Studies of a GEM based readout for the ILD TPC
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Introduction

» The International Linear Collider (ILC) and the
International Large Detector (ILD)

» A Time Projection Chamber as central tracking device for
the ILD
» Challenges for the ILD TPC

Experiment

Simulation

Klaus Zenker A GEM based TPC readout 2



Introduction ILC TPC Challenges

ILC and ILD
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» eTe linear collider
» Collision energy: 500 GeV
» Length: 31km
@ 31,5MV/m

» Precision measurements
with the ILD

» Time Projection Chamber
— Drift length: 2,25m
— 8(1/pe) "¢ ~

9 x 1075 /GeV/c

Fig.: ILD [http://ilcild.org/]
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Introduction ILC TPC Chall

Time Projection Chamber
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Fig.: Sketch of the working principle of a TPC (by Oliver Schafer)
Klaus Zenker A GEM based TPC readout



Introduction

Gas properties (B =3.5T)
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ILC TPC Challenges
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Introduction ILC TPC Challenges

Details on the ILD TPC

lon

Electron
p ~2cm?/Vs ~ 1.5 x 10*cm?/Vs)| 95% Ar — 5% CH,
W ~5x10%cm/ps  ~ 3.5cm/ps B=3.5T, E=250V/cm
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Details on the ILD TPC

lon Electron

p ~2cm?/Vs ~ 1.5 x 10*cm?/Vs)| 95% Ar — 5% CH,

W ~5x10%cm/ps  ~ 3.5cm/ps B=3.5T, E=250V/cm
R, ® AR
d ~ 70 cm
Az =~ lcm

53
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5Hz, 200 ms 199 ms gap § i
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Introduction ILC TPC Challenges

How to suppress ions?

1. Clean ions between 2 trains
= Requires a high ion velocity (v > 12m/s)
» Since a high drift field is not wanted ;'°® > 4cm?/Vs
» To achieve this one could use a different gas mixture
2. Gate ions at the amplification stage
2.1. Gate after each bunch train
> Wire gate
> Possibly leads to field distortions
2.2. Introduce gate GEM which suppresses ion back drift constantly

= lons produced in the TPC can not be reduced

» Cathode
® » lonizing particle
® @G » Gating GEM
® ©) » Amplifying GEMs
» Anode
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Introduction ILC TPC Challenges
Studies

Experiment:
» Triple GEM setup with three standard CERN GEMs
» Measurement of the currents on all electrodes

> Replaced GEM | with one that has larger holes (100 pm
instead of 70 ym)

= Measurements were done with T2K gas — 95 % Ar, 3% CFy,
2% C4H10

Klaus Zenker A GEM based TPC readout 8



Introduction ILC TPC Challenges
Studies

Experiment:
» Triple GEM setup with three standard CERN GEMs
» Measurement of the currents on all electrodes

> Replaced GEM | with one that has larger holes (100 pm
instead of 70 ym)

= Measurements were done with T2K gas — 95 % Ar, 3% CFy,
2% C4H10

Simulation:
» Triple GEM setup with different voltages on GEM |
> Considered a GEM with 70 pm and 100 pm holes as GEM |
= Simulations were done with P5 gas — 95% Ar, 5% CH,
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Experiment

Setting used for measurements

Variation of basic settings: distance

» Considered different
amplifications

= UGEM = 250, 280,
260, 270V

Variation of minimal ion

back drift settings: GEM II

> Investigate the
influence of the
second transfer field

= Etransfer,H = 290,
1500, 2500V /cm

fieldstrength /voltage
A
4mm |250V/cm  [250V/cm
Y
GEM | 250V 230V
A
) 2mm |1500V/cm [2500V/cm
250V 260V
:; 2mm |1500V/cm |290 V/cm
GE@ 250V 200V
A
| 2mm [3000V/em |4500V /e

Considered in the following: large gain, small gain, IBF settings.

