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Outline of this talk 
• Overview of EIC 

• U.S. EIC (Electron-Ion Collider) 
• Physics 
• EIC status 

• EIC Japan 
• Forward hadron calorimeter 
• Far-forward physics & calorimeter 
• Silicon detector 
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Electron-Ion Collider (EIC) 
• 2020.1.9: U.S. Department of Energy selected Brookhaven 

National Laboratory to host major new nuclear physics facility, 
the Electron-Ion Collider 

• World’s first polarized electron + proton / light-ion / heavy-ion 
collider 

• Center of mass energies: 20 GeV – 141 GeV 
• Maximum luminosity: 1034 cm-2s-1

• Polarized beam: e, p, d, 3He 
• Hadron beam polarization: 80% 
• Electron beam polarization: 80% 
• Ion species range: p to Uranium 
• Number of interaction regions: up to two 
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Physics at EIC 
• How does the mass of the nucleon arise? 

• The Higgs mechanism accounts for only ∼1% 
of the mass of the proton. 

• How does the spin of the nucleon arise? 
• The spin of the quarks accounts for only 

one-third of the spin of the proton. 
• What are the emergent properties of 

dense system of gluons? 
• The gluon saturation describes a new state 

of matter at extreme high density. 
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Quark-gluon structure 
• Deep inelastic scattering 

(DIS) of lepton (electron) 
• Large Q2 (Q2 = -q2) 

provides a hard scale to 
resolve quarks and gluons 
in the proton 

• Parton distribution 
function (PDF) of quarks 
and gluons 

• 1D longitudinal motion of 
partons

• x : momentum fraction of 
quarks and gluons 

• Significant improvement 
of precision of the 
polarized PDF at EIC 
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Spin 
• Spin puzzle 

• Origin of the nucleon spin in the 
quark-gluon structure  

• Quark-spin contribution is only 
20%-30% of the nucleon spin 

• Gluon polarization 
measurement with polarized 
DIS at EIC  

• Small Bjorken-x region with QCD 
evolution (DGLAP equation) 

∆Σ/2 = Quark contribution to Proton Spin
LQ   = Quark Orbital Ang. Mom
∆g = Gluon contribution to Proton Spin
LG   = Gluon Orbital Ang. Mom 
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DVCS (Deeply Virtual Compton Scattering) 

Meson Production 
J/ψ, φ, 
ρ, etc.

Tomography of the nucleon / nucleus 
• EIC = color dipole microscope 

• Exclusive process and diffractive process 
• 3D distribution: transverse spatial distribution 

• GPD (Generalized Parton Distribution) 
• Spatial imaging of gluons and quarks = tomography 

• HERA: 1st generation 
• EIC: 2nd generation (high luminosity, heavy ion, polarization) 

• Orbital angular momentum  
• Ji’s sum rule 
• Origin of the nucleon spin 
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x-dependence of spatial distribution 
of gluons to be obtained by the 
exclusive J/ψ production at EIC 

Tomography of the nucleon / nucleus  
• DVCS 

• Deeply virtual Compton 
scattering 

• Meson production 
• Gluon tomography by measuring 

J/ψ, φ, ρ, etc. 
• Precision measurement at large 

radius with high luminosity 
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Generalization of the form factor 
• Energy Momentum Tensor (EMT) 

• GPD measurement → 3D 
distribution of mass, spin, 
pressure, etc. in the proton 

• 1st measurement of pressure in the 
proton using DVCS data from JLab
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Mass of the nucleon 
• Sum rule for the nucleon mass

• How to determine the different 
contribution not yet reached 

• Lattice QCD calculation 
• arXiv:1710.09011, update by K.-F. Liu et al. 

• Precision comparison of experiment 
and theory in the future 

• Mass, spin, pressure, radius,… 
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Gluon saturation in e+A collisions 
• Gluon emission 

• Divergence at small x 
• Gluon recombination 

• Restriction of divergence 
• Gluon saturation in balanced 

• Based on classical idea of the 
saturation 

• First observation of a quantum 
collective gluonic system 

• Precision comparison of 
experiment and Chiral Glass 
Condensate (CGC) as a theoretical 
model of the gluon saturation 

• Precision understanding of 
nucleus with the quark-gluon 
picture necessary as the initial 
state of the QGP for 
understanding its production 
mechanism 
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Gluon saturation in e+A collisions  
• Diffractive cross section 

• Most sensitive way to study 
the gluon saturation 

• 10-15% diffractive at HERA 
e+p

• 25-30% diffractive 
predicted by CGC at EIC 
e+A
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J/ψ φ

suppress by 
detecting break-
up neutrons 

Meson Production 
J/ψ, φ, 
ρ, etc.

