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研究会の趣旨 2

2020年に行われたKEK研究会「素粒子・原子核コライダー物理の交点」を受けて、今回
は、米国の次期大型計画EIC（Electron-Ion Collier）に焦点を置き、EICが今後の素粒
子物理学と原子核物理学にどのような新しい展開をもたらすかを議論したいと思います。

EICはアメリカ原子核物理の最優先計画であり、ブルックヘブン国立研究所に建設される
世界初の偏極電子＋偏極陽子及び原子核衝突型加速器です。EIC計画は現在アメリカエネ
ルギー省から計画実行段階への権限を与えられ、次の施設建設段階へ、そして2032年頃
の建設完了に向けて、順調に進んでいます。
EICは今後10年程度で実現する新たなコライダーとしては唯一のものとなる可能性もあり、
原子核物理分野と素粒子物理分野が協力して推進することを目指したいと思います。

https://urldefense.com/v3/__https:/kds.kek.jp/event/35224/__;!!P4SdNyxKAPE!BCN2_7XTs22mZVuntDYfs3EslKMa5bXmgGGcaf6U2CD7i-iAWJSb1VR-papZMRz7t9aHv2rC8tEG302akvAnEg$


What is EIC? 3
Electron-Ion Collider (EIC):

A new particle accelerator that collides electrons 
with protons and nuclei to produce snapshots of 

those particles’ internal structure
unlock the secrets of the strongest force in Nature



Uniqueness of EIC Science 4

• 3D tomography of proton, deuteron and 3He (light nuclei)
• How do the nucleon properties emerge from quarks, gluons, and 

their interactions?
• Probing q-g structure of NN and NNN interaction in light nuclei



Uniqueness of EIC Science 5

• Evolution of partonic structure from nucleons to nuclei 
• How does a dense nuclear environment affect the quarks and 

gluons, their correlations, and their interactions?
• How do the quark-gluon interactions create nuclear binding?
• Properties of gluon saturation at high-energy



Hierarchical structure of matter 6
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Collaborative creation examples 7
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Collaborative creation examples 8

Quarks and Gluons (TeV)
Björn Schenke 2021 Rep. Prog. Phys. 84 082301

arXiv:1604422



Develop collaborative creation 9
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Develop collaborative more! 10

Theory
Lattice, QC

EIC
RHIC, LHC

J-PARC

RIBF

シンNP

New insights in non-equilibrium quantum physics and its 
universality from quarks to the universe and life science  

Thermalization of early universe, creation of DM 
and CP violation 

mechanism of supernova explosion and its 
subsequent evolution

Condensed matter: new emergent 
properties under non-equilibrium transition 

(ex, photoinduced phase transition)

Biology（active matter、Activity-
induced ferromagnetism )



Develop collaborative more! 11
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New insights in non-equilibrium quantum physics and its 
universality from quarks to the universe and life science  

Ex, non-equilibirium open quantum system 



Technologies 12
CMOS sensor (σ~1μm)

（TPSCo, 10μm□）
65nm process, wafer-sized sensor

t~50µm

AC-LGAD Si sensor (σ~20ps)
（Hamamatsu）

Low Gain Avalanche Detector (LGAD) 

t~25-50µm

AI implemented Streaming 
heterogeneous Computing

100~400Tbps FPGA process GPU process



Goal of this workshop 13

• EIC will delve deep into the building blocks of our visible Universe and 
revolutionize our understanding of the nucleon, nuclei and the strong interaction.

• EIC will be the place to develop the technology frontiers.  

• EIC will be the project for entire nuclear physics community and particle physics 
community. 
• What are the synergies between EIC and other facilities (RIBF, J-PARC, 

LHC)?

• How we can benefit from EIC and can develop nuclear physics and particle 
physics using EIC? Which kinds of new academic/science domains we can make? 

• How we can establish the collaboration across the different facilities? 



EIC Users Group 14

• Currently, 291 institutions from 40 countries participate in the EIC User Group.
• The EIC scientific community is rapidly growing with more than 1,454 members.
• Japanese participation : 15 institutes  

https://www.eicug.org/

https://www.eicug.org/


ePIC experiment 15

ePIC Initiated in July 2022

Currently: 
>850 collaborators
>650 members 



ePIC-Japan strategy 16

①Time-of-Flight based on AC-LGAD system (30 ps)
②Zero Degree Calorimeter : ALICE FoCAL technology 
③DAQ : AI implemented Streaming DAQ/Computing 
(④ MAPS: for ePIC Upgrae)

Major Posts in ePIC



Timeline 17

2026    CD-3 Start of Construction 
2033 CD-4 Start of Operations (Early Finish)
2035 CD-4 Start of Operations 



Recent news 18
朝日新聞（5/21, 火曜日）
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EIC Science I 20

SPIN is one of the 
fundamental properties 

of matter.
Spin cannot be 

explained by a static 
picture of the proton

It is the interplay 
between the intrinsic 

properties and 
interactions of quarks 

and gluons

The EIC will unravel the 
different contribution 

from the quarks, gluons 
and orbital angular 

momentum.

