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- 1 - PRESENTATI
00001
4-May PLENARY SESSION Auditorium
8:30 Executive session |
9:00 - Overview and Detector Summary T. Kondo
9:30 Tracking System Summary A. Seiden
10:00 Calorimeter System Summary D. Green
10:30 Break
11:00 Muon System Summary G. Feldman
11:30 Electronics System Summary A. Lankford
12:00 Discussion
12:30 Lunch
2:00 Physics Performance Summary K. Einsweiler
M. Mangano
3:30 Responsibilities and Funding G. Trilling
4:00 Discussion
4:30 Adjourn
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SDC REVIEW - MAY 1992 - PRESENTATIONS

00002
PARALLEL SESSION A: SUPERCONDUCTING SOLENOID Directorate
5-May Desportes, Gross, Mulholland, Palmer, Smith
9:00 Introduction, Physics Goals, General Requirements R. Kef)han
9:30 Design of Detector Solenoid A. Yamamoto
10:30 Break
11:00 Design of Detector Solenoid, cont. A. Yamamoto
11:30 Cryogenic System A. Stefanik
12:00 Discussion
12:30 Lunch
1:30 R&D and Prototype A. Yamamoto
R. Kephart
3:00 Cost and Schedule R. Stanek
3:30 Discussion
4:00 Adjourn
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PARALLEL SESSION B: TRACKING

00003

Upstairs

5-May Olsen, Bowden, Danilov, Dawson, Haller, Karchin, McDonald, Sauli, Witherell
9:00 Requirements and Overview W. Ford
9:45 Silicon Tracker Summary A. Seiden
10:15 Break
10:45 Silicon Mechanical Systems W. Miller
11:15 Silicon Electronics Systems H. Spieler
11:45 Silicon Detectors and Radiation Damage H. Sadrozinski
12:00 Silicon R&D Plan H. Sadrozinski
12:30 Lunch
2:00 Straw-tube Tracker Summary G. Hanson
2:30 Straw-tube Engineering and R&D Plan H. Ogren
3:15 Straw-tube Electronics H. H. Williams
3:45 Discussion
4:00 Adjourn
6-May
9:00 Gas Microstrip Intermediate Tracker Summary M. Edwards
9:45 Gas Microstrip Intermediate Tracker R&D Plan G. Oakham
10:15 Discussion
10:30 Break
11:00 Fiber Option Summary R. Ruchti
11:45 Fiber Option R&D Plan D. Koltick
12:15 Discussion
12:30 Adjourn
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SDC REVIEW - MAY 1992 - PRESENTATIONS 0000 4
PARALLEL SESSION C: CALORIMETRY Auditorium
5-May Pilcher, Albrow, Hoffmann, Iwata, Pauss, Sandweiss, Schindler, Takasaki
| 9:00 Requirements and Summary of Central Calorimeter Design | J. Proudfoot
10:00 Shower Maximum Detector R. Hubbard
10:30 Break
11:00 Summary of Radiation Damage Tests K. Takikawa
11:30 Test Beam Results J. Freeman
R. Rusack
12:15 Discussion
. 12:30 Lunch
2:00 Organization and Prototype Plan P. Mantsch
2:45 Design Options R. Kadel
J. Freeman
3:45 Discussion
4:00 Adjourn
6-May
9:00 ScintillatorR & D G. Foster
9:30 Forward Calorimeter Requirements M. Bamnett
9:55 Forward Calorimeter Requirements, cont'd. W. Frisken
10:20 Break
10:50 Liquid Scintillator Option R. Orr
11:20 High Pressure Gas Option N. Giokaris
11:50 Electronics Options for Calorimetry A. Lankford
12:20 Discussion
12:30 Adjourn
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00003
PARALLEL SESSION D: MUON SYSTEM E-311
5-May Kamae, Becker, Bell, Dosselli, Jackson, Marciano

9:00 Requirements and Design Summary G. Feldman
10:00 Magnet Summary J. Bensinger
10:30 Break
11:00 Barrel/Intermediate Chamber Design H. Lubatti
12:00 Discussion
12:30 Lunch

2:00 Forward Chamber Design Y. Antipov

2:45 Scintillation Counters R. Thun

3:15 Cerenkov Option V. Kubarovsky

3:30 Electronics and Trigger J. Chapman

4:00 Adjourn

6-May

9:00 Alignment Systems D. Eartly

9:30 Toroid Engineering J. Cherwinka
10:00 Assembly and Installation R. Loveless
10:30 Break
11:00 R&D and Prototype Plan J. Bensinger

C. Grinnell

12:30 Adjourn
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00006
PARALLEL SESSION E: ELECTRONICS/DAQ/COMPUTING Strategy Room
5-May Zeller, Breidenbach, Dydak, Haynes, Pordes, Schalk, Sippach
9:00 Overview and Front-End System Summary H. H. Williams
9:30 Trigger System Overview and Level 1 Summary W. Smith
10:10 Level 2 Trigger Summary P.LeDu
10:30 Break
11:00 Straw Tube and Muon Front-End Electronics Y. Arai
11:35 Straw Tube Tracker and Muon Triggers J. Chapman
12:05 Fiber-Tracker Option Trigger A. Baumbaugh
12:20 Discussion
12:30 Lunch
2:00 Calorimeter Front-End Electronics 1 G. Foster
2:25 Calorimeter Front-End Electronics Il M. Levi
2:50 Shower Maximum Detector Front-End Electronics P. LeDu
3:05 Silicon Tracker Front-End Electronics H. Spieler
3:30 Gas Microstrip Front-End Electronics/Trig. & Silicon Trig. R. Nickerson
4:00 Adjourn
6-May
9:00 Data Acquisition and On-line Computing Overview I. Gaines
9:45 Electronics R&D Plan A. Lankford
10:30 Break
11:00 Off-line Computing and Software Development L. Price
C. Day
12:30 Adjourn
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' — 0000
PARALLEL SESSION F: INTERACTION HALLS/FACILITIES/ Directorate
INSTALLATION
7-May Bell, Desportes, Dydak, Hoffmann, McDonald
2:00 Overview and Schedule T. Thurston
2:15 Installation Plan D. Bintinger
3:15 Underground Hall Summary J. Piles
3:45 Surface Layout Summary T. Prosapio
4:15 Discussion
4:30 Break
5:00 Assembly Building Requirements T. Winch
5:30 Detector Integration Planning T. Thurston
6:00 Adjourn
8-May
9:00 Safety Analysis Status J. Elias
10:00 Report from Review of Draft CSAR L. Coulson
10:30 Discussion
11:00 Adjourn
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=MAY 1992 - 00008
PARALLEL SESSION G: PERFORMANCE/TRIGGER/ Strategy Room
INTEGRATION/OPERATIONS
7-May Smith Dawson, Ddssélli, Iwata, Pauss, Sauli, Witherell, Zelier
2:00 Trigger System Requirements and Performance G. Sullivan
2:45 Tracking Simulation Summary D. Coupal
3:25 Tracking - Integrated Performance and Design Optimization A. Seiden
4:00 Discussion
4:30 Break
5:00 Electron Identification B. Wicklund
5:40 Discussion
6:00 Adjourn
8-May
9:00 Calorimetry - Integrated Performance and Design Optimization D. Green
9:40 Discussion
10:00 Muon System - Integrated Performance and Design Optimization G. Feldman
10:40 Break
11:10 Discussion and question and answer period
12:30 Adjourn
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00009
PARALLEL SESSION H: COST AND SCHEDULE Auditorium
7-May  Breidenbach, Becker, Bowden, Haller, Hartill, Jackson, Mulholland, Olsen,
Pilcher, Schindler '
2:00 Introduction M. Gilchriese
2:30 Cost/Schedule Procedures D. Etherton
3:00 Silicon A. Grillo
3:30 Straw-Tube Tracker R. Swensrud
4:00 Gas Microstrips G. Oakham
4:15 Fiber Option R. Leitch
4:30 Break
5:00 Central Calorimetry D. Scherbarth
5:45 Forward Calorimetry R. Omr
6:00 Adjourn
8-May

9:00 Muon System

9:45 Superconducting Solenoid

10:15 Break

10:45 Electronics

11:45 On-line Computing

12:00 WBS7,8,9

12:30 Adjourn

M. Montgomery

R. Stanek

A. Lankford
H. H. Williams
I. Gaines, W. Smith

A. Fry
D. Etherton
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PARALLEL SESSION I: COLLABORATION/RESOURCES

oo01e

Upstairs

~ 7-May Gross, Albrow, Danilov, Kamae, Karchin, Marciano, Palmer, Sandweiss,
Schalk, Takasaki

2:00 -Collaboration Management and Draft Management Plan T. Kirk
2:45 Status of Responsibilities, Resources and Funding G. Trilling
3:15 Japan T. Kondo
3:30 CIS N. Tyurin
3:45 Italy G. Bellettini
4:00 Canada R. Omr
4:15 Break
4:45 United Kingdom R. Cashmore
5:00 France R. Hubbard
5:15 PRC H. Mao
5:30 Discussion
6:00 Adjourn
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History PAC REVIEW

* before 1989 Design activities at LBL, ANL, FNAL, Universities Overview and Detector Summary
Deslgn activities in Japan and Europe
« 1989 September Formation of a single collaboration

+ 1989 December 1st collaboration meeting Takahiko Kondo (KEK)

Established governance document May 4, 1992
* 1990 March Selection of spokesperson/technical manager
* 1990 May Submission of Expression of Interest (Eol)

History and Collaboration
« 1990 November Submission of Letter of Intent (Lol) Motivation and Requirements

+ 1991 January  Approved to proceed to develop a full technical Technological choices
design Detector summary and integration

Principal functions of detector subsystems =
<
* 1992 April Submission of Technical Design Report (TDR) § Radiation effects on detector components 2
; w
spEl B
S <=

\
SDC 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.\.S. 9 106
PRC 2 35
Israel 1 2
Eastern Europe 4 12
Brazil 1 5
( Eol) (73) (500)
(Lol) (84) (647) S
TDR 102 911 =
. N
i
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7
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* Operational potentiality for lumlnosity increase beyond 1033
cm-2s-! and sufficlent functionallty up to 1024 cm-2s-!

