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2Outline
u What is EIC and Why EIC is so important (my personal view)?
u High-Energy QCD Physics 
u DIS and Parton distribuCon
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u spin, mass, pressure
u gluon satura0on, hadroniza0on
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u Summary 



What is EIC and why EIC is so 
important (my personal view)?
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4Electron-Ion Collider
EIC = a machine that will unlock the secrets of 
the strongest force in Nature
• the major US project in the field of nuclear physics
• the world’s first collider for polarized electron and 

polarized proton (and light ions) and electron-nucleus 
collisions

• EIC hosted at Brookhaven National Laboratory 
• 80% polarized electrons from 5-18 GeV 
• 70% polarized protons from 40-275 GeV 
• Ions from 40-110 GeV/u 
• Polarized light ions 40 -184 GeV (He3) 
• 100-1000 x HERA luminosities:1033-1034 cm-2s-1
• CMS energies: √s = 29–140 GeV 
• foreseen to start operation in early 2030’s



5Electron-Ion Collider

3 valence quarks 

quantum 
fluctuation

Dense quark & anC-quark pairs and gluons

教科書的には 実際は

https://cerncourier.com/a/the-proton-laid-bare/

Internal structure of nucleon and nucleus



6Electron-Ion Collider

https://alice-collaboration.web.cern.ch/2023_ALICE_UPC



7Why EIC is so important?

u To understand QGP properties more precisely
u Initial conditions and early dynamics  



8Why EIC is so important?

u Characterization of gluonic matter
u unique matter composed of Gauge bosons

u Anomalous viscosity in glasma? 
uSoft color fields generate anomalous 

transport coefficients

u Synergies with spin-glass?



9Why EIC is so important?

u Origin of collecCvity in small systems -> quantum fluctuaCons 
(“eccentric” proton)

arXiv:2102.11189

Quantum fluctuations in protons at very short time scale
Dynamical structure of protons (fluctuations in parton distribution functions)



10Why EIC is so important?
u Why proton and nucleus has so high toughness? 

u What mechanisms keep mass and spin constant?

u Mechanisms of emergence of effective degree of freedom
(localization)? -> Connection to condensed matter physics 
u Strongly correlated electrons, Heavy-fermions,  superconductors, Mott-insulator 

[Bhagwat et al., Phys. Rev. C 68 (2003)



High-Energy QCD Physics

11



11 Science Questions in 21 century 12



11 Science Questions in 21 century 13

Very early universe (T > 100 
MeV, t < 10 µsec)

Neutron stars ( r > 1015 g/cm3) Dense partonic structure 
inside high energy proton/nuclei



14未来の学術構想2022
核談70周年記念シンポジウムより



15未来の学術構想2022
核談70周年記念シンポジウムより



核談70周年記念シンポジウム 16
https://indico.rcnp.osaka-u.ac.jp/event/2286/

*私⾒に基づく

https://indico.rcnp.osaka-u.ac.jp/event/2286/


17High-Energy QCD Physics

http://frankwilczek.com/Wilczek_Easy_Pieces/298_QCD_Made_Simple.pdf

グルーオンの⾃⼰相互作⽤ 漸近的⾃由性

Nature Physics 19,
1533–1535 (2023)

核談70周年記念シンポジウムより

http://frankwilczek.com/Wilczek_Easy_Pieces/298_QCD_Made_Simple.pdf
https://www.nature.com/nphys
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核談70周年記念シンポジウムより
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核談70周年記念シンポジウムより
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核談70周年記念シンポジウムより
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核談70周年記念シンポジウムより



22EIC workshop
https://indico3.cns.s.u-tokyo.ac.jp/event/315/

Spin

Hadron structure

BSM

technologies

PDF

mass

Lattice, QC

entanglement

TMD

QGP

Nuclear cluster

Hadron cluster

Hadron structure

Spin, GPD

technologies

https://indico3.cns.s.u-tokyo.ac.jp/event/315/


23JPS symposium 



DIS and Parton distribution
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25Deep inelasDc scaEering

