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Zero-Degree Calorimeter
● Detect neutral particles (γ, n) in the 

direction of the hadron beam
● 37.5 m from the IP
● What we can measure with it:

○ distinguishing between coherent diffractive 
scattering vs. incoherent scattering 

○ measuring geometry of e + A collisions, 
○ spectator tagging in e + d/3He, 
○ asymmetries of leading baryons
○ spectroscopy

● Μany of these are exclusive reactions
○ Momentum can be determined from other 

particles in reaction
○ Angular (position) resolution more critical 

than energy resolution:
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Current design

● ECAL
○ Crystals (PbWO4 or LYSO) and silicon

● HCAL 
○ Tungsten-silicon “imaging” layers
○ Lead-scintillator for the rest of the 

detector
● Problem: very expensive

○ Lead and tungsten aren’t cheap
○ Multiple technologies for HCAL
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The SiPM-on-tile ZDC design

● Alt. version of the current ZDC 
HCAL, with similar tech to CALI 

○ To be submitted to ePIC collab.
● Saves cost:

○ Reuse 2⨉10⨉10 cm3 absorber 
blocks from STAR forward HCAL 

○ SiPMs & readout are cheap
● High granularity:

○ Hexagonal tiles approximately 1 
Molière radius in circumradius (3.1 
cm)  A~25 cm2
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The SiPM-on-tile ZDC design

● Accessible PCB boards
○ Allows SiPMs to be annealed 

to mitigate radiation damage
○ (1011-1012  1 MeV-equivalent 

neutron/cm2 per year)
● Software compensated:

○ EM and hadronic showers 
distinguished in software

○ Sampling fractions applied 
based on the type of shower
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Recent submission
 to the arXiv
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Staggered tessellation patterns
in sampling calorimeters
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Base-line shower-position 
reconstruction
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HEXPLIT algorithm

Subcell reweighting

Reconstruct shower from subcells
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Neutron-shower performance for the ZDC-like calorimeter 
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Energy dependence of 
position resolution 
● H4 staggering improves the 

resolution by up to 60%, when 
utilizing the HEXPLIT algorithm

● Well below the YR requirement for 
the position resolution
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Energy resolution

● Naive reconstruction (directly 
summing hit energies) fulfills YR 
requirement for most of the energy 
range

○ Energy resolution appears independent 
of staggering

● Further improvement can come 
from better energy-recon 
algorithms (for instance, using AI)
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Conclusions

● New ZDC HCAL design incorporates 
SiPM-on-tile technologies, similar to our 
CALI design

● Staggered tessellations in sampling 
calorimeters such as the ZDC can 
improve their spatial resolution

● The HEXPLIT algorithm can take 
advantage of the staggering for further 
improvement, 

○ Roughly a factor of 2 on spatial resolution 
across a wide range of energy.   

○ Local algorithm, can be used for input in 
cluster finding and multi-particle shower recon
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Backup slides
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HG-CALI design can also incorporate staggering!

High-Granularity Calorimeter Insert
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Preliminary results for the HG-CALI

Nearly two-fold improvement with H3 
staggering and baseline recon

Exceeds two-fold improvement when 
using HEXPLIT algorithm

*H4 not shown, since we didn’t have 
the implementation ready at the time
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Generalized HEXPLIT

HEXPLIT is a local algorithm, it could work with multiparticle showers too. 
End result would be core of showers. This could help clustering, and help 
determine multiple shower axes precisely. 
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Example of two showers in HG-CALI


