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Current status of LCTPC Japanese group

• For LCTPC study in Japan, budget/human resources have been very limited for last few 
years. Especially, the absence of younger researcher has been a serious problem, so 
that we have not made much progress for a couple of years.
Y. Aoki graduated with Ph.D in March
K. Yumino will graduate in half a year
A. Sugiyama will retire this March.

• LCTPC related activities at KEK/IPNS may be more limited from FY2023  due to changing 
the organization scheme and decreasing ILC member.  -> show details later

• Our goal is still to move quickly toward an engineering design study for ILD/ILC.

• We are also considering the development of new technologies for a future detector. 
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Our R&D activities
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Remaining major issues

GEM module
✓ Improve gas gain uniformity
✓ Optimize the design and configuration of the module to resolve the field distortion around the 

module.
✓ Understand the spatial resolution in z (drift) direction.
✓ Improve 2-trk separation capability. (optimize the pad size)

Gate system
✓ Precise measurement of ion blocking power.
✓ Establishing the methods for mass production and quality control.
✓ Developing a HV pulser for gate control. 

Readout system
✓ Electronics for GEM+pad readout.
✓ 2PCO2 cooling.

Our immediate issue is to improve the performance of the Asian GEM module, we have 
developed so far, by optimizing the design and materials. 



Improving gain uniformity

Non-uniformity of the gain has been 
found in our module.
Depending on the location, the difference can be 
50% or more.

arxiv:1701.05421

The main cause is considered to be non-
uniformity of the GEM thickness.
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The system for precise measurement 
of the GEM thickness has been 
assembled and calibrated.

=> Will examine the correlation 
between the thickness and the gain.



GEM design optimization

Procedure

1) Find the plateau in the thickness dependence of gas gain.

2) Find the “stable conditions”

3) Verify the theory by comparing with Garfield++.

Current Status

• Applied theoretical model (Legler’s model) to the simple configuration; parallel plates, but could 
not find “stable condition”.

• Inconsistency in Townsend coefficient obtained by a base model (Alkhazov’s model) and the 
Magboltz.

• A simple microscopic avalanche simulator, which is based on the cross-section data used in the 
Magboltz, has been developed. Then, we have found the ionization probability depends on z 
position (position in the drift direction).
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Studied by K. Yumino

Study of GEM design optimization  has been performed by theoretical approach to find the 
conditions  under which the thickness dependence of the gas gain is minimum.

Is there a “Stability 
condition“ in the case 
of GEM?



Study of 2-trk separation capability using test beam data

2 track separation capability was examined overlaying 2 events
of test beam data to make pseudo 2 close tracks.

[Hit Finder] 
Hit is defined from center of mass of the charge distribution in 
each pad row.

[Pulse Road Search] 
• Track finding is initially performed using a “leading pulses”.

Here, the “leading pulses” are defined as pulses with charge 
above the average for a certain pulse charge.

• Pulses found are used for hit and track finding as seeds for 
initial track settings.

“Pulse Road Search” method can help the performance improve.
The performance was improved by optimizing the parameters in 
PRS. However, further improve is needed for meet the LCTPC 
requirement. (sufficiently separated with a distance of ~2mm)
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Studied by R. Nodagashira

Claus Kleinwort, LC-TOOL-2017-001, DESY (2017)



Study of 2-trk separation capability using test beam data
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Studied by R. Nodagashira
A new algorithm, “TrackRefine”, has been developed.

• A pulse (charge distribution on pads) that is likely to consist of 
two hits in close range is predicted from the PRS.

• Fitting the 2 gaussians to the charge distribution to identify 2 hit 
points, then tracking using the hits.

Preliminary

• Separation performance for closer tracks is 
improved significantly by “TrackRefine” 
method.

• Efficiency for distant tracks looks degraded.
→ under study

• Simulation study is ongoing to verify the 
results.



Our R&D activities
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Remaining major issues

GEM module
✓ Improve gas gain uniformity
✓ Optimize the design and configuration of the module to resolve the field distortion around the 

module.
✓ Understand the spatial resolution in z (drift) direction.
✓ Improve 2-trk separation capability. (optimize the pad size)

Gate system
✓ Precise measurement of ion blocking power.
✓ Establishing the methods for mass production and quality control.
✓ Developing a HV pulser for gate control. 

Readout system
✓ Electronics for GEM+pad readout.
✓ 2PCO2 cooling.

Our immediate issue is to improve the performance of the Asian GEM module, we have 
developed so far, by optimizing the design and materials. 

Still many items to be studied …



General situation in Japan

• Japanese government has not taken a clear attitude yet on the ILC.
− 9.7 Oku yen for an accelerator R&D program is included in the governmental budget plan 

for FY2013, which is twice larger than the budget of the current ILC-related R&D program. 

• “ILC-Japan” was launched in 2021 under JAHEP as a community representative to promote the 
ILC. They have discussed action items for ILC related R&D in their “Collaboration Task Force”. 
(1st meeting will be on 21-Jan-2023)

• The Energy Frontier (EF) group has been formed by merging LHC/ATLAS group and ILC/ILD 
group in KEK-IPNS.   

• Japanese ILD member mainly from universities proposed “Workspace” for the detector R&D 
(especially for engineering study for finalizing the detector design) for the Higgs Factory and 
have requested

1) research space,  2) computing resources,  3) some travel expense for KEK.
(kick-off meeting was held on 14-Nov-2022, https://kds.kek.jp/event/44212/ )

• ILC-J and EF group at KEK-IPNS have started discussion with IDT-WG3 (Detector and Technology 
R&D group) for the collaborative study. 

There have been two meetings so far, between IDT-WG3 and ILC-J
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IDT WG3 organization

• IDT-WG3 has been re-organize in Oct 2022.
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Summary 

• We have been performing R&D for our Asian GEM module although the resources have 
been very limited.

• KEK-IPNS organization has been renewed, and we will continue to work on resolving 
remaining issues in a new scheme, mainly at member universities.

− We plan to move the experimental instruments for LCTPC study at KEK to universities by April.

• “Workspace” for Higgs Factory has started at KEK-IPNS, and it can be utilized for our 
activities.

− We are now thinking about performing (LC)TPC related R&D in collaboration with industries or non-
HEP community at the “Workspace”.

e.g.)  Study of new GEM material with AIST.

…

20

AIST: The National Institute of Advanced Industrial Science and Technology 
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