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Electron Ion Collider

• High luminosity ep, eA collider

➢ 1033~1034/cm2s

• Polarized target collider

➢ e,p,D/3He

• Wide center of mass energy range

➢ 30-140GeV

e : 5-18 GeV p/A : 41GeV, 100-275GeV
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The 1st Detector Collaboration: ePIC

B0

ForwardBackward

ZDC
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Zero Degree Calorimeter

Energy 
Range

Energy 
Resolution

Position
Resolution

Neutron ~275GeV 50%/ 𝐸 3𝑚𝑟𝑎𝑑/ 𝐸

Photon

100MeV~1G
eV

20~30%

20~40GeV 35%/ 𝐸 0.5~1mm

Target : Measuring forward neutrons and photons Physics
Meson structure via Sullivan Process :

Measure the neutron or Λ(→ 𝑛 + 2𝛾)

LYSO ECAL
e - A collision at small angle

Measure the O(100MeV) photon from excited 
nucleus
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Prototype with LYSO ECAL

• LYSO

• Higher light yield

• Made in Taiwan

Crystal
X0

(cm)
LY(#/MeV) T dep.

Decay 
time(ns)

PbWO4 0.89 200 -1.98%/⁰C
5(73%)

14(23%)
110(4%)

LYSO 1.14 30,000 -0.28%/⁰C 36

GAGG 1.59
40,000~
60,000

50~150

One crystal : 7.12mm*7.12mm*88.3mm
Array size : 56.96mm*59.96mm*88.3mm

8x8 LYSO array LYSO calorimeter prototype 
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Prototype LYSO ECAL

• SiPM
• Radiation tolerance

• SiPM : 2x1014/cm2 (CMS ECAL)

• APD : 4x1013/cm2 (CMS MTD BTL)

• Readout board for multichannel SiPM

• Designed by Chih-Hsun Li of AS

• 2 Citiroc1A (32 channels)

• Separate voltage adjustment

• Self-triggered

8x8 SiPM array Multichannel SiPM readout board

Kai-Yu Cheng (AS)
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Setup

Status

Slow 
control

Signal

Bias

ϒLYSO
8x8 Array

SiPM
8x8 Array

Thermocouple 

ROC A : 32ch
ROC B : 32ch

5V Power

SpaceWire
MK4

UART

Laptop
LabView

ADC

Data

FPGA

Detector Readout Board

All System

Setup @ ELPH
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Run List in Test Beam

Source/Beam Purpose

Background Intrinsic radiation
Understand instrinsic radiation
rate with threshold cuts

Gain Calibration Na22 Calibrate each channel 

HV & Ebeam Scan Beam(47-823MeV)

Understand detector performance
and study energy resolution and 
shower shapes

Position Scan Beam(197MeV)

HV & Ebeam Scan Beam(<297MeV)

With 4X0 Absorbers Beam(97-823MeV)

Rotation Beam(98-297MeV) Understand detector performance

e+ test beam in ELPH, Tohoku Univ. 
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Channel by Channel Gain Calibration

Calibrate by Na22

Calibrate by beam
Peak of 197MeV

Co60

LYSO

• Adjusting bias of different channels based on :

• Na22 (in JP) and Co60(in TW)

• 197MeV e+ beam

HV DAC: 0x4E0(~24.8V) 
→ 0.00851MeV/ADC @ Na22

Kai-Yu Cheng (AS)
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Clustering

• Energy spectrum

• Shower shapes(Emax/E3x3, E3x3/E5x5,…)

E5x5

E3x3

Emax

MCData

MC Simulation:
• Including all detector 

geometry and material
• Ebeam ± σE

• X,Ybeam± σX,Y

• Include Bird’s Law 
(photons loss in crystal)
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Beam Profile in 2D

MC

Data

47MeV 98MeV 198MeV
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Shower Profile in 2D

MC

Data

47MeV 98MeV 198MeV

The data have wider
shower profile

Center crystal has higher
energy deposit
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Beam Energy Scan 

• Emax values of data are affected by saturation of SiPM

• Add saturation behavior in MC to improve energy resolution

by arXiv:1510.01102

SiPM saturation

𝑁𝑓𝑖𝑟𝑒 = 1 − 𝛼 𝑁𝑝𝑖𝑥 1 − 𝑒−𝜖𝑁𝑖𝑛/𝑁𝑝𝑖𝑥 + 𝛼𝜖𝑁𝑖𝑛
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Emax Compare Data vs MC

47MeV 98MeV 198MeV

0X0

4X0

Kai-Yu Cheng (AS)

• Emax shape didn’t change obliviously than MC. 

• When 198MeV beam pass through the 4X0 absorber 
first, the comparing situation is like the 47MeV w/o 
absorber.

• We need to analyze further the shower shape caused 
by the absorber.
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Summary

• Build the ZDC ECAL prototype with 8x8x8X0 LYSO array and 8x8 SiPM array.