How are the quarks 
and gluon 

distributed in space 
and momentum 

inside the nucleon & 
nuclei? 

How do the nucleon 
properties emerge 

from them and  their 
interactions?

What is the relation 
to confinement?

How do the confined 
hadronic states 

emerge from these 
quarks and gluons? 

Does the mass of 
visible matter emerge 

from quark-gluon 
interactions?

Atom: Binding/Mass
=  0.00000001
Nucleus: 
Binding/Mass = 0.01
Proton: Binding/Mass 
= 100

The EIC will determine 
an important term 
contributing to the 
proton mass, the so-
called “QCD trace 
anomaly

Is the structure of a 
free and bound 

nucleon the same?

How the short range 
correlations or 

nucleon-clusters 
are derived from 
quark and gluon 

interactions?
How do the quark-
gluon interactions 

create nuclear 
binding?

How do quarks and 
gluons, interact 
with a nuclear 

medium?

How many gluons can fit 
in a proton?

How does a dense 
nuclear environment 

affect the quarks and 
gluons, their 

correlations, and their 
interactions?

What happens to the 
gluon density in nuclei? 
Does it saturate at high 

energy?

QS: Matter of Definition and Frame (II)
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Infinite Momentum Frame:
• BFKL (linear QCD): splitting functions ⇒ gluon density grows
• BK (non-linear): recombination of gluons ⇒ gluon density tamed

BFKL: BK adds:

αs << 1αs ∼ 1 ΛQCD

know how to 
do physics here?
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• At Qs:   gluon emission balanced by recombination

Unintegrated gluon distribution
depends on kT and x:
the majority of gluons have 
transverse momentum kT ~ QS
(common definition)
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EIC Science II 21

EIC

RIBF J-PARC RHIC, LHC

How is the hierarchical structure of materials created and developed?



EIC Science III 22
Quantum Fluctuation in proton/nucleus
What is the nature of proton/nucleus at 
smallest time scales (which we never saw)?

Physics Letters B, Volume 772, 681-686

High-x PDF

BSM searches
(sinθw

2 and CLFV)

https://www.sciencedirect.com/journal/physics-letters-b
https://www.sciencedirect.com/journal/physics-letters-b/vol/772/suppl/C


Accelerator Performance 23
Wide center-of-mass energy √s: ~20 - 140 GeV :
Ø map the out nucleon and nuclei structure from high to low x

Polarized electron and hadron (p, He-3) beams:
Ø access the spatial and momentum structure of the nucleon in 3d
Ø access to spin structure of nucleons and nuclei
Ø probing q-g structure of NN and NNN interaction in light nuclei

Nuclear beams: d to Pb
Ø accessing the highest gluon densities à saturation
Ø quark and gluon interact with a nuclear medium

High luminosity 1033-1034 cm-2s-1 :
Ø mapping the spatial and momentum structure of nucleons and 

nuclei in 3d

Large acceptance (0.2 - 1.3 GeV) through forward focusing IR 
magnets
Ø spatial imaging of nucleons and nuclei



Experimental Equipment Scope 24

hadronic 
calorimeters 

e/m 
calorimeters      

Time.of.Fligh
t, 

DIRC,  
RICH 

detectors

MAPS tracker

MPGD trackers

Solenoidal Magnet

e: 5 GeV to 18 GeVp: 41 GeV, 100 to 275 GeV p/A beam e beam

local hadron 
polarimeter

low Q2 

electron-
tagger

Luminosity
Monitor

Zero-Degree
Calorimeter

Roman
Pots

off-
Momentum

taggers

lepton and hadron polarimeters not shown

• Asymmetric beam energies
• requires an asymmetric detector with electron and 

hadron endcap à 9.5 meter

• tracking, particle identification, 
EM and hadronic calorimetry 
functionality in all directions, 
covering equal rapidity 
area: (-4 < h < 4)

§ Highly Polarized Beams:  70%

• Imaging science program with protons and 
nuclei
• requires specialized detectors integrated in the IR 

over 80 m 

• Momentum resolution for EIC science
• requires a large bore (⌀ 2.4 m) 2T magnet 

• Highest scientific flexibility
• requires Streaming Readout electronics model

25 Subsystems incl. high-precision Polarimetry



Big data and streaming computing 25

Big and good 
quality data

Pioneering the science of 
prediction using

AI x Mathematics

Development of 
computing technologies

量⼦コンピュータ スパコン
「富岳」

EIC x AI implemented Streaming DAQ/Computing
• Society 5.0: fusion of physics space and cyber-space
• Accelerate computing technologies and develop quantum computing 
• Provide new innovative framework for scientific researches in many fields 

内閣府

Nuclear physics 
Particle physics 
Condensed matter 
Cosmology 
Astronomy 
Social …

New discoveries in many fields using big data + streaming 
computing technologies