¢ Cost / performance optimization

« Upgrade capability
However exceptions that have NO upgrade capabilities are
- central tracking volume
- lron toroid thickness
- calorimeter depth

Thelr reductlons would lead to unacceptable technical
and performance risks

-
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Decision on Tracking Volume (August,1991)

« One of fundamental detector parameters
Pressure from cost reduction

( 170 cm, 400cm )
( 150 cm, 300cm )

« Comparison: (radlus, half length) =
« 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 radlation doses in calorimetry near n=3

- significantly reduces the radlal region for straw tracker

- reduces rapldity 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

N
i

7 \vér

Y
v,

4
" Il

61000

0c000

Motivation of SDC detector

+ General purpose detector .
for redundant Identification of Interesting processes
for new unexpected phenomena

+ Balanced combination of tracking, calorimetry and muon system

+ Measurement of multiple Independent quantities
e/ identification
Isolation measurement
sign of charge and energy measurement of leptons
Isolated photons
jet energy and directlon
detection of secondary vertices
charged particle multiplicity
detection on non-Interacting neutrals via py balance

« Past experience with collider detectors has demonstrated that a
detector with muitiple Independent measurements Is far better
that the sum of subsystems

+ Successful CDF experience

L
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Requirements on SDC detector

« Challenging experimental environment :

relative to the Tevatron
20-fold increase in energy
~ 1000-fold increase in luminosity

S _OmggeBR 1
et 10000000000000

z|

¢ It requires unprecedented demands on

- speed-of-response

- pattern recognition capability

- excellent momentum resolution

- segmentation to identity fine structures

* The detector must be sufficiently robust and resistant to
radiation for many years of operation

L7000

81000




Technological cholces (cont.)

- Solenoid magnet styles

type-S ( short coil / non-magnetlc returns ) | Sep.1990
type-l ( short coil/ iron en car) type-(SI)
type-L { long coi! / non-magnetic endplug )

+ Centrai calorimetry

scintillating tile calorimeter with waveshifting bar readout
scintillating tile calorimeter with waveshifting fiber readout
scintiilating fibers embedded in the absorber (“spaghetti”)
liquid argon ionization calorimeter

warm liquld ionization calorimeter

Nov. 1930

tile fiber calorimeter
liquid argon calorimeter

Sep. 1991

tile fiber calorimeter

€2000

\

oA
“%:r 3
8=
L

i
1

Technological choices (cont.)

» Time digitizer for straw chamber

TVC/AMU }
T™MC

- Central outer tracking devices

Sep. 1991 > ™C

moduiar straws
hybrid tracker with straws/fibers

{ straw system
scintillating fibers

Nov.1991
} flber system

- Absorber material of calorimeter

EM/Had : Pb/Pb Nov. 1991 -
EM/Had : Pb/Fe } > Pb/Fe

« Barrel muon chambers

octagonal tube

round tube without field shaping
round tube with fieid shaping
oval tube with field shaping

jet cell chamber

Feb. 1992
round tube with 3

field shaping S

[-3

ST

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 p; and
at a wide range of luminosities. \
-Determination of electron signs up to at least py=1 TeV is provided.
-Momentum/calorimetry provides effective electron ID.
Reconstructed segments in outer layers allow an effective
high-p1 electron trigger. ,
-Momentum information Is necessary to interpret vertex
detector measurements.
-Momentum measurement helps provide in-situ monitoring
of calorimetry.
-Muon momenta can be ﬁrecisely measured.
-Jet fragmentation at high pt can be studied.
-Charged particle muitiplicity for tracks of piabove a
fixed value can be useful for removal of some backgrounds.

NSRS

12000

Technological choices

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

- technical feasibility’

- adequacy of performance

- survivabllity

- 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 .
. preparation of conceptual design reports
. oral presentations
. recommendations by ad-hoc review committee )
. review and recommendations by the Technical Board
. ratification by the Executive Board

ANHWN
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SDC 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 | < 2.5)
Inner Silicon Systems in both Barrel & Intermediate-Angle Region
Outer Straw-Tube or Scintillating-Fiber System in Barrel Region
Outer Gas/Microstrip or Scl-Flber for Intermediate-Angle Region

PRECISION HERMETIC CALORIMETRY(COVERING |n|€3)
Scintiliating Tile with Fiber Readout with Pb (EM), Fe (Had.) Absorber
High Spatlal Resolution EM Shower Max Scintillation Detector

FORWARD CALORIMETRY(COVERING 3 < nl <6)

MUON SYSTEM WITH IRON MAGNETIC TOROIDS (covering i < 2.5)
Tracking Chambers and Scintillation Counters

ID & PRECISION ENERGY MEASUREMENT OF ELECTRONS/MUONS

Muons : Central Tracking Plus Muon System

Electrons: Central Tracking Plus Calorimetry
ot
e

Forword Torold|
Forword Torald 2
Barrel Tarold

Barrel Colorimeter

intermediote Tracker

Siicon Trocker
Superconducting Solenald
Barrel Tracker

Absorbers

Forward Colorimoter

Scintiation
Counters

Interag t)
"Boint

The SDC Detector
SD0 DRAWNG * 50d00030.00%
29-2P0-M92
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r- DC Detector Integration
5 9 Expected Performance of SDC Detector

. stability of the barref toroid agalinst floor motion is
malntained by the distributed hydraulic jacking system

+ access capabllity to the back of calorimeter Apy _ % " .
. access to Inner trackers by retracting endcap calorimeter, p, @1TeV n= 0 16 % charged particle
FW1 and absorber n=25 60 % charged particle
%‘-’f @1TeV  1=0 1% muon
n=25 18 % muon
i AE, 14 %
: E, (EM) <3 & @ o.01
R .
2, AEE' (Had) thl <3 - f:j?E_" ® 004 (single 1)
SEZTIN 7 '
a1 AE, 100 %

E (Had) 3§|n|<5-5 Ve @® o0.08
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.
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Principal functions of SDC subsystems
SDC CAPABILITIES
Silicon tracker  « pattern recognilion inside jets B '
b ging via secondary vertex finding EL;E%I?SEE'JE res(ggnn::k::éﬁg\z?syg /st(‘t;:gk":n 5;'\';?3:2;2)'
« track triggering ( 2nd level ) detector at shower maximum
MUON ID -- Traversal of > 14 A, double measurement
0.8 —T T e o L RRARS RAA of momentum (central tracker, muon toroids)
3 tracks, § sigmad>d  Silicon + strew 1.0 o m In n I’Iqlmnm]xnr‘lllﬂl -

051+ yottom fots MC atatistica srrors ] \ ! TAU ID -- Low multiplicity jet, proper kinematics
> }_ @ alt athor jots 3 o8 B
§ ol H v | NEUTRINOS (OR OTHER NON-INTERACTING PARTICLES)
g .ok + I [ l + E § o6l = Transverse energy unbalance in hermetic calorimeter
?..L + 1 & o - . QUARKS AND GLUONS -- Jets of hadrons in calorimetet
3 r—-+—- and tracking system

o1f- - 0.2 3

N - l bttt B QUARKS -- Displaced vertices measured in siiicon system

%0 30 40 50 :,‘: Pso 100 200 6o  o0s P::’do";‘-:“y"lu 25 PATTERN RECOGNITION IN COMPLEX EVENTS
. High resolution and excellent two-track separation of
FIG. 4-12. b tagging eficlency va. Jet g for the FIG. 4-9. Efficiency of single tracks with p, > 1 o siticon tracker g
:::’:‘:::d system using the method described io GeV/c in Higgs events as a function of pseudorapidity. § g
eI A | : N t_J
L @,E_j’ J . @I /f:,]
NS e
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Superconducting Magnet Outer & Intermediate-angle trackers
9
. . - « accurate momentum measurement -
Technical challenges : 1. material transparency ~ 1.2X, « track triggering ( 1st and 2nd level )

2. compressive force (1700 tonf)

in addition to predictabie and stable operation
safety against quenches

££000

* Solutions : 50.0 _'zc)‘ (’- - -:‘}l'lnclud.l'ng: o ,‘_ 1.0 L
beam constiraint -
E(stored energy) _ _ o s =] 08 |
[Al —M(cold mass) ~ =74 kdoule/kg (A = 0.4Xg) € 100l v = 1000 Gevye E -
~ 5in past I g o6 EM above 20 GeVic = 0.96
— development of high strength aluminum 3 P, = 100 GoV/c o
stabilized superconductor I g 04 b
- increase of quench propagation velocity & 'oF py = 10 Gev/e J:‘v-//’/d a
by pure aluminum strips 03 g 02
p. = \ GeV/e
0 A I U S 0 bd
[B] lighter material for outer vacuum vessel (A = 0.2Xq) 008 P_‘e-:dmvl:ﬁy " z0 23 ° 10 20 N 30 40
- Isogrid (grid-stiffened ) shell  or FIG. 46, Track paramete erors va. rendity & } e T ldm (GeVic)
= - 4-6. . rapidity for sever: . . eshold curve for the two-out-of-theee
brazed aluminum honeycomb panel 3 \ransverse P ) tranaver o superiayer OTD Level 1 trigger. "
I .
L fji e i
] . Gl
NCS LA
Prototype Superconducting Magnet
Superconducting - provide an axlal magnetic field of 2 Tesla
* started In 19|91 ﬂt'l‘md ";": b‘: ‘:Iog:met‘:d in 1993 Magnet + thin in X, and A, for calorimeter performance
s One qual’ter eng with a fu ameter . long term stabillt
+ joint work by KEK and FNAL 9 y
isogrid shell or
decentering Torce brazed aluminum honeycomb
{ 40 tonf ) Table 5-1
Genersl requirements of SDC solenoid.
compressive force Mnguet envelope N o
(1100-1700 tonf ) Cur s 205 m
- ‘Total Jialf length 4380 m
Nominal magnetic fleld 2T
AR A 4 ‘Transparenc; {n=0' 2 Xi
~ NI =7 S - "
—0“ - Cool down time < 14 days
; X Quench recovery time <4dhe
T o / alaminum stabiized ’ FIG. 5-2. Field contour plot for an n.lnl coil-
radlal magnetic pressure "he field s in
’ a(i 27 Pol (16%”'::3) ) . superconductor g :r:ln.:epuuion of 470 mm. The field is §
[—]
ure aluminum strips o w
e ] @ﬂ_‘[ J° \ ' f}’ii (
e Q f,‘l—{ -

