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ZDC-h design
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Hadron calorimeter 
• 2nd design 

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

• Capillary design 
• 46mm x 46mm x 250mm tower 

• Longitudinal segments? 
• Each tower has 30 x 30 fibers 
• 1 on 1 SiPM: each SiPM connected to single fiber 
• Or grouping SiPM: each SiPM to 9 fibers 

• Position resolution study by ePIC Forward HCAL 
group (UCR) 
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• ALICE Focal-h as the reference  
• Fiber size : 1mm 
• Spacing = 2.5 cm 
• Scintillator fib. mode: Good energy resolution  
• Sc+Cherenkov mode : resilient against radiation and useful for PID

(Sejong U. & Korea U.)

Hadron calorimeter 
• Pb-(Scintillator + Fused silica) 

by Korea group 
• Capillary design 
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Neutron beam simulation
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• Full simulation for fibers  
• Package well verified by dual-readout calo studies 
• To be integrated to DD4HEP 

• Neutron Energy: 10 ~ 150 GeV 
• Normal angle = 4 mrad  
• Caveat: Space between fibers are filled by Cu.  To be 

updated with Capillary structure 

Event display for a 50 GeV neutron 



Fiber grouping

• For every fiber to be independent read, we need 240 x 240 = 57.6 k SiPMs 
• Since the majority of cost is from SiPM and electronics, fiber grouping can 

dramatically reduce the price 

4x4 grouping 8x8 grouping



Grouping dependence of Position Resolution
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Position Resolution Only Scintillation

Difference with 20GeV neutron beamReconstructed position for  
20 GeV neutron Position   resolution as a function of neutron 

energy.  

Scintillation fiber

• Similar result with 4x4 fiber grouping and 1x1 SiPM matching, for E > 40 GeV 

• Inserting a position reading layer around 2  would improve the resolutionλI



Better position resolution for Ch. channel
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Dual-readout ( scint : ceren = 5 : 5 )
Scintillation Cerenkov

Selection Photon

Cerenkov Channel Scintillation Channel S & C combine ChannelCherenkov channels Scintillator channels S&C combined
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Scintillation & Cerenkov
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Position Resolution
Comparison Scintillation, Cherenkov, and S&C

• Some fluctuation is statistical, but is 3.5 ~ 
4 mm is some good ball-park numbers 

• Sc & Ch channels were simply combined at 
the same weight.   
• There is rooms for improvement with 

adequate weighting 



Cost estimation
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• Price reference link 

• A huge price reduction even for 3x3 fiber grouping 

https://www.pi.infn.it/~bedeschi/RD_FCC/IDEA_costing/FCC_MidTerm_IDEA_Calo_CostEstimate.pdf


Summary
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• Capillary design for ZDC-h was proposed for advantages  
• Simple and Cheap 
• No cooling required 
• Cooperative R&D with ALICE Focal 
• Fibers are routed to the SiPM outside which can reduce radiation damage  

• Consideration for longitudinal segmentation for better resolution and PID 
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BACKUP
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Energy resolution for neutron

• Energy resolution is computed with only ZDC-h, excluding ZDC-E 
• Quantum efficiency for SiPM is not accounted yet


