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Outline

1. About ILC, TPC 
2. A large aperture GEM-like gating device 
3. Results - Pad response 
4. Results - Spacial resolution 
5. Results - Electron transmission rate!

(from N effective)  
6. Conclusion

I mainly talk about the spacial resolution and the 
electron transmission calculated by N effective(function 

of number of electrons).
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Beam test
Oct.31-Nov.13, 2016（beam time）
＠DESY TPC large prototype 
The first beam test  
of a GEM-readout TPC module  
with a gating GEM

15 participants from Japan, 
France, Germany, China, Sweden 

• DESY　
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Setup

• Our TPC (LP1) is installed inside a 1T super 
conducting solenoid magnet (PCMAG) that is 
mounted on a moving stage 

• We can change 2 angle and Z position

DESY Large TPC Prototype Test Facility

Electron beam(5 GeV)

Modules

Stage

φ

θ

Z

Trigger counters

PCMAG(1T solenoid ) from KEK

The electron beam passes two trigger counter and through the  prototype.  
The sensitive volume of the TPC is inside a solenoid. The TPC is mounted on a movable 
stage so we can change drift distance(Z) and two angles, θ and φ.
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Modules

Module 3

Module 0
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Module with Gating GEM

AmpliÞcation GEM!
 100"m thickness

z
Gating GEM

Pad plane(anode)

Module 3

Module 0

Gating GEM
The Module

（or a Þeld shaper when data were 
taken without gate）
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Condition

Beam: 5 GeV electrons 
Gas:T2K gas (Ar : CF4 : Iso-C4H10 = 95 : 3 : 2 [%]) 
Analysis framework:MarlinTPC（20000 events/1 run）

vb

355 V

V gate

Z[cm] 
(Drift length)

1.25,2.5,5,7.5,10,12.5,15,20 
25,30,35,40,45,50,55

φ[degree] 0,10,20
θ[degree] -20,-10,0,10,20
Vgate[V] -3.5,0,3.5
B[T] 0,1

Module 3 With Gating GEM Without Gating GEM

Module 0 Without Gating GEM Without Gating GEM

The conditions analyzed:
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Typical event
3D view Projection onto the rφ plane

The beam goes through our module with the gating GEM in the region 
far enough from the module boundaries.

Module with the gating GEM
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Preliminary Preliminary

Track angle cut[rad] 
4.64< φ0loc <4.72

# of tracks per event 
nTrks = 1

Event Selection

I applied a track angle cut to exclude angled tracks and a cut on nTrks 
to eliminate events with multiple tracks caused by electromagnetic 
showers created upstream. 
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How to get electron transmission

hit in question included in 
the track fit

excluded from 
the fit
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Rate of Neff! Electron transmission rate

Calculate Neff

GM resolution（σrφ）

! P R
2 = ! P R (0)2 + ( CD

2)z

Pad responce（σPR）

�r� =

s

�0
2 +

(CD
2)

Neff
z

plot vs distance Z

Neff =

! "
1
N

# $ %
G
øG

&2
'( ! 1

How to get electron transmission

N effective

Neff (w/ Gate)
Neff (w/ o Gate)

! Re.t.

Diffusion constant

plot vs distance Z
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Drift Length: z [mm]
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Pad Response (Module3 Row16)

Preliminary

(Without Gating GEM)

(With Gating GEM)

The difference between Cd of with gate and its of without gate is 
significant. They should be almost same.

→We tried to find the reason.



yumia@post.kek.jp 212017.5.26 ALCW2017

The Difference of Diffusion Constant[1]

The difference of Cd is caused by the condition?
(Temperature, Pressure) 
                                     →I checked it by Garfield simulation

with gating GEM) without gating GEM

Temperature[K] 291.28 290.4

Pressure[hPa] 1010.79 1005.31

Cd[%] 94.0 μm/√cm +/- 0.2 94.2 μm/√cm +/- 0.3

There is little difference. 
                   →The difference is not caused by the condition.
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The difference is caused by the gating GEM? 
                                 →I analyzed 2 more data set with Gate.

