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Progresses on 
the ZDC Monte Carlo Simulation
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Zero Degree Calorimeter (ZDC)

A calorimeter for measuring photons and neutrons 
away from the interaction point.
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ZDC Ver. 1

 Currently available for everyone one on the ePIC GitHub
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ZDC Ver. 1 – E Resolution

 Same behavior confirmed by PNNL

 Fit:             
63%

𝐸
+ 3.6%

 Required:   
50%

𝐸
+ 5%

 Shima:
44%

𝐸
+ 4.2%

Fit

Required

Shima

 Use particle gun to generate neutrons of different energy
• Position at the front of ZDC, at angle along the ZDC center

• Five different energy settings: (10, 20, 50, 100, 150) GeV

• 1000 events for each setting

 Do calibration with linear fitter
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Previous design 
studied by Shima

ZDC Ver. 0
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ZDC Ver. 0 - Check of Pb/Sci
Pb/Sci ONLY, no 

other modules

Result of Shima Check

- Fit result: Meas [MeV] = 18.2 ±0.6 × N [GeV] −6.2(±0.2)
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ZDC Ver. 0 - Check with 3 Modules
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ZDC Ver. 0 - Check with 3 Modules

W/Si Pb/Si Pb/Sci

 Implementation of the 1st-version ZDC 
Geometry
• Based on the slides that I have, should 

be similar enought, if not identical 

 Try to reproduce the result of Shima with 
the first design.

Shima: 

Implementation in DD4hep:
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ZDC Ver. 0 - Check with 3 Modules
Result of Shima

This study

• Shima and I used different energy 

scale, there is a factor of 1000 
difference

 Similar trend of energy 

dependence is obseved

 The parameters I have is 

larger than what Shima got
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ZDC Ver. 0 - Check with 3 Modules
My parameterization:

• W/SI:  0.0988 * (1 - 0.007 * (ESI - 500)/1000)

• Pb/SI: 0.3952 * (1 + 0.03 * (ESI - 50)/100) 

Shima’s parameterization:

• Six energy settings (GeV):

(10, 20, 50, 100, 200, 300)

• The energy deposited in 

the crystal is simply added 

to the calibrated energy 

from the other modules. 

• Gaussian fit of Ereco / EGen

10 GeV 20 GeV 50 GeV

100 GeV 200 GeV 300 GeV

𝜇 = 0.86
𝜎 = 0.18

𝜇 = 0.92
𝜎 = 0.14

𝜇 = 0.96
𝜎 = 0.10

𝜇 = 0.98
𝜎 = 0.08

𝜇 = 1.00
𝜎 = 0.06

𝜇 = 1.00
𝜎 = 0.06
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ZDC Ver. 0 - Check with 3 Modules

This study

This fit: 1.04 – 0.54/ 𝐸

This study

Required

Shima

 This study: 
47%

𝐸
+ 3.2%

 Required:   
50%

𝐸
+ 5%

 Shima:
43%

𝐸
+ 2.1%

Shima

 Result not as good as what Shima had, 

but acceptable



 1st Silicon & crystal calorimeter:

• Smaller lateral dimension (x, y) = (56, 54) cm.

 W-Si imagine calorimeter

• Smaller lateral dimension 

(x, y) = (56, 54) cm.

• Smaller number of layers 

1X0 × 22 → 2𝑋0 × 12 layers

 Silicon Pixel lateral size (x, y) = (4, 3) mm

 Pb-Si modules removed

 Pb-Scintillator + fused silica

• Towers of 10cm x 10cm x 48cm, each 

module is 60cm x 60cm x 48cm

• 4 modules

• Not yet have the implementation of 

fused silica – only scintillator now
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ZDC Ver. 2
 More cost-effective design
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 Use particle gun to generate 

neutrons of different energy

• Position at the front of ZDC, at 

angle along the ZDC center

• Five different energy settings: 

(10, 20, 50, 100, 150) GeV

• 1000 events for each setting

 Do calibration with linear fitter

𝐸𝑟𝑒𝑐. = 𝑐1𝐸𝑆𝑖𝑃𝑖𝑥 + 𝑐2𝐸𝐶𝑟𝑦𝑠𝑡𝑎𝑙 + 𝑐3𝐸𝑊𝑆𝑖 + 𝑐4𝐸𝑃𝑏𝑆𝑐𝑖𝑛𝑡 + b

ZDC Ver. 2

This study

Required

Shima

 This study: 
50%

𝐸
+ 4.8%

 Required:   
50%

𝐸
+ 5%

 Shima:
43%

𝐸
+ 2.1%
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 Test suggested  modify the ratio of 

the thickness of Pb:Scinitllator to 4:1 

This study

Required

Shima

 This study: 
50%

𝐸
+ 4.8%

 Required:   
50%

𝐸
+ 5%

 Shima:
43%

𝐸
+ 2.1%

ZDC Ver. 2
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𝜇 = 0.97
𝜎 = 0.18

10 GeV 20 GeV 50 GeV

100 GeV 150 GeV

𝜇 = 1.01
𝜎 = 0.14

𝜇 = 1.01
𝜎 = 0.10

𝜇 = 0.99
𝜎 = 0.09

𝜇 = 0.98
𝜎 = 0.08

• Before:

- Lead = 30 mm

- Scintillator = 2 mm

• Now:

- Lead = 25.6 mm

- Scintillator = 6.4 mm

Each module contains 15 layers of 

Pb/Scintillators (480mm), unchanged.

