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GEM PHYSICS GROUP --- TOR MEMORANDUM tl3 
KENNETH LANE - MARCH 12, 1993 

(internet: lane@buphyc.bu.edu, lane@weyl.bu.edu) 

AGENDA FOR GEM PHXSICS MEETING AT SSCL - MARCH 17 AT lPK 

The meeting on Wednesday will be devoted to intensive discussions of new 
develo~ts and probl- ar-s. The topics and suggested speakers are 
listed below. Speakers are requested. to keep talks SHORT and IN!'ORKATIVE. 
Kuch of the discussion will be ~o.=a.l! The room will be announced on or 
before Wednesday. Check the ~·s office. 

ll Muon simllation issues: Triggering, pattern recoc;nition, geometrical 
acceptance, ""'"'9ntum resolution, L • 10**34 problems, etc. Speakers 
include: .. 

Torre Wenaus (~ast cod&), Peter ~ingus (trigger), Vladimir (pattern), 
Renyuan Zhu (H -> ZZ* -> 4 mu), Bing Zhou (discussion leader). 

2) EM calorimeter (ancl C'l:~ issues: EM resolution, noise terms, gamma.le 
discrimination, L. - 10**34 proble=, etc>. Speakers inch1de: 

Hong Ma (all simz.iatian and. datec:t:or i.ssues·; R(j:et/e) l, Renytta.n Zhu 
(H -> gamma. gamma and. If -> Z%* -> eeee), Shawn McKee. (R(gamma/e) l, 
Harvey Newman (disc=sion leader) • 

3) Jets and related calorim&ter issues: Calorimeter inholll09'8neities, 
transition regions, nonoompensation, jet energy correction, jet 
clustering algorithms in variOU$ circumstances. Speakers include: 

Chiaki Yanagisawa (t -> jets), EloO C&rey (all i.ssues and. discuss~ 
leader -- to be confii:med!) others'? 

4) CT issues: L - 10**34 operations a.z:rd capa.Qilities, b-tagging; 
tau-tagqinq, etc. Speakers include: 

Chiaki lb-tag for top; ta-taq for HA+); Shawn McKee Call topics a:nd 
discussion leader), oth9rs? 

5) Physics justification fo:i: and. inputs to detector design: 
Why the chosen segmentation? Why R_CT - 9Scm, etc., et·c. 
inc:l.l.rde: 

Why LK:r:? 
Speake:r:s 

Sa.tty Barish (who dealt this ne:s:s'?l, lfal:vey Newman (dis=sion leader), 
(these two can switch roles li des-~d:) r zll others. 
Barry - if you :i:ead this far, please confirm. 

61 Figures for Chapter 2 - Physics: Format, tools, etc. -- Frank Paige 
(physics figure maven) 

This is a LOT of material to cover in S-6 hours. Be concise and be 
pertinent ! Thanks. 
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GEMFAST STATUS 

vII202 released on 3/9 

Major changes: 

Tomasz Skwarnicki 
3/12/93 

l. Muon code from Torre Wenaus describing recent design. 

2. New parametrizations of material in CT used in the gamma canvers.ion 
code ( from Shawn McKee l . 
For high luminosity running (>3 10**33) Silicon tracker is 
assumed to be removed {less material) . Luminosity is selected by 
setting ALUM33 variable in fsi_fasopt.inc (default=l.O i.e. 10**33). 

There was also a bug in early vII201 release concerning conversion 
probability, which was too high by (9/7)**2=1.65. 

Minor change in fsi_ctrecon.f {effecting EFFCT). 

l. pile-up energies are now scaled in fsi_addpile by SQRT(ALClM33). 
I:f you set ALUM33=10 .o {exactly) t:hen you will use 
pile-up files generated spacially for 10**34. 
For all other ALOM33 setting you will use 10**33 files scaled 
by sqrt(ALOM33l (e.g. ALOM33=9.999 is 10**34 pile-up simulated from 
10**33 files). Note that the scaling by sqrt(ALUM33l is not an exact 
procedure. 

4. PTRIGMU removed from fsi_fascom.inc (and TRCUTMU from fsi_fasopt.incl. 
Muon trigger simulation is now a part of Henk's trigger simulation 
package (gemfast/libtrf). 

5. User callable fsi_ctiso has different isolation cuts defaults. 

vII203 released on 3/12 

l. Improved muon code from Torre Wenaus. 