QGPとEICで
ノーベル賞をめざしましょう
（QGPがノーベル賞にならないのは何故か︖）



Resolution power 26



27Reactions to be measured in DIS



28ReacDons to be measured in DIS



29Reactions to be measured in DIS



HERA @ DESY 30

• At Hamburg in Germany 
• 6.3 km circumstance

• proton beam = 920 GeV
• electron beam = 27.5 GeV
• √s = 318 GeV



HERA @ DESY 31



HERA @ DESY 32



HERA @ DESY 33



34Parton Distribution Function

The probability of a parton of type i having a fraction x of the proton energy



KinemaDcs of DIS 35

𝑦=0: small scattering angle limit
𝑦=1: backscattering i.e. total momentum transfer to the hadronic system



Deep inelastic scattering (again) 36
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Ee=10GeV X Ep=250GeV (√s=100GeV)



e+p→e+X 37

ScaPering of 4.879 GeV electron from proton at rest 
• Detector at 10 deg. w.r.t the beam, and measure the energy of the scaPered electron 
• KinemaXcs fully determined from the electron energy and the angle 

• ElasDc peak at x=1 (Q2=2Mν) 
• InelasDc scaLering at larger q2 : the peaks 

correspond to “excited states” of the 
proton, e.g. Δ+(1232), … 

• Deep InelasDc ScaLering: proton breaks 
up resulDng in many parDcles final state 
(large W)

W2=(P+q)2: invariant mass of the hadronic final state



e+A->e+X 38

• ElasDc peak at high value of E’ (low value of Q2) 

• The broader peak at larger q2 corresponds to quasi-
elasDc scaLering on single nucleons 

• If nucleons were free, we would have a single 
narrow peak at ν≈Q2/(2MN) 

• Nucleons are in a potenDal wall of radius R ~ 1 fm, 
so they have a Fermi momentum pF ~ 1/R ~ 200 
MeV which broaden the elasDc peak: 

• Δν/ν = ± pF/MN ~ 10%



Structure function 39

Write DIS X-secDon to zeroth order in αs (‘quark parton model’): 

e-p scaPering

e-n scattering
(from e-d 
scattering)



Structure function 40

e-p scaZering

e-n scattering
(from e-d 
scattering)

exchanging an up quark for a down turns basically 
a proton into a neutron (iso-spin symmetry)

the three lightest quark flavors (u,d,s) occur with 
equal probability in the sea: 



Structure funcDon 41

At small momentum fracXons (x ≈ 0) the structure 
funcXon is dominated by low- momentum qq -̄pairs 
consXtuXng the “sea”.

for x ≈ 1 the valence quarks dominate 



Gluons 42

Summing the measured momenta of the partons give the proton momentum. 

Almost half of the proton momentum is carried by gluons 



Structure funcDons at HERA 43

ContribuGon of sea quarks 
ContribuGon increases as smaller-x

Sea quarks dynamically created at 
high Q2

Eur. Phys. J. C75, 580 (2015)



Dynamical picture of evolution 44

Increased spa+al resolu+on Q2 → Shorter interac+on +me ti (ti = 1/Q2)
• Quantum fluctua+ons : Gluon splits into a pair of quark and anX-quark, and in turn recombines back to gluon later. 
• With EM interacXon (e-p scaPering via g), gluon cannot be seen directly (gluons cannot directly interact with g）, but 

is indirectly seen as “increase of quarks with smaller x as Q2 gets higher”

Dokshitzer-GribovLipatov-Altarelli-Parisi (DGLAP) evolu+on equa+on



Structure functions at HERA 45
Small-x

Large-x

DGLAP evolution describes 
well



Structure functions at HERA 46

Neutral current DIS Charged current DIS Di-jet process

Directly sensitive to gluon density



PDF ParameterizaDon for global fit 47



Parton distribution function 48
JHEP 1001:109(2010)

The most dramatic of these experimental consequences, that the protons viewed at 
ever higher resolution would appear more and more as field energy (soft gluons) , 
was only clearly verified at HERA ... F. Wilczek [Nobel Prize 2004]

http://www.slac.stanford.edu/spires/find/hep/www?rawcmd=FIND+EPRINT+arxiv:0911.0884


Polarized PDF 49

Unpolarized PDFUnpolarized PDF

Polarized PDF

Polarized PDF



Asymmetry (DIS) 50
Inclusive DIS

Semi-Inclusive DIS



Asymmetry (pp) 51

RHIC polarized p+p collisions

dijets promptp photon

charm/bottom



Asymmetry measured at RHIC 52



Global Fit for Polarized PDF 53

[PDG, 2016]
Q2 = 100 GeV2

arXiv:1711.07916



54Nucleon spin
u Constitute Quark model : spin is 100% from constituent quarks 



55Nucleon spin
u Discovered by EMC experiment at CERN

(polarized muon + polarized proton) Confirmed by SMC, SLAC, HERMES: 
Quark contribution is ~25% (“Spin Crisis”)