ZDC Ver. 2
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This study

Required

Shima

 This study: 
50%

𝐸
+ 4.8%

 Required:   
50%

𝐸
+ 5%

 Shima:
43%

𝐸
+ 2.1%

Before Now

 Updated Pb/Sci ratio:
45%

𝐸
+ 4.1%

New ZDC Goemetry
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 Last Pb/Sci block removed:
48%

𝐸
+ 4.1%

Now

 Removing the last block deteriorates energy resolution

 Still acceptable. Seeking for other possibilities. 

Remove the last Pb/Sci block

New ZDC Goemetry

 Updated Pb/Sci ratio:
45%

𝐸
+ 4.1%
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 A series of resolution studies have been done for different ZDC designs

• Previous observation of Shima has been confirmed using DD4hep

• Reasonable energy resolution  optimization required

 Next Steps

• Test of different ideas that within the size limit

• Implementation of reconstruction 

• Position resolution

• Shower development and the place for the imaging part of HCAL

 New group expressing interest in ZDC simulation work: 

Group of Kentaro Kawade from Shinshu University

Summary & Next Steps



Status of constructing a ZDC 
EMCal for beam tests using 
LYSO crystals



Progress for the ZDC EMCal
• The fund for constructing an EMCal prototype for the ePIC ZDC using 

the LYSO crystals is in place

• The front-face cross-section of LYSO crystals was determined

• Standalone G4 simulation was set up and has been used to check 
detector performance 

2
1



SiPM size

2
2

Active area: 6mm x 6mm
Total area: 7mm x 7mm
SiPMs are available at NCU 



Front face cross-section of LYSO 
crystals

• thickness of 3M Enhanced Specular Reflector Film 
(ESR) and optical adhesive: 80μm 

2
3

7mm

7mm LYSO

0.16mm

gap (3M ESR + optical adhesive)

0.16mm



Readout
• The readout board was designed by Chih-Hsun 

Lin of Academia Sinica 

• 128 channels

• Trigger: 

• self-triggered

• can accept external timing signals → need to 
be studied 

• may take external triggers → need to be 
studied 

• An adapter board is needed to fit our geometry, 
host the 8x8 SiPM array, and transmit signal 
from SiPMs to readout the board

• will be designed after the LYSO crystals are 
ordered 

2
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Event displays in Geant4

• Crystal dimension (front 
face): 
7mm x 7mm

• Crystal length: 88mm
2
5

LYSO PbWO4

• Crystal array: 8x8

• Beam: 900 MeV positrons



Energy deposit and shower profile

• Not really a fair comparison because 
PbWO4 has a shorter radiation length

• Simulation needs to be redone with 
the exact 1X0 for PbWO4 2
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• 96% of energy is contained within 
the 5x5 array 



Light yield estimation

• assuming light collection efficiency: 25% and photon detection 
efficiency: 20%  

• length of crystal: 88mm

• LYSO: 500MeV x 40000 photons/MeV x 0.2 x 0.25 
= 1,000,000 photons 

• PbWO4: 500MeV x 200 photons/MeV x 0.2 x 0.25
= 5000 photons 

2
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Fired microcells vs # of photons

• Need the fraction of fired microcells of a SiPM below 70% for a 
linear response

2
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Saturation effect for the SiPM
• Based on the current estimation for 900 MeV positrons, we will have 

the saturation effect for the central crystal 

• According to the discussion in the ePIC ZDC meeting, light collection 
efficiency may not be as high as 25%
• need to be studied

• In addition, an optical filter can be added to suppress the light yield 
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Plans and timeline

• Place the order for the LYSO crystals

• have been negotiating the price with the producer 

• Design an adapter board for the SiPM array

• Construct and test the prototype with cosmic rays, lasers, 
and maybe low-energy proton beams in Taiwan

• Conduct beam tests in Japan

30

Jul Aug Sep Oct Nov Dec Jan Feb

order cystals
• design an adapter 

board
• crystal production

construct 
the 
prototype

test with cosmic rays, lasers and proton 
beams

beam test at 
ELPF



Summary

• Constructing a prototype for ZDC EMCal using LYSO crystals is in progress

• An array of 8x8 crystals will be built with a front-face cross-section of 7mm ×
7mm for a single crystal 

• An adapter board will be designed to host the SiPM array

• Readout electronics are almost in place

• Plan to test this prototype with cosmic rays, lasers, and possibly low-energy 
proton beams in Taiwan between November 2023 and January 2024

• We target to have a beam test at ELPF in Japan in February 2024 
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