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Abstract: 

Agenda, attendees, and presentations of the GEM Physics Simulation 
Group Meeting held at the SSC Laboratory on January 13, 1993. 
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-· 
An acco1.!llting of the mass and ra&ation lengt-:s i.n the prb::ip:ll compor.ems is given in 7a::ie 

2.1 for a typical CSC modul::. E:lch chamber i.n r.h~: modu!c has an active area s1.:rroCnC:ci o·• 
frames that :ire :akcn to be inactive for d::t:::t:i.;g muons. Wnen the modul::s arc overiappcd ;o 
avoid ac::cp::incc losses. muons will sometimes c-ave:;e :.."le fr...'":les of one ch:i.:nber as we:l as :h: 
a.c:ive .llea of anot..'ier. For this (rough) d.:sign. m::~ns rr:ivc:-sing the active :irc:i only will pass 
through 8% of a radiation length. Appro:cimately 10% of the rime a muon would also pass through 
the frame of an ovcrlappUlg modu!c, for a total of :i 1 % of a r:idi:mo:i lcng-.'i. The avc:-agc 
thiclr;ness in radiation lengths. including t..'ic overlap, is about 12%. 

Table 1.1 Material ia a l)'pical CSC 

Material Audit ror Cathode Strip Chamber Module 

Calculation of mass and radiation lengths for a foi.tr chamber module 

Active area of ch:imber: 
length (m) = 3.0 
width (m) = l..S 

total area (m-'2) = S .0 

frame mate::ial (and dead ~a): 
widm (m) • 0.050 

(ir.c!udi.'lg i..'l<.ctive francs) 
fraction of :ic:ive area overlapped by frames= 0.098 

comooncnt ! ma=a!I aensnv c:nJXO :r.cimss : cm .Ji ••• :!..Ss (K<;JI ncrrna. XO 
He.-:c::t co~ 1 Nomcxl u ·.:. . l 4li5. 7 2.51 86.:101 0.02.5 I 

C"-'"t:l.:lt ::-oa..-as I .u3l' CiiUI l. i i :t .J. I 0.0791 66 . .391 o.u~uo 

coooer1 1/2 OZ.!t"l I 8.!:16 l.43 \J.00171 7.561 !J.0119 
tr:uncs1 - lu:irel 1.2 34.4 ,, .(JI 82.801 U.436U 

·\ ,\ . , 
~ - '-~­

_f" iotal mass (.K.<r) = :z.;3.:i 
mass/a.rea (Kg/m"2) = 49.l 

avcr:lQ:c Au·s = U.119 
Au's ~i.rou£h cer:ter = 0.078 

A.O's. ce::.:~~.:.. ~'T;CS - I U.514 <- inc:!udes material of over!:ipping chamber 
area-wciirhtcd ave XO's = 0.121 

Wires = slft:ng on printed circuit frames of precision thickness that~ g!ucd to the precision 
cathode.Wires= tensioned :o -1 iO ~s. - 213 of the elastic: limit; :hey~ held by glue and 
solder arid the ·.virt: pitch is set bythe fi:c1.l."1ng dudng cor.smicticiri'. The pl."lel takes the load of the 
anode wires; :he symmecric: loading oF.sctS any tend:nC"f co distort t..'Je pane!. The frarm::s ~ 
c:irc:uit board marerial of precision thickness. They bus HV and route anode signals to an edge 
c:onncc:ror. On the non-Ff'::::'.sion c:athcx!e l:irnina:ion is a frame fabric:w::d with precise mo !dings 
produced ·.vith p!!lc:-.:sion technology; this lhrr.e controls t.'ic g?S gap and ;:rovides access for 
clcc:=:cal conuct to t.'ic :ion-precision catl'.odc. Gas distribution is achieved th."'ough a ma.!'..ifold 
blli.1: into this frame. This ap;:roac:: provides a precise. low-weight. low-cost StI"JC:'Jre that avoids 
c:<tc,,sivc machi."lin g. !t ailows acc:ira:e con=o! oi the impor.l.r::t ;:-ar..r.iete:-s and provides access to 
the precision cathoC.e :ill a.-cu.-:.d :.!1e ;-e:i.-:o::tcr for :llig."l:::ent. 