56Nucleon spin
u Discovered by EMC experiment at CERN

(polarized muon + polarized proton) Confirmed by SMC, SLAC, HERMES: 
Quark contribution is ~25% (“Spin Crisis”)



57Nucleon spin
u Current picture of spin composiCon 

Gluon spin Angular 
momentum of all 
quarks and gluons 

RHIC spin program (polarized proton) 



Measurement at RHIC
u Longitudinal spin asymmetry : ALL

58

observation of non-zero ALL associated with 
non-zero ΔG (~0.3)



Gluon contribuDon to spin
u Longitudinal spin asymmetry : ALL

59



PDF in nuclei (x>0.3)
u Proton bound in the nucleus is different from a free proton?

60

Naïve expectaGon was 
nuclear effects in DIS 
would be small since 
DIS energy is much 
larger than binding 
energy.

Phys. Rev. D 49, 4348 (1994)

DIS off a bound nucleon  ≠ DIS off a free nucleon (EMC effect)



Clusters in nuclei 61

u Modern view of atomic nucleus 



Clusters in nuclei 62



Short range correlaDon 63

NN Short-range correlation 

Large model dependence at short-distance / high-momentum 



Short range correlation 64

NN Short-range correlation L. Lapiks, Nuclear Physics A 553, 297 (1993) 

65% for naïve shell model calculaXons. FracXon 
reaches 80% in more modern calculaXons 



Short range correlation 65

NN Short-range correlation: 
From 2-nucleons (2N-SRC) to 3-nucleons/4-nucleons(alpha?)-SRC

Zhihong Ye, iHIC2018

• 重い原⼦核における2N-SRC, 3N-SRC, 4N-SRC 
→ deutron, 3H/3He, alpha cluster?
→ ⾼密度原⼦核物質へ(EMC effects, 中性⼦星EOS) 



PDF in nuclei (x<0.3)
u Reduction of PDF in small-x (x<0.3) 

called “shadowing”.

66
Phys. Rev. Lett. 68 (1992) 3266



Gluon SaturaDon
u We know that at small-x, gluons are dominated in proton and nuclei. 

u When the density of gluons becomes high, 
they start to interact with each other 
and gluons are saturated. 

u Saturation scale = Qs(x, A) : Typical transverse momentum carried by gluons 

67

Gluons fill the transverse area of hadron (πR2) 

Size of gluons
Number of gluons

𝑄! (𝑥, 𝐴) = 𝐴 "# $𝑥%&



Key Topic in eA: Gluon Saturation (I)

6

In QCD, the proton is made up 
of quanta that fluctuate in and 
out of existence 
• Boosted proton: 
‣ Fluctuations time dilated on 

strong interaction time 
scales  

‣ Long lived gluons can 
radiate further small x 
gluons! 

‣ Explosion of gluon density 
! violates unitarity
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pQCD  
evolution  
equation

New Approach: Non-Linear Evolution 
• New evolution equations at  low-x & low to moderate Q2 

• Saturation of gluon densities characterized by scale Qs(x) 
• Wave function is Color Glass Condensate

Phase diagram of proton and nucleus 68

Ann. Rev. Nucl. Part. Sci. 60, 2010. 

Proton Nucleus



Phase diagram of proton and nucleus 69

Nicolas Strangmann, DiffracGon and Gluon SaturaGon at the LHC and the EIC - Trento Workshop



Main Physics at the EIC

70



71Science Goal of EIC

How are the quarks and 
gluon distributed in space 
and momentum inside the 

nucleon & nuclei? 
How do the nucleon 

proper9es emerge from 
them and  their 

interac9ons?
How can we understand 
their dynamical origin in 

QCD?
What is the rela9on to 

Confinement?

Does the mass of visible 
maBer emerge from quark-

gluon interac9ons?

Atom: Binding/Mass = 
0.00000001

Nucleus: Binding/Mass =
0.01

Proton: Binding/Mass =
100

For the proton the EIC will 
determine an important term 

contribu9ng to the proton 
mass, the so-called “QCD 

trace anomaly

Is the structure of a 
free and bound 

nucleon the same?
How do quarks and 

gluons, interact with a 
nuclear medium?

