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EIC-Taiwan Community
• Academia Sinica 

• Wen-Chen Chang, Hsiang-Nan Li, Di-Lun Yang, Suen Hou, Chih-Hsun Lin 

• National Taiwan University 

• Rong-Shyang Lu, Kai-Feng Jack Chen, Stathes Paganis, Juinn-Wei Chen 

• National Central University 

• Jen-Chieh Peng (UIUC/NCU), Chia-Ming Kuo, Po-Ju Lin 

• Chung Yuan Christian University 

• Chung-Wen Kao 

• National Tsing Hua University 

• Pai-Hsien Jennifer Hsu 

• National Yang-Ming Chiao-Tung University 

• C.-J. David Lin, Anthony Francis 

• National Cheng Kung University 

• Yi Yang
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11 experimental PIs/6 theoretical PIs
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Workshops in Taiwan
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Initial Stage 2025
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Taiwan Instrumentation and Detector Consortium 
(TIDC)
• TIDC was established in 2019 and became an official core facility of NSTC in 2022 

• Website: https://tidc.phys.ntu.edu.tw/WordPress/ 

• Facilities are distributed among four institutes (NTU, AS, NCU, NCKU) 

• Projects: 

• CMS HGCal  

• one of six module assembly centers (5000 modules), silicon QC, production of HD/LD 
hexabaroads and DC-DC converters 

• sPHENIX INTT 

• assembled 1/3 (40) of silicon ladders  

• STAR forward silicon tracker 

• assembled the mechanical structure and bond hybrid PCBs 

• AMS silicon strip tracker 

• bond hybrid PCBs 

5

https://tidc.phys.ntu.edu.tw/WordPress/
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Taiwan Silicon Detector Facility (TSiDF) @ NTU

• TIDC’s main facility; final detector assembly is performed here
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Busy time at TSiDF
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sPHENIX Silicon Ladder Assembly @ TSiDF
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cosmic ray test

Assembly video: link 

https://www.youtube.com/watch?v=x3tfzPeGfwU


3rd EIC Asia Workshop  2024/1/30   

CMS HGCal Module Assembly @ TSiDF
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1. Deposit expose on Cu baseplate 2. Place gold-plated Kapton film 3. Deposit epoxy and silver  
  epoxy on Kapton

4. Place sensor on top of Kapton 5. Deposit epoxy on sensor, 
avoiding opening bond pads 6. Place PCB on top of sensor

Assembly video: link 

https://www.youtube.com/watch?v=L0wjcvsNesc
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Two Detector Projects
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TOFZDC
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Physics Requirements for ZDC
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ZDC Monte Carlo Studies
• Energy resolution was much worse than the one obtained in Fun4All by Dr. Shima Shimizu 

• Some changes in ZDC setup 

• Energy dependet calibraiton 
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Shima

Po-Ju’s study

Required

Po-Ju’s study
Shima

Result not as good as what Shima had, but acceptable 
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ZDC Monte Carlo Studies
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• ZDC simulation updated 

• Upstream modules with smaller lateral size to fit between beam pipes 

• Overall length about 183 cm, within 2 m limit 

• More cost effective, Pb-Silicon module removed 

• HCAL resolution improved  

• Base design, meets the resolution requirement
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PbWO4 vs LYSO vs SciGlass
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X0 LY (ph/MeV) T dep. of LY  
(%/K)

Decay time 
(ns) λem nm

PbWO4 
(CMS) 0.89 cm 200 -1.98

5 (73%)

14 (23%)

110 (4%)

420

LYSO 1.14 cm 30,000 
(market standard) -0.28 36 420

SciGlass 2.4-2.8 cm >100 22-400 440-460
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ePIC ZDC Design
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Preliminary design 
• LYSO crystal calorimeter 
• SiPM-on-tile Fe/Sci calorimter

January 30, 2024 17

Previous ZDC design Current ZDC design
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LYSO Crystal Characterization
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• NTU established test benches for LYSO 
samples from the TACrystal 

• The light yield is 29 photon/keV (@511 keV, 
for 3mm x 20 mm x 3mm size) 