One :!l~::-:iative '...::--.Ce!" study :s to r1se !arx:::~~·pc "p:-ofile'' chmlbers whe:"! t.i"le .....-ires are 
S-·na;n ; __ •;.,...'..J.,""; ,..!..~ .... :""~:~ ;,.. l - .... ~..J.,r...: ••• ... j·"l,. ...... x-·,..;on .,..._;s af"t-•~ro,..:.. ,,,..,;:: "'c··-·;..,i 

U..U':;Ja ... ,._•1l..u._..,,,. .. ,oi,j., .... .) .... 1 1,,....,,,....,,..,._,_!"'~ ... ._._ 1....-,J11 o l.;;.._ r'i"•..,l.ll..o•l.•w. ... !-' ,.,.,,,_~ 

adv- -·arr•s : .., ... -i...u~- •"s ....,: · ;.. •. -L."ll ..... :.... .... "I""'""' ...i:"., .. .,, 1 ..... ., ~--(" ;n •f::c'·n~y ., ... ,.; a··.,; ... .,;., 1- • ..,.,_ ... , ... :.. 
~ .... 5 _ .... ,..,.., -~ .... ~ ....,, ..... i .............. 11 ............................... ~·~-0 ............. ·-· ... -..1._. •• _............ ._,,. ,... ....... . 
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- -·-·---· Ch. Title l-Ii22s Mass Author(s) Pa!!cs S1a111s 
2.3 Standard Model Hi1rns Phvsics 30 

2.3. I Introduction 
2.3.2 Higgs~yy 

2.3.3 · (tt/W) + Hioos ~ ..,., + i11ol11ted Jenron 
2.3.4 I liv.l!:s ~ 'Z2*flZ ~ 4 lElt1flmS: -
2.3.5 lli!!l!S ~ II+ iet iet 
2.3.6 Hi1111s ~ II+ vv ,__ 
2.3.7 WW scatterine: 
2.3.8 Properties of Hil!l!S 

2.3.8.1 So ins of Hiims with 4 lentmt li'Jlliaif ~tate 
2.3.8.2 Detailed BR inform11tlo11 ((j C'O'tl!fi't'l\\ SM l-lhm11 

~ 
~ 
CD 

Status : J : 
2: 
3: 
4: 

Plan 
Analysis 
Finnllz11 
Writing 

~ t GllMttAST 
PY't'l-ltA 5 .6 
1>Al1AO~NO 
t>DftLlfl 

80 - 160 

80 - 140 
140. 800 

800 
800 

>800 

R-Y. Zhu 2 1.5 

1-1. Yamumoto, 10 2.0 
R-Y. Zhu 
H. Yamamoto 4 ! .. O . -··-

S. Mrenna 5 ·~~.) ------
S. Shevchcnko ~ 

X. Shi J 
S. Mremm I 

1-1. Yamamoto I 
S. Mrcnna I 

Luminosity : 1033 (standard ) 
I034 (when needed ) 

'}.:) 
···-~-- . 

.LO 
---

-' () --- -
---

1.5 ---
1.0 

FIRST, as a physics proposut, dttif d~l!l'liomittates the ex,mtltne'l'lit's discovery potential, complcmcnlary to SDC. 
SOC is giving l#f>' i'Jll'l'e\~"~ttillle muss Hlggs'-d~~~ovcry nt I 033. 
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Hi:-o Ya::-.a.::-.. :::..:· 
Cal<:ec~ 

****************••·················•••*********••···················· 
2.3 Standard Model Higgs Physics 

Author 
Page 
Status 

s. Mrenna,S. Shevchenko,X. Shi,H. Yamamoto,R-Y. Zhu 
30 

1: Plan 
2: Analysis 
3: Finalize 
4: Writing 

2.3.1 Introduction 

Author 
Page 
Software 
Reference 
Status 

R-Y. Zhu 
2 
PYTHIA 5.6, PDFLIB, GEMFAST 
**** 
1.5 

Note, there are few points to be determined (TBD), which means 
we will do according to recommendations of Frank and Ken. 