How do the confined 
hadronic states 

emerge from these 
quarks and gluons? 
How do the quark-
gluon interactions 

create nuclear 
binding?

How many gluons can fit 
in a proton?

How does a dense nuclear 
environment affect the 

quarks and gluons, their 
correla9ons, and their 

interac9ons?
What happens to the 

gluon density in nuclei? 
Does it saturate at high 

energy?

QS: Matter of Definition and Frame (II)

7

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?

m
ax
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~ 1/kT

k T
 φ

(x
, k

T2 )

• 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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• At Qs:   gluon emission balanced by recombination
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(common definition)

?
=gluon

splitting
gluon

recombination

SPIN is one of the 
fundamental proper9es of 

maBer.
All elementary par9cles, but 

the Higgs carry spin.
Spin cannot be explained by 
a sta9c picture of the proton

It is the interplay between 
the intrinsic proper9es and 
interac9ons of quarks and 

gluons

The EIC will unravel the 
different contribu9on from 

the quarks, gluons and 
orbital angular momentum.



72Luminosity



73(x, Q2) coverage



74Further understanding of PDF by EIC

EIC!



753D parton distribuDon
u Generalized Parton Distributions (GPDs)

u Transverse position & longitudinal 
momentum fraction of partons

u Transverse Momentum Dependent 
Parton DistribuCons (TMDs)
u Transverse momentum & longitudinal 

momentum frac5on of partons



76TMD Handbook (>400 pages!)
https://arxiv.org/pdf/2304.03302

（全く読めていません）
勉強不⾜ですみません

https://arxiv.org/pdf/2304.03302


77A lot of TMDs …



Sivers effect and TSA 78

u RHIC: Transverse Spin Asymmetry (AN)
Sivers effect

Phys. Rev. Lett. 101, 042001

Non-zero AN and charge 
dependent 
-> opposite spin-kT
properties of valence u 
and d quarks

CorrelaGon between nucleon transverse spin 
and transverse momentum of partons



Sivers effect and TSA
u RHIC: Transverse Spin Asymmetry (AN)

79

https://www.riken.jp/press/2021/20211015_1/index.html

Direct photon AN sensiCve to gluon angular momentum

https://www.riken.jp/press/2021/20211015_1/index.html


TMD at EIC through SI-DIS 80



TMD at EIC through SI-DIS 81
√s = 140 GeV
√s = 45 GeV
√s = 15 GeV



Momentum imaging 82



83Generalized Parton Distributions

（全く読めていません）
勉強不⾜ですみません

About 200 pages… About 400 pages…



84Generalized Parton DistribuDons



85Generalized Parton DistribuDons
The nucleon (spin-1/2) has four quark and gluon GPDs. Like usual PDFs, GPDs are non-
perturbative functions defined via the off-forward matrix elements of well-defined parton
operators: 異なる運動量を持つ初期状態と終状態の核⼦間のクォーク演算⼦の⾏列要素



86Basic ProperDes of GPD
Forward Limit



87Basic Properties of GPD
ConnecXon to elasXc Form Factors
(charge radius and magneXc radius)

Connection to spin, mass, pressure



Measurement of GPD
u Deeply Virtual Compton Scaeering and Deeply Virtual Merson ProducCon 
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3D tomography of nucleons (GPD)
u Deeply Virtual Compton Scaeering

89

Proton radius of quarks (x)!



3D tomography of nucleons (GPD)
u Deeply Virtual Compton Scattering

90

Proton radius of gluons (x)!



3D tomography of nucleons (GPD) 91

Bag Model: 
• Gluon field distribution is wider than the fast 

moving quarks. 
• Gluon radius > Charge Radius

Constituent Quark Model: 
• Gluons and sea quarks hide inside massive quarks.
• Gluon radius ~ Charge Radius

Lattice Gauge theory (with slow moving quarks), 
• gluons more concentrated inside the quarks: 
• Gluon radius < Charge Radius

Need transverse images of the quarks and gluons in 
protons



GPD at EIC 92

• DVCS in wider phase space ⇒ valence and sea quarks
• DVMP of heavy meson (J/ψ,Υ), light vector and pseudoscalar meson 
⇒ gluon @ low x, flavor separaDon



Spin: ALL and Polarized PDF at EIC
u Polarized PDF from ALL measurements at the EIC 

u SIDIS, charm 
udijets

93



Spin: ALL and Polarized PDF at EIC
u Polarized PDF from ALL

measurements at the EIC 
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Spin: ALL and Polarized PDF at EIC
u New: neutron spin structure from e+d and e+3He 
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Energy Momentum Tensor 96

EMT is a key fundamental object.
Mass, spin, and pressure are all encoded in the ETM.



