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Abstract: 

Agenda, attendees and presentations of the GEM Sub-Detector 
Simulation and Parametrization for GEMFAST Meeting held at Boston 
University on January 8, 1993. 
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9: 30•·.m 

lill: 30-.m 

ii :30am 

AGENDA 

GEMFAST status report 

Central tracker simulation 

EM/HCAL simulation 

Toma:•: .•:;.cw.:cnicki (SSCL) 

Hong Ma (B~lL) 

12:15am Sein. fiber calorimeter simu. -----Rob Carey/Shmakov/Savin/Efremanko 

12: 45pm Lunch 

1:45am Sein. fiber calorimeter simu. ----- continue 

2:00pm Forward/backward cal. simu. ----- Mike Shupe (Arizona) 

J:45pm Trigger algorithm and simulation -- Henk Uijterwaal (SSCL) 

3:30pm Break 

4:00pm Discussions 

5:30pm Summary Bing 2.nou i~ 

6:00pm End of meeting 
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A# description of the process and code 
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The Subroutines 

The central tracker paramaterization is ac-

complished by 5 subroutines: 

• FSl_CTISO - Determines (at the generator level) 
if a track is isolated. 

• FSl_CTRECON - Estimates the track reconstruc
tion probability. 

• FSl_CTSLAY - Returns the number of LAYERS 
of tracking crossed. 

• FSl_CTSMEAR - Provides a measured momen
tum, measured charge and sigma for impact pa
rameters. 

• FSJ_CTCONV- Converts gammas in the tracker 
based upon tracker material distributions. (Under 
construction) 
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FSl_CTISO 

The FSI_CTISO routine has the following in

terface: 
LOGICAL_FLAG = FSI_CTISO(ICT,DE,DP) 

where JCT is the index of the charged track 

and DE and DP are the required separation 

in rapidity and phi. If the required separation 

arguments are less than or equal to zero a 

separation based on the size of the tracker 

IPCs is used as a default. 
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FSl_CTRECON 

This routine determines the reconstruction ef

ficiency based upon GEANT runs using muons 

from 10-100 GeV /c. It is called as: 

CALL FSI_CTRECON(IHEP,EFFICIENCY) 

where IHEP is the particle number (assumes 
it is a charged particle) and EFFICIENCY is 

- the track finding efficiency from 0.0 - 1.0. 

-

-

The efficiency is based upon finding 10 or 

more coordinates in a track (as determined 

by the current pattern recognition algorithm) 

divided by the total number of charged tracks 

in this eta bin. Results are averaged over phi. 
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FSl_CTSLAY 

This routine determines the number of layers 

crossed by a given charged track. It assumes 

the track is straight and that there are NO 

dead spaces inside the nominal detector ex

tents. It is called as: 

CALL FSI_CTSLAY(XIN,XOUT,ICODE) 

where XIN is the input coordinate, XOUT 

is the output coordinate and ICODE is the 

return value specifying the number of layers 

crossed. The information is made available 
as: 

ICODE = N51_1ayers + 100 x N1pc_1ayers 
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FSl_CTSMEAR 

This routine is really the heart of the tracker 

response. It is called as: 

CALL FSI_CTSMEAR(IHEP,PMCT,QMCT,DPMCT,DIMCT,DIZMCT,IFl 

• IHEP is the particle ID. 

• PMCT is the measured momentum vector. 

• QMCT is the measured charge. 

• DPMCT is the standard deviation of the o(f) dis
(15) 

tribution. 

• DIMCT is the impact parameter in mm (R - <I:> 
plane). 

• DIZMCT is the Z (along beam) impact parameter 
in mm. 

• IFL is an error flag, O for normal return. 
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Details of FSl_CTSMEAR 

The smearing routine for the central tracker is 

based upon 154 runs of electrons and muons 
through the detailed GEANT model of the 

central tracker. All charged particles but elec

trons are parameterized using the muon re

sults. Each run of muons had 300 events. 

The rapidity and momentum values for each 

run were as follows (14 etaxll mom= 154 runs): 

Rapidity: Starting with o.o and incrementing 

in steps of 0.2 to 2.4 (12 bins) plus events 

run at exactly 2.4 and 2.5 (14 bins). 

Momentum: 11 bins at 1, 2, 5, 10, 20, 75, 

125, 225, 325, 425 and 525 GeV /c. 

The electron results were in the same bins but 

used 500 events instead of 300. 
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Muon Data 

All muon histograms were fit to a gaussian. 
The important results were then parameter
ized versus T/ and </>. The functional form used 
varied. For the impact parameter the data 
was fit first as a function of momentum: 

P1 
Bimpact = p + P2 

while each parameter was fit to a special func
tion versus T/: 

P1 = (Ef x 77 + Ei) x 77 + Ej 

p. _ { (Ef x (77 - Ei) + E~) x (77 - Ei) + Ej if 77 > E~ 
2- 2 E 3 otherwise 

The same functional form with different pa

rameters fit the Z impact parameter. 