2. All INTEGER*2 variabl.es {pointers IGTOxx and other) in gemfast 
include files: fsi_fasccm.inc, fsi_fascal.inc were changed to 
a full INTEGER (i.e. •4). 

3. Minor change to fsi_cajets.f to allow jet finding with negative 
cut on cell energies (from Hong Ma). 
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GEMFAST mom res vs. eta Pt=SOO GeV 
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Radiation lengths, measured muons 
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Average XO vs. phi, endcap, measured muons 
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Average XO vs. eta, measured muons 
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Average XO vs. phi, barrel, measured muons 
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30 

20 

IO 

136 138 140 

Entries 
Mean 
RMS 

t 
Constant 
Mean 
Si2II1a 

745 
140.9 
3.128 
1.439 
70.16 
140.3 
1.926 

142 144 146 148 150 
IMUDEDX = O. MEASURED IF GT 1.5 AVERAGE 
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Ust! CT '? 
.-=./ 

ID 18 

32 
Entries 798 
Mean 141.7 
RMS 9.246 
)( 1.030 

28 Constant 25.01 
Mean 140.l 
Si ma 5.431 

24 

20 

16 

12 

8 

4 

' 136 138 140 142 144 146 148 150 
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USE CT ? , 
• 

ID 19 

90 Entries 798 
Mean 141.1 
RMS 4.437 

80 t .5707 
Constant 75.16 
Mean 140.3 

70 Si 1.912 

60 

50 

40 

30 

20 

IO 

136 138 140 142 144 146 148 150 

CT~ 15 GeV, MU v 15 GeV 
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Mean 140.2 
RMS 

i 
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Mean 
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.S De. TJ)~_ 
Physics and detector requirements 

Table 3-1 
A summary of the parameters of the baseline SDC calorimeter which have 
been assumed in the subsequent &Dalyoes. The calorimeter depth is quoted in 
intera.c-jon lengths (~). 

Parameter Barrel End cap Forward 

Coverage I'll < 1.4 1.4 < I'll < 3.o 3.o < I'll < 6.o 
Radius o! front face (m) 2.10 
z position of front fa.ce (m) 4.47 u.oo 
Compartment depth 

EM(+ Coil) 1.1 0.9 

HADl 4.1 5.1 13.0 

HAD2 4.9 6.0 
EM resolution 

a ~ 2:!! 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 nonlinearity 
Q 1.13 U6 1.16 

/3 0.31 0.38 0.38 

'b.ble 3-3 
Two photon Unariant mass resaluticma in GeV b eftl>tS from the tt + E process. The 
enuies ID the table ue the sigma aC a G•nsri•n ti to the signal (in Ge V). The siuudetion 
was dolle u the pariicle left! aaing paramea:i:zed nsoludons, where ":Bue• zefers to the 
terms ~ ID Table 3-L The lbzal c:olamns mm=arize the .resolut!o11 expected far the 
high pedonzwzce option deiined ID SecCon 3.1.l. 

a=Base a=Base a=Base 103/./E a=93/143 a=93/143 
MBicP 11=03 ll=Base 11=23 ll=0.53 h=Base 

80 1.08 1.2l 1.56 0.67 0.80 0.93 
100 1.24 1.44 1.89 0.78 0.93 1.11 
120 1.39 1.65 2.19 0.87 1.05 1.28 
140 1.52 1.81 2.51 0.96 1.16 1.44 
160 1.64 2.00 2.81 L03 1.25 1.61 
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80 GeV Higgs-+ 'Y'Y Signal (fb) 
Irreducible Background {fb/GeV) 

Process 0 "orod cl-3/cS(l.5/2/3) cl-4(50/80/100) cl-5 (l.5/3: 

vv-H 17 8.0/4.7 /3.7 /2.0 5.8/3.8/3.0 

gg-.H 96 44/39/38/35 7.2/0.3/0.l 

ff-H 10 4.8/4.4/4.2/4.0 0.4/.02/0.0 

Sum 123 57/48/46/41 13/4.l/3.l 

qCi-11 1350 235/- 4.0/0.1/0.0 

99-TY 2800 770/- 61/3.4/0.3 

Sum 4150 1000/- 65/3.5/0.3 

NLL 1.36/1.0/ .98/ .95 -/-/16 

S/VB 2.6/2.6/2.5/2.3 -/-/1.2 

"K" factor 3.7 /3.7 /3.5/3.2 -/-/1.2 

Note, the S/VB includes 6% (877=0.15) acceptance loss and 90% 

efficiency of;- identification and 0.6 GeV o-MH· 

Also note NLL x-section using HMRS(B) structure function has 

20% lower x-section ©80 GeV, comparing ELHQ-1 for signal. 