Pl )
AR+ l“ e

V€000



Central - meas. of energy and direction of jet, e, v, v

calorimeter « identification of e,y,1,v
- trigger Information on energy, isolation & timing
« correction of EM energy by massless gap

-taggingofu 3 A0 RARRS RAMAN RARAS RARRE S
25 E (b) Resolution e
20F- =
T T Iu T -I;- T ’-,n 5 15? Dl’ll+l:PbHAD)_:
 posd /} 3 € "y +EM +1 FcéH.AD) ]
20 = Pid e [ 10 —
[ 6 2mm scint e ’,+ 3 4 ? v ]
& D 4mm scint Pie -3 s . B, ]
3 15}— + 6mm :clnt/,’ - ’/* - 3 B
Ny [ Pge el AN P T IO P &
M lo: '//’/,”IL Otnv--'.n-'-v.."uvlvnnlz
° SN el E [ c) e/n "]
[ ::/’{ 1.2 (©) o/ -
sk . [+ 1
s | , L r offt b e o 4+
PRI BT B ° [ ]
% 2 4 [] [ ]
Lead thickness (mm) 08 - ]
FIG. 8-8. Stochastic resolution term in the EM 0-0(;' + '.'5|o' n '“I)‘; At ll!ISO. At .Z(I)Ol At ‘zéo
calorimeter as & funcilon of the thickness of the lead
radiator plates Beam Energy (GeV)
. FIG. 6-59. Measured (b) pion resclution and (c) e/x resp
as a funetion of energy from the hanging file calorimeter
W
N
bies
Shower max detector Forward calorimeter
« measurement of center « measurement of jet energy for
of gravity of EM shower missing Ey and WW fusion taggin
T g
200
E 8
175:_ 10 AAAR v-.s[----l..--l- ”I””;
F_sigma = 2.41 mm 5 = ]
150 3 g MCPMT y 10° ) E
» F N glulno i T 1
§ 125 3 a 104
g 100 %— s \
3 15 F g
o o -]
O F $
50 F & 102
25 F Y U PN PR PO Piva | PUOTE
b -] 50 100 150 200 250 aoo0
0 -20 0 20 Missing—E, (GeV)
. FIG. 3-71. Compari of the missing-E, dis-
Distance from beam axis (mm) ibutions for the back d (to light ghuino
. pair production) due to ttljet events with
FiG. 6-48. Position resolution for electrons in the energy loss out of the end of the detector, Jn| >

L thick strips.

SMD coilected with the MCPMT- readout and 5 mm 4 (dashed histogram) or S (sofid histogram).
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Offline

computing

« capabilllties for production, analysis and
simulation

» processing raw data, storage and data access

« network with high data transfer capability

» reglonal computing centers

Table 10-2
Design parameters for SDC offline computing.
Requirement
Data recording rate 100 He
Raw data event size (maximum) 1 Mbyte
Live tims per year 107 sec
Raw plus processed event size 2 Mbyte
Expected DST event size 10° bytes
Total number of events per year 10*
Total raw data sise per year 10" bytes
Total processed data size per year 1018 bytes -
3
-
w
] _
EASE
—
Radiation Effects on Detector Components
Sillcon * dose rate = 1012~1013 particies/year at L,
* polyethylene liners reduces albedo neutrons much
* detector tests showed lifetime of ~10-100 years
Straw ¢« no anode damage to 2C/cm (>100 years)
« cathode tested to 0.3C/cm (15-60 years)
Scint fiber « base materlal is tested to be radiation tolerant
« radiation test of fibers and waveguldes is underway
Gas microstrip « effect on resistive substrate to be investigated
Tlle/tiber » dose rate = 2.7-570 krad/year at Ly
calorimetry  « extensive tests showed commerclally available
& Shower max scintillators are adequate for barrel calorimeter
* removable EM endcap with two longit. samplings
* removable hadronic endplug at Ini>2
Forward cal. e« dose rate = 0.1-100 MRad/year at L,
Front-end « tast bipolar Is Intrinsically radiation hard 3
electronics ¢ radlation-hard CMOS exIsts and looks promising &
. L

Muon system

 muon triggering
» [dentification of muons

- Improve momentum measurement

hreshoids.

¥
H
g ! - 1.00 . v
£ :_'.‘, f J AR RIS B '!.../.—,.r175
H P [ J
Foa Lol gy os0 b — _ - aav 2
= [ py = 3 TeV/e ]
i 020 f - 7
€ o pEene ==~ T o
o010 b =
Z 7.
0.05 E."_'. W0 Ge¥e o o Y
4 oA =60ns ’
—4— #icul=1Q0ns I s !
—i~ $tcul=200ns
0.02 00 GeV,
P Ay po=1 eV/c
[ = 150
i ¥ 001 s 1 1.5 2 25
2 . o Rl
O R 40 ""60 B0 V00 120 140 Pseudorapidity n
Tronsverse Momenium (GeV/c) K
FIG. 7-4. Momentum resolution for muons using
combined measurements from the inner tracker
FIG. 7-2. Trigger efficlency versus transverse and the muon system (solid lines) and from the
momentum for three different time difference inner tracker alone (dashed lines)

NN

QCD background Rate (kHz)

Electronics * Front end: signal processing and buﬂ'erlng
* DAQ: event building, filtering and recording
* Trigger: 108 interactions/sec — 50~100 events/sec
SAAAS RAA A MARas A SR
> [ + . Electren Trigger central
10 ;', o."u;:.m.um -3 Table 83
A o: H/R and tsolatien Combiaed Lavel 1 irigger rate for 1he maln slectron/p
N I L N [yt e e
10 E‘ o ¥ ., : l‘>lhful._l -cl[b.Whlucldnﬂrumplnllum'hlﬂkc/m<0.l$md-uui
o, ‘!‘ "' k :ll h>l00¢V/¢mh‘h0-nllhm.hldl—tlulmmphu
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Physics Performance

Physics Process

Mass Region (GeV)

Physics Signature

Associated 1liggs Production

80 - 150 WH+H A+ H-tyy
Direct Higgs Productlon
130 - 180 H—22" -4
180 - 800 H—2zZ -4t
800 - 800 H— 2Z — 2w
TNigh Mass Boson Pairs
Requires integrated luminosity of Zy— -y
at least 50 ! for complete studies 1-2 TeV WHZ sttty
WiW+ — ettt
Discovery of ¢ Quark
S1Tev T WHW- + X v ety¥ 4+ X
Mass Measurement of ¢ Quark
Sequentlal Dilepton Mode <500 tHonetWh W—ev, bop+X
the other ¢ — 3 Jets
Lepton + Jets + b-tag Mode <500 Qonet—-W+X; Wity
the other t = Wb — b + 2 Jets
Non-standard t Decays
Vialation of r Universality My SMep~15  t— HE HE sty v¥ ont i X
Peak In 2-Jet Mass Distributlon My SMey—-125 t—HE; H* o
Gluino and Squark Searches
Missing-E; + Jets 300 - 1000 33 — EP® 4 3-6 Jets
Like-Sign Dileptons 200 - 2000 33 — 242 + 4 Jets
New Z Searches =
Discovery L4 Tev 2~ P=3
Width and Asymmetry <2TeV 2 — e [=}
Compositeness g
A 225 TeV Inclusive Single Jet Spectrum .
apu
N
R
Summary

* SDC is a world wide collaboration with >900 collaborators.

* After 2 years of intense efforts on design and R&D by the SDC,
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 particlpating countries, the SDC is

prepared to meet the schedule of collider turn-on for physics late

1999.
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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
tracking 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 moment
10 TeV/c~! - implies ~ 10%
lepton.

(b) First level trigger e

crossing, over the range |n] < 2.5.

: 2
nd-level trigger with momentum resolution o, /;
(© §“Te°V/c". Gifegs a 20% error for a 40 GeV/c lepton.

Provides a factor of 10 reduction of first level triglgervefaze

and rejection of most conversion electrons at second le

um resolution oy, /77 ~
error for a 10 GeV/c

ficiency > 96% per track, with
< 0.05 false triggers per calorimeter trigger ¢ bin per

00051

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:

(a) |n| coverage at least out to |n] = 2.5 (H® — 4 charged
lepton geometrical efficiency R 60% for my > 200
GeV/c?).

(b) Reconstructed (as opposed to parametric) vertex con-
strained momentum resolution for isolated charged
tracks of o, /pf < 20% TeV/c™! for |n| < 1.8, allowed
to rise to g, /p? — 100% TeV/c™! as || — 2.5.

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

(2) Material in the tracking volume, averaged over |n| <
2.5: £ 7% X, inside 50 em, < 15% X, for all radii.
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Second set of requirements is mainly motivated by desire to
do detailed studies of the top quark. Need to identify leptons
and do tracking and vertexing for b jets.