Klaus Zenker
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Measurements in detail

Example:
} node + /GEMS anode
G(Ugrms) = =2 :
( ) /GEMB,cathode
Measurements:
What? Where? Depending on?
single GEM gain GEM Il Ugems
collection eff. e~ c- GEM | Eqvitt
extraction eff. e~ X~ GEM Il Ejpduction
collection eff. ions ct GEM Il Eransfer,11
prim. extraction eff. ions X;im. GEM Il Egransfer,11
sec. extraction eff. ions X+ GEM | Eqvist

sec.

Klaus Zenker
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L leoducton Bxperiment Smuloton
Gain for 70 pm holes
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lon back drift for 70 pm holes
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Experiment

Coefficients with standard GEM on top of the stack
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Experiment

Gain for 70 pm and 100 pm holes

100 pm hole size
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L leoducton Bxperiment Smuloton
lon back drift for 70 pm and 100 pm holes
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Experiment

Collection efficiency for electrons on GEM |

C~ for GEM |

0.8

0.6

0.4

0.2

3 N\
L - 70 pm hole size ]
:_ - 100 pm hole size \_:
I N IR B B

0 1000 2000 3000 4000

Eavite [V/cm]

Klaus Zenker A GEM based TPC readout 16



Extraction efficiency for ions on GEM |

N

X* (secundary) for GEM |

* 70 pm hole size
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Simulation

Details on the simulation
1. Simulation of the fields with a finite =
element based software (CST™) i

» Only a single GEM is simulated ]
with ~ 300 pm space on N
top/below ’

» The fields and voltages are set
according to the GEM position in
the stack

» Field data is exported

2. Simulation of the particle drift and : L
amplification with GARFIELD++
» The single GEMs from the field
simulation are stacked
» Space between them is filled with
a constant electric field
» Constant B field can be added
» End points of the electrons/ions
are analyzed

pi2 R
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Simulation

Details on the simulation
1. Simulation of the fields with a finite
element based software (CST™)

» Only a single GEM is simulated
with ~ 300 pm space on
top/below

» The fields and voltages are set
according to the GEM position in
the stack

» Field data is exported

2. Simulation of the particle drift and
amplification with GARFIELD++
» The single GEMs from the field
simulation are stacked
» Space between them is filled with
a constant electric field
» Constant B field can be added
» End points of the electrons/ions
are analyzed

Klaus Zenker

distance [field/voltage
I 1.5mm|[250V/em

GEM | 200 — 330V

2mm |1500V/cm
GEM Il 350V

2mm |1500V/cm
GEM Il 350V

3mm |3000V/cm

*Changed compared to

the experiment
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Simulation

Single GEM simulation vs. stack simulation
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Misalignment of the GEMs
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Collection Eff. with and without magnetic field
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Extraction Eff. with and without magnetic field
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Gain for 70 pm and 100 pm holes
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_____Introduction Experiment Simulation EEEEEEEEEEEEEEEE
Fielstrength in GEM holes
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Simulation

Conclusions
Experiment:

» Successfully measured various parameters of a triple GEM
stack for T2K gas
» Comparison of two different GEMs on top of the stack shows:

» IFB can be reduced with larger holes in GEM |
» But: this GEM is not as stable (more discharges are observed)

Simulation:
» Successfully simulated a stack of three GEMs

» Simulation shows it is not sufficient to simulate only one GEM
and deduce results for a stack

» Simulation can be used to study the influence of a magnetic
field

> Results are preliminary and will be investigated further
» Still to do: realize experimental conditions in the simulation
(e.g gas type)

Klaus Zenker A GEM based TPC readout 25



Backup

Klaus Zenker A GEM based TPC readout



Def. of Parameters

Summary of the measurements

lanode + lGEM3,anode E
G(U _ 'anode , — aa2Fhole
(Usens) lcEMS3 cathode be
Ehole = QUGEM +b (Etop - Ebottom) ’ b= 0-06231

Ianode
o ab( E rift,m xfE ri
GEMl(Edrift) = Iie ( drift,ma: d ft)
anode,max
~ /anode
XGEM3(Einduction) = I ;
anode 1 GEM3,anode
lcEM2,anode — 1
4 = ,anode GEM2,anode
Cépmo(Err2) = 1-—