Gluon saturation at extreme density 
• Exclusive vector meson production 

• Momentum transfer t dependence translated 
to the transverse spatial distribution of 
gluons in the nucleus 

• Incoherent process (nucleus breaks up) 
• Spatial density fluctuation in nucleus 
• Much larger than the coherent process 

• Coherent process (nucleus remains intact) 
• Sensitive to the gluon saturation 
• Identify & veto breakup of the excited nucleus 
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EIC status 
• 2019.12: CD-0 (approve mission need) 
• 2020.1: Site selection at BNL 
• EIC User Group (EICUG) since 2016

• More than 1200 physicists from over 250 laboratories and universities 
from around the world 

• 2020: EICUG Yellow Report (physics/detector) towards CD-1 
• https://arxiv.org/abs/2103.05419

• 2021.7: CD-1 approval 
• Authorization to begin the project execution phase, starting with 

preliminary design 
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EIC status 
• 2020.11: Expression of Interest (EOI) for 

potential cooperation on the EIC 
experimental program 

• https://www.bnl.gov/eic/EOI.php
• https://indico.bnl.gov/event/8552/contributions/
• 47 EOIs submitted 

• 2021: 2nd detector and IR planning 
• 2021.3: Call for detector proposals 

• ATHENA 
• ECCE 
• CORE 

• 2021.12: Decision on detector(s) 
• CD-2 (performance baseline) 2023? 
• CD-3 (start of construction) 2024? 
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EIC detector 
• ECCE consortium

• 77 institutions   
• Based on an existing 1.5 T solenoid

• Babar solenoid used at sPHENIX
• Simulation and analysis for proposal writing and 

submission on Dec. 1, 2021
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EIC detector 
• ECCE consortium 
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EIC Japan 
• 2015.4: EIC Letter of Interest 

from Asian countries 
• 20 from Japan 

• RIKEN, Yamagata U, Tokyo 
Tech, Juntendo U, KEK, Kyorin
U, Kyoto U, Niigata U, Tohoku 
U, Tokyo U of Science 

• 7 from China
• CIAE, IMP, Nanjing U

• 3 from India 
• TIFR, NISER

• 4 from Korea 
• Seoul National U, Korea U, 

Daegu U, Chonbuk National U

• 2016.8.3: Workshop on “Prospects on EIC project” at J-PARC 
• 2018.4.15: Pre-DIS EIC workshop at Kobe 
• 2018.10.23: JPS/DNP workshop at Hawaii “Hadron structure” 
• 2019.9.24-26: CFNS & RBRC workshop at Stony Brook Univ. on 

“Physics and detector requirements at zero-degree of colliders” 
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EIC Japan 
• 2019: Master Plan 2020 proposal of Electron-

Ion Collider (EIC) 
• Selected as a major academic research project 
• Not selected for a hearing for the priority project 
• Core institutions: Yamagata Univ. & RIKEN 
• Participating institutions: Kobe Univ., Nihon Univ., 

KEK, etc. 
• Collaboration including nuclear-physics 

community and high-energy community 
• Nuclear physics: Yamagata U., RIKEN, Nihon U., 

U. of Tsukuba, JAEA 
• High-energy physics: Kobe U., Shinshu U., 

Kyushu U., KEK 
• Cosmic ray: Nagoya U., ICRR 
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EIC Japan activity
• 2020.5: EIC detector R&D program eRD27 

• “Developing a high resolution ZDC for the EIC” 
• Collaboration with Kansas U., ODU, etc. 

• 2020.7: U.S.-Japan science and technology cooperation 
program in high-energy physics (special category) 

• 2020.8: U.S.-Japan hadron physics exchange program 
for studies of hadron structure and QCD (2020.9-
2023.9) 

• 2020.8-9: KEK workshop on intersections of particle 
and nuclear collider physics 

• Expression of interest (EOI) from EIC-Japan (2020.11) 
• Forward hadron calorimeter 

• Cooperation with UCLA & Korean group 
• Zero-degree calorimeter (EM & hadron) 