A. Higgs Production x-section and structure. function dependence 

<:r (M) 

G'('-1) 
a. Fix one set of structure function, e.g. HMRSB or !H!.81 

Discuss Distribution function dependence of Signa , 
Background, S/N vs PDFLIB sets. (TBD) 

b. Fix K factor for M H < 2M_t: two approaches: (TBD) ----..;.., 
1. 0 2 

<S' ( G tt,0111 ,, 

signal 
qq/gg->gam+gam 
jet+gam/jet+jet 

1.5 
1.5 

1.5 or 1.0 

1 
1 
1 

Note, for M H > 2 M t there is no K :actor 
gg fussion. 

E. Defi~e PYTH:A set~ings in t~e calc~la~:on 

Q~J bre~sstratlung on 

.... 
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c. ~~~i~e com~cn c~~s. 7he de:ai~e~ ~~=~~e:e=s, ?hysi=~ c~:s a~= 
e::i2ie~cies a=e disc~ssed i~ eac~ s~c::2n. 

isolation c~t and the treatme~t of pileup a~d t~e=mal noise 
in isolation cone 

Discuss various uncertainties: (TED) 
Fragmentation func:ion uncertai~ty 
QCD calculation umbiguity 

D. Define signal s:gnificance for high and low statistics. 

As discussed in GEM TN-92-126 fEaj ,$..Jr::" 
a r.,v 

-
E. The discovery potential of each channel will be presented as a 

plot of (Higgs x-section • branching ratio) versus Higgs mass, 
to reduce the structure function dependence. 

NOTE: the detector acceptance and performance and efficiencies 
are supposed to be covered in GEMFAST program. c:s-, 

F. Define SSCY as intergrated lumin sity U,. .. : ,,. a 
Note: Most analysis will fo some will be 10.41 

******************************** 

2.3.2 Higgs -> 2 gammas ( Higgs mass : 80 - 160 GeV ) 

Author 
Page 
Software: 
Reference 
Status 

H. Yamamoto and R-Y. Zhu 
10 
PYTHIA 5.6, PDFLIB, GEMFAST 
GEM-TN-92'-126 
2 

Comparing with the reference, we will add 
l) Effect of mass peak from thermal and pileup noise; 

• • 

2) Higgs vertex with pointing and jet rejection with strip; 
3) Higher statistics background and estimation of gamma-gamma 

background from two jets calculated with scaled alpha etc. 
4) Detector simulation with Baseline II design, i.e., GEMFAST 

A. Signal and Irreducible Background: 

Background x-sections with defined structure function with K 
factor, as discussed in 2.3.l 

Describe kinematic cuts 

B. Effect on Higgs mass resolution from energy, position resoluti~ns 
and noise 

Assume (5.6-6.6)\/sqrt(E)+0.4% for Barrel, and 
B.5\/sq~t(El~0.4% for E~jcap, as GE~GEM. 

C. Higgs v~rtex de:~=~inatic~ 

Effect of F~J:s~ a~~~la~ res~l~:i:~ a~j ve::ex z ~~s:L · -~ 
hss·....:.;:-,e .;:'.':'.~.:~-::r: (El i:-. ca:-rel, :·C.:-.-:-/sq;: (:S) i:l e:-.d::a;:. 
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!ro~ C7 sirnulaticn 

E. Jet backgrounds 

Desctribe jet rejection with detailed electron/photon ID 
(lateral/longitudinal shower shape, HCAL veto, E-p matching for 
electrons and strips for pi_O rejection) 

Use piO rejection result of Ma-Leltchoulk paper for both barrel 
and endcaps, demonstrate high luminosity capability 

Estination of gamma-gamma in jet-jet events 

F. Summary plots/tables 

Signal over background plots 
Significance number table 
Discovery potential as integrated luminosity and Higgs mass. 