ETM and GPD (GFF) 97

GravitaConal form factors (GFFs) encode informaCon in the ETM

GFFs are related to GPDs (i = quark, gluons)

Forward limit:



ETM from QCD 98

QCD’s Energy-Momentum Tensor (EMT)

In the chiral limit (m → 0) classical EMT is traceless
QCD is scale invariant if EMT is traceless — scale-invariant theories can only have massless states

QCD has a trace anomaly, which breaks scale invariance and is therefore responsible 
for hadron masses

This trance anomaly gives trace decomposiCon (ex, Ji’s mass decomposiCon)



Proton mass decomposiDon 
u Mass Decomposition

99

[X.D. Ji, Phys. Rev. Lett. 74, 1071 (1995); X. D. Ji, Phys. Rev. D 52, 271 (1995)]

宇宙のエネルギー分解

クォーク ⇔ バリオン
グルーオン ⇔ ダークマター

真空のひずみ ⇔ ダークエネルギー

陽⼦のエネルギー分解

初⽥⽒



Proton mass decomposiDon 100

????

K. Tanaka@EIC workshop,本郷
hTps://indico3.cns.s.u-tokyo.ac.jp/event/315/contribuGons/2724/aTachments/945/1627/utokyo24_05_29_tanaka.pdf

https://indico3.cns.s.u-tokyo.ac.jp/event/315/contributions/2724/attachments/945/1627/utokyo24_05_29_tanaka.pdf


Proton mass decomposition 101

a = quark momentum frac4on, b = QCD trace anomaly parameter



Pressure 102

Nature volume 557, pages396–399 (2018)DVCS from JLab

https://www.nature.com/


Pressure 103
Phys. Rev. Lett. 122, 072003



EoS for neutron star 104
https://arxiv.org/pdf/1812.01479

D(t)

Our main result is that the EoS
obtained from the EMT is dominated 
by the gluon contribution, the quark 
contribution being largely suppressed

the EoS of dense ma=er in QCD can 
be obtained from first principles, 
using ab iniBo calculaBons for both 
quark and gluon degrees of 
freedom. Gluons, in parBcular, 
dominate the EoS, and provide a 
trend in the high density regime 
which is consistent with the 
constraint from LIGO

https://arxiv.org/pdf/1812.01479


105Pion and Kaon structure 
Sullivan Process



Gluon SaturaDon 106

Measure back-to-back hadron(jet) - hadron or hadron(jet) - photon correlaCons 
Suppression of away peak as indicaCon for saturaCon

Other signatures: vector meson production in diffractive processes.   



Energy loss in gluon maEer 107

Particle propagation through matter and 
transport properties of nuclei 
Parton showers and energy loss in cold nuclear ma\er 
qˆ ~ 0.02 − 0.14 GeV2/fm



Energy loss in gluon matter 108

Particle propagation through matter and 
transport properties of nuclei 
Parton showers and energy loss in cold nuclear ma\er 
qˆ ~ 0.02 − 0.14 GeV2/fm



Hadronization 109

u How Hadrons are Emerged from Quarks and Gluons?
Ions as femtometer sized detectors Mass dependence of hadronizaGon

Well controlled hard-scattering kinematics and well known final state 
Able to go from production inside medium (low-energy) to production outside of 
medium (high energy) 
Topics of momentum broadening and color transparency can also be explored



ExoDc hadrons 110

Use eA collisions – nucleus as a filter to differentiate between 
tightly bound (quark) and molecular states There will be around X(3872) 4 × 105 events produced per day at US-EIC. 