• Each crystal size is 7.12mm x 7.12mm x 88.3mm (8X0)

• Total area is 56.96mm x 56.96mm

• Study the LYSO ECAL performance from comparing the test beam data and MC simulation

• MC inject the simple e+ beam, but follow the real beam parameters

• The Emax tower in the data is lower caused by the saturation effect of SiPM

• We will implement more realistic beam profile and saturation behavior in MC

• Building/training the energy regression method based on the MC shower profile to improve energy 
resolution 

• Further plans

• The next prototype plan is LYSO + APD

• Connect the position trigger detector to record more information from the beams for improved data 
analysis.

• In MC simulation, we keep study the further design of ZDC ECAL (different X0 composition of LYSO 
and PbWO4, different crystal size, shashlik design, etc) 

Kai-Yu Cheng (AS)
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2024 Feb. ZDC Test Beam Group Photo

Thank you for your attention!
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172024/4/18

Backup
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18Temperature Test with Na22

• The Peak values shows the ΔT between the Lab in Japan and Taiwan is about 2~3⁰C.

• The change of 5 degree gives around 25% change on gain.
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Beam Profile

47MeV 98MeV 198MeV

X

Y
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Shower Profile

47MeV 98MeV 198MeV

X

Y
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Energy Deposit in Clustering 

47MeV

98MeV

198MeV

Emax E3x3 E5x5

- Data
- MC
- MC with Threshold
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Light 
yield

Light 
leak

Brik’s 
law 
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Energy → Photons → Microcells → ADC

𝐸𝑏𝑒𝑎𝑚 𝐸𝑑𝑒𝑝
𝐿𝑌𝑆𝑂 𝐸𝑑𝑒𝑝

𝑜𝑢𝑡 𝑁𝑜𝑢𝑡
= 𝐿 ∙ 𝐸𝑑𝑒𝑝

𝑜𝑢𝑡 𝑁𝑖𝑛 = 𝑟𝑁𝑜𝑢𝑡 +෍

𝑖≠0

3×3

𝑟′𝑁𝑜𝑢𝑡
𝑖 𝜖𝑁𝑖𝑛 = 𝑓𝜂𝑃𝐺𝑁𝑖𝑛

PDE

𝑁𝑓𝑖𝑟𝑒 = 1 − 𝛼 𝑁𝑝𝑖𝑥 (1 − 𝑒−𝜖𝑁𝑖𝑛/𝑁𝑝𝑖𝑥) + 𝛼𝜖𝑁𝑖𝑛

Saturation effect

𝑁𝑒𝑓𝑓 = 𝑁𝑓𝑖𝑟𝑒
𝛽 + 1

𝛽 + 𝜖𝑁𝑖𝑛

r : combination factor of LYSO/SiPM
r’ : photon leakageL : light yield

𝜖 : PDE
f : fill factor
η : quantum eff.
PG : probability of 
Geiger discharge

Mult-photons hit

β : fitted factor

𝐼 = 𝑁𝑒𝑓𝑓𝐼𝑆

IS : average current 
of single microcell

𝐴𝐷𝐶 =
𝐼𝑚𝑎𝑥

𝑐

c : factor of I/ADC

Translate to ADC

Input

Output
𝐸𝑑𝑒𝑝
𝑜𝑢𝑡: from MC 

L : from LYSO datasheet
𝜖: from SiPM datasheet
Is: from exp. data
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Saturation function 

𝑁𝑓𝑖𝑟𝑒 = 1 − 𝛼 𝑁𝑝𝑖𝑥 1 − 𝑒−𝜖𝑁𝑖𝑛/𝑁𝑝𝑖𝑥 + 𝛼𝜖𝑁𝑖𝑛
𝛽+1

𝛽+𝜖𝑁𝑖𝑛

X-axis : number of injected photons
Y-axis : number of effective microcells

Testing Beam Data : 
X-axis : Beam Energy → 𝑁𝑖𝑛= 𝜌𝐿𝑟𝐸𝑏𝑒𝑎𝑚
Y-axis : Emax ADC → 𝐴𝐷𝐶 = 𝑁𝑓𝑖𝑟𝑒𝐴𝐷𝐶𝑠𝑖𝑛𝑔𝑙𝑒

𝐴𝐷𝐶 = 𝐴𝐷𝐶𝑠𝑖𝑛𝑔𝑙𝑒 1 − 𝛼 𝑁𝑝𝑖𝑥 1 − 𝑒−𝜖𝜌𝐿𝑟𝐸𝑏𝑒𝑎𝑚/𝑁𝑝𝑖𝑥 + 𝛼𝜖𝜌𝐿𝑟𝐸𝑏𝑒𝑎𝑚
𝛽 + 1

𝛽 + 𝜖𝜌𝐿𝑟𝐸𝑏𝑒𝑎𝑚
ρ : shower profile factor, from MC
L : light yield
r : photon loss factor from LYSO to SiPM surface
𝜖 : photon detected efficiency
ADCsingle: ADC value from single microcell
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Testing Beam Data Fitting 
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