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January 8, 1993

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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AGENDA

GEMFAST status report = =  —————- Tomas: Tkwarnicki (SSCL)

Central tracker simulation  ——===- Shawn !zKee¢ (Michigan)

EM/HCAL simulation = = =  ——==c- Hong Ma (BNL)

Scin. fiber calorimeter simu, —---——- Rob Carey/Shmakov/Savin/Efremanko
Lunch

Sc¢in. fiber calorimeter simu. --—--- continue

Forward/backward cal. simu,  -—--- Mike Shupe (Arizona)

Trigger algorithm and simulation -- Henk Uijterwaal (8SCL)

Break

Discussions

Summary - ou C
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Presentation by:

Tomasz Skwarnicki
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Parameterization
of the GEM Central Tracker

Afi description of the process and code
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T he Subroutines

The central tracker paramaterization is ac-
complished by 5 subroutines:

e FSI_CTISO — Determines (at the generator level)
if a track is isolated.

e FSI.CTRECON — Estimates the track reconstruc-
tion probability.

o FSI_CTSLAY — Returns the number of LAYERS
of tracking crossed.

o FSI.CTSMEAR — Provides a measured momen-
tum, measured charge and sigma for impact pa-

rameters.

e FSI.CTCONV — Converts gammas in the tracker
based upon tracker material distributions. (Under
construction)
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FSI_CTISO

The FSI_CTISO routine has the following in-

terface:
LOGICAL _FLAG = FSI_CTISO(ICT,DE,DP)

where ICT 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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FSI. 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 s
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.

*Vertey o« imcgrepj} 5 cm TIGrMA

a1
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FSI. 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 = Ngjp_jayers + 100 X Nipc_jayers
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FSI. 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

e IHEP is the particle ID.
e PMCT is the measured momentum vector.

e QMCT is the measured charge.

s(&)
e DPMCT is the standard deviation of the T(PT) dis-
1=

tribution.

e DIMCT is the impact parameter in mm (R - &
plane). |

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

e IFL is an error flag, O for normal return.



Details of FSI. 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 particies 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 etax11 mom = 154 runs):

Rapidity: Starting with 0.0 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.

46



qu Meter

RAW  MUONS

0

. .
. .
. .
’ .
.

"
.
"
.
"
[
b y
., )
. .
.
s

.
Y

Nt

a_

<



MIERONY
18000
16000

14000
12000

10000

8000

6000

4000

48



RAW MUSNS

F'T‘ MUONS

=

= -~
L

12




Muon Data

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

Py
Bzmpact - _E + P

while each parameter was flt 1o a special func-
tion versus 7.

= (Bf xn+ E3) xn+ E3
P = (E2x(n E)+ E2)x(n—E2)+ E3 ifn> E?
2 E3 otherwise
The same functional form with different pa-
rameters fit the Z impact parameter.

The muon resolution data was fit as follows:

a(p) P1
=4+ P +P3xP
(P) 2 2 3
with each parameter fit to a fifth order poly-

nomial versus 7.
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Electron Data

All electron momentum resolutions histograms
were fit to a special function of 4 parameters.

The function form is:

Py x (—ggtrgs + G(X, P2) if X >0
P2XX
3 ) otherwise

Py x (14 Py) % (QI?(X, P) +

RS
7 (X187 {2'5 +1)

Gauféfm) /?_ [ S‘SMG«) Centrogl 15 0.0
Each parameter in this equation is a function
of pn and P, i.e.,

P; = Py(P,n)

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 FSI_.CTSMEAR

FSI.CTSMEAR returns measured momenta

for charged tracks within the acceptance of
the tracker (0.0 < |n] £ 2.5). For charged

tracks except electrons, the momentum is gen-
erated by selecting a number from a “normal”

distribution. Since the original histograms were
in terms of D:

-1

Q 1 P
D= ——=)X P~
(Pmea.s P) Pmea.s

and our distribution was approximately gaus-
sian, we take the normal random, add 1 and
invert to give fggas. 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

e Efficiency currently is estimate for isolated
particles ONLY.

e Response is incorrect for high luminosity
(1034 after silicon fails).

e Routines assume no dead areas or detec-
tor inefficiencies (except for FSI_.CTRECON).

e Effects of tracking in high occupancy ar-
eas are not simulated.

e Events below 1 GeV/c may “blow up” due
to extrapolation effects.
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Planned Work

There are a few more things to do that the
CT group is aware of:

e Finish FSI_.CTCONYV using best estimate
of CT materials.

e Create high luminosity data for FSI.CTSMEAR
(no silicon).

e Update FSI_.CTRECON as more accurate
info becomes available. -

e Suggestions from this meeting implemented...?
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Top view of Endcap Accordion EM
showing only the towers
3 cells per tower
J Absorber plates
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6 Argon gaps
0.16667 deg rotation each cell
0.5 deg rotation between towers
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I.