_(IGEMS,anode + Ianode) + IGEMS,cathode
IGEM3,anode + Ianode + IGEM?),cathode
IGEMS,anode + Ianode
lcathode
lcathode + IGEM1 cathode

X;;im.,GEMZS(ETFQ) -

Xngc.,GEMiS ( Easift )

1See e.g master thesis by Blanka Sobloher
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Def. of Parameters

Definition of coefficients in the simulation

Start point  end point on cathode/ above inside below
A A anode
\J
A Threshold
I — v A
Y \J
A A
\}
| ¢ Copper
\J
e(InFront) = N(above)
e(InHole) = N(above || inside || below)
e(Extracfed) = N(below)
coll. Eff.| = [e(InFront) - e(on_gem_cathode)] / e(InFront)
gain = e(lnHoIeH{e{inFront)«fe(on_lgem_cathode)] S B | R
extrac. Eff. = e(Extracte nHolEe) I 1 1
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ILC details

Bunch Structure

00000000 00000000 0000000
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— i
300 pm 369 ns, 100m

Firgure: ILC bunch structure [DESY-THESIS-2008-036]
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Misalignment of the GEMs
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Single GEM gain in simulation

X? / ndf = 129.5 /59 150 — T x?/ndf = 88.64 / 57
150 GEMIN F GEM Il
Mean 13.61+0.23 i Mean 13.73+0.23
100 0
m 1.519+0.053 m 1.533 £ 0.055
50 - 50
constant 2669 + 53.2 constant 2700 + 53.4
o J
0 20 40 60 i 20 40 60
gain_eff gain_eff
800 T ' X2 / ndf = 8.447 / 6 X2/ ndf=19.07 /13
o GEM | (U, =200V) 600 GEM 1 (U, =240V)
600 :_ Mean 1.886%0.073 Mean  2.729+0.093
E 400
400 m 2.559+ 0.270 F m 1.491+ 0.132
200 F 200 |-
constant 2025 + 110.1 [ constant 2536 + 105.0
0 L L J oL ]
0 2 4 6 B 10 0 5 10 15
gain_eff gain_eff
X2/ ndf = 18.4/17 150 X2/ ndf = 48.74 /64
400 GEM I (U, =270V) GEM I (U, =300V)

300 Mean  4.354+0.090 Mean  13.27+0.22

100

200 m 1.588+ 0.097 m 1.48+0.05
s0 f-
100 constant 2585 + 66.2 constant 2732 +54.1
= | " "
° 5 10 15 20 ° 20 20 60 80
gain_eff gain_eff
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80

Mean 3095474

m 128520046
60

constant3.275e+04 + 8.300e+02

40 GEM 1 (U, =200V)

20

0 500 1000 1500 2000
gain_eff

250
Mean 1015+ 14.9
200
m 1244+ 0,026
150
Constan®. 157e+05 = 4.7426+03

GEM I (U, =300V)

100

50

0 2000 4000 6000
gain_eff

X2/ ndf = 65.37 / 75

X2/ ndf = 52.16 / 72

Mean 4527487

150

m 1200

100

ConsIants 975e+04+ 1.7226+03

GEM | (U__ =240V)

GEM

50

4

150

100

50F

X2/ ndf =91.59/76

Mean 6346101
m 1.264+0.030

constantl. 527e+05 + 2.564e+03

GEM I (U__ =270V)

GEM

1

1
0 1000 2000 3000
gain_eff

300

Mean 1852+ 231

m 1312003

200

constant 8.044e+05 + 1.135¢+04

GEM I (Ug,,=330V)
100
0 1 L )
0 5000 10000 15000
gain_eff
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X2/ ndf = 55.79 / 59

0
0

1
1000 2000 3000 4000
gain_eff
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Simulation

Gain of a GEM stack in simulation

X2/ ndf = 50.18 / 74
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