NOTE : We need to know if the trigger is OK at 10"34 from 
trigger group. 

G. Discussion about the light SUSY Higgs search 

**************•*•***********•**************************************** 

2.3.3 (tt/W) H -> 2 gammas + isolated lepton ( Higgs mass : 80 - 140 

Author 
Page 
Software: 
Reference 
Status 

H. Yamamoto 
4 
PYTHIA 5.6, PAPAGENO, 

: GEM TN-92-126 
2 

GEMFAST 

The structure of this section is as reference, we will do 
1) Effect of mass peak from thermal and pileup noise; 
2) Looking for additional background; 
3) Higher statistics background plots; 
4) Detector simulation with Baseline II design, i.e. GEMFAST 

A. Signal and background 

Background desciption and umbiguity 
Kinematics cut 

B. Surr.mary plots/tables 

S gnal over background plots 
S ;~::icance nu~be~ table 
C s:8~ery potential plot for 10"40 and 10"41 
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2.3.4 H -> ZZ/ZZ* -> 4 leptons ( Higgs mass : 140 - aoo ) 
Pages 5 pages 

A. 

B. 

* * In 
* 
* 
* 

c. 

? 

? 

? 

Author : S. Mrenna 
Software : PXTH!A 5.6, PA?AGENO, GEMFAST 
Status : 2.5 for ZZ* and 2.0 for ZZ 
Reference : Talk at Caltech, 12 Jan 1993 

Signal 

Al. 140 GeV < M-:: < 2 M Z 

A2. 2 M Z < M .• . ,, < 400 GeV 

A3. 400 Gev < M H < aoo GeV 

Background 

Bl. qq- -> ZZ*, gg -> ZZ* 
i. M_ZZ* > 130 GeV 

B2. pp- -> tt- -> bb-WW-
i. (semi-leptonic decay of B-meson) 

B3. pp- -> Zbb-
i. (semi.-lepton~c decav of E-=eson) 

ii. M_Zbb* > 130 GeV 

B4. pp- -> Ztt- -> Zbb-WW-

the following, a '?' denotes a preliminary number (it may change 
by a factor of 1/2 - 2) or a preliminary thought or idea (it may 
go away entirely) 

Kinematic Cuts 

Cl. Process Al 

0) >• 4 Bwm:>s in EC 
1) Et > s G<.v 
2) Et of 2 Bumps > 20 GeV 
3) Sum Et < 5 GeV + .l*Et for R < .3 
4) Only 1 charged track in 5x5 cluster (Pt > .5 GeV ?) 
5) Energy in EC 3x3/Sx5 > .90 
6) HC 3x3 < 0.15 * EC 5x5 
7) Reconstruct M Z: 60 GeV < M Z < 96 GeV 
8) Reconstruct M:z•: 10 GeV < M:z• < 96 GeV 

C2. P:ocess A2 

0) >= 4 Bumps in EC 
l) Et > 10 GeV 
2) Et Of 2 Bumps > 20 Ge'l 
3) Sum ::t < 5 GeV + .l*Et for R < .3 
4) Only l cha:ged track in 5x5 cluster (Pt > .5 GeV ?) 
5) Energy in EC 3x3/Sx5 > .90 
6) HC 3x3 < 0.15 * EC 5x5 
i) Reconst:uc~ M Zl: ao GeV < M Zl < 96 GeV 
8) Reconst:~...:.ct. M-Z2: BO GeV < M-Z2 < 96 Ge-·l· 

