

Some special equipment, such as the 
fiber finisher, fiber splicer and Evapo
ration system, will be provided by FNAL 
or loaned by FNAL. 

IHEP will send one or two physicists 
to FNAL for training and learning how 
to operate and repair this special equip
ment. 

As you know,the demanding tasks for 
the fiber work means that the quality 
of the labour is the crucial factor for 
the fiber task. So 

WE BELIEVE THAT IHEP jCHINA 
IS A SUITABLE CANDIDATE TO COM
PLETE THE FIBER (20%) WORK SUC
CESSFULLY. 

- 11 -

b) FUNDING 
u29'?1) 

Usually, funding comes from 3 sources 
in China. 

One is IHEP research funding, which 
comes from the China government. 

The salary of all manpower and op
erating equipment for research will be 
paid by this funding. 

Second, funding may come from the 
companies associated with the institute, 
which develop products for sale. 

Unfortunately, IHEP does not have 
many products which can be sold. 

Third, there is National Natural Sci
ence Fundation of China for research 
and development of science and advanced 
technology. Collaboration items 2 and 
3, the scientific contribution for SDC , 
can get support from this kind of fund
ing because these 2 items belong to the 
R &D of the advanced technology and 
science. 10 
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4. STEEL ABSORBER 

n FIRST COLLABORATION ITEM IS BARREL 
CALORIMETER STEEL ABSORBER FABRICATION 

100~n 

The steel absorber of the barrel calo 
rimeter consists of two half barrels~ 
Each half barrel is currently designed to 
be assembled from 64 wedge shaped pieces. 

One wedge,out of a total of 128 wedges, 
is about 1.7 meters in width, 4.2 meters 
in length, 0.4 meters in thickness and 15 
Eng I ish tons in weight. Each wedge is 
composed of many different steel plates. 

The plates have many slots and grooves 
machined into them to create gaps for 
scinti I lator ti les, optical fibers and 
radioactive source tubes. There are ~bout 
60,000 slots for the barrel tiles and 
10,000 grooves ·for the source tubes. 

There is about 2000 tons of steel in the 
barrel alone. 
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Because of the large size of the wedges, 
even individual pieces inside them weigh 
up to 1000 pounds. Fully assemble wedges 
must also have machining done on their 
outer surfaces.The most important feature 
of the finishing wedge shape is that it 
have the correct wedge angle and correct 
thickness so the capability of a large 
machine shop is clearly necessary. 

The plates inside the wedges are 
currently thought to be fastened together 
by plug welding, so welding capability is 
also necessary in the fabricating shop. 

Each steel plate has to conform to a 
complete set of manufacturing tolerances 
defining both the size and the form to 
guarantee the accuracy of the assembled 
wedge. 

The current schedule calls for all 
wedges to be built in a two year period, 
from 1994 to 1996. 

- 13 -
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ager. They must solve technical prob
lems, monitor, ensure and check on the 
quality of every fabrication step. Some 
of them will live and work at the fac
tory during the fabrication period. 

b) The presidents of Academia Sinica 
. will make every effort to help IHEP 

complete the RADDAM and Fiber items 
(2 & 3), and they will make sure that 
the industries involved in item #1 will 
perform satisfactorily. 

c) llIEP JChina have made prelimi
nary contacts with industries in China 
with which llIEP has dealt in the past 
for BES. The leaders and scientists of 
IHEP / China think that the XinHe ship
yard is a qualified candidate. 

The shipyard fablicated the magnet 
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The status is briefly described as fol
lows, 

a) The physicists and engineers of IHEP 
are studing the blue prints and the struc
tures of the steel absorber. 

The directors of IHEP had a special 
meeting to discuss the SDC collabora
tion. The collaboration contract will 
be sighed between U.S.side and IHEP. 
The IHEP will deal with everything 
with chinese industrial factory. 

The leaders have chosen several se
nior engineers and physicists to work 
on the absorber. All of them have ex
perience with the successful BES de
tector. These engineers and physicists 
will be in charge of the absorber fabri
cation and will be directly responsible 
to the SDC calorimeter project man-

14 
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for BES and that industry has a lot of 
experience with steel plate fablication 
for huge ships. The XinHe shipyard is 
in TiaJin, the 3rd largest city in China, 
and has a port. It will be very conve
nient to ship the huge and heavy ab
sorber from China to U.S.A. using the 
port facilities. 

d) The XinHe shipyard already has 
organized a special group, which con
sists of director, deputy director, chief 
engineer,mechanical engineer and etc. 
of the factory. 

Under their leadership there are 6 group~ 
technology,quality control, equipment 
improvement, test and check and so on, 
to be in charge of the fablication of the 
absorber. 

The engineers of the factory are studing 
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the blue prints and the key manufac
turing technology. They have made a 
preliminary cost estimate on the basis 
of "no gain, no loss". 

The engineers of the factory will make 
a wood prototype of a wedge, to ex'
plore the fabrication process. Of course 
it will be very helpful for the joint dis-' 
cussions when the 2 American engineers 
visit the shipyard in May. 

The factory hopes that the steel ma
terials will be supplied or bought from 
U.S.A. if it is not expensive. It will 
ensure the quality of the steel. 

The highest leader of the general ship 
company, the former depu..ty minister 
of the National Economic Plan Com
mission of China asked and supported 
the XinHe shipyard to do best. 

- 17 -
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5. CONCLUDING REMARKS 

IHEP /China has participated in and 
succesefully completed several interna
tional collaboration items, for exam
ple, 

About 4000 channel proportional tubes 
of FNAL(E636),were made in IHEP. 
The tubes worked very well in FNAL 
(E745 and E782), from 1984 to 1991. 

Another experiment, which IHEP / China 
has been involved in, is the ALEPH 
collaboration at LEP, CERN. In total, 
more than 25000 8-fold tubes, ranging 
from 4 m to 7 m long were completed in 
IHEP and shipped to CERN on time. 

On other hand, All members of the 
shipyard attach importance to the col
laboration item. They have promised 
to put and always to keep the item as 
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e) 2 American Engineers will visit the 

IHEP and the Shipyard in May and 
will discnss the technology with the en
gineers and physicists of IHEP and the 
Shipyard in detail. 

f) IHEP /China will arrange that the 
engineers participate in the joint fur
ther design of the absorber if it is nec
essary and helpful. 
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their first priority, and to ensure that 
the task will be finished on time. 

Finally, the leaders, from IHEP di
rectors, Academia Sinica leaders to the 
top leaders are very aware of the SDC 
collaboration. It is important in China. 

WE, IHEP /CHINA BELIEVE THAT 
WE WILL MAKE OUR CONTRlBU
TION TO THE CALORIMETER OF 
SDC. 

WE ARE ALSO WILLING TO 
ACCEPT MORE TASKS IF SDC DESIRES. 

Thank You. 
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