• Cooperation with eRD27 
• Silicon detector 

• Cooperation with ANL, BNL, etc. 
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Forward hadron calorimeter 
• Essential for forward jet reconstruction and hadron 

energy measurements, as well as triggering
• Cross-section measurements in the high Bjorken-x

region, where a struck quark goes forward
• Position and energy measurements of hadrons take 

a crucial role especially in the charged current 
process

• Struck electron escapes from the detector as a neutrino
• DIS kinematic variables have to be reconstructed from 

the angular and energy distribution of the hadronic final 
state

• In neutral current events, the hadronic method of 
reconstructing the DIS kinematics significantly improves 
the resolution

• Precise measurements of them in the high-x region 
are expected to improve the understanding of the 
traditional proton PDFs used in LHC physics
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Forward hadron calorimeter 
• Collaboration with UCLA group for STAR upgrade and 

EIC detector R&D eRD1 (calorimeter consortium) 
• Scalable and re-configurable with a minimal number 

of mechanical components 
• Minimal resources required for construction and operation 

• Fe + scintillator sandwich, 38 layers for STAR FCS  
• 10cm x 10cm x 90cm tower 
• 4.5 interaction length 
• WLS light collection 
• SiPM readout 
• Expected energy resolution 

• σE/E = 70%/√E (GeV) 
• Constant/noise terms? 

• Higher energy resolution necessary for EIC  

Fe+Scintillator
Sandwich structure

Light collection
with WLS plate

Readout
with SiPMs
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Far-forward physics at EIC  
• In e+A collisions, exclusive vector meson 

production in diffractive process is one of the 
key measurements sensitive to the gluon 
saturation 

• For the coherent process where the nucleus 
remains intact, the momentum-transfer 
dependent cross section can be translated to the 
transverse spatial distribution of gluons in the 
nucleus
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Far-forward physics at EIC  
• Collision geometry is an important measure 

in e+A collisions for an event-by-event 
characterization

• Collision geometries can be tagged through 
forward neutron multiplicities 
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single 
nucleons

SRC pairs

Far-forward physics at EIC 
• In e+d and e+3He collisions at EIC, various physics 

programs require the tagging of forward neutrons as 
spectators to identify the target nucleon

• It constrains kinematics for studies of the Short-
Range Correlations (SRC)

• Nucleon-nucleon interaction at very short distance which 
shows high momentum nucleon in the nucleus rest frame

• Deep connection to how the quark-gluon structure of a 
nucleon in a nucleus is modified, known as the EMC effect

• ∼20% of nucleons are in SRC pairs
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Far-forward physics at EIC  
• Visible world mainly made of light quarks: its mass 

emerges from quark-gluon interactions, Higgs mechanism 
hardly plays a role 

• Strange quark is at the boundary: both emergent-mass 
and Higgs-mass generation mechanism are important 

• For the proton, the EIC will allow determination of an 
important term contributing to the proton mass, the so-
called “QCD trace anomaly” 

• For the pion and the kaon, the EIC will allow 
determination of the quark and gluon contribution to 
mass with the Sullivan process 
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Far-forward calorimeter 
• EIC detector R&D program eRD27

• “Developing a High Resolution ZDC for the EIC”  
• Soft photon 

• Large aperture 
• Full absorption calorimeter 

• EM & Hadron calorimeter ‘
• Acceptance 
• Energy, position and pT resolution 
• ALICE-FoCal R&D by RIKEN and Tsukuba U. 

• Radiation hardness 
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Silicon detector 
• Apply silicon sensor based on 

silicon-on-insulator monolithic 
pixel (SOIPIX) detector 
technology developed by KEK 
group

• SOIPIX is employed as the inner 
vertex detector of 4π silicon 
hybrid detector proposed by 
ANL and BNL collaborators
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Summary 
• EIC will be constructed at BNL 
• Physics at EIC 

• Mass of the proton 
• Spin of the proton 
• Gluon saturation: discovery → property 

• EIC status 
• Call for detector proposals 

• ECCE consortium 
• EIC Japan activity 

• Forward hadron calorimeter 
• Far-forward calorimeter (EM & hadron) 

• Geometry tagging 
• Spectator tagging 
• Meson structure 

• Silicon detector 
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Far-forward calorimeter 
• EIC IR design 

• Acceptance 
• 25 mrad crossing angle for EIC at BNL 
• Forward magnet aperture ±4 mrad opening angle for ZDC 

• ZDC transverse size 
• Sufficient to avoid transverse leakage 
• ∼2 interaction length, e.g. 60 cm x 60 cm 
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Silicon detector 
• Physics

• Heavy flavor quarks are highlighted at EIC as the 
ideal probe to study open questions in QCD, such 
as mass and flavor dependence of the energy 
loss, fragmentation and hadronization
modification in the nuclear medium, nuclear 
parton distributions and so on