3) b tegging efficiency for top studies with 125 GeV/c? <
Moy < 250 GeV/c2:

(a) Reconstruction efficiency > 80% for tracks of p >
5 GeV/c, for b tagging using leptons.

(b) b tagging efficiency > 25% using detached vertices.
Implies impact parameter resclution < 20 um for stiff
tracks, < 100 pm for p, = 1 GeV/e, and > 85%
efficiency for finding tracks with p; > 1 GeV/c within
jets of p; up to 100 GeV/e.
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4) Discovery potential—hard to quantify. In ge era.l ant - . i 3
maximum capabilities from _dgectogy Bases gn hjs?c;x‘;, Goals for 9 jaccep t ance and p; resolutmn. drive
h!x)ghﬁ)t pnslm); (other than isolated lepton of Higgs case the outer dimensions of detector, resulting in
above) would be reconstruction and impact paramete an oute i = - =
measurement of leptons within jets up to the lm?gﬁt jet p: 430 g radms 170 em and half length
possible (at least > 500 GeV/c). Desired reconstruction ) cm. ’
efficiency > 50%.

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 p; resolution drive
the number of layers overall. :
00056 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.

]
P ——
===
pm———

b g b
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Silicon Tracking System

Covers same 7 region as muon system: |n| <
2.5, using barrel detectors in the central region
and planar disks at larger rapidities.

Detectors are double-sided, providing measure-
ments of ¢ 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 arrays (pictorial view),
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0.6 r T T
3 tracks, # sigma>3 Stlicon + straws
0.5 X bottom fats NC statlstical arrors
2 04 ® all other jeta
K] L
L [
<03 ] _{.I-+~_+_+
v -
5 b + !
] 0.2 .—_{_..
gt
0.1
0.0 E NP, S e |
20 30 40 50 €0 80 100 200
Jet p,

b tagging efficiency vs. jet p, for the full tracking system.
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'l/\r\a‘aﬂ-«’ Sq?&/ﬁldﬂ,ﬁf 00063
‘Barrél Straw Tracking System
€ lagprs
OF“&;rMs

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 ahaili 1| :
layer provides a rough Pt measurement W o !
is used directly in the trigger. é““‘““:t

jecti wppor Straw superlayer module.
To achieve both excellent background rejection f‘_\“ - -

very high efficiency requires a trigger using
::g ouzyof tiree stiff track segments. The straw
system has three axial superlayers,. t.he mini-
mum required for the trigger, providing some
redundancy and robustness.

Two other superlayers provide z informatio.n
using small angle stereo. The 7 coverage is

In| < 1.8.

00065
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Intermediate Tracking System

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

To provide sufficient background rejection and
pe 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 7
and are separately linked to form a trigger.

Completely assembled barrel outer tracker
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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 x105 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
%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 x10° individ-
ual anodes. Expected to have excellent rate
capabilities; requires choice of optimum detec-
tor substrate.

X ] o
F-[rﬁ't— L)L\JQ( ’r‘(,_\.;e,/ - :DIS\DM b nﬂsx;
U
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Performance numbers including local
alignment errors.

Silicon Detector: 17 pm error, each side.
Occupancy typically 1073,

Straw Superlayer: 85 pm error.
Occupancy varies from 9.6% at smallest ra-
dius to 2.6% at outside.

Gas Microstrip Detector: 100 pym error.
Occupancy 4 X 1073,

The resolution of coordinate mea§ured u§ing
stereo is about 1.5 mm for all tracking devices.

Silicon provides excellent pattern recognit%on
capability, 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 GeV/c as a function
of pscudorapidity in Higgs events at design luminosity.
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Average occupaacies at SSC design luminosity
Superlayer Radius (ecm) An Coversge Occupancy

=Bl 60.0 2.3
B2 76.0 2.3
B3 92.0 2.3
B4 108.0 2.1
BS 136.0 1.9
B6 165.0 1.7

Parameters and Characteristics of the Superlayers of the Scintillating Fiber Tracker

Radial Fiber Fiber Scifi A
location  layers channels length coverage guide fiber
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Suppon Disk.

7777777777

Compasitc Cy u-mm« . P

\ End Ring:—k

QUANTUM EFFICIENCY (%)

Wave- Total Expected mean
no. of photo-

layer (ecm) x=axial perend for axial length length electrons detected

u=stereo fibers (m) (m) for 925 um diam.

v=stereo (m) (“_')hr
B1 60 2x,2x 15.9K 3.00 23 6.93 9.93 4.6
B2 T6 2x,2x 20.1K 3.65 2.3 8.12 9.77 4.6

B3 92 2x,2x 24.4K

2u,2v 244K 4.30 2.3 8.31 9.61 4.5
B4 108 2x,2% 28.6K 4.30 2.1 5.15 9.45 4.6
BS 136 2x,2x 36.0K 4.30 1.9 4.87 9.17 4.7
Bé 165 2x,2x 43.6K 4.30 1.7 4.58 8.88 4.9

2u,2v 43.6K
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Spectral quantum efficiency for VLPC devices. HISTE are DoD

restricted devices. HISTE-TI and ITI are unrestricted devices.
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SDC CALORIMETER SYSTEM
May PAC/SSC SDC CALORIMETER SYSTEM
REQUIREMENTS
1. Measure the energy, interaction time and direction of quarks (jets),
electrons, neutrinos and photons. Provide triggers based on these
Dan Green properties. ’

for the 2. Provide identification capabilities for electrons { EM/HAD compartments )
SDC Calorimeter Group and photons. Tag muons as noninteracting particies deep in the system.
Provide hermetic coverage to allow for netstrino 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
decayinginto leptons. (1n} <& , 1M|<3)

T ex/Fises az 00081

hY
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CENTRAL CALORINETER GEONETRY

BAAREL
ENDCAP

W -2/ a By /
; VIS
cotl.

X7 —

Ml M ENQ

Longitudinal quarter section of the central calorimeter.




00082

EM TEST Moduct-Ph CASTING
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CONTRIGBUTIONS TO THE EM AESOWTION

= CONSTART" TeaM -

EM calorimeter constant term budget.

Source of constant term  Contribution

Calibration tower to tower 0.2%

Leakage 0.3%
o Transverse uniformity 0.5%

Tile-to-tile variations 0.5%

and longitudinal masking

Absorber thickness variations 0.2%
e Radiation damage 0.5%

Total (added in quadrature) < 1.0%
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INCUCED TRANIVEASE NONUNIFEAMITY?
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SDC CALORIMETER SYSTEM
DESCRIPTION

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

el
Massless Gap  Readout first layer in each tower independently.
Correct for EM showers initiated in solenoid

EM Make a precise energy measurement in tower
of size 0.05 in eta/phi. Absorber is 4 mm Pb, 21 Xo.
SM Precise ( 2 mm ) measurement of shower cg. Scale
\ of strip size in eta/phiis 0.05/8< Moliere radius.
B HAD Measure hadronic energy sutficient 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 size. Fe,

End HAD1 (24 mm) + HAD2 (54 mm) = 10 int lengths.
Granularity constant untii shower size dominates. EM longitudinal
segmentation to tag and control radiation damage. Endcap EM and
endplug hadron repairable.

.8 FORWARD CALORIMETER
Coarse segrnentation and energy measurernent. Tag and measure
jets for missing Et and WW {usi

SDC CALORIMETER SYSTEM
SUMMARY

1. SDC Calorimetry is defined by "SDC Calorimeter Conceptual Design Repon"
and the TDR. Details will appear in the paraliel sessions.

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

3. In general, SDC has evoived to emphasize EM resoiution, which has
precise scales such as Z width/mass rather than HAD resolution where the
basic quarks require a less accurate energy measurement due to inherent
difficuities 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
systerns is being addressed. An existence proot for the barrel has been
made. R&D for the endcap is in progress. Replacement plans exist.

5. The next step for the calorimeter group of SDC is to build and test a full size
"preproduction prototype” of a barrel wedge. This must be done in 1993
if the SSCL schedule for SDC is to be met.

6. The forward calorimeter options have been reduced to 2 and the geometry
has been chosen (backstop), Final 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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Plan of the Talk

The muon system has three main functions:

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

(b) to identify a charged track as a muon

(c) 1o 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 each function.

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

00104

Toroids

The toroids are key elements of the muon system. They
are essential for providing
(a) the first level wigger
(b) asecond momentum measurement for muon
identification
(c) improved momentum resolution in the forward
direction.

m| Range |Thickness | Ave. Field 0 Kick
(m) (€))] (mr)
Central 0-1.4 1.5 1.8 810/p,
Forward | 1.4-2.5 3.0 1.8 1620 tan 6/p,

The forward © kick varies between 860 /p, mr to 268/p, mr
as 1| 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 us, 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 6 measuring
direction, so that they can be associated with 6 chambers
at the first level rigger. They also give a /16 ¢
measurement, which can be used to associate triggers with
the calorimeter towers and muon ¢ 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 p, threshold.
They give either a t/12 or ®/8 ¢ measurement, depending
on 7. 2256 counters.
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SDC FORWARD MUON SCINTILLATORS

SDC BARREL

MUON SCINTILLATORS
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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.

20 GeV/c
NOT 10 SCALL

MIRROR
PHOTOTUBE ~_

\—— INTERACTION POINT
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/ OOID

Wire Chambers

Pe50 Cev/c
21300 Gev/c

]

L]

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.

Pu20 Gev/e

Ximcm.

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

2

Phototube Face

(b)

The tubes have simple field-shaping electrodes to give

35 relatively uniform drift fields, which are aligned

; - perpendicular to the direction of high p, tracks by rotating
the cylindrical tubes.