126 



C3. Process A3 

OJ >• 4 Bumps in EC 
? l) Et > 10 GeV 

2) Et of 2 Bumps > 20 GeV 
3) Sum Et< 5 GeV + .l*Et ~or R < .3 

? 4) Only l charged track in Sx5 cluster (Pt > .5 GeV ?) 
5) Energy in EC 3x3/5:<5 > . 90 
6) HC 3x3 < 0 .15 * EC 5:<5 
7) Reconstruct M Zl: 80 GeV < M Zl < 96 GeV 
8) Reconstruct M-Z2: 80 GeV < M:z2 < 96 GeV 

? 9) Pt Z > 0 GeV -

o. Summary plots/tables 

01. M_H = 165 GeV (Normal Luminosity) 156 GeV < M_H(recon) < 168 GeV 

Process Cross Section Rest::-ictions 

H->ZZ l. 96 fl:> none 
Zbb- 128.4 pb M(Zbb-)>130 Gev 
Ztt- 460.8 fo none 
tt- 16 nb none 
qq-->ZZ 2 £b l45<M(ZZ)<l75 GeV 
qq->ZZ Assume .65x qq-->zz 

Note: Et_min = 5 GeV appears to be too low 

Efficiency 

.411 
l.lOA-4 
.0124 
<l.lOA-3 
.096 

Events 

8 
<128 
<57 
>0 
2 
l 

02. M_H = 200 GeV (Normal Luminosity) 182 GeV < M_H(recon) < 200 GeV 

Process Cross Section Restrictions Efficiency Events 
------- ------------- ------------ ---------- ------
H->ZZ 21.35 fb none .380 81 
Zl:>b- 128.4 pb M(Zbb-)>130 Gev >0. >0 
Ztt- 460. 8 fb none .Olll 51 
tt- 16 nb none <l.lOA-3 >0 
qq-->ZZ 8.64 fb 180<M(ZZ)<220 GeV .108 9 
qg->ZZ Assume .65x qq-->ZZ 6 

03. M_H • 600 GeV (Normal Luminosity) 400 GeV < M_H(recon) < BOO GeV 

Process Cross Section Restrictions Efficiency Events ------- ------------- ------------ ---------- ------
H->ZZ 4.0 fb none .420 17 
Zbb- 128.4 pb M(Zl:>b-)>130 Gev >O. >0. 
Ztt- 460.8 fb none >0. >0. 
tt- 16 nl:I none <3.lOA-3 >0. 
qq-->ZZ 10.l fb 300<M(ZZ)<900 GeV .07 7 
qg->ZZ Assume .65x qq-->ZZ s 
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D. ' 

Si 
6) 
7) 

6) 

c~:y l c~a~~~j ~=3~~ --· 

E~e~gy i~ E: J~~. 5x~ > 
HC 3x3 < 0.1 • E: ~x5 
Reco::str~::: ~~ :! : 8:) Ge~/ < ?-~ Zl < 96 Ge\~ 

Rec2nstruct M Z2: 80 GeV < M Z2 < 96 GeV 

Summary plots/tables 

Dl. H = 165 GeV (Normal Luminosity) 156 GeV < 

p cess Cross Section Restrictions 
--- --- ------------- ------------
H->ZZ·,, 1. 96 fb 
Zbb- 128.4 pb 
Ztt- 460.8 fb none 

' 6 nb tt-
qq-->ZZ 2• 
gg->ZZ 

Note: Et min be too low 

D2. M H = 200 GeV 182 GeV < 

Process Restrictions 
------- ------------
H->ZZ 21. 35 
Zbb- 128. Gev 
Ztt- 46 . 8 none 
tt- 1 nb none 
·qq-->ZZ .64 fb 180<M(ZZ 
gg->ZZ qq-->ZZ 

03. M H - GeV (Normal Luminosity) 

Cross Section Restrictions 

------------- ------------
4.0 fb none 
128.4 pb M(Zbb-)>130 Gev 
460.8 fb none 

tt- 16 nb none 
qq-->ZZ 10.1 fb 300<M(ZZ)<900 GeV 
gg->ZZ Assume .65x qq-->ZZ 

2.3.5 H -> 11 + jetjet ( Higgs mass = 800 GeV ) 

Page 
Author 
so::~·..:3re: 