• The performance of the silicon sensors thus 
plays a crucial role to pursue the research in 
the heavy flavor physics in satisfactory level

• key technology commonly employed for the heavy 
flavor detection by observing their decay vertex 
precisely 
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Electron-Ion Collider (EIC) 
• 2020.1.9: U.S. Department of Energy selected 

Brookhaven National Laboratory to host major new 
nuclear physics facility, the Electron-Ion Collider 

• World’s first polarized electron + proton / light-ion / 
heavy-ion collider 
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Mass 
• The Higgs mechanism accounts for only ∼1% 

of the mass of proton. 
• The symmetry breaking emerges the mass. 

Symmetry breaking 
of the Higgs field 

Confinement of quarks 
Chiral symmetry breaking 

Strong force
Electromagnetic force
Weak force
Gravitational force
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Forward physics 
• A key item in high-x region
• DIS kinematics reconstructed from the 

hadronic final state
• Takes a crucial role especially in the charged 

current process (e+q → ν+q’) 
• Significantly improves the resolution in the 

neutral current process 
• Forward hadron calorimeter provide the 

hermeticity to identify a large rapidity gap of 
diffractive events 

• Or positively tag the gluon radiation for 
measuring the energy flow 
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Forward hadron calorimeter R&D  
• Essential for forward jet reconstruction, hadron 

energy measurement, and triggering 
• Collaboration with UCLA group for STAR upgrade and 

EIC detector R&D eRD1 (calorimeter consortium) 
• Scalable and re-configurable with a minimal number 

of mechanical components 
• Minimal resources required for construction and operation 

• Fe + scintillator sandwich, 38 layers for STAR FCS  
• 10cm x 10cm x 90cm tower 
• 4.5 interaction length 
• WLS light collection 
• SiPM readout 
• Expected energy resolution 

• σE/E = 70%/√E (GeV) 
• Constant/noise terms?  

Fe+Scintillator
Sandwich structure

Light collection
with WLS plate

Readout
with SiPMs
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Far-forward physics at EIC  
• Meson structures 

• Properties of the nearly massless pion are the 
cleanest expressions of the mechanism that is 
responsible for the emergence of the mass 

• Measurable implications for the pion form factor 
and meson structure functions

• Effects of the Higgs mechanism play a more 
substantial role for the kaon mass due to its 
strange quark content

• Comparison of the charged pion and charged 
kaon form factors over a wide range in Q2 would 
provide unique information relevant to 
understanding the generation of hadronic mass
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eRD27
• General detector R&D program for an EIC 
• eRD27 approved in 2020.8 
• “Developing a High Resolution ZDC for the 

EIC”

B0 tracker 
Off energy detectors  

Roman Pot 

Zero-degree calorimeter 

Integrated forward system 
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EIC IR design 
• Acceptance 

• 25 mrad crossing angle for EIC at BNL 
• Forward magnet aperture ±4 mrad opening angle for ZDC  

• Sufficient transverse size to avoid transverse leakage 
• ∼2 interaction length 
• e.g. 60cm x 60cm 
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eRD27
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e + A collision at zero degree 
• Breakup of the excited nucleus 

• Evaporated neutrons (& protons) 
• Separate the coherent process ∼90% 

• Photons from de-excitation of the excited nucleus
• Requirement to measure neutrons and photons at zero degree 

in a wide t range  
• Event-by-event characterization of collision geometry 

• Tagged through forward neutron multiplicities at zero degree 
• b: impact parameter 
• d: path length of struck parton in nucleus 
• “centrality” (high d) & “skin” (low d) 
• Study of nuclear medium effects 
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e + A collision at zero degree  

• Removing excited nucleus event by detecting excitation 
photon 

• Soft photon ∼300 MeV 
• Low detection probability within 4 mrad cone 
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e + d/3He collision at zero degree 
• Spectator tagging 

• Neutron structure 
• Neutron spin structure, S & D waves 

• Nucleon interactions 
• Short-range correlation (SRC) and EMC effect at large x
• Diffraction and shadowing at small x
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Physics at zero degree of EIC 
• Short range correlation (SRC) 

• ∼20% of nucleons in SRC pairs 
• 18% p-n pairs 
• Large relative momentum (> 300 

