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ZDC requirement 
• EM energy resolution

• Not demanding, but 
degradation may occur 
for crystals and/or 
photon sensors due to 
radiation

• EM position 0.5mm
• Fine pitch layer 

needed

• Hadron energy resolution
• 50%/√𝐸𝐸

• Neutron position
• 3mrad/√E or 6mm @ 275 GeV 
• Better resolution is not necessary since energy resolution also 

contributes to 𝑝𝑝𝑇𝑇
• Crucial to determine the zero degree: still good position 

resolution is useful
• Calibration: kinematic end point (275 GeV) 
• Need dynamic range up to multi TeV for HI 
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ZDC previous design 
• Simulation by S. Shimizu 

• RIKEN→KEK/ATLAS in 2022
• Single particle simulation 

• Required resolution obtained  
• Implemented in ECCE and 

ePIC simulation software

• Simulation: S. Shimizu → Po-
Ju Lin (NCU)
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ZDC updated design 
• Cost reduction design 

• Smaller EMCAL 
• Pb-Si imaging HCAL removed 
• By Po-Ju Lin (NCU) and Michael Pitt (Kansas) 
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EM calorimeter 
• W-Si imaging calorimeter 

• ALICE FoCal-E Pad technology  
• 2nd design  

• Lateral dimension based on 
FoCal-E Pad sensor size 9cm x 
8cm → 6 sensors x 7 sensors = 
54cm x 56cm

• Smaller than the 1st design because 
EM shower leakage is smaller than 
hadron shower leakage 

• Number of Si readout layers; e.g. 
2X0 (7.0mm) x 11 W layers + 11 Si 
readout layers 

• Cost reduction option 
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FoCal-E design 
• Including cooling & support 
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FoCal test beam 
• arXiv/2311.0413

• Various test beams in 2021-23 at CERN PS and SPS 

• Test beams in Japan 
• FoCal-E Pad test beams at Tohoku Univ. ELPH

• Next: February 2024  
• Neutron irradiation test in 2022-23 at RIKEN RANS

• Sensor, photodetectors, chips, cables 
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ePIC ZDC W-Si EMCAL cost 
• Based on ALICE-FoCal-E

• 88cm x 90cm, 110 towers
• 1cm x 1cm /cell, 8 x 9 cells / tower
• Si Pad 18 layers

• Si Pad sensors:2,000kCHF = $2,200K
• Si Pad readout:550kCHF = $605K
• Si Pad power:250kCHF = $275K

• W plates (3.5 mm) 20 layers
• 500kCHF = $550K

• ePIC-ZDC W+Silicon EMCAL 
• 60cm x 60cm, 50 towers
• Si Pad sensors: 1cm x 1cm /cell

• $2,200K x 50 / 110 / 18 layers = $55.6K/layer
• Si Pad readout + power

• $880K x 50 / 110 / 18 layers = $22.2K/layer
• Si small-Pad sensors: 3mm x 3mm /cell

• Assume same price of sensor: $55.6K/layer
• Si small-Pad readout + power

• Number of channels 10x10/3/3 times more
• $22.2K x 10x10/3/3 = $247K/layer

• W plates (3.5 mm)
• $550K x 50 / 110 / 20 layers = $12.5K/layer
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ePIC ZDC W-Si EMCAL cost 
• Si Pad sensor 20 layers

• $55.6K x 20 = $1,110K
• Si Pad readout 20layers

• $22.2K x 20 = $440K
• Si small-Pad sensor 3 layers

• $55.6K x 3 = $170K
• Si small-Pad readout 3 layers

• $247K x 3 = $740K
• W plates (3.5 mm) 22 layers

• $12.5K x 22 = $270K
• Total: $2,730K
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ZDC updated design outline 
• EM calorimeter 

• Dimension 
• Crystal scintillator evaluation  

• Hadron calorimeter 
• No imaging layer 
• Design 

• Position (& timing) layer 
• Pad/pixel size 
• Technology 
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ZDC updated design 
• Cost reduction design 

• Smaller EMCAL 
• Pb-Si imaging HCAL removed 
• By Po-Ju Lin (NCU) 

HCAL Pb : Scint = 15 : 1 
Neutron energy resolution 
= 50%/√E (GeV) + 4.8% 

HCAL Pb : Scint = 4 : 1 
Neutron energy resolution 
= 45%/√E (GeV) + 4.1% 
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EM calorimeter 
• Crystal calorimeter 
• 2nd design  

• Lateral dimension 54cm x 56cm matching 
to W-Si imaging calorimeter 

• Crystal scintillator choice 
• PbWO4 vs LYSO 
• LYSO crystal by Taiwan group (from CMS) 
• Cooperation with B0 EMCAL 

• Crystal calorimeter should be 
removable if possible

• Necessary only in eA collisions 
• To reduce radiation 
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EM calorimeter 
• Crystal calorimeter

• LYSO test module design for test beam by 
Taiwan group 
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EM calorimeter 
• Crystal calorimeter

• LYSO test module design for test beam by 
Taiwan group 
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Hadron calorimeter 
• 2nd design 

• No Pb-Si imaging calorimeter 
• Pb-(Scintillator + Fused silica) by Korea group 

• Capillary design 
• Presentation by Yongsun Kim (Sejong Univ., 

Korea) 

October 9, 2023 17



Hadron calorimeter 
• Pb-(Scintillator + Fused silica) 

by Korea group 
• Capillary design 
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Hadron calorimeter 
• SiPM-on-technology option for ZDC HCAL