Higgs width increasing because of poir*ting inaccuracy.
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Low luminosity (10*x33):
Higgs width because of the noise and energy resolution- 563 MeVv.

With vertex information:
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II.

Hight luminosity (10**34):
Higgs width because of the noise and energy resolution- 687 MeV.

Higgs width increasing because of pointing inaccuracy.

a.) with vertex information:
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Hadron resolution of 10 50 200 500 GeV
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1 TeV jets at n=0.
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93/01/05 20.59

1 TeV jets at n=0. .
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93/01/05 22.40

1 TeV pions at n=0.
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93/01/05 22.37

1 TeV pions at n=0.
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93/01/05 22.40

Pion resolution
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Geant simulation.
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Four TC designs:

1. Fine instrumented.

3 mm Scin.

2. Coarse instrumented.

3. Only two scintillator layers. ———————————

4. Noninstrumented.
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Fraction of muons losing their

energy more than 30, gystem.

Muon Energy Ins. TC Nonins. TC
50 - 200 GeV 0.5% 0.9%
500 GeV 0.6% 0.9%
1000 GeV 0.1% 0.2%
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GEM TN-92-197

what happens to the muon momentum resoiution 1 TNE 1HSL LILTT Auvis wnvasid

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\'. In the 100 GeV region a 1.1% effect is seen. This must be et

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
m—— — — e ——

last three interaction lengihs are read out or not.

i g
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Is it possible to biuld muon trigger
based on Tail Catcher information only?
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Geant simulation.

EM LH TC
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V1. Nonshifted strips.

Sci. strips

/ .
- ' Tail Catcher
Sci. strips ] J/
T ! i ﬁ i [ ' ' 1 ‘ - —
1 /143

164



Efficiency
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V2. Shifted strips.
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169

preserve a conservative safety margin regarding
particle rates in the barrel even at the highest
luminosities requires at least 12 A for the barrel

calorimeter.

Total muon rates versus
T I I T I

Caa- S o
ol L L4 g

it WO

teag s
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Figure 2.3-7 The total moon ratt as a function of
peendorapidity for g cuts of 0, 5, 10, 15, 25 GeV/c

2.3.3 Description of Technologies

This section describes the technology options
considered for the final design of the GEM muon
system. For the barrel region, pressurized drift
tubes (PDT) and limited streamer drift tubes
(LSDT) are being investigated for thc muon
momentum reconstruction and Level 2 trigger. In

both the muon reconstruc:
tagging and Levels 1 and :

Muan snargy ioss.

I )

Figure 23-8 Energy loss ¢
muon in the calorimete:

(a) Pressurized Drift T
possible with cylindrica
parallel to the magneti
electric field configura:
of the time-to-distance
incidence. The cylin
enables improvemen
pressurization as 1/NPr
the diffusion coefficien
cluster formaton (1].



Rate in Barrel, Hz
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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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Muon signal in 3mm scintillator.

[ P S S FI— RS — R— XY TS SO— FAs—
I R S S S ENLEi8S e -0 S8 D T
Mean | 0.61286-03 | §
I o S o P RMS T 0I2323ES03 T

H . H . : H H '
|||||||:| II.II|II11I]IIIIIIIIILlIIlIIll|Illlll!ll

0 0.02 0.04 0.06 0.08 0.1 0.12 0©0.14 0.16 0.18 0.2_2
E, GeV10
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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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FAST SIMULATION
oF Gem W/LAr
FORWARD CALORIMETER

M. SHUPE
UNIV, OF ARIZONA
AN $,1493

I. 6VERVIEW -~ FORWARD PEG IoN
IL. DESCRIPTION — THIN GARP
TUBE PESIGN
L. MIXTURE LEVEL SIMULATION -Uazmix
(+ CONTEXT IN GEM)

If. RESFNSE FUNCTIONS :
ﬁ’ﬁl’ AND 7 COVERRGE. (7o ;2=p‘)

