TPC Simulation

Astrid MlUnnich
Manuel Giffels Gordon KauRen Martin Killenberg Sven Lotze
Joachim Mnich Stefan Roth Michael Weber

lll. Physikalisches Institut B

International Linear Collider Workshop
Stanford, California, USA
March 18 - 22, 2005

Worldwide Study of = .
the Physics and Detectors — ()
[ J
for Future Linear [
e'e- Colliders Le°

R\NTH Astrid Minnich TPC Simulation 1




Methods and Goals

Studies of:
= |Influence of electric and magnetic fields
= |on backdrift

= Pad response, pad geometry

Simulation In three steps:

1. Primary ionisation

2. Drifting of electrons

3. Amplification with GEMs
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Creating Primary lonisation
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Creating a Track

Muon Event

® Randomly choose distance to
next cluster
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m B fields possible

-50

-100

_150_|III|III|III|III|III|III|II

-120 -100 -80 -60 -40 -20 o
X [mm]

R\WNTH Astrid Minnich TPC Simulation 4



Drifting Electrons

Parametrise gas properties
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GEM: Gas Electron Multiplier

N R
-

B Thickness: 5 ym copper on
50 xm Kapton foll

® Hole distance (pitch): 140 um

® Hole diameter:
70 um in Cu, 50 zm in Kapton

B \/oltage for amplification:
250 — 450 V

® Field in hole:
~ 60 kV/cm at 400 V
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Amplification with GEMs (1)
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Amplification with GEMs (2)

Pad Plane after Amplification with 3 GEMY
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B Calculate number of
secondary e~ from charge 100
transfer combined with
binomial statistic sof- o500
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Inputs for the Simulation

1. Create Tracks for Pythia Events 3. Amplification and Creation of Voxl| Program Output
InpLtfile 1130 L260_EZ40_TDR.root Cipened =
Inputfile ts_#1000_R13_L26.roat | e — — P B
h == R iz I—I Aautomountfachdsme 2finstitut_3b/mug
Readout Frequency 12.5 [hHz] Dirifting for TOR gas with E=240
Magnetic Field B |o [T] vicm,
: : dl=283.994 [mumyssaricm)]
Fad Width Fad Height
: v_d=44 7980 [mm/mus]
TPC radius 130 [rmim] 2.4 [rim] 6.4 [mim] d_1=475.95 [murm/sqnicm)] B
: 1128 electrons on track: O
Murmber of Pads Pads in Row
TFC Length /2 260 [frirn] Ii 2315 electrons on track: 100
448 32 1889 electrons on track: 200
Offset of Padplane to Center of TRC 1373 electrans on track: 300

#e- pro- Cluster ;
te_#1000_R13_L26,root 1632 electrons on track: 400
s B — 0 % ] 10 y [rm]

Infofile 1691 electrans on track: 500
2366 glectrons on track: a00

Electranic Cut for Charge
St 5000 #g- 1721 electrons on track: 700

1871 electrons on track: 800

GEM Settings 1730 electrons on track: 200
DRIFTING FINISHED
U GEM 1 315 ] Cpened
_ Jautomountfachdsme 2finstitut_3b/mug
2. Drift Tracks Transfer Field 1 2500 [vicm] Drifting for TOR gas with E=240
Yicm,
S 315 (V] dl=283.994 [rumgsgrticm)]
Inputfile i o
[ ISlm_EO.D_RlED_LEED.rDDt e |725DD [Viem] v_d=44, 7983 [mm,/mus]
d_t=475.95 [murm/sqricrm)]
Ehe TOR (TDR, PS5, P10 U GEM 3 315 V] 448 Pads in 14 rows and 32
columns,
Induction Field 5000 [Wicm] Offset of Active Area in % 384 iny:
Electric Field E 240 [Wfcm] 54.8 . |
Prameter File hew.par.nncnmments Parameter file read successfully =

ol

— L
kdake Pads

| iCancel Program |
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Results fora TPC (1)

Pythia Event in TPC
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Results for a TPC (2)

TPC (50 MHz)
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Results for Reproducibility
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Summary

Advantages:

® Simulation independent of big simulation packages

m Amplification with GEMs (different settings)

® Magnetic fields and 3D view possible

® Many variable input parameters for systematic studies
Disadvantages:

® No spatial propagation of §-electrons
Outlook:

B Understand discrepancy in diffusion results

® Transfer to new data format LCIO / MARLIN

B More systematic studies
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