Re!erence 
Stat"s 

3 
S. She· .. ·c:-.enko 
PYTHIA 5.E, GE~FAST 

Talk at C!T on Dec 21 
2. 5 

128 

• 

168 GeV 

Events 
---------- ------
. 411 8 
2.10'-4 <257 
.0142 <65 
? ? 
.096 2 

1 

M_H(recon) < 200 GeV 

Efficiency Events 
---------- ------
.380 81 
>0. 0 
.0126 58 
? ? 
.108 9 

6 

800 GeV 

Events 
------
17 
>O. 

? ? 
? ? 
.07 7 

5 



A. - - - ..; 

1) Transverse e~e~;ies of lepto!ls and jets 
2l Invariane mass ~ecc~st~uc:ed froperly from pai~s of 11 

and jj 
31 Transverse ene~g~ of reconstructed ZC bosons f~cm 11 and jj 

Generator level numbers to get the idea of the ba2kgrcund 

0) angle between jet and lepton > 20 degree 
1) Jeta(l,j)J < 2.5 
2) pt (1, j) > 20 GeV 
31 M (11) : Mz 
4) M(jj) : Mz 
51 Et (11, jj) 

Higgs 
z + jets 
tt 

+- 10 GeV 
+- 20 GeV 

> 250 GeV 

I events/year 
110 
BOO 
< 600 

efficiency 
0.1 
10'(-4) 
< 10'(-5} 

NOTE : Need to generate enough background events 

B. Summary plots/tables 

Signal over background plots 
Significance number table 
Discovery potential plot for 10'40 and 10'41 

2.3.6 H -> 11 + nu nu ( Higgs mass = 800 GeV l 
H -> ee + nu nu 
Page 3 page 
Author : X. Shi 
Status : 3 (as of Jan 18) 
Reference : Presentation at CALTECH on Jan. 18, 1993 

A. Signal and background, and kinematic cuts 

Important variables to reject backgrounds 

a few plots of interest from X.S presentation 

Some numbers to get the idea of the background 

cuts J 

Only Et of e > 20 GeV. to be improved 

Higgs->ZZ->ee!ln 
z + jets 

tt 

Xsection(fb) 
17.5 
3.278E04 
11. 7 

? 
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# events/year 
175 
3.3 E05 
117 

efficiency 
0. 8 

0.6 
? ( 3:7.C.::...:.. i 



' I 

500 .1r 800 GeV H1'g9s 

60 ~ + )ds l4e~, ..... . 

t t la.e.k,. - - -

, ... ~ 

20 

Z Z invoriont moss 

' ti. jd,, J"1 I L 2. s ; r ~ i •• ,~ r L 2. s ; P .l. > 2 o Ge v 
M~ -tOGeV L Mtt L Ml.,. 10 Ge V 
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c. su~!7.ary p:ot.s, tables 

Signal over backgro~nd plots 
[ transvrse ~ass plc:s o! signal and background 

Significance number table 
Discovery potential plot for 10'40 and 10'41 

2.3.~ WW scattering (Higgs mass> 800 GeV) 
. '\Author : S. Mrenna 

Rage l page 
So.ft ware PYTHIA 5. 6, GEMFAST 
Status 2 
Reference Talk at Caltech, 12 Jan 1993 

A. Signal 

Al. ZO L ZO L Final State 
A2. ZO L W- L Final State 
A3. w+ L w--i. Final State 

B. Background 

Bl. tt-
B2. qq- -> WW-, gg ->WW­

'-
C. Kinematic Cuts 

Cl. Process Al 

0) 
1) 
2) 
3) 
4) 
5) 
6) 
7) 
8) 
9) 

>= 4 Bumps in EC 
Et > 10 GeV 
Et of 2 Bumps > 20 GeV 
Sum Et < 5 GeV + .l*Et for 
Only 1 charged track in 5 
Energy in EC 3x3/5x5 > • 0 
HC 3x3 < 0.1 * EC 5x5 
Reconstruct M Zl: 80 
Reconstruct M-Z2: 
To Implement: 

Central jet veto 
Forward jet taggi 
Rapidity gap 
Delta R(l, l) 
L = l 0' 34 ? 