The Difference of Diffusion Constant[2]

The difference is significant even the almost same condition. 
So we use measured Cd values to calculate transmission. 

Drift Length: z [mm]
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]cmm/µ 0.27 [± =  88.97 DC
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The spatial resolution and electron transmission rate 
measured in the first beam test  

of a GEM-based readout module for the ILD-TPC 
equipped with a large aperture GEM-like gating foil
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Position resolution（rφ）

Drift Length: z [mm]
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GM Resolutin (Module3 Row16)
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Preliminary! r
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Expected ratio：110 % Preliminary(Stat. only)
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The spatial resolution and electron transmission rate 
measured in the first beam test  

of a GEM-based readout module for the ILD-TPC 
equipped with a large aperture GEM-like gating foil
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The Electron transmission

Cd ![µm/√cm] Neff(w/ gate) Neff(w/o gate) ratio[%]

measurement 23.4±0.6 27.2±0.8 86.4±3.1

! Cd(w/ gate) 
[µm/√cm]

Cd(w/o gate) 
[µm/√cm]

measurement 90.05±0.25 92.7±0.25

! w/ gate w/o gate

Cd/√Neff 18.6±0.3 17.8±0.3

We achieved the target electron transmission rate of > 80%.
We get about 86 % electron transmission rate with gating GEM.
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Conclusion

We succeeded in the first beam test of a GEM-readout TPC module with 
a large aperture GEM-like gating device.

The reason of the difference between Cd values measured 
with and without the gating GEM.

Remaining issue

The electron transmission from Neff measurements is !
86.4 ± 3.1%.

We achieved the target electron transmission rate of > 80%.

→It seems not to be caused by the gate. We should monitor the 
beam intensity, for example, in the next beam test in order to 
understand it.
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Run number

• Recommended data :  19985, 19984, 19983, 
19982, 19981, 19980, 19979, 19978, 19977, 
19976, 19975, 19974, 19973, 19972 

• Another data1 : run19868  19867 19866 19865
 19869 19864 19870 19863 19862 19861
 19871 19860 19872 19873 19874 

• Another data2 : 19717 19718 19719 19720 19721 
19722 19723 19724 19725 19726 19727 19728
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Data Taking Condition 

19717~19728 19868~19874 19972~19985

Vertical + 2mm

11/3 11/6

Cathode V 14841→14845

11/7

φ　rotated about1.3°

module3の穴（読み出せてない部分）を避
けるため、module3にベストな位置に調整

死んでいたFecを直した
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Cd vs Row
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Field shaper

• To arrange the electric filed
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Data quality check - Hit efficiency

• Missing track is about 1% 
With Gating GEM
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Drift velocity
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Tem
p.[K] 291.28 290.4

Pres
[hPa 1010.79 1005.31≒7.5 cm/μs

Garfield simulation 
W/ gate　76.7 cm/μs +/- 0.0013% 
W/O gate　7.68 cm/μs +/- 0.0022% 
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Gating GEM
/ndf = 1.32e+03/122χ
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 0.00057±dy/dx = -0.00695 

Field Shaper
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Charge_Module3_Row16

Result - Charge sum 

Preliminary

MPV

Preliminary

(Without Gating GEM)
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➤ There seems to be no electron attachment (P/T correction is not included)

Preliminary(Stat. only)



yumia@post.kek.jp 402017.7.23 ILC Summer Camp2017

Hodoscope effect

Preliminar

Drift Length: z [mm]
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Hodoscope is one of the tracker. 
The detector using scintillators.!

（not using the center of gravity method） 
Therefore, we call the single pad effect “hodoscope effect”.
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Expected ratio：110%

If Neff become 80％

Ratio＝√1/0.8 
=√1.25 
＝1.1
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The goal parameter 