Pr

————____--—-_———ﬁ—l——_

. EXPMPLE: HERVY H—dtd ™" v

AT . TeT ALEGRITHMS .
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Physics Requiring a Forward Calorimeter
Missing ET

Higgs
 H—oZZ =0t vy
H—2Z -0t~ r7

New heavy quarks
SUSY

Technicolor
p%c — W=*Zo = pEpete- _
Leptoquarks gg — P3P; — brb7

New Gauge Bosons
W'E — =y

Other sources of boson pairs
W=xZ° — fxpptp-
WEW= - (Fviy
W+W— — £rvf~ v if separable from tf

Forward Jets
V'V scattering with forward jet tagging

Low x physics via forward di-jets
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ENEREY AnD ANCLE PECIMES
FOR FORWARD CALSL IMETRY.

/ & p weenN p_=/0 GeY'
PEG A0

3 5.7 .099 106 GeV

+ . | 037 270

S 77 .04 1 40

5. .47 0082 1220

© 2% ,00S0 2020

AND piower. For i p.

SOUVRCES OF €RROR N p, DETERMINATION :

Fe- () st w]*

[ (38)+(®)]*
ANO 35"'&,—6- =p ..S’,tz %Q- IN Fcoac.

WE SHPW SEE THOT ;éﬁ: TECENM |S ComPPAABLE

TO éP& CoNTUBOTIONY Fal TYPiCchL Fhv DESIonS.
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GEM W/LAr Forward Cal. — Pion Showers

1.0—r—r—— I
2 | 10 Gev | _
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= | 200 Ge _ | 4 P ;{E. 2 /]q
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z"""e d4+% 05
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. e iz
200GeV 0% o ] (POINT SHoweERS )
gy I .
2000 Gey 2%, . | R BuT
0.0 PR 1 L J )| 2 1 L 3 4 J; SHM&
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Eta | FeucTupnond S
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GEM Forward Calorimeter - 11/16/92

Vacuum Vessel —

TOTAL P.B2

BAsELINE T

l __J LIQUID SUNT ch?

QuaTe Figee. °
LAar?

7 Thermal Bumper

// — LAr Vessel Bellows

Bi-Mctalic Joints

Vacuum Vessel
Bellows

S\

MLI Space (127 cm)
12.7 cm OD LAr Tube
L— LAr Vessel Bellows

Bi-Metalic Jointe

8cm OD Beam Tube

10.1 cm OD Vacuum
Tube

“Nok " ~ F.0 cm pam
"NOW? ~ 11.0 ¢\ piam
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495 mm
103 mm
748 mm

S.000 mm
4.800 mm ta———7.500 mm  ——— _é,ggg ::Ir::
34.868 mm 8.202 mm )
5.365mm 8.947 mm

‘CAL MODULE - TUNGSTEN ARRAGEMENT

R MODULLE DEFORM ('5‘ C)

’ / t ' ] 4 \

lao/a.m
IN RoNT,
300/~m
IN 2,3,

Sy

la—— 5.400 mm —»

5.868 mm
6.365 mm

SM CHALK
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GEANT SETTINGS FOR FCAL SIMULATIAN,

VERSION 3.14l¢

GHEISHA

STANDPARD CUTS
EM d1.¢ MeV
HADRoNIC  106. MeV

MIXTURE W/LAr (Fol €ExAMPLE)

'-'5'\14:.. {f'w-r
TUNGSTEN L34 .37
‘le.-:w— NiCKEC 067 034 )
COPPER .029 018 ’1:3’
STRINLESS .ol ,009 | [,
LIQ. ABGON . 042 003 | {tem

- B FIfwp .8 TESLA. (PUEE Soc.eﬂdiom..)

NOTE;-

. _ -~
Aseonr = Appe *10%
THIS NEPS IN VESTIGATION
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SCFTWARE CELLS
“CAL ToweRgs

=> T¢ SPEED UP GEANT, RBEDUCE THE NumMBER
OF VOLUMES

=P USING MIXTURES ALLOWS YOLUMES -To Fallow
ONLY "MAgoe" sEAMS AND CEPCKS.

I[N THE CUernenT FCAL SimulAmon .