Stars on 

* •• * 

of 1-4 based on i~portance (my opinion) 

mode e e- n·..; !"IU­

mode e e- je: jet 
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2.3.7 WW scattering (Higgs mass> 600 GeV) 
E'age 1 page 
Author : s. Mrenna 
Software : PYTH!A 5.6, GEME"AST 
Status : 2 
Reference : Talk at Caltec...~, 12 Jan 1993 

A. Signal 

Al. zo_L ZO_L Final State 

a .. eeee 

b. eenn 

A2. zo L w- L Final State 

a. eeen 

A3. w+_L w-_L Final State 

a .. e.nen 

B. Background 

Bl. tt-

B2. qq- ->WW-, 99 ->WW-

c. Kinematic Cuts 

Cla. Process Ala 

0) >- 4 Bumps i.n EC 
? l) Et > 10 GeV 

2) Et of 2 Bumps > 20 GeV 
3) Sum Et < 5 GeV + .1*Et £= tt < .3 

? 4) Only 1 charged track in Sx5 cluster (Pt > .5 GeV ?) 
5) Energy in EC 3x3/5x5 > .90 
6) HC 3x3 < 0.15 * EC 5x5 
7) Reconstruct M Zl: SO GeV < M Zl < 96 9eV 
8) Reconstruct M-Z2: SO GeV < M-Z2 < 96 GeV 

? 9) Pt Z > 0 GeV - -
? 10) No jet tagging, central jet veto, etc. 
? ll) No cut on polarization of Zs (R(l,l) cut) 

Cll:>. Process Alb 

0) >- 2 BUlllpS in EC 
? l) Et > 20 GeV 

2) Sum Et < 5 GeV + .l*Et for R < .3 
? 3) Only l charged track in 5x5 cluster (Pt > .5 Gev ?) 

4) Energy in EC 3x3/5x5 > .90 
5) HC 3x3 < 0.15 *EC SxS 
6) Reconstruct M Z: 80 GeV < M_Zl < 96 GeV 

? 7) Pt Z > 50 GeV-
? 8) Missing Et > O GeV 
? 9) No Jet Taqginq, cent=al jet veto, etc. 
? 10) No R(l,lJ cut 

Consider decav mode e e- jet jet 
Consider High.and No::::na1 LUll'.inosity 
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D. Swnma:y plots/tables 

Dl. M !i - 1000 Gev (No:mal Lum:i.nosity) 400 GeV < M_H (recon) < 1500 Ge"' 

Process Cross Section 

WW/ZZ->ZZ .495 fb 
6 fb 

Restrictions 

400<M H<l500 GeV 
same 

Efficiency Events 

.466 (eeee) 2 

.624 (eenn) 36 

********************************************************************* 

2.3.8 Properties of Higgs 

B. Detailed branching ratio information to confirm SM Higgs 
Page l page (???) 
Author : s. Mrenna 
Software : PYTH!A 5.6, GEMFAST 
Status : 0.5 
Reference : TaJ.k at Caltech, 12 Jan 1993 

When a resonance which looks like Riggs is found, how well can 
we determine other decay modes ? 
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:1. ~ E = lOCJ GeV 

• 4 95 fb 400<r-t. H<:soo Ge·v 

2.3.8 Properties of Higgs 

A. Spins of Higgs with 4 lepton final state 

Author 
Page 
Software: 
Reference 
Status 

H. Yamamoto 
1 
PYTHIA 5.6, GEY.FAST 
Presentation at SSCL on Oct, 1992 
1. 5 

Ef: .:..c.:.e::c~· 

.466 <ee_ . ? 