• The response time resolution is around 90ps

22Na peaks

60Co peaks
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ZDC ECAL Prototype with LYSO Crystals 
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LYSO calorimeter

prototype

8x8 LYSO

crystal array

8x8 SiPM array

One crystal: 7.12 mm x 7.12 mm x 88.3 mm 
8x8 array: 56.96 mm x 56.96 mm
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Beam Test @ ELPH
• A beam test with positrons is planned at the ELPH, Tohoku 

University, between 19 and 21 February 2024  

• Beam time: ~36 hours 

• Beam energy: 100 MeV up to 1 GeV possible 

• Beam size: 1cm x 1cm 

• Rate: 50 Hz at 100 MeV/cm2 and a few kHz at 600 MeV/cm2 

• Participants: RIKEN, Tsukuba University, Sejong University, 
EIC-Taiwan

18



3rd EIC Asia Workshop  2024/1/30   

ZDC ECAL MC Study

• For the beam test in February 2024 

• Various optical properties in the G4 simulation are being studied 

• Will compare energy resolution, shower shapes, and so on between simulation and 
beam test data and also validate the energy regression

19

0 100 200 300 400 500 600 700 800 900 1000
310×0

20

40

60

80

100

120

140

160

180

edep_sumedep_sum

2−10

1−10

0.001 0.001 0.002 0.002 0.002 0.002 0.002 0.001

0.001 0.002 0.002 0.002 0.003 0.003 0.002 0.002

0.001 0.002 0.003 0.006 0.008 0.006 0.003 0.002

0.002 0.003 0.006 0.026 0.071 0.026 0.006 0.002

0.002 0.003 0.008 0.069 0.491 0.069 0.008 0.003

0.002 0.003 0.006 0.026 0.071 0.025 0.006 0.003

0.002 0.002 0.003 0.006 0.008 0.006 0.003 0.002

0.001 0.002 0.002 0.002 0.003 0.002 0.002 0.002

Edep map

0 1 2 3 4 5 6 7 8
iX

0

1

2

3

4

5

6

7

8iY

Edep map



3rd EIC Asia Workshop  2024/1/30   

Readout for the ZDC ECAL Prototype with LYSO 
Crystals

• Designed by Chih-Hsun Lin of 
Academia Sinica 

• 128 channels 

• Trigger: 

• Self-triggered 

• Can accept external timing 
signal → needs to be studied 

• May accept external trigger  
→ needs to be studied
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Test Setup
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credit: Chia-Yu Hsieh, Kai-Yu Cheng, Yu-Siang Xiao, Shao-Yang Lu, Chih-Hsun Lin, Po-Ju Lin

Monitor : Sum the Neighboring  Energy

12/16

Assign Size of cluster 

ADC spectrum of sum energy

Monitor : Sum the Neighboring  Energy

12/16

Assign Size of cluster 

ADC spectrum of sum energy
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Tests with Co-60 (2/2)
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Test w/ Radiation Source Co-60

14/16

LYSO intrinsic radiation

Co-60

We use Co-60 and LYSO intrinsic radiation 
to calibrate the detector.

• @HV = 27.00V
➔ 1.330 MeV @ 17005 digit
➔ 1.330 MeV / 17005 digit ~ 7.8e-5 MeV / digit 
Saturated digit = 11, 0000 digit
➔ 11,0000 digit * 0.1268MeV = 8.6MeV 
➔ Saturated at 8.6MeV 
This HV/gain is too high for our beam test 
condition. 

• HV setting range = 24.7V to 28.2V
We continue to lower HV setting to find a HV 
we can at least to see 200MeV beam without 
saturation.

credit: Chia-Yu Hsieh, Kai-Yu Cheng, Yu-Siang Xiao, Shao-Yang Lu, Chih-Hsun Lin, Po-Ju Lin
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Tests with Co-60 (1/2)
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credit: Chia-Yu Hsieh, Kai-Yu Cheng, Yu-Siang Xiao, Shao-Yang Lu, Chih-Hsun Lin, Po-Ju Lin

Test w/ Radiation Source Co-60

15/16

Co-60 peak
1.33MeV @ 40*10 digit

Threshold

• @HV ~ 24.7V (almost lowest gain, 4D3 digit)
➔ 1.330 MeV @ 400 digit
➔ 1.330 MeV / 400 digit ~3.3e-3 MeV / digit 
Saturated digit = 11, 0000 digit
➔ 11,0000 digit * 3.3e-3MeV = 365.75 MeV 
➔ Saturated at 365.75 MeV (one pixcel) 
➔ We should be able to see 500MeV positron 

beam at lowest gain.