MeV/c) 
• Small c.m. momentum and spatially 

very close each other 
• EMC effect 

• Nuclear structure modification 
found in nuclear DIS in the EMC 
experiment 

• Nuclear PDF significantly modified 
by SRC pairs 

• Tagged DIS at JLab → EIC 
• e+D at JLab: Hall B & C  
• e+D & e+A at EIC 

• Tagged SRC at EIC 
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Spectator tagging 

• pT resolution equivalent to beam spread ∼40-50 MeV/c
• Spacial resolution 1cm → pT resolution ∼40 MeV/c
• ZDC energy resolution 50%/√E (GeV) or 4.5% @ 137 GeV/c 
→ pT resolution ∼40 MeV/c
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Physics at zero degree of EIC 
• Leading baryons 

• Fragmentation 
• One pion exchange (OPE) 
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ALICE FoCal
• FoCal-E 

• High-granularity Si-W 
calorimeter for photon 
and π0

• FoCal-H 
• Conventional metal-

scintillator sampling 
calorimeter for photon 
isolation and jets 
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ALICE FoCal-E
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ALICE FoCal-E  

New silicon pad 
sensor for final 
FoCal
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ZDC at LHC 
• ATLAS  & CMS ZDC 

• W-quartz sampling calorimeter 

• JZCaP collaboration 
• ATLAS + CMS joint R&D effort 
• Radiation-hard fused silica rods 
• Increasing H2 concentration
• Tested at higher doses than we 

expect at EIC 
• LHC group done significant work 

on calibrating Fluka dose 
simulation  

slides by Longo
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Calorimeter Consortium (eRD1) 
• Crystal calorimeter 

• PbWO4
• For soft photon detection < 300 MeV (full absorption?) 

• Glass scintillator 
• Optical and radiation hardness 
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Summary 
• EIC will be constructed at BNL
• Physics at EIC 

• Mass of the proton 
• Spin of the proton 
• Gluon saturation (discovery → property)

• Forward & very forward physics at EIC 
• Geometry tagging 
• Spectator tagging 
• Leading baryons 
• π/K structure 

• Forward & very forward calorimeters R&D 
• ALICE FoCal technology 
• LHC ZDC technology 
• Soft photon detection 
• Radiation hardness 

• We’d like to activate collaboration between 
Korea and Japan 
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EIC - Electron Ion Collider 
• High-energy QCD frontier to 

study nucleon (hadron) and 
nucleus (cold nuclear matter) 
from quarks and gluons 

• World’s first polarized electron 
+ proton / light-ion / heavy-ion 
collider 

• Wide (Q2, x) region 
• Electron + proton / light-ion 

collision 
• Polarized beam

• e, p, d/3He
• High luminosity

• Lep ∼ 1033-34 cm-2s-1

• 100-1000 times HERA 
• Collision energy 

• √s = 20 – 100 (140) GeV 
• Electron + heavy-ion collision 

• Wide range in nuclei 
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How does the spin of 
the nucleon arise? 

Spin and Flavor Structure of 
the Nucleons and Nuclei 
• Gluon Polarization 
• Quarks and Gluons 

Inside the Nuclei 
• Hadronization

What are the 
emergent properties 
of dense systems of 

gluons? 
Gluon Saturation at Extreme 

Density 
• Initial State of the QGP 

(Quark-Gluon Plasma) 

How does the mass of 
the nucleon arise? 

3D Picture of the Nucleons 
and Nuclei 

• Transverse -Momentum 
Distribution and Spatial 

Imaging 
• Orbital Motion of Quarks 

and Gluons Inside 

•

Precision 
Measurement Discovery 

New Picture 

Collision 
Energy

Luminosity
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structure of nucleons 
and nuclei covering the 
wide kinematic range 

Understanding how the 
nucleon structure and 
properties emerge from 
quarks and gluons and their 
interactions from QCD 

Physics at EIC 



Spin 
• Quark-gluon structure 

• Parton distribution 
function (PDF) of quarks 
and gluons 

• x : momentum fraction of 
quarks and gluons 

• Spin puzzle 
• Gluon polarization 

measurement with 
polarized DIS  

• Small Bjorken-x region 
with QCD evolution 
(DGLAP equation) 

Unpolarized PDF Polarized PDF

∆Σ/2 = Quark contribution to Proton Spin
LQ   = Quark Orbital Ang. Mom
∆g = Gluon contribution to Proton Spin
LG   = Gluon Orbital Ang. Mom 
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Quark-gluon structure 
• 1-D picture 

