
Wen-Chen Chang, Kai-Yu Cheng, Tatsuya Chujo, Yuji Goto, 

Chia-Yu Hsieh, Motoi Inaba, Subaru Ito, Kentaro Kawade, 

Yongsun Kim, Chia Ming Kuo, Chih-Hsun Lin, Po-Ju Lin, 

Rong-Shyang Lu, Jen-Chieh Peng 

Development of ZDC ECal

Status Report

2024/03/28 Satatus of the Development of ZDC ECal 1/14



Outline

2024/03/28 Satatus of the Development of ZDC ECal

• Beam test analysis

 Implementation of beam features

 Compare MC and RD

• Temperature test @ Lab

• Design of 2nd ZDC ECal prototype
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Beam Test  of 1st Prototype ZDC ECal

2024/03/28 Satatus of the Development of ZDC ECal

• We performed beam test w/ 1st prototype at ELPH this Feb.

• The saturated beam energy ~ 200MeV.

• We will compare data and MC w/ beam energy ~ 47, 98, 198 MeV in this presentation.

saturatednot

saturated
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Beam Test  of 1st Prototype

MC Simulation

2024/03/28 Satatus of the Development of ZDC ECal

• Detector geometry/material • Beam Mom. w/ Res.

beam

LYSO

Al plate

SiPM PCB

(FR4)

• MC implementation

 Detector geometry/material 

 Beam momentum w/ resolution

 Beam shape : center (-3.6mm, -3.6mm), sigma (10mm, 10mm)

 Beam inject perpendicular to the detector.
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Beam Test  of 1st Prototype

Compare Data VS MC : Beam Profile in 2D

2024/03/28 Satatus of the Development of ZDC ECal

MC

47MeV 98MeV 198MeV

Data
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Beam Test  of 1st Prototype

Compare Data VS MC : Beam Profile in 1D

2024/03/28 Satatus of the Development of ZDC ECal

MC

47MeV 98MeV 198MeV

Data
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Data have wider beam profile than MC. MC will be further fine tuned.
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Beam Test  of 1st Prototype

Compare Data VS MC : Shower Shape

2024/03/28 Satatus of the Development of ZDC ECal

MC

47MeV 98MeV 198MeV

Data

Data has wider shower shape.

>1%
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Compare Data VS MC : Emax

2024/03/28 Satatus of the Development of ZDC ECal

47MeV 98MeV 198MeV

• Observation

 There is more energy deposit in MC simulation. 

 Disagreement gets larger towards to higher beam energy.

• Suspicion 

 We need less MC deposit in MC. 

 Detector already starts saturate below 200MeV.

• Ideas 

 More realistic beam profile in MC

 No Birk’s law in MC

 Detector has saturated below 200MeV : Check data w/ absorber.
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Birk’s Law

2024/03/28 Satatus of the Development of ZDC ECal

• Birk’s law : 

 Light yield as a function of the energy loss for a particle passing scintillator. 

 It is an empirical formula.

https://inis.iaea.org/collection/NCLCollec

tionStore/_Public/24/054/24054764.pdf
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Temperature Test w/ Na22 @ Lab

2024/03/28 Satatus of the Development of ZDC ECal

We test the temperature from 15 to 30 degree w/ Na22 source.
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Temperature Test w/ Na22 @ Lab

2024/03/28 Satatus of the Development of ZDC ECal

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

• For SiPM, The change of 5 degree gives 
around 25 percent change on gain.
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Na22  

1.2MeV
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Plan for 2nd ZDC ECal Prototype

Change from SiPM to APD 

2024/03/28 Satatus of the Development of ZDC ECal

APD is chosen due to its gain is lower than SiPM. We expect to push the measured 

energy up to hundreds GeV. We should not have saturation issue w/ ELPH beam 

energy (800MeV) in the next beam test.
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Plan for 2nd ZDC ECal Prototype

Design of Crystal Geometry (LYSO) 

2024/03/28 Satatus of the Development of ZDC ECal

Crystal#1 Crystal#2

Crystal#4 Crystal#3

One tower

• One tower = 4 crystals 

• No inner wrap between crystals.

• Outer wrap w/ ESR reflection.

• One crystal size = 1cm * 1cm

• One tower size = 2cm * 2cm 

One unit

• One unit = 4 towers 

• Wrap w/ Al tape.