J. r ~ J. l 
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Figure 7: NLL direct photon background cross-section as function of 77 invariant mass 
after the cuts described in the text. Also shown in the figure are cross-sections of Bom, 
box diagram, Bom +box (B+B) and LL calculation. 
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Jet Background (pb/GeV) 

Process O'prod cl-2 c4 (50/80/100 GeV) 

QQ -· 79 235 36 0.6/ <0.024/ <0.024 

Q9-- /Q 3330 800 42/l.O/ <0.1 

Sum 3600 840 43/1/ <0.13 

Rejection to NLL 620 -/-/8 
2jets (nb/GeV) 28,300 6,000 270/9/l.2 

Rejection to NL L 4.4xl06 -/-/7.5xl04 

Requested rejection, if jet background is 100%(10%) 
of NLL/JV: 

620 (6200) for quark jet and 2100 (6600) for gluon 
jet. 

GEANT Simulation with 10,000 jets? 
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Drell-Yan Background Rejection 

Production X-Section: 2.1 nb for PT> 20 GeV. 

• Acceptance of event selection cuts: 41 %; 

• DY Z peak x-section: 160 pb/GeV; 

• Irreduciable 'Y'Y background at Z peak: 0.65 pb/GeV; 

• Drell-Yan x-section is 250 times larger at Z peak, 
the same >250 GeV; 

• R(-y/e) = 3 xio-2 ==> reduce Drell-Yan back­
ground to ...... Q.25 of irreduciable 'Y'Y background; 

• Feasibility: the probability of an electron fails to 
produce 4 hits out of 8 inner silicon layers of GEM 
central tracker is less than 10-4 , assuming the 
probability of a single layer being hit is 97%. 

GEM Specification: 

1 x 10-2 charged track rejection. 
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TOWERS IN GEM EM ENDCAP 
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Number complete towers = 44160 0 3 cells/tower 
Number of incomplete towers - 1128 c 4 cells/tower 

AXIMAL NUMBER OF CHANNELS = 45288 CJ 5 cells/tower 
3oth endcops with 3 long. div.) 
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The Higgs mass resolution at 80 GeV is re-evaluated, ta.king into a.c 
the tower size change in the endca.p a.nd more realistic pile-up noise. 
The resolution is calculated using GEMFAST, as well as parametrization of t 
resolution and noise. The parametrizations, in addition to what a.re used 
in GEMFAST, includes the following items: 

1) The pile-up noise in 5x5 towers 
120+366•(eta.-,l~) MeV 

a.nd for 3x3 towers 
40+181.8•(eta.-,14) MeV 

based on Sasha.' s study. ' 

parameterized a.s 

e>k... > !. 'f 

.e4t;? [. 4 

2) shaping time of 20 ns for towers above eta.=1.8 is considered. 
noise is increased by a. factor of 2.83, a.nd the pile-up noise is 
a. factor of 0.8, compared to 40 ns shaping time. 

The ther1 
decreased 

3) Resolution of 3x3 tower is assumed to be 15% worse tha.n tha.t of 5x5 towe: 

Mass resolution I tool eta. cut I other assumptions 
(MeV) 
550 GEMFAST 2.5 two photon only, no noise 
715 GEMFAST 2.5 with a.11 noises, 5x5 towers 
615 GEMFAST 1.0 II 

654 GEMFAST 1.5 II 

674 GEMFAST 2.0 " 
540 PARAM 2.5 two photons only, no noise 
713 PARAM 2.5 a.11 noises, 5x5 tower 
619 PARAM 1.0 " 
641 PARAM 1.5 " 
559 PARAM 2.0 " 

From the above table, it is clear tha.t by ta.king into account the 
proper pile-up noise, parameterization gives identically the same resolutio 
a.s GEMFAST. The mass resolution given by GEMFAST simulation is fully 
understood. Since GEMFAST lacks a reliable 3x3 tower resolution, I 
have to use the parameterization for the further optimization, as shown in 
following table. 