The muon resolution data was fit as follows: 
o(-1) P 
(;) = ; + P2 + P3 x P 

with each parameter fit to a fifth order poly

nomial versus T/· 
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Electron Data 

All electron momentum resolutions histograms 
were fit to a special function of 4 parameters. 
The function form is: 

P1 x ( .3: 4 l) + G(X, P2)) if X > O 
(P2 xx2+ 

P1 x (1 + P4 ) x (G(X, P2) + (X-:.;)4 ) otherwise 
·? ( P2 +1) 

Gquf)1C.:!\ l {j_ 1 ~ 5<jM"'! Cer-,(r,,;cf ;5 o.o 

Each parameter in this equation is a function 

of 77 and P, i.e., 

Function fits were found for each of the four 

parameters over the whole range of the elec
tron data. 

The electron impact parameters were fit to 
functional forms as well. 
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Results from FSl_CTSMEAR 

FSI_CTSMEAR returns measured momenta 
for charged tracks within the acceptance of 
the tracker (O.O < 1111 < 2.5). For c~arged 
tracks except electrons, the momentum ts gen
erated by selecting a number from a "normal" 
distribution. Since the original histograms were 
in terms of D: 

D=( Q -~)xP"' p -1 
Pmeas P Pmeas 

and our distribution was approximately gaus-

sian, we take the normal random, add 1 and 

invert to give Prygas. PMCT is then found by 

multiplying the true momentum by this num

ber. 

Electrons are treated differently. The func

tion described above is used to generate a 
distribution. HISRAN (CERNLIB) then draws 

a random number based on this distribution. 

This allows us to simulate the extensive tails 

which occur in the electron distributions. 
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Limitations of the Parameterizatior 

• Efficiency currently is estimate for isolated 

particles ONLY. 

• Response is incorrect for high luminosity 

(1034 after silicon fails). 

• Routines assume no dead areas or detec

tor inefficiencies (except for FSJ_CTRECON). 

• Effects of tracking in high occupancy ar

eas are not simulated. 

• Events below 1 GeV /c may "blow up" due 

to extrapolation effects. 
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Planned vvork 

There are a few more things to do that the 

CT group is aware of: 

• Finish FSJ_CTCONV using best estimate 

of CT materials. 

-

-
-

... 

.. 

.. 
• Create high luminosity data for FSI_CTSMEAR 

(no silicon). 

• Update FSI_CTRECON as more accurate 

info becomes available. 

... 

• Suggestions from this meeting implemented ... ?-

.. 
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-

I. Low luminosity (10**33): 
Higgs width because of the noise and energy resolution- 563 MeV. --Higgs width increasing because of poil".': ing inaccuracy. 

a.) With vertex information: 

\ E 

>$1fral 'io.,.ruJ. \ n 
\ d :::,.....-- -\ c ~TT ~s \ a 

Barrel \p 
\ 

----------\ ---------- --------------
TT 1.09 1.05 

----------- ----------
TS 1. 07 1.03 

SS 1.03 1.04 

b.) No vertex information: 

\ E 
\ n 

' ·d 
\ ;c 

\ a TT 
Barrel \p 

\ 
----------\ ----------

TT 1.43 

TS 1. 34 

SS 1.33 

TS 

1.24 

1.20 

1.21 
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1.02 
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-
II. Hight- luminosity-( l0**34T:-----·-· ····------------··-- -

Higgs width because of the noise and energy resolution-~ MeV. -
Higgs width increasing because of pointing inaccuracy. 

a.) With vertex information: 

\ E 
\ n 

\ d 
\ c 

\ a TT TS SS 
Barrel \p 

\ 
----------\ ---------- -------------- -------------

TT 1.27 1.16 1.11 

TS 1.22 1.12 1.13 

SS 1.17 1.12 1.09 

----------- ---------- -------------- -------------

' d \ c 
\ a 

Barrel \p 
\ 

----------\ 
TT 

-----------
TS 

-----------
SS 

-------

TT 

--------
1.32 

----------
1.27 

----------
1.22 

---------

TS SS 

-------------- ----------
1.19 1.13 

-------------- --------

1.15 1.14 

-------------- ---------
1.14 1.11 

-------------- -------------

Errors - 2% · 

--------------------------------------------------------------~est regards, Yuri E. 
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Fraction of muons losing their 

energy more than 3 a µ. system. 

Muon Energy 

50 - 200 GeV 

500 GeV 

1000 GeV 

Ins. TC N onins. TC 

0.5% 0.9% 

0.6% 0.9% 

0.1% 0.2% 
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GEM TN-9:z;.197 

what happens to the muon momentum reso1ut1on 11 tne u••n uu""' 

lengths of the calorimeter are not instrumented. 

It is seen that the calorimeter resolution has a negligible effect at muon mo

menta of 500 Ge\" ln the 100 Ge V region a 1.13 effect is seen. This must be 

added in quadrature to the 1 % momentum resolution from the muon spectrome

ter. It does not seem to matter for the muon momentum resolution whether the -
last three interaction lengths are read out or not. 
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preserve a conservative safety margin regarding 

particle rates in the barrel even at the highest 

luminosities requires at least 12 .it for the barrel 

calorimeter. 