2

]

4
o
4
-8
-12

The central tubes are 9.0 crn inner diameter. This is the
largest radius which allows a 1 ps drift time for normal
gases. The forward tubes are either 4.2 or 5.7 cm inner
i. diameter. The smaller diameters are for reasons of space
4

and occupancy. [Background rates go as the diameter
- squared for charged particles and the diameter cubed for
neutrons.]

Tinem.

2

Phototube Foce

(a)

?
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Plokced ac. P0: 5208 on 23/04/90,

Partiele I1B= Elestron

' WIRE DRIPT LINE PLOT

*19

- Progective Tracks
at Module Junction.

BWI1
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0.1000 (Micro sec)
¥ ¥ ¥

00117
1
x* 1 0 *
. i .
- 3 ot o
@ § 5
g 3§
5 < 88
: ': ° o e
[=}
e Pl .
: g g
w| W
= B {r
ww % o
- o
3 [ ]
% = 8l
|-
azs
£ @ oal
F 53
B A e e e i R aa S e 10
& & N Py P e L & & € $ - o P ° o s s < < °
fus) syxe=K ¥ [wd] sixe-A
/ 001 20\
Tubes are positioned to measure 8, ¢, and stereo in the
central regions, and to measure 8 and two stereo directions
in the forward regions:
Central Chambers
Label | Coor- Number | Channels
dinate of Layers
BW1 2] 4 10674
] 4
| BwW2 2] 4 9136
w2
BW3 2] 4 37814
w3 4
s 2
Total 22 57624

x-axis [cm)
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Forward Chambers

Label Coor- Number | Channels
dinate of Layers
FW1 6 4 4390 -
Fw2 6 2 11904
S 2
2] 2
Sy 2
Fw4 [¢] 4 4310
FW5 6 2 11636
Sl 2
2] 2
s 2
Total 24 32240

In addition, room is being left between the two forward
toroids for an additional 4 layers of 6 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.

Trigger

The basic first level trigger is generated by measuring the
local bend in © 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 p, threshold, the first level trigger rate is
estimated at about 6 kHz, a number which is somewhat
marginal. There is flexibility to enhance the first level

trigger if necessary:

« Require a stiff 6 stub in BW1. (Reduces triggers
from large scatters in the calorimeter.)

¢ Require a stiff ¢ stub in BW1 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.)

00122
Estimated Occupancies
At L=103 em2 sec],

Scintillation counters

Central 210%

Forward 2103
Chambers

Central before torrid 5104

Central after toroid 110%

Forward (worst case) 1102

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

00124

High transverse
momentum track

At= tl- t2
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Muon Identification
The second level trigger must refine the p, measurement to
sharpen the threshold. In the central region the primary The key question for the muon system is whether a wack
method is to match a track from the inner tracker to a ¢ found by the inner tracker is a muon.

measurement in BW1 or BW3 (or IW3).
A match must be made in 6, ¢, and momentum. Studies

In the forward region, the primary method is a line-line of high-p, b jets show that both the 8 and ¢ matches are
measurement in 6 with FW1-FW2 and FW4-FW5. 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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Momentum Measurement

00136

The primary momentum determination 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-p,, the. momentum
measurement in the central region is improved by ¢

measurements in the muon system.

The forward toroids contribute to the overall momentum
resolution at high 1, and become the primary momentum
measurement for p, > 300 GeV/c and inl > 2.2.

Forp,=1TeV/c, Ap/p, =

n=0 0.11
n=25 0.18
00132
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 Supertower Installation Jun 96
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-less" 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 channels for 103 interactions/sec
to 50 - 100 evenrts/sec of record length < I 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 1 & Level 2 triggers
digitize event data
output event fragments to the Data Acquisition System
develop primitive information for the Trigger System

Data Acquisition System:
collect 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

00137

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 IC’s
for high channe! densities and low cost

Exploit parallelism throughout architecture.

* avoids bandwidth bottlenecks

« allows capability for upgrade and high luminosity
Implcm_cnt a 3-level trigger and readout architecture.

 makes efficient use of bandwidth and processing
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DATA FLOW DIAGRAMI
of 3-LEVEL ARCHITECTURE
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PHYSICS GOALS of the SDC TRIGGER

« The physics goals of the SDC involve signatures
comprised of high-p, leptons, photons, and jets and of
missing E,. Consequently, the trigger must:

identify, measure, and count
et, pt, y, Jjets, missingE,.

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

« 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.

» 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 urigger must be measurably efficient.

 Benchmarks for Trigger Performance
e e’sandll’s frominclusive W's and Z’s _
« y'sandjets a high-p, (overlap with lowerV s )

e Missing E,  from H— 22y and SUSY

PHYSICS PROCIESSES

N
)

SIGNATURES of SAMP.

0013y

PHYSICS and TECHNICAL CHALLENGES
to SDC TRIGGER DESIGN -

Physics Challenge:

The trigger is the start of the physics event selection
process. It must retain interesting physics from the
TeVatron range to the highest masses accessible at the
SSC.

Technical Challenge:
108 interactions/sec -----------=s > 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:

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

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

*» Design data paths to the trigger levels.

* Design trigger processors at each level.
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STRATEGY of TRIGGER LEVELS

Level 1:
Identify Physics Objects

et, Lli, Y, jets, "v
and Combinations of Physics Objects

Level 2: ) )
Refine Identification of Physics Objects
e.g.. Sharper p. E; cuts

Reject conversions

Level 3: )
Identify Signatures of Physics Processes
With full event data and capability of full analysis
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CHARACTERISTICS of TRIGGER LEVELS

Level 1:

as fast as possible to minimize buffering
‘decision each 16 ns with < 4 s 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 us

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

00145
ELECTRON TRIGGER

Level 1: Identify electromagnetic shower
Calorimeter trigger towers with E, > Thresh

and E, /E < Cut
Reject PMT discharge
Shower max hit within calorimeter tower
Demand track associated with shower
Stiff outer tracker segments

pointing in ¢ to trigger tower and shower max hit
Option: Isolation (Sutrounding trigger towers below threshold)

Level 2: Reject y conversions
By demanding hits in inner silicon layers
Reject it — nt® overlaps
Spatial match of track with shower max in ¢
Reject n* showers
Loose E/P cut
Option: Isolation (Sutrounding trigger towers below threshold)

Level 3: Sharpen E, 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

DR

Single e/y Trigger Barrel + Endcap

Solid: Tower E, > Thrsh
Dash : H/E
Dots : H/E and Track

P R R N

0 10 20 30 40 50
Electron E, threshold (GeV)
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PHOTON TRIGGER

Level 1:
Identify electromagnetic shower
Calorimeter trigger towers with E_.> Thr

and E.,JE, < Cut
Reject PMT discharge
Shower max hit within calorimeter tower
Option: lIsolation (Surrounding trigger towers below threshold)

Level 2:
Reject i° conversions

by examining shower max profile
Option: Isolation (Surrounding trigger towers below threshold)

Level 3:
Sharpen E, measurements

Using full calorimeter segmentation and resolution
Perform calorimeter energy corrections

For cracks and inert material
Advanced pattern recognition for photon id

With calorimeter and shower max profiles
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MUON TRIGGER

Level 1:
High p, track segment in outer muon chambers

p, determined by toroid and 6 chambers
Crossing tagged by muon scintillators

Option: Associated stiff outer tracker segment
Option: Isolation (Calorimeter trigger towers below threshold)

Level 2:
Match muon segments to central tracker segments
in ¢ and p;
Improved p, resolution
using momentum in central tracker
Option: Reduce o(p,) due to beamn spo! (using added 6 layer)
Option: Isolation (Calorimeter trigger towers below threshold)

Level 3:
Perform complete 3-D tracking

00148
JET TRIGGER

Level 1:
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; 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 inert material
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"NEUTRINO" TRIGGER

Level 1:
Missing E, > Threshold

determined from calorimeter trigger towers above cut

Level 2:
Refined Missing E, measurement

by correcting for muons
option: determined by summing over energy clusters
Option: Demand direction not aligned with dead region.

Level 3:
Sharpen Missing E, measurement
Using full calorimeter segmentation and resolution

Perform calorimeter energy corrections
For cracks and inert material

00152
DATA PATHS
to TRIGGER PROCESSORS
Level 1 Level I2
Front end ,,, Loca
electronics Pr:c"::slors DAQ butter Processors
il [(1024¢0x6
Silicon A P? l:its 1
Tracker 3 VTX bits
5 .
Central 6: Saa " 1024 ¢ x27
Tracker [——=5 ?’ 5 Ptbits
. 2 -
Interm. 64‘4');”;71 1024 6:87
Tracker = F S Ptbits
320126 ]
Muon 20":"' ” 1024 ¢ x267
£} 5 Ptbits
' o+ 30 2
Shower -—1“,?,,’,,, i 1024 ¢ 1307
Max E 8 E bits
64 ¢ » 60 | 8 EM E bits
EM +HAC 8 € bits 8 HAC E bits
Calor. = o
g‘ ki
] 8 EM E bits
Calor. - .
Global Global
Level 1 Level 2
Trigger DAQ & Trigger
Level 3

Trigger
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Examples of LEVEL 1 TRIGGER RATES

Trigger - Threshold
Electron  20GeV
Photon 30 GeV
Muon 20 GeV
Jet (1.6 x 1.6 sum) 140 GeV
Missing E, 80 GeV
2 electrons 10 GeV
2 photons 20 GeV

00153
STATUS of TRIGGER

Status:
Model 3-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



00154

DESIGN CHALLENGES
for SDC FRONT-END ELECTRONICS

Technical Challenge:

Fast, low-power, often rad-hard, reliable readout
systems with Level | and Level 2 buffering and with
simulraneous signal processing and data readout,

Architectural Approach:

Readout based upon high-performance custom
integrated circuits for analag signal processing and data
storage. High degree of architectural uniformity for all
detector systems.

e.g.: 8-chan fast, low-noise, rad-hard bipolar preamp/shaper/discriminator chip
for wire chamber readout,

16-chan 63-MHz CMOS transient recorder chip with 4 usec deep memory
for calorimeter readout
128-chan rad-hard CMOS data-driven hit buffer for silicon strip readout

Design Approach:

* Develop critical IC technology and designs.