(eta._3x3 is defined as the eta above which 3x3 towers are used, 
tp is the shaping time above eta.=ol.8 ) 

Mass resolution 
713 
688 
577 
566 
557 

547 

\ n .. ,~r. 
\ ~ '· •• L 

I tool 
PARAM 
PARAM 
PARAM 
PARAM 
PA.RAM 

PA.RAM 

eta_3x3 tp 
2.5 40 
1.1 40 
1.7 40 
1.7 20 
1.7 20 

1.7 20 

t'f (. . .f?. _ <::" 1r · l ,.,, - 'C - 1' ,,, 

11? 

(ns) I other assumption 

E-reso in endca.p =8.0%1 
a.nd 0 . 4% cons1 

E-reso in endcap =7.5%1 
a.nd 0. 4" cons1 



3-12 Physics and detector requirements 

Table 3-2 
A summary of the observed e!liciencies of energy isolation cuts for events arising from 
associated Higgs production versus the size of the isolation cone. These samples used 
Mm- =SO GeV, but studies with i\.!llisP = 160 GeV give identical results. An excess 
tra.mvene energy of less tbmi 10 Ge V was required (this cut could be optimized for each 
cone size). The photons and leptons were required to have I'll< 2.5 and P• > 20 GeV /c. 

Particle 

Highest Pt l from W 

Highest Pt l from b 

Either ')' from Hig.,"S 

Isolation on all lepton/photons 

Radius 

0.2 
0.3 
0.4 

0.2 
0.3 
0.4 

0.2 
0.3 
0.4 

0.2 
0.3 
0.4 

Table 3-3 

W+H process 

0.99 = 0.003 
0.91=0.004 
0.95 = 0.006 

0.99 :!: 0.003 
0.97 :!: 0.004 
0.96 :!: 0.005 

' 0.97 = 0.004 
0.93 :!: 0.006 
0.89 :!: 0.01 

tt + H process 

0.94..:.. 0.008 
0.81 ±0.01 
o.ao :::::0.01 

0.13 = 0.02 
0.058 = 0.013 
0.035 = 0.010 

0.95 ±0.007 
0.90 = 0.009 
0.82 = 0.01 

0.86 = 0.01 
0.13 :!: 0.01 
0.58 :!: 0.02 

Two photon invariant mass resolutions in Ge V for events from the fl + H process. The eii­

tries in the table are the sigma of & Gaussjan fit to the signal (in GeV). The simulation 
was done at: the panide level using panmenized molutions, where "Buen refers to the 
tenns gi'Yell in Ta.ble 3-1. The bal columns summarize the resolution expected for the high 
performance option defined in Section 3.1.1. 

a= Base a=Base a=Base 103/../E a=93/l43 a=93/143 
MRlcP b=03 b=Base b=23 b= 0.53 b= Base 

80 1.08 1.23 1.56 0.61 .J&!J.. 0.93 -100 1.24 1.44 l.89 0.18 0.93 1.11 
120 1.39 1.65 2.19 0.87 1.05 1.28 
140 1.52 1.81 2.51 0.96 1.16 1.44 
160 1.64 2.00 2.81 1.03 l.25 l.61 

P ;f e-v.p CatJ/;,·b,,,J,:r,,.. = o. ¥Gel/ 
of 1.1 GeV for the SDC baseline e&lorim.eter to 
&bout 1.2 Ge V. Third, the resolution is not a strong 
function of HACl segmentation, even &t elevated lu­
minosities of5 x la33 cm-2,-1 (the mean. value of the 
true minus observed mass changes by less than 250 
MeV v.nd the resolution deteriorates by less than 53 
for a HACl segmentation o{ 0.2). Finally, the reso­
lution is a strong function of EM segmentv.tion, and 
a.,, x Aa> of 0.1 is the coarsest segmentation which 
gives acceptable performance (the mean value of the 
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true minus observed mass shifts by 800 Me V and 
resolution deteriorates by 203 at five times dei 
luminosity). Figure 3-10 indicv.tes that even for 
segmentation, the mass resolution is developir 
non.Gaussian tail v.t higher luminosity. These stu 
support the SDC baseline choice of 0.05 EM segt 
tatio11, and indie&te that the performance of su 
calorimeter is adequate fot precision mass mes: 
men.ts well beyond the SSC design luminosity. 
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