Energy deposition of positron in central pixel in YSO LYSO from MC simulation 
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Future Plan:

• Construct a prototype with PbWO4 (this summer)  

• Revise the readout 

• Beam test with 5GeV electrons at KEK
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TOF Performance Study 
• Started to study the impact of AC-LGAD on the momentum resolution at ePIC 

• Goal: optimize the pad size of the AC-LGAD sensors if it’s needed
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• Simulation with DD4hep and reconstruction 

• Plans:  

• Repeat the study with the craterlake 
detector setup 

• Study performance with a smaller TOF 
radius

with TOF hits

without TOF hits
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Mechanical Structure for TOF
• Mechanical support structure design impacts detector 

performance  

• Use the similar concept of STAR IST  

• Rather long support (1.35m) with minimal deflection in the barrel 

• R&D with carbon fiber composite materials → reduce the 
material budget by a factor of two or more 

• High thermal conductivity, strength-to-mass ratio, radiation 
tolerance
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Mechanical Structure for TOF: Preliminary Design 
and Analysis

27

credit: Yu-Tang Wang, Yi Yang (NCKU)

YuTang,Wang   NCKU 4

Facesheet

Foam material

Adhesive 

Cooling pipe 

Structure of Prototype 

Facesheet

Foam material

▪ Bases on the concept of STAR IST
Structure of prototype

YuTang,Wang   NCKU 6

Mode 1
Frequency : 70.3 Hz

Mode 2
Frequency : 85.4 Hz

Mode 3
Frequency : 128.9 Hz

Preliminary setup of frequency analysis 

▪ Make sure the structure won’t be damage because of resonance
▪ Decide the position of extra support if necessary

▪ Building up the simulation environment, materials are not the final materials

Fixed point

Preliminary setup for frequency analysis

YuTang,Wang   NCKU 7

▪ Estimate the efficiency of cooling system 

▪ Simulate the temperature profile of different configuration 

▪ Building up the simulation environment, materials are not the final materials

Preliminary setup of thermal analysis 

Preliminary setup for thermal analysis
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Mechanical Structure for TOF: Test Facilities @ 
NCKU
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• Preparation for thermal test 

• Compare results between simulation and test

credit: Yu-Tang Wang, Yi Yang (NCKU)
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Other possibilities 
• Optical readout (fiber-optics)

• Taiwan opto-electronics companies contribute to 
ATLAS upgrades  

• PCB production and assembly 

• CMS HGCal HD hexaboards 

• DC-DC converters   

• Computing (ASGC) 

• Academia Sinica Grid Computing Center 

• ATLAS T1/T2/T3, CMS T1/T2/T3

• ~30K CPU cores/ 128 GPU boards/ >9 PB storage
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Summary
• The EIC Taiwan group was formed, including experimentalists 

and theorists  

• Kicked off a couple of detector R&D projects for EIC in Taiwan 

• ZDC ECAL prototype with LYSO crystals 

• Mechanical support for TOF 

• Started to contribute to detector simulation and performance 
studies 

• Other possibilities: detector assembly with TIDC, more 
contributions to TOF, computing, and so on
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• Backup

31
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Silicon Sensor QC @ NCU
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All sPHENIX silicon sensors  
were measured here

CMS HGCal SQC 
(2 8-inch sensors/day)
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High Precision Machine Shop @ AS

• All assembly tools are produced here
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Craterlake detector setup

• Additional MPGD layers added in all regions 

• Shifted positions of some MAPS layers 

• TOP layers provide solid tracking points and timing 
information
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