* Develop conceptual designs of complete systems,
including trigger 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.
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A "GENERIC"” FRONT-END SYSTEM
THREE POSSIBLE LOCATIONS
FOR ANALOG-DIGITAL CONVERSICN
SIGNAL
sewenr  fhoces fubver sromace STomsE
b i 01
[
CALIBRATOR
SQURCE
IDENTIFICATION
C;UT:::ZION DY:YIGAGEQ SYSTEM LEVEL1 LEVELZ LEVEL2 %:mmm

STROBE TR

Functions:

» perform signal processing of detector signals

correlate detector signals with particular beam crossings
buffer data during trigger decisions
filter data according to Level 1 & Level 2 triggers
digitize event data
output event fragments to the Data Acquisition System
develop primitive information for the Trigger System

Implementation is generally a pair of multichannel custom IC’s
« Bipolar signal processing IC
¢ CMOS data storage IC

Past and Present Motivations:

Additional Motivations at SSC:

OVERVIEW of SDC FRONT-END SYSTEMS

DETECTOR-MOUNTED, INTEGRATED

FRONT-END SYSTEMS
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Why are we developing custom integrated circuus:

» improved analog performance

« connection density

limited cable space

¢ cost effectiveness

* space efficiency

* reliability

« reduced power dissipation
* increased functionality
(e.g.: multiple event buffering. trigger solutions)

Conwnents

Trigger
Daisto...

Data
Storage

Signal
Processing

Channel
Count

Sulisystem

Rad hard

1.2

Dipolar  ASD CMOS  Digital Hlits

6x108

Sificon Tracker

Very low power

Rad hard

Lt &L2

Digita! Time

Dipolar  ASD CMOS

140,000

Straw Tracker

Low power

Simitar 1o
siticon racker

Lt &L2

Digitat tits

CMO0S

Ripolar  ASD

s

Gas Microstrip
Teacker

CMOS  Digital Hits LI&L2

Ripotar ASD

473,000

Fiber Tracker

Very large
dynaniic rnge

Lt (1)
Lt 42

Bipolar AmgShape  CMOS  Analog Charge

Dipolar Gaicd Integ.  CMOS Digitat Charge
Blpolar Amp/Shape  CMOS as in calorimeter

20,000
20,000

Calorimeter
(Option 1)
(Option 2)

increased immunity to RF pickup

Simitar 1

L1&i12

$17,000

Shower Max

calorimeter

Simitar 1
siraw tracker

LI&L2

Dipolar  ASD CMOS  Digitat Time

90,000

Muon Wircs

Simitar to

CMOS  Digita! Time L1&12

Bipotar  Discrim

7,000

Muon Counters

muon wircs
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= SCA (Switched Capacitor Aray}

= TMC (Time Memory Cefl)

= 1 bithit

Digita! tlits
Digital Time
Anatog Charge

1Gatedt integrator/FADC

= Amplifict/Shaper/Miscriminator

Amp/Shape = Amplified/Sh

Gateat nteg. = Current splitter

ASD

Digitol Charge = 12 birs/ichanacl

Discriminalor

hscrin
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Wire Chamber Readout
Specifications

* Minimum Detectable Charge =1fC

* Time Resolution < 0.75ns

* Peaking Time 5-7os

* Double Pulse Resolution 20-30ns

<20-25mW

* Power Dissipation

Schematic Diagram
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DESIGN CHALLENGES
for SDC DATA ACQUISITION

Technical Challenge:
Transport up to 10 GBytes/sec from F.E.’s to Level 3.
Provide processing power for Leve! 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.

00159
STATUS of FRONT-END ELECTRONICS

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
irems. Equipped with prototype IC’s and system concepts,
we must now demonstrate that our systems will operate
with full performance and full funcrionality and must
complete detailed system designs.

What’s Next?:
Complete the evaluation of custom IC’s
Optimize, design, prototype, and evaluate systems.
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.

00161

DATA ACQUISITION BLOCK DIAGRAM
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SDC DATA ACQUISITION REQUIREMENTS

* Performance Requirements
« Partitioning and Stand-alone Operation Requirements
* Control and Monitoring Requirements

* Scalability, Reliability, Maintainability

00162
DATA SOURCES to DATA ACQUISITION
# Crates & " # Data
System . S - DAQ CPUs 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 1 Trigger 59 59
Level 2 Trigger 25 25
Total: 274 394
00164
SDC DAQ
Requirements
* Performance requirements

e L e e m s e, i

e e through Event Bullder Subsystam 10 GigaBytes/sec

et pover i onine farm 105 MIPS

. Mazimum event size {for a calibration event) 20 MByte

- Expectad avent size (data events); this number needs study 1 MByte

. lh.lunum rndout dasdtime 10%

. d dus to DAQ d 3 5%

 Partitioning and stand-alone operation requirements

Must b- able ta -intarfering DAQ systems for

Pnurvn t.hu ﬁmum:hty -Mdnumrmonfordnbum:md
calib:

¢ Other Requirements
ity
Scalabili ity
m“'" mcainability
* DAQ Control/Monitoring requirements

00165

STATUS of DATA ACQUISITION

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 SSC.

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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Phvsics Performance of the SDC Detector

K. Einsweiler 00165
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 GeV
c) Heavy: 180 < M < 800 GeV
d) SUSY Extensions
e) Strong Symmetry Breaking
4. Heavy Gauge Boson Searches
5. Compositeness Searches

SSC-PAC 2 May 1992
K. Einsweiler Phys Peri-3

Overview of Detector
Tracking Models:

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

e 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 7 :

00170
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Eta of Track

Curves are for constant p; of 100, 250, 1000 GeV.
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Introduction
Survey physics relevant to SDC dectector.

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

e 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.

e Use simple detector models to capture essentials.

e Start from baseline detector concept and vary
parameters to understand impact om physics
performance.

00165

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

Phvsics Topics:

. Electroweak Symmetry Breaking Studies
. Top Physics

. Supersymmetry Searches

Heavy Gauge Bosons

Compositeness Searches

QCD Tests

S o s W

SSC-PAC  : Mo
K. Einsweiler Pbys
Calorimeter Models: 00171
e Use shower parametrizations for EM and HAD
shower shapes derived from EGS (EM) and ZEUS
data (HAD).
e Use resolution parametrizations for single particles
from EGS (EM) and CALORS89 (HAD):

oE) _ _a_ o
% = meb (Barrel) or 75

e Use CALORS89 parametrization for w/e response
(assuming calibration forces w/e = 1 at 300 GeV):

&b (Endcap)

7r/e=a—-E,(%§

Calorimeter parameters used:

Parameter Barrel Endcap Forward
Coverage Inl<14 14<inj<3.0 3.0<|n<6.0
Radius of front face (m) 2.10
z position of front face (m) 4.47 12.00

Compartment depth

EM (+ Coil) 1.1 0.9
HAD1 4.1 5.1 13.0
HAD2 4.9 6.0
EM resolution
a 0.14 0.17 0.50
b 0.01 0.01 0.05
HAD resolution
a 0.67 0.73 1.00
b 0.06 0.08 0.10
HAD nonlipearity
o 1.13 116 116
8 0.31 0.38 0.38




Muon Models:

SSC-PAC < May 1902

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 5 : -

0.30 Fr T T T

q .
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Eta of Muon

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

Use transverse energy deposition in calorimeter cells.
Use Seed towers with E; > 5 GeV to define initial
jet axis.

Collect all cells above a threshold of Ex > 100 MeV
inside a cone of radius R = \/(An)2 + (A¢)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:

o(E) 0.61
— = —=60.016
E JVE
The constant term has been reduced by averaging
many single particle measurements.

Lepton and Photon ID: 00175
e Assume global efficiency of 83% for analyses
requiring isolated leptons or photons (includes trigger
efficiency and all selection criteria). .
e Use results from current experiments (CDF) to
estimate expected rejections against dominant
backgrounds (for p; & 20 GeV):

* Photon identification: major source of background
is a jet fragmenting into a leading neutral meson
(70, n, KJ). CDF rejection (ratio of background
in inclusive photon sample to two jet cross section)
is ~ 5 x 10~% with a strict isolation requirement.

* Electron identification: major background sources
are overlaps 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~° 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 representative,
take UA1 results. Rejection (ratio of background
in inclusive muons to two jet cross section) is
~ 5 x 107% with no isolation requirement.