Determine the C,P of X -> ZZ -> 1111 using the angular distributions 
of Z, 1 and two 11 planes. 
How many events do we need ? 

Only electrons -> 10'41 
electrons + muons -> ??? 

B. Detailed branching ratio information to ~c~o~n~·i...,....~r"iHrr~g~g::;;s 

s. Mrenna 
l 

----resonace which looks like!'lti-<~!l. 

determine other decay modes ? 
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2.7. SUPERSYlVL\ilETRY AND ¥r SIGNATURES 

Supersymm .. try (Sr SY) automatieally cancels tht> quadratic divergenees in tht> Higgs 
sertor and so solws the naturalness problem of the standard model provided that the 
superpartners have masses ;S 1 TeV. Specific models1 can be constructed which are con­
sistent with the precision electroweak data and with grand unification, although this of 
course does not prove the existance of SrSY. The minimal supersymmetric extension of 
the standard model2 or MSSM has two Higgs doubles and superpartners for all of the 
normal particles. In particular there are four neutralinos .X~ which are linear combinations 
of the partners of the photon, Z, and Higgs bosons and two pairs of charginos Xf. There 
is au exactly conserved R parity carried by all superparticles, so they mtL~t always be pro­
duced in pairs and decay to the lightest supersynunetric particle (LSP), whicl1 is absolutely 
stable. V'·ie shall limit ourselves here to the ::VISSM with the LSP being a neutralino x? but 
not necessarily to the simplest version of grand unification. 

2.7.1. h Signature for Light Gluino 

Since the LSP is neutral and interacts weakly with matter, it escapes from any collider 
detector. Thus the ba~ic signature for StiSY is missing transverse energy :f T plus multiple 
jets. A stringent test for an SSC detector is to be able to detect a light gluino, one with 
a mass near the limit expected from the Tevatron. This is also the mass range expected 
in some modelsl. If the gluino is lighter tha11 the squark.,, then it will decay into qij15:_;, 

where Xi i' any of the neutralinos or charginos. This in turn decays into lighter Xi plus 
other particles, eventually reaching the LSP x~. Because o:f this cascade, the events are 
quite complex and the f,r can he quite small. 

A necessary first step in the gluino analysis is to understand the inclusive I/Jr perfor­
mance of the detector. To do this a (so far small) sample of QCD· jets has been generated 
and run through gemfast. The sample includes heavy quarks and hence real missing 
neutrinos. The observed I/Jr was calculated using the gemfast routine fci_smear, which 
paran1eterizes the observed PT for a single particle in tenns of its generated PT. Since this 
paran1eterization is ba•ed 011 full GEANT simulations, it includes the Baseline II geometry. 
energy resolution, transverse and longitudinal shower shapes and their fluctuations, and 
the various tratL,itions between the calorimeters. It does not, however, produce energy in 
cells, so it cannot he used to study jets or other properties of the event. The result, shown 
in fig. L is that the observed Jf:r cross section is about one order of magnitude above th!" 
true one in the 100 GeV range and approaches it for higher values. This is quite similar to 
what was found for Baseline I. 

Tlw GFLASH simulation of th<> central and eudcap calorimeters in gemfast can also 
be us.,d to c-alculat<> the f: T . • ~lth011.<?;h it doe" not handle corrt>etly. <e.g .. th<> l/ = 3 edge. it 
(loPs r.cn1tain tl1f' l)asic fit1etuatio11s i11 P-llPrg:: arid ~110\ver sl1a1)f'. Tlie rPst.tlt. sl10\\"ll i11 fig. 2. 
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is slightly more optimistic but consistent \\ithin the limited statistics. The fci_sme~ 

simulation should be more reliable for lf:r. but the GFLASH simulation i:; essential to 
analyz<> jets and other properties of the events. 

From pa~t experience it is expected that further cuts. such a~ selection of multiple jets 
in the central region, will make the observed and true Jf:T c1·oss sections much closer. Thus 
we may hope to h" ahle to see a 300GeV gluino, although this is not yet clear. 
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