1~0'---o~A~-o~~~~,2~-,~.1~~~-0~2.4.i........12.11-1 
('II) -

Flpre 2.3·7 Tiie total maoa rate • a fucdOD of 
p1ellllorapidity far l'T cats of 0. 5, 10. 15, 25 GeV/c 

2.3.3 Description of Technologies 

This section describes the teehnology options 

considered for the final design of the GEM muon 

system. For the barrel region. pressurized drift 

tubes cPDn and limited sm:amer drift tubes 

(LSDn an: being investigated for the muon 

momentum reconstruction and Level 2 trigger. In 

both the muon reconstruc· 

tagging and Levels 1 and: 

Muon •'*!IY loss. 

Flpre 2.1-1 Fa ti lml c 

·-iD die c:alarimete'. 

(a) Pressurip;d Drift I 

possible with cylindrica 

parallel to the magneti 

electric field configura· 

of the time-to-distance 

incidence. The cylin 

enables improvemen 

pressurization as 11../Pr 
the diffusion cocfficicn 

cluster formation ( 1]. 
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Rate in Barrel: 
1 cm. strips - 820 Hz 

2 cm. shifted strips - 1230 Hz 

4 cm. shifted strips - 2800 Hz 

Background: 
Signal from 1 Mev neutron is less than .15 MeV. 
Muon signal in 1 cm scint. is in 8 times highte 

Probability to imitate muon by hadrons is low because 
of the huge material thicness between trigger layers. 

Number of channels: 
1800, 2 cm strips are in both trigger layers, and 
200 - 300, 10 cm strips in the middle of TC. 
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If muon trigger is based on the Tail Catcher: ... 

1. It is fast, ... 
because it is based on the scintillator signals. 

2. It is simple, 

because no complicated analysis is required. 
... 

3. It is cheap, 

because routine electronics and .. 
no information from other subsystem required. 

-
... 
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Presentation by: 

M. Shupe 
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Physics Requiring a Forward Calorimeter 

Missing ET 

Higgs 
H-+ ZZ-+ .e+.e-vv 
H-+ ZZ-+ .e+t.-rr 

New heavy quarks 

SUSY 

Technicolor 

P± -+ w±zo-+ .e±vf.+.e-TC _ 
Leptoquarks gg -+ P3P3 -+ brbT 

New Gauge Bosons 
W 1±-+ f.±v 

Other sources of boson pairs 
w±zo-+ .e±vf.+R.
w±w± -+ .e±ve±v 
w+w- -+ e+ve-v if separable from tt 

Forward Jets 

VV scattering with forward jet tagging 

Low x physics via forward di-jets 
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Electrons in Cherenkov Fibers + 3cm Lead 
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Electrons in Cherenkov Fibers + 3cm Lead 
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Pions in Cherenkov Fibers + 3cm Lead 
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Reaction :\io. I Re2c~iou I Trigger/Comment 

0.1 I single W trigger on most W to lepton"? 
0.2 single Z trigger on most Z to 2 leptons·? 
Hicro·s 

~·~ 

1.1 H.-) 7-<" (:2 of E1c) V £50 
1.:2 "":."":"..., :.;-, ~Ct' (:2 of£10) /\ (:lrd £11; V J/10) 
1.:l ;..t.-~ :..1...:. (2 of£1G) /\ (2 of.\110) 
1.4 "-:...!1.j~J.~~+ ( l .:l) 
1.5 ':-1.--:.P.Jy~ ( l.:l) v P100 
!.G ~ --:. J.) f't .. ( 1.5) 

Extendt'd Higgs 
Hea,·y Fla\"Or Physics 
:). I a_,. w+& (£50 V Af10) 

tt __, H+b (£50 V JI3oV (mnltijet"?) v J/10) 
•) ·) 
.).- leptoquark [H50 v ( (:2 of Ern) v (:2 of.\110) /\ 

(2 ofH.;o) V (Ern V J/10) /\ (:l ofHso)] 
V[-rtrigger·? /\ (2 of H.;o)] 

:J.:l Technicolor ("l •J)? . ·- . 
.Jet Physics 
4.1 quark substructure H100 or H150 "? 
4 •) pf (:l.l) V((2 ofHso) /\ M10) 
4.:3 +ec.\,.,.; c~{o .. i. (4.2) 
Physics at high Luminosity 
:i. l 

!quark substructure 
(:! ofEsu) V (:2 of.H~o) - •) ~\,fhight>st possible- V Eso ;)._ 

:).:3 Z'° ( 5.1) 
.5.4 vV1± .A.nv trio·o·er 

v UV 

.5 . .5 
.. 

Anv tri"0·t'r Pr .. '':!"' 

Missing Er Physics - Supersymmetry 
6.1 I~ p? -6.2 d' P7 V (:3 of H80 ) 
6.:3 I" (6.2) , 

Table 1: List of -'uggested Level 1 trigger criteria for the physic.5 proceMes listed in Mction !!. 
The symbols Ex, Hi', iVfp, Pw and Tn are defined in section 5. The logic symbols used are: 
~ (not}, /\ (and}, V (or) and V (exclusive or}. 
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