• Parton distribution 
function (PDF) of quarks 
and gluons 

• x: momentum fraction of 
quarks and gluons 

• Significant improvement 
of precision of the 
polarized PDF at EIC 

• especially gluon 
polarization 

• 3-D picture 
• Generalized parton

distribution (GPD) 
function 

• charge distribution
• magnetic-moment 

distribution
• mass distribution

• Comparison of radii (R)
• New picture to be 

established at EIC 
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Precision measurement of PDFs 
• Inclusive DIS

• Large Q2 (Q2 = -q2) provides a 
hard scale to resolve quarks 
and gluons in the proton 

• 1D longitudinal motion of 
partons

• Spin puzzle 
• Gluon polarization 

measurement with polarized 
DIS  

• Small Bjorken-x region with QCD 
evolution (DGLAP equation) 
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3D structure of the nucleus 

• Diffractive vector 
meson production 

• φ meson sensitive to the 
gluon saturation 
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J/ψ φ

Meson Production 
J/ψ, φ, 
ρ, etc.



GPD studies with exclusive processes 
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3D structure of the nucleon 
• How are quarks and gluons 

confined inside the nucleon? 
• Bag model 

• gluon radius > charged radius 
• Constituent quark model 

• gluon radius ∼ charged radius 
• Lattice gauge theory (with slow 

moving quarks) 
• gluon radius < charged radius

• Need measurement of 
transverse images of the 
quarks and gluons in the 
nucleon 

• Proton tomography with GPD
measurement 

• R = 0.6 – 0.7 fm for gluon 
(HERA) and sea quark 
(COMPASS) 

• Smaller than 0.85 fm with EM 
interaction 

Static               High Energy 
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Physics at zero degree of EIC 
• Very forward proton acceptance for DVCS 

exclusive measurement 

Uncertainty in normalization 

Uncertainty in slope and shape 
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ALICE FoCal-E 
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ALICE FoCal-E 
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ALICE FoCal
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ALICE FoCal
• RIKEN participation in FoCal

• FoCal-E pad readout and trigger development 
• Test beam 

• Participants 
• Yuji Goto (scientist): 0.25 FTE 
• Itaru Nakagawa (scientist): 0.25 FTE 
• Minho Kim (new postdoc from Oct. 2020): 1 FTE 

• Budgetary contribution 
• Additional FoCal-E pad sensors in 2020-2021 
• Student support for Japanese & non-Japanese 

universities 
• Tsukuba U. 

• Travel support for visiting staffs 
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ALICE FoCal
• We’d like to build approx. 10cm x 20cm 

prototype FoCal-E detector to be used at 
RHIC/sPHENIX in 2024 

• Approx. size of 10cm x 20cm 
• Located at zero degree, in front of ZDC 
• Measurement of photon, pi0, and neutron cross 

section and left-right asymmetry in polarized p+p
and p+A collisions 

• Construction in 2022-2023 by RIKEN budget 
• We’ll need appropriate contract with FoCal group 

for technology transfer and purchase 
• In 2023, we may consider prototype test at 

RHIC/sPHENIX in A+A collisions 
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ALICE-FoCal
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ALICE FoCal
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ALICE-FoCal
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ALICE-FoCal

• For RHICf upgrade (2022 or 2024) 
• Space restriction at RHICf

• FoCal prototype with new readout scheme for RHICf? 
• Readout electronics integration to sPHENIX

electronics & DAQ system  
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Detector requirements 

• TOPSiDE / CALICE 
• Imaging calorimeter 
• Improving e/h with 

software compensation 
• EIC HCal R&D

• Improving e/h with timing 
(dual-gate offline 
compensation) 

• Energy resolution better 
than ∼40%/√E (GeV) + 
few% is challenging 

• ALICE FoCal
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Simulation studies 
• Collaboration with BeAGLE group (eRD17) and 

calorimeter consortium (eRD1) 
• ALICE FoCal geometry included in Geant4 (g4e 

framework) 
• Soft photon detection 

• Acceptance & efficiency 
• Detector simulation & evaluation 
• Effect for downstream calorimeter (resolution, pID) 

• EM + hadron calorimeter 
• Detector simulation 

• EM + hadron configuration & evaluation 
• Energy & position resolution 

• Leakage (size), e/h (technology) 
• Calibration system evaluation 

• Physics simulation 
• Evaluation for spectrum measurement 

• Radiation dose 
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Calorimeter Consortium 
• Crystal calorimeter 

• PWO 
• For soft photon 

detection < 300 MeV 
• Full absorption 

• Glass scintillator 
• Radiation hard 
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