• One unit = 4cm * 4cm 

2nd ZDC ECal

• 2nd prototype = 4 units 

• 4 tower * 4 towers 

• 8cm * 8cm

• 16 channels

• 10 X0

OR

• 2nd prototype = 2 units 

• 4 tower * 2 towers

• 8cm * 4cm

• 8 channels

Depends on budget.

• We will still use LYSO crystal.

• We aim for the beam test of 2nd

porotype on Oct. in ELPH.

2cm
4cm 8cm

tower
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Summary and To do
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• Beam test analysis

We have implemented MC in beam test conditions. The comparison 

between data and MC shows there are more energy deposit in MC 

than data if we consider the most energetic tower. We will implement 

more realistic beam profile and Birk’s law in MC. Also, we will check if 

data stars saturated already below 200MeV.

• Temperature test of SiPM

For SiPM, there is around 25% change of gain with 5 degree

temperature changes. We might need to consider cooling if SiPM is 

used in the future.

• Design of 2nd ZDC ECal prototype

We will change from SiPM to APD to measure wider energy range. 

Concerning crystal, LYSO will be used. Work is undergoing. We aim 

for the beam test of 2nd porotype on Oct. in ELPH.
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Back up
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Study of SiPM Saturation

2024/03/28 Satatus of the Development of ZDC ECal

https://arxiv.org/abs/1510.01102

ADC count of PMT = laser intensity

Number of fired pixels = SiPM gain
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Data VS MC :  Shower shape in 1D 
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X proj.

47MeV 98MeV 198MeV

Y proj.
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Data VS MC : Energy Deposit

2024/03/28 Satatus of the Development of ZDC ECal

MC

Data
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LYSO Light Output and 

SiPM Photon Detection Efficiency
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LYSO Light Output SiPM Photon Detection Efficiency

• Reference : http://cds.cern.ch/record/2284023/files/kuensken_bachelor.pdf

• We need to double check LYSO light output in MC 

and implement SiPM photon detection efficiency in MC. 



Uncertainty of Energy Conversion Factor

2024/03/28 Satatus of the Development of ZDC ECal

• There are two gain mode in FEE, high gain (HG) and low gain (LG). 

• ADC to energy conversion factor in HG was evaluated by Na22 source test.

• ADC to energy conversion factor in LG can only decided after the bridging of energy 

spectrum of beam (scaling factor is decided after bridging).

• We have not yet finalized the bridging. It gives the uncertainty of conversion factor around 30%.

Na22

HG mode

Na22 calibration data

(1) Only HG output is used since the 

energy of radiation source is low.

(2) We evaluate energy conversion 

vector in HG

1.2MeV / 1500 ADC-HG

= 0.00085 MeV/ADC-HG

HG mode

(smaller energy)
LG mode

(higher energy)

47MeV beam

Bridging :  HG * scaling + LG

Conversion factor =  0.00085 * scaling 
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MC Simulation for Final ZDC Ecal Part

2024/03/28 Satatus of the Development of ZDC ECal

• Choice of Crystal (20X0) 

1. 20X0 LYSO. 

2. 20X0 PbWO4 

3. 10X0 LYSO + 10X0 LYSO    (1cm gap)

4. 10X0 LYSO + 10X0 PbWO4 (1cm gap)

• Size of Crystal

1. 2cm*2cm for one pixel

2. 8*8 array (16cm*16cm)
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MC Simulation for Final ZDC Ecal Part

2024/03/28 Satatus of the Development of ZDC ECal

E8x8/Ebeam E1x1/Ebeam

1GeV 10GeV 1GeV 10GeV

• Tested beam energy : 100MeV, 500MeV, 1GeV, 5GeV, 10GeV, 20GeV, 40GeV.

• When beam energy below 1GeV, >96% beam energy dumped in the crystals (all 4 combinations).

• dE/dx of PbO4 is slighter larger than LYSO. 

• “10X0 LYSO + 10X0 PbO4” should sit in between “20X0 LYSO” and “20X0 PbO4”. Results need to 

be check again.

?
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External Trigger System : Fiber Tracker

2024/03/28 Satatus of the Development of ZDC ECal

Fibers : Diameter of fiber = 0.5mm SiPM : used also for 1st ZDC prototype 

• To better determine the beam position, we plan to build up a new 

fiber tracker to use as trigger for the next beam test. 

• The existing SiPM system will be used. 

• We will purchase small sample of fibers to practice the assymbling.

https://www.luxiumsolutions.com/radiatio

n-detection-scintillators/fibers

https://www.onsemi.com/pdf/datasheet/microc-

series-d.pdf
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