MIXT.
nINT. <+ BEAMPIPE

L-—-----

22 | s -+ CRYOSTAT
VOLUMES

YoL.l

vaL.2 voL.3

S6FTWARE CELL A(Nb

cueeenT %, )2
IN GusTEe

P :
gff_--:_-g FoRM EmM + HBO. sSUMS
3 IN THiS CEL whEnS

.‘\‘ fﬂuﬂ 4‘9 < r Hx
\L—J P < ¢ "4:0;(

(puick )
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GCEPNT
MY TUREE )

! |
ENERGTNCS < FLUSTUPTIANS

INTLINSIC BEHOVIOR O0F RADRIN|C SHOWERS :

Fem = Eet,y "ELECTRIMAGNENC FRACTION
Emm,
FLucTuANOWN S
N Fg‘m
L [ (Do GeEBNT
- <+ HETC
DISAGREE ")
1 L} )
] lo 1ao
E (6eV)
RESANSE OF MIXTURES:
EVIS FULLY SAMALED,
€m
/7 (No Fc_ucrum'lons.>
i Evis FULLY SAmPLED.
Hao
(No FLycTS.)
Fouers. FLucTS. € INUIs NOT 9EEN .
50

( Nuce. 8180 ING
Losses, vis,...)

IN MIXTURE CELLS , ONE IS SUMmMINe- T Vicg,,

AND Evic ypp. WHET DUES A BEPAL  CHLOR) mEER
pc T THEM * 197



RESRINSE OF SBMPLING CALIRIMETER .

Eurs . ‘l% WEISHTED SAMPLING
> !
— Em FRACTION 9._-

« e (TRESMay eFrPEcT..),

FLuCcTURTIGNS PUE TO Sp
S AmPLING: FREQuENCY, .

3 Eurs . d%l,; WEIGHTEO SAMPUNG
Hé0
FescTioN S,

. FLuctugmons Due 1o 5,
SAMPLING FrREQUENnCY , ale>.

NEr RESULT: MIXTURES G THE </h RESPSNSE
WRING , PO INCUUDE  THE HADRANIC

E WSS FrsorubmonsS , BUT NST. THE
SOMPLING FLUCTUBMIONS .

CORRE CNING BE_ ESAONSE To MATCH REAC DETELTOR

() Em enteGy 0BsaED: €. XS X Y

@ nBo CrSrsy 0BSERIGD Evis wao X S

G THEN SUM ¢ RECOUBRATE THE MéntE chrLo
AT SemE RETTNENCE. € .

o. ‘“BoosT Eus woo BY s = Ye,  pap
’ -s'xe/nm . /raé
198 . €m sSmeys

" Don T RECLUBRATE | =P .. CAvI BROTED)



CORRECTING THE RESFONST TO MATCH ANY DETECTOR.

o n 61ven %k,
=% ONT MAY STUOY MBWY PETECTOL JPNaNS AT once !

WHAT PROPERTY DOES A PERFECTLY ComPeENSATING

pErECIOR. HAVE ¢
KESPoNSE TO Thpp

REsPonsE TO €,y =
L X

OE’) /C‘B’X%IP

= Ew
WHENE 5,0, s * sﬂ%
HAD

| € — £
: Afnp ":FHAO-VIS7

50 SINCE MIXTUAES DO MODEL &g, . CORLECILY,
BUuT DoN'‘T MoDEL %,p , ONC Do€s yTHE TFouow/NG:

O® Fyop.vic 16 ENERGY INOEPBVENT , BUT

MmAeTERIB E@Cﬂm (Su au-rw)_

SO PO PCDIcHTrsD RUNS WITH PienN sSiowers
N CONTBINING VOLUMTES Fol €hcw mproube.
For

("‘"‘W FIND Bgy , BNO THEN . JAN vis

€EACH SHOWER )

Z S€T e = Fyopyc AND COREETT b5 BETORE
TO MOOTL PERFECT IMPONSOTION .

(o Foe mereueus wrv %), #4,

- \
5€‘T e/m‘p B @:H'BD vis ye/" , AND coneseT
189 er rsYie)e @ AS BCTORG.



WORAECTING THE FLUCIVOTIONS @

() pssume Oy |5 ENOWA ExPBantririey
0@ Faom OGTBLLE® M.C..
SmEBe € BY 0gn, BETIE summinic.

&) AsSumE o, IS knownN gY SpmE @duTT.
SmEe.  Chpp BY Vo —Topss =
THOT 1S, THE MIXTURE BLRAGAOY HAS

ENRRGY (0SS FWCOTUATIONS , S 0.dNLY:

S AMPLING

Smean BY THE AODININAL  HBDLIN IC

SAMPLING FLUCTUATIONS.

