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Wire Chamber
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conducting barrier Field wire -> electrically decouple the sense wire

Sense wire : anode wire (+)




Before Gating Grid
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Before Gating Grid

Uniformity of the electric field -> very important
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Gating 6rid
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Gating 6rid
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GEM(Gas Electron Multiplier)
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GEM
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Reference

The Time Projection Chamber, Thomas Lohse and Werner Witzeling (1978)

William R.Leo, Techniques for Nuclear and Particle Physics Experiments
Development of a gating driver of TPC for exotic beam experiments, J Yuan (2023)
Simulation of the electron and ion movement through a 4-GEM stack

Study of Passive Gating Grid for Ion Back Flow Suppression

https://www.star.bnl.gov/public/tpc/hard/tpcrings/pagell.html

https://flc.desy.de/tpc/basics/gem/index_eng.html



https://www.star.bnl.gov/public/tpc/hard/tpcrings/page11.html
https://flc.desy.de/tpc/basics/gem/index_eng.html
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https://www.youtube.com/watch?v=vSbKxy7QF81I
https://www.youtube.com/watch?v=R561_hWOZUA
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Wire Chamber
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GEM

Table 1. Parameters of the upgraded TPC.

Detector gas

Gas volume

Drift voltage

Drift field

Maximal drift length
Electron drift velocity
Maximum electron drift time
wrt (B=0.5T)

Electron diffusion coeflicients
lon drift velocity

Maximum 1on drift tme

Ne-C0,-N7 (90-10-5)
88 m’

100kV

400V em™!

250 cm

2.58 cmps~!

97 us

0.32

Dt =209 uym/+cm, Dy, = 221 um/+/cm

1.168 cmms ™!

214 ms




GEM

Table 1.

Parameters of the upgraded TPC.

Detector gas

Gas volume

Drift voltage

Drift field

Maximal drift length
Electron drift velocity
Maximum electron drift time
wrt (B=0.5T)

Electron diffusion coeflicients
lon drift velocity

Maximum 1on drift tme

Ne-C0,-N7 (90-10-5)
88 m’

100kV

400V em™!

250 cm

2.58 cmps~!

97 us

0.32
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Quench gas absorbs y
ex: CO2, CH4, etc

Dt =209 uym/+cm, Dy, = 221 um/+/cm

1.168 cmms ™!

214 ms




GEM

Table 2. Ionization and electron transport properties of a few gas mixtures used in modern TPCs, as

calculated with the Magboltz [14] and Garfield [15] packages for an electric field of 400V em™ L.

Gas Eff. ionization Number of electrons per MIP  Drift velocity Diffusion coelf.
energy W Np (primary) N, (total) vy Dy D+ T
(eV) (ecm™') (ecm™") (ecmps™')  (um/+em) (um/+em)
Ne-CO2-Nz2 (90-10-5) 37.3 14.0 36.1 2.58 221 209 0.32
Ne-CO, (90-10) 38.1 13.3 36.8 2.73 231 208 0.34
Ar-CO, (90-10) 28.8 26.4 74.8 3.31 262 221 (.43
Ne-CFEF4 (80-20) 37.3 20.5 54.1 8.41 131 111 1.84
1E \ T T T -
< F E . 2
£ o9l = Ar-CO; = [M] = Ccm /(V * S)
b g ® Ne-CO, - =
z _E u E
o 0.7 o n =
= os =~ » o o ) E
05 [T ° =
04 = ° Ar-CO,: E
T E 34 ppm <H,O < 98 ppm E
0.3 ¢ 600 V/em < E <1000 Viem 3
0.2 ; Ne-CO,: é
- 120 ppm<H,0 <180 ppm 3
0.1 = 500 Viem <E <900 Viem

CO, (%)




GEM

Readout chambers
Total number

Readout technology

Effective gas gain
Inner (IROC)
Total number
Active range

Pad rows

Total pads (IROC)
5:N (MIP)
Outer (OROC)
Total number
Active range
Total pads (OROC)
5:N (MIP)

Pad rows
OROC1

Active range

Pad rows
Number of pads
OROC2

Active range

Pad rows
Number of pads
OROC3

Active range

Pad rows

Number of pads

2x2x18=72

4-GEM stack, single mask, standard (S, 140 pm) and

large (LP, 280 um) hole pitch GEMs in S-LP-LP-§ configuration
2000

2x18=736

B48.5 < r < 1321 mm
63

5280

20:1

2x 18=136

1347 < r < 2464 mm
9280

30:1

89

1347 < r < 1687 mm
34
2RE0

1708 =< r = 2068 mm
30
3200

2089 < r < 2464 mm
23
3200

Readout electronics
Number of channels

Signal polarity

Average systemn noise (ENC)
Conversion gain

Dynamic range

Peaking time

ADC number of bits

ADC sampling rate

Power consumption (total)

524160

negative

670 ¢

20mV fiC!

100£C

160 ns

10

5MHz

56 mW per channel




GEM
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Figure 2. Schematic setup with four GEMs.
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Table 8. HV test settings used for ROC quality assurance.

AVgem: = 270V
AVgema = 230V
AVgemz = 288V
AVgemas = 359V
Egin = 400Vcem™!
Eri = 4000Vem™
Ers = 4000Vcem™
Ers = 100Vcem™!
Eina = 4000Vem™
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