SSC-PAC 1 May 1992
K. Einsweiler Phys Peri-8

Electroweak Svmmetrv Breaking o175
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:
s Standard Model Higgs searches
e Minimal SUSY Higgs searches
e Strongly-coupled Higgs scenarios
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K. Einsweiler Poys Peri-2 K. Einsweiler Phys Peri-10
Production of Standard Model Higgs: 00176 Decavs of Standard Model Higgs: 00177
The dominant production mechanisms for Standard Higgs Mass (GeV) Higgs Width (GeV)
Model Higgs bosons at the SSC are : 14 g -
1. Gluon-gluon fusion via heavy quark loop (solid) 388 33'4
2. WW or ZZ boson fusion (dots) 800 210
3. Associated production with a ¢ pair (dot-dash) In Low and Intermediate mass region, the Higgs boson

4. Associated production with 2 W or Z boson (dash) is very narrow—mass resolution is critical.

100

E IL'S w;w*_\L_}__'_'_Lé
Note: Assume a standard value of Mysp = 150 GeV in g L ]
all subsequent discussions. =R I 22 3
£ E
Production cross sections for the Standard Model Higgs E 1072 - 3
at the SSC: g
AN R R R R o 10-3 -
10-1 00 o . Em =
:510-2 _5 10_4 i i RIS R B A
< 3 40 80 120 160 200 240
é 10-3 = Higgs Mass (GeV)
a . ; In Heavy region, WW and ZZ decays dominate.
g1 BR(H — t) is always less than ~ 20%.
° 10-5 e H — ~vv small but significant below 160 GeV.
o H — ZZ* or ZZ significant above 140 GeV.
10-6

200 400 600 800 1000 e H —» WW and H — 77 both interesting but difficult.
Higgs Mass (GeV)

SSC-PAC + May 1092 s A
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Low Mass Higgs (80 < M < 130 GeV) 0175

LEP-II searches are unlikely to extend much beyond 80
GeV, due to statistics and backgrounds from ZZ pair

Subtract expected two photon background to study

. . ional:
significance of residual sign 00179

production. LTl RS EARAS RARLE RARAN RS
Direct production with H — vv: 200 -
e Large continuum background from QCD production g 3
of photon pairs. > 100 =

e Large background from QCD two jet production. g 0 Y
e Mass resolution requires accurate knowledge of g 3
photon directions. g-100 3
Signals for Myjggs = 80, 100, 120, 140, and 160 GeV: & -200 J:
AN RRRAS RRAAN LARRS MARAY nA S SO TN U PO PO .

-1} 80 100 120 140 160

20000 1 Two Photon Invariant Mass (GeV)
,53 10000 = 3 Signal for M = 140 GeV has significance of 55, ignoring
8 s000 - = systematic errors arising from background subtraction.
> 1 There are several hundred events in the peak.
§ 2000 [~ —
£
& 1000 -3 Marginal signal suggests looking for other processes with
500:..UILLUI,...|.,“|_,“|" less background.
€0 80 100 120 140 180 Associated production of Higgs with W or t quark gives
To Photon lavarient Mess (GeV) an additional lepton tag which significantly reduces
Only backgrounds from photon pair production are background.

included. The photon direction resolution is assumed to
be 1 mrad.



35C-PAC < Mayoosgl
K. Einsweiler Pzvs Peri-13

Associated production with H — ~~: 00150
The processes W + H, Z + H, and tf + H all contribute
to the £ + 4y + 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 #f + H):

o Efficiency for signal events

o Identification of photons and leptons

o Expected mass resolution, including pileup effects
o Expected backgrounds and signal significance

Efficiency for tf + H detection versus p; and 7.

Efficiency

PO PP FUIN SO PR

™ 80 ™8 100 128
PL > PO for Mighest P Leplen (Ge¥)

-] 80 s 100 125 180
PL > PO for Twe Xighast P\ Photons (GeV)
Dotted (solid) curves are for M = 80 (160) GeV. The
four curves are for 77 coverages of 1.5, 2.0, 2.5, and 3.0.

This analysis requires p; > 20 GeV and || < 2.5 for the
lepton and both photons.

S§C-_P.-\C -+ May 1982
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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
ti + 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).

00 T T T 3 T
280f~ £22 Call drrey @ 3 ®©
§m— —f ]
" 3 -
£ ok 3 ]
E 100f- 3 -
o 3 .
Borlde 3 1
2 -8 ° 0 10 -10 -5 ] s 10
True ~ Oboerved Twe Photon Mase (GeV) True = Obssrved Twe Photen Mams (GeV)

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.

e Mass resolution is a strong function of EM
segmentation, and values larger than 0.1 are not
acceptable.

e Mass resolution is a weak function of HAD
segmentation.

SSC-PAC 4+ May zeil
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Two regions are relevant for lepton/photon identification.
e The “identification” region immediately surrounding
the lepton is the minimum area required to identify
and reconstruct the lepton/photon. '
e 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; in a cone of R = 0.3 around
photons in associated Higgs production:

| AAAAS RASSS RARAN RARAS RAMES
10? ¥ 4+ H Precess ) =
»
s 102
3 k
g -
& 10t 3
10° l ‘
o 28 8 715 300 325 150 o 25 80 Y5 100 138 180

Transverse Inergy in Cone (GoV) Transvarse Raergy in Cone {GeV)

Efficiency for excess Fy < 10 GeV requirement on lepton
and photons is 93% (73%) for W + H (tf + H) events.

SSC-PAC + May 1992
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Consider several classes of backgrounds: 00183
» Two photon backgrounds (W + 77, bb+ v+, tT+ 7).
e Backgrounds with one real photon and one mis-

identified jet (¢f + 7).
¢ 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 #f system, and hence
higher-order QCD corrections are not essential.

Assuming jet rejection of 5 x 10~4, the only significant
sources of background involve two real photons.

ArTTTTTTT TN T T T
[T ! 1 | ™3

Events/0.5 GeV/SSC Year
N

IIIIIIII‘IIII'III

"J>

0 T S ——— ! ]
80 100 120 140 180
Two Photon Invariant Mass (GeV)

Background curves are (in ascending order) bbyy, iy,
and W+v. The tiyy background increases by a factor 3
if Miop = 100 GeV instead of 150 GeV.
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Expected signal typically 15-20 events (including

isolation cuts and all efficiencies): 00184
up W+ H events W + H events tf+ H evepts tf+ H events
Mauw Produeced Detected Produced Detected
80 25.0 4.0 49.6 12.2
100 22.0 4.2 48.9 13.7
120 184 3.7 45,5 13.7
140 10.2 2.2 - 28.0 8.8
© 160 1.6 0.4 5.0 16 -

Signal significance versus calorimeter performance:
Define the significance d = Signal/+/Background.

The signiﬁcance d decreases like v Resolution for fixed
integrated luminosity (a factor 2 in resclution is worth
a factor 2 in running time).

1o_rf‘,.,,7ﬁ.7.r,wr{,..‘}ﬁ:1
r .

6 -
e s ]
£ o —
& 1 ]
g o .
g 4 -
s I ]
= o L
& op -
[Z] E :

0 ILIALII‘LLI_IILIIJIJLL l-‘

80 100 120 140 1€0
M(Higgs) (GeV)

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 — ZZ* — 4¢ provides a
distinctive signature.

Several issues must be addressed:

o Efficiency for signal events

o Identification of leptons

o Expected mass resolution, including bremsstrahlung
effects

o Expected backgrounds and signal significance

Efficiency for H — ZZ* detection versus p; and n:

10 20 % 40 0 L] 10 20 20 40
P4 > PO for Twe Nighest PA Loptons (GaV) H>”~I-mﬂw—(ﬁ')
Curves are for M = 120 GeV (solid), 140 GeV (dotted),
and 160 GeV (dashed). The four curves are for 7
coverages of 1.5, 2.0, 2.5, and 3.0.
This analysis requires p; > 20 GeV for two leptons and
pt > 10 GeV and in| < 2.5 for all four leptons.

SSC-PAC & May 1e8)
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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 prrer—
e R B R R
F
T 8fF
£ o
o -
E X
e S
L -
5 L
S 4
E r
[ r
2
r
YU P DU PR P O

80 100 120 140 180
M(Higgs) (GeV)
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/VE calorimeter
with no constant term.
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The decays of #f pairs are a major source of multi-lepton
backgrounfls. ] Topological isolation requirements are
very effective in reducing such backgrounds.

Distribution of excess E:inaconeof R=0.3
= 0.3 around th
leptons for the H — Z2* signal and the # backg'round.e

§ n: 5 :"M . l’l->Nx’ ('.) t
i K

-

E I:: H->Wex ®) : E
€ 10 i =
I :

B 80 % 100 125 480
Trumhm-c-.(g.v)

Leptons from b and lighter quark decays

can be st
supp're_ssed, while retaining high sigial eﬁc?eiz;ng}g
requiring that the excess E; < 5 GeV., ’

This requirement is 94% efficient for si
2 gnal leptons. For
leptons from tf events, where the lepton
) co
quark decay, find: ® mes from b

* 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 p; leptons that characterize the H — ZZ°
process, the tracking system provides better resolution
than the calorimeter (assume M = 140 GeV'):

o Parametrized resolution for the 4y final state is 0.8
GeV.

o Calorimetric mass resolutxon for the 4e final stateis
1.9 GeV. :

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:

Y T r 150 T T T 3
b (O] 3 )
125 -
w - 3
] 100~ -
% sof- 4 3
$ i 37 E
] L -
E m- 3 E 50— =3
100~ —: 250 -1
S I | h_..l... E Bl ] 1 .
120 130 140 160 120 130 140 160

Pour Bectron Invariant n.- (GeV) Four Mucs laverianl Mass (G")

For this analysis, we use the calorimeter to reconstruct
electrons.

More sophisticated momentum fitting algorithms could
reduce the sensitivity to bremsstrahlung.

SSC-PAC 4 May 1992
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Heavy Higgs (180 < M < 800 GeV

Consider several possible decay modes:

e Clean but statistically limited modes.
*H—2Z - 4¢
*H—>2Z2Z— 2007

o 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 — 28 + 2jets
* H—- WW — v+ 2jets

00190

-PAC s May 832
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Several classes of backgrounds have been considered:

e Continuum ZZ production from ¢§ and gg initial
states. The latter has been approximated by scaling
the former by 1.65.

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

e Production of #I with subsequent decay into four
leptons.

The latter two sources are significantly reduced by the
lepton isolation requirement.