NETE:] €110 A TEST RTem Lun 6R A DETH Lo
MSNTE CAUO WiTH OW CUTS MUST BE
Us€o @ FIND THEST FBcrRLS AD
TUNE THE mixTUeG.
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| PRacEOURS USED pees |

T . CENCRPTE
PrsB csm
G E—N‘E-QGY: IO, 50, 200) 500 'UJITH CTPNT
314 @ 2909)

(@ Poencee ¢ T (c,/u,._)
€ N RANGE : 0.0 —= 1.0 (GEncHATE Fusr /N ?,qb)
&) # 10 0sv:  30d0 —> 250 2
G, For EAck EVENT:
* AUMUWTE Eygem AND Eyig oo N
EACR CELL. No BssST. N6 SmEARING.
* W&ITE To DISK: LST ofF PIT c€«e ( “ceel”
INOICES WIrTH BBOVE CNERGIES . “vaco

T AnALY2€E
(, READ EVeNTS
G CoreScT ENBRGIES :

|
- BoosT E"““f’ 8Y %ﬂoo-ws)(%) _
. P SPMPLUNG ELucTuAmenS S .
* Yppo-SMEAR | woulLp Po
- SUM To GET € CE‘-‘J{:&{:,E ;e_cgggf
(3 eEwNsTIUCT SHIWER ENGRGY AND CENeRGID:

— n A A
P = 2 €;:N: N;= CEw DIRECTION
(A VECrel.

CEWLS
OB PvEcTion) veEcrse,
201 6F STCP IF summInG
STEP BY STEF



A
PALAMETER VALUES |IN ZuResvyT

STUDY
M XTUEE |
& F oo yis e.‘/*'\ e/
pcc LKr Pb 450 = (wmg b
FrR L -
Kr Pb .49 ].&
c . (1.44)
AcC LAr Pb. .800 '
FH LAr Cu $00 y
¥ - l'
[Fe] 3 -
FC LAr W
.5)5
.+
(PErER Loch ]
Slmwﬂmw)
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Flectrons 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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Response, ph.electrons
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Response of Quartz fiber
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Wrodarea: 4.5239 mmAZ (90.69 %) 4.5239mmA2 (90.69%) - L
Q-fiber core area: 0.1885 mmA2 ( 3.78 %) 0. 1414 mmA2 { 2.83 %) h
Q-fiber cladding area:  0.0829 mmA2 ( 1.66 %) 0.0622 mmr2 ( 1.25 %)
Air area: 0.1930 mm»2 ( 31.87 %) 0.2608mmA2 ( 5.23 %)
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Reaction No. | Rezction Trizeer/Comment '

0.1 single W trigger on most W to lepton?
0.2 single Z trigger on most 2 to 2 leptons?
Higss
1.1 3 e (2 ot Eyg) V Eso
1.2 oT e A = (_.) O[Eu,) (3?(l Eu, A% -“JEO)
1.3 N (2 of Eg) A (2 of Myg)
1.4 q 244 jet Jot (1.3)
1.9 ‘-‘-‘:..?lvg (I.:B)VPmo
1.6 I A (1.5)
Extended Higgs
Heavy Flavor Physics
3.1 tt— Wb (Esq V M)
it — H¥D (Eso V MV (multijet?) V.y0)
3.2 leptoquark {Hso V ((2 of £1s) V (2 ofMys) A
(2 otHﬁo) (EwV M) A (3 of Hsp)l
2k tr w_;e’ TA (2 of Hso)]
3.3 Technicolor {(3.2}7
Jet Physics
4.1 quark substructure | Hygp or Hiso 7
4.2 oF (3.1) V{(2 of Hso) A Myy)
1.3 techaicclout (4.2)
Physics at high Luminosity
5.1 (2 of Esp) V (2 of Map)
5.2 }qum‘k substructure | My nest possivte V Eso
5.3 z° {(2.1)
5.4 W Any trigger
3.3 o3 Any trigger
Missing ET Physics — Supersvmmetry
6.1 P
6.2 % P v (3 of Hyy)
6.3 ' (6.2)
[

Table 1: List of suggested Level I trigger criteria for the physics processes listed in section 2.
The symbols Ex, Hy, Mp, Py and T, are defined in section 5. The logic symbols used are:
~ (not), A {and), V (or} and V. (exclusive or).
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