• by Sebouh J. Paul (UCR) 
• ePIC Far-Forward weekly meeting, Sep. 19, 2023 

• https://indico.bnl.gov/event/20611/
• ePIC Radiation Doses and Particle Fluences

• https://wiki.bnl.gov/EPIC/index.php?title=Radiation_Doses
• ZDC neutron fluence < 1012 neutron/cm2 for 6 month operation 
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Hadron calorimeter 
• SiPM-on-technology option for ZDC HCAL
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Position layer 
• Front of the crystal calorimeter (1 layer) 
• Front + 2 layers inserted in the EM imaging 

calorimeter (3 layers) 
• 2nd design 

• 3mm x 3mm silicon pad with FoCal-E pad technology + 
simple analogue readout 

• 1mm x 1mm silicon pad with FoCal-E pad technology + 
simple digital readout 

• Proposed by Tsukuba Univ, Tsukuba Tech Univ, and Nagasaki 
Institute of Applied Science (ALICE FoCal-E group) 

• FoCal-E pixel technology 
• 30um x 30um MAPS/ALPIDE 

• AC-LGAD layer? 
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ZDC status outline 
• ZDC design review 

• Crystal calorimeter 
• Imaging EM calorimeter 
• Hadron calorimeter 
• Position (& timing) layer 

• ZDC development 
• Radiation requirement 
• Test beam 
• Cooling & support 

• ZDC integration 
• Interference 
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ePIC ZDC group 
• Japan 

• RIKEN 
• Kobe Univ. 
• Shinshu Univ. 
• Univ. of Tsukuba 
• Tsukuba Tech. Univ. 

• Taiwan 
• NCU 
• Academia Sinica

• Korea 
• Sejong Univ. 

• USA 
• Kansas Univ. 
• PNNL 
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ZDC design review 
• Crystal calorimeter 

• 1st design: 60cm x 60cm PWO crystal 8X0
• Design update option: 

• Smaller lateral dimension, 60cm x 60cm necessary to cover 
lateral hadron shower leakage (EM shower leakage smaller) 

• W-Si imaging calorimeter 
• 1st design: 60cm x 60cm W-Si 22X0 (22 layers) 
• Design update option: 

• Smaller lateral dimension, e.g. ALICE-FoCal-E Pad size 9cm x 
8cm → 6 x 7 = 54cm x 56cm

• Smaller number of layers, e.g. 1X0 x 22 layers → 2X0 x 11 layers?
• Hadron calorimeter 

• 1st design: 
• Pb-Si 0.16λI x 12 layers (40cm) 
• Pb-Scintillator 10cm x 10cm x 48cm (2.5λI) tower, 10 x 10 x 2 

• Design update option: 
• No imaging (Pb-Si) layers 
• Pb-(Scintillator + Fused silica) 10cm x 10cm x 48cm tower 4 x 4? 
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ZDC design review
• More cost effective design 

• Smaller EMCAL 
• Pb-Si HCAL removed 
• By Po-Ju Lin 

HCAL Pb : Scint = 15 : 1 
Neutron energy resolution 
= 50%/√E (GeV) + 4.8% 

HCAL Pb : Scint = 4 : 1 
Neutron energy resolution 
= 45%/√E (GeV) + 4.1% 
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ZDC design review 
• Position layer 

• 3mm x 3mm required 
• Open question yet 

• ALICE FoCal-E pixel layer (MAPS) 
• Too good position resolution 

• Smaller pad layer 
• AC-LGAD (position & timing layer) 
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ZDC design review 
• Crystal calorimeter 

• PbWO4 vs LYSO 
• Small prototype to be tested & 

evaluated @ Tohoku-ELPH in 
this winter 

• LYSO crystal by Taiwan group 
(from CMS) 

• More light yield 
• More stable for radiation 
• But higher cost 

• Cooperation with B0 EMCAL 
started 

• HCAL 
• Korea group 
• Dual-readout calorimeter 

ALICE Phos PWO prototype 
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ZDC Development
• Radiation requirement

• Based on FLUKA simulation by V. Baturin, et al., we 
assumed 1014 neutron/cm2 lifetime fluence, but this 
seems be too high. 

• 1013 neutron/cm2 or lower would be appropriate 
estimation, but it still require radiation hard 
technology for the ZDC, especially upstream EM 
calorimeter and even Hadron calorimeter close to the 
zero degree region. 

• Test beam 
• ALICE FoCal-E test beam @ Tohoku-ELPH & CERN-

PS/SPS done 
• Crystal calorimeter prototype test beam @ Tohoku-

ELPH will be performed in Feb. 2024 
• Cooling & support 

• For imaging calorimeter, Taiwan group is going to 
produce a draft CAD figure based on ALICE FoCal-E 
design 
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Test-beam studies 
• ALICE FoCal-E test beam @ Tohoku-ELPH & 

CERN-PS/SPS 
• p-sub sensor, HGCROC v2 for readout 
• Clear MIP peaks observed for almost all channels 

and layers 
• Reaching full depletion voltage around 300 V 

• Neutron irradiation test @ RIKEN-RANS
• Sensor, photodetectors, chips, cables 
• For FoCal-E, sPHENIX, ePIC-ZDC 
• Up to ~1014 neutrons/cm2

Inaba’s slide
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ALICE-FoCal structure 
• Including cooling & support 



ZDC integration issues 

Slide shown by Alex Jentsch in Warsaw meeting in July
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ZDC integration issues

Slide shown by Alex Jentsch in Warsaw meeting in July
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