Signal for Myjggs = 130, 140, 150, 160, and 170 GeV.
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Four Lepton Invariant Mass (GeV)

The curves are for the backgrounds listed above (from
lowest to highest).
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H— ZZ — 4¢: 00191

Efficiencies for H — ZZ detection versus p; and /B

80 100 180 L] ] [J 125 180
Pt > PO for Twe Highest Pt Leptons (GeY) H>Nl.'-urlulu\ﬂh)hu(hv)

This analysis requires p; > 20 GeV for two leptons and
P: > 10 GeV and |5]| < 2.5 for all four leptons.

Background sources are the same as those discussed
fo_r t.he 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 (7, ¢) space between pairs of leptons for
an 800 GeV Higgs decay:

vu‘r]v\‘r—l]ll—v—rluﬁ1rlr1nilwunv.
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Minimum Delta R Between Leptons

rufin

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.)

SSC.PAC 1 May 1992
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H—- 27 — 2007 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 7 = 3:

104.ﬁ'..+,]...r[,...|...1
A 3
$ 3 Mg = 800 GeV 4
o 109 E -3
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> ]
S 102 |~ background _
g P §
S OF e :
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g

k4 10l -
Eor
3} Pl S I P D
300 400 500 800 700

Missing-E, (GeV)

The Z + jets background overwhelms the signal for this
71 coverage. Studies indicate that a coverage ton =5 is
appropriate for Higgs searches.

Events/8 Ca¥/35C Year

Events/78 Ge¥/SSC Year
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Expected signals for Myjges = 200, 400 GeV: 00183
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Expected signals for Mpyjgp = 800 GeV:
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A p(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

e Continuum production of ZZ pairs.
e Production of Z + bb or Z + ti.

The signal and backgrounds for an 800 GeV Higgs:
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The dashed line is the continuum background, the dot-
dashed line is Z + jets, and the dotted line is tf. The n
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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H—oWW — év+ 2jets: 00186

¢ Branching ratio roughly 150 times that of 4¢ decay
mode.

s Additional large backgrounds from W + jets and 1.

Concentrate on two capabilities relevant for high mass
symmetry breaking studies :
e W/Z — 2-jet reconstruction.
o Reconstruction of forward jets from the WW/ZZ
fusion process.

W/Z — 2-jet Reconstruction:

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

The W/Z has p; > 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.

SIC-PAC - LoD
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Study mass resolution as a function of calorimeter

segmentation for high p; W decays:
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Dotted curve is W + jets background before cuts (actual
background is 30 times larger), dashed is after requiring
two narrow jets inside the initial jet cone.
Conclusions: .
o Little dependence on calorimeter energy resolution.
e Degradation starts for HAD1 segmentation of 0.2.
e Reconstructing two narrow jets inside a standard jet
cone is a powerful signature of high p; W decay.

SSC-PAC 4 May 1992
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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 P(W) = 713 GeV, is sh_own:
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Lego plot of E; in calorimeter.
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The energies of the two narrow Jjets provide a measure
of the decay angle:
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E) 4+ Ey

which is sensitive to the W/2Z polarization.

Behavior of cos §* distribution for signal and background:

cosf* ~
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* Higgs produces polarized W bosons which decay with
sin% 8* distribution. v

e W + jet.‘f background produces forward /backward
peaked distribution due to soft spectrum of second
“Get”.

Gives additional handle on signal /background separation.
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Forward jet tagging: 00200
The WW/ZZ fusion process for Higgs production
becomes dominant at high Higgs masses, and provides
a unique kinematic signature that could be used to
distinguish it from backgrounds.
Could also allow separation of gg fusion and WW/ZZ
fusion mechanisms, thereby measuring the couplings of
the Higgs to ¢t quarks and W/Z bosouns.

Kinematic signature is a large E jet.

o Single Tag: 1 jet with p; > 50 GeV, E > 3 TeV.

e Double Tag: 2 jets with p; > 50 GeV, E > 1.5 TeV.
Signal efficiencies:

Parton Jet
Fiducial region p > 50 GeV P> 50 GeV
25<n <6 0.32 —
Single tag 25< <5 0.26 0.23
25<in <4 0.076 0.068
25<in| <6 0.090 -
Double tag 25<|n <5 0.072 0.052
25<n <4 0.015 0.012

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

SSC-PAC R T
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Summary: 00202
Use a combination of cuts to isolate H — WV
e W/Z — 2-jets reconstruction

e Veto events with second central jet (defined using
R =10.6)

* Require single forward tag jet

These cuts result in the following:
e A signal efficiency of ~ 10%.
e A W + jets rejection of ~ 500.
o A 1 rejection of ~ 104,
o 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.

SSC.PAC - May 183
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Segmentation and Energy Resolution requirements:
Angular and p; resolution for jets versus 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:
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Solid curve is perfect detector. Dotted (dashed) curves

are for 100%/vVE © 10% (80%/VE & 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 (Y, HO,
AS and H).

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

e Two free parameters, taken to be M 4 and tanpf (the
ratio of the vacuum expectation values for the two
Higgs doublets).

o L‘a.rge radiative corrections recently calculated,
giving the bound Mo S 110 (140) GeV for
Miop = 150 (200) GeV. This implies that A% 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 Z2: 00205
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Branching ratios for neutral Higgs decays to ~~: 00204
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Solid curve is for hY, dotted (dashed) are for HO (A9).
For large values of My, KO — 7 is observable. For
small tan 3, A% — v should be observable.
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Summary (assuming 3-5 years at SSC design luminosity):

e For small My, h® observable at LEP-II, t — H*b
observable at SSC.

e For moderate M, and small tan g, KO observable at
LEP-11, H® — ZZ and t » H*b observable at SSC.

o For moderate M, and large tan 3, none of the Higgs
bosons may be observable.

e For large My, hO — 4+ observable at SSC.

These statements are valid for Miop = 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 arf:_aln_lost
unobservable. Searches for 77 decays are promising §nd
may enlarge the regions where minimal SUSY Higgs

bosons are observable.
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For large values of tan 8, h® — ZZ* observable. For
small values of tan 8, H? — ZZ observable.
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00207

Stronglv Coupled Higgs Models:
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 chanmnels (Z2Z, WW,
W2Z, or Zv) 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:
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Non-resonant Channels: 00205

A strongly interacting Higgs sector should also enhance
non-resonant channels such as WHW+, Again, the
signals are small.

6 LB TI 177 T i1 7.1 T 177 T 31 VI
0" T l a ;
A : ]
g o
> 104 Y, p—
3] Yo
7] .,
@ %,
~ . -, [y i
4 s ),
", -
(1] L -, .
s 102 -A"“ "\;,‘h -
> - i Hu‘-c
% L -.x.c*&u J
& (o} e 'u“:ﬁ"-ul 3
0% - s S W
M N Y S are = %
[+} 200 400 800 800 1000

Lepton Pt (GeV)
Sigral (assuming strong coupling) given by solid curve.
e Lowest order ¢g and gg diagrams for producing
transversely polarized backgrounds don’t exist.

e Major experimental backgrounds:

a) Opposite-sign backgrounds: gg — WHW~ (dotted)
and gg — tf = WTW= 4+ X (dashed).

b) Like-sign backgrounds: gg — tf — W¥bb+ X —
£+¢* 4+ X (dot-dashed).
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Heavy Gauge Bosons 00210
W’ Searches: Discovery up to 5 TeV should be
straighforward, there are R 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.
e Choose class of 2’ which arise in Fg models (there is
one free parameter: cosa).

Properties to be measured:

e Mass and Width

o Cross section (determines couplings, but depenc}s
on assumptions about branching ratios to exotic
channels).

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

Properties of several Z’ arising in Eg models:

Property cosa=—06 Z, Zy Zx SM Couplings
T(M = 800 Ge 8.5 5.0 4.2 9.2 21.4
(M : 4000 GeV) 423 25.2 21.0 46.2 106.9
o{M = 800 GeV) 2.1 1.2 11 2.4

. . . 43
oM = 4000 GeV) 0.004 0.0032  0.0027  0.0031 0.010

SSC-PAC 4 May 1682
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For pf ~ 100 (500) GeV, need 10~3 (10~3) background
rejection.
¢ Charge measurement is critical. .
e For tf events, some rejection comes from topology
cuts (e.g., central jet veto).
e Up to a factor of 10 obtainable against non-isolated
leptons with p; R 100 GeV using isolation cuts.
Study charge measurement in detail, using full GEANT
simulation and track reconstruction algorithms.
Fix p{ = 500 GeV, and assume a luminosity of 3 x
1083 cm—2%~1,
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Measured Curvature (Musss)

81
Measured Curvaturs (Electrems)

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 p; values.

SSC-PAC 4 May 1082
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Mass plot for 800 GeV Z”: 00211
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Dotted curve is a perfect detector. Solid (dashed) curve
is for Z' — ee (Z' — up).

Mass plot for 4 TeV 2:

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' (Flon4(Z') > 500 GeV):
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Dotted curve is a perfect detector. Solid (dashed) curve
is for Z' — ee (Z' — up).

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

L] T T T ] L] T T A
< ) ] £+ Cos(a) = ~08 ®)

=

Zvenls/Bin/SSC Yoar
Evenls/Bin/S5C Year

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:

g
L= --——(um“uL + dpy*dr)(@ryuur + drvudr)

Inclusive jet cross section receives contribution from
interference with gluon exchange. do/dE; does not fall
as steeply with E; as QCD predicts.

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

Previous SDC studies:
e Statistical limit A & 30 TeV after 1 SSC year.

o If jet response perfect below 2 TeV, and wrong by
2% at 5 TeV, this limit is reduced to A R 25 TeV.
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Comments on searching for Z' — 2-jets: 060213
Study case of Standard Model Z’ with mass of 2 TeV".
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Signal to noise ratio improves with reduction in 7
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 = /e response on this
measurement ?
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Plot jet non-linearity due to non-linear single particle
response (uses ISAJET two-jet event sample).