The branching fractions B(X(3872) → J/ψππ) = (3.8 ± 1.2)%, B(J/ψ → l +l −) = 12% and 
assuming the detection efficiency to be 50%, then the reconstructed event numbers will be 
about 1000 per day for US-EIC. arXiv:2107.12247

+ Charm and bottom hypernuclei (arXiv:2211.15746)



Experiment

111



112ePIC experiment 
Central Barrel

Far-Forward 

Far-Backward 

e beam

p/A beam

EIC Physics demands ~100% acceptance for all final state 
particles (including particles associated with initial ion) 



113

hadronic calorimeters

e/m calorimeters          

ToF, DIRC,  RICH detectors

MPG & MAPS trackers

solenoid coils

ePIC experiment



114ePIC experiment
八野さんのスライドより(EIC研究会)



115ePIC experiment
八野さんのスライドより(EIC研究会)



116ePIC experiment
八野さんのスライドより(EIC研究会)



117ePIC experiment
八野さんのスライドより(EIC研究会)



Coverage of ePIC 118

Forward-hBackward-h

very low Q2

scattered lepton
Bethe-Heitler photons 

for luminosity

paracles from nuclear
breakup and

from diffracave reacaons

electron beamp/A 
beaminclusive DIS:

Low Q2-Tagger
Luminosity Detector

Central
Detector

Lepton
Endcap

EC
A
L

HC
A
L

Tr
ac
ki
ng

HCAL
ECAL

Tracking

Magnet Hadron
Endcap

PI
D

PI
D

EC
A
L

HC
A
L

PID

semi-inclusive DIS

Tr
ac
ki
ng

ZDC
Forward Tracking

exclusive DIS

electronshadrons

Detect only the sca-ered 
lepton in the detector

Detect scattered lepton, 
identify produced 
hadrons/jets and target 
remnants

Detect the sca-ered lepton in 
coincidence with iden:fied 
hadrons/jets



Coverage of ePIC 119electron beamp/A 
beam

electronshadrons



120Far-Forward/Backward

p/A beam

e beam

Roman Pots and 
Off-Momentum Detectors 

Main Function:
detection of forward scattered neutrons and g
Technology: 
EMCAL: 2x2x20 cm3 PbWO4 or LYSO
HCAL:  Steel-SiPM-on-Tile

Zero Degree Calorimeter

Low-Q2 Taggers

Main Function:
detection of forward scattered protons and nuclei
Technology: 
2 stations with 2 tracking layers each
AC-LGAD / EICROC ( 500x500 µm2 pixel)

Main Function:
detection of scattered electrons
Technology: 
2  stations with 4 tracking layers each (16x18cm2) 
Si / Timepix4 
Calorimeter: Tungsten-powder + SciFi SPACAL 

Luminosity System 

Main Function:
measure bunch-by-bunch luminosity 
through Bethe-Heitler process 
Technology: 
Pair-spectrometer: each with 
2 tracking layers of AC-LGAD 
Calorimeter: Tungsten-powder + SciFi
SPACAL 

B0 Magnet Spectrometer
Main Function:
detection of forward scattered protons and and g
Technology: 
4 tracking layers each
AC-LGAD / EICROC ( 500x500 µm2 pixel)
Synergy with forward ToF
EMCAL: 2x2x20 cm3 PbWO4 calorimeter 



121Far-Forward/Backward



122Tracking



123Tracking : MAPS



124Calrimeter



125Calrimeter



126ParDcle idenDficaDon 



127ParDcle idenDficaDon 



128ParDcle idenDficaDon : AC-LGAD

Ramoʼs theorem

arXiv:1704.08666

100µm, 150 µm, 200 µm



129Streaming DAQ
§ No External trigger
§ All collision data digitized but aggressively zero suppressed at FEB
§ Low / zero deadtime
§ Collision data flow is independent and unidirectional-> no global latency requirements
§ Avoiding hardware trigger avoids complex custom hardware and firmware
§ Data volume is reduced as much as possible at each stage ensuring that biases are controlled
§ Integrate AI/ML as close as possible to subdetectors à cognizant Detector



130Streaming DAQ : ALICE case



Japanese Institutes in ePIC 131



Japanese InsDtutes in ePIC 132

u 10 institutes from Japan

S. Yano, TOF-DSC

T. Gunji, Executive Board member

Y. Goto , ZDC DSTC



Japanese Institutes in ePIC 133

u Japanese team consists of the insCtutes with different research backgrounds   

Nucleon structure 
(COMPASS/AMBER, RHIC, SeaQuest, SpinQuest)

High-Energy particle physics
(ZEUS@HERA, ATLAS@LHC)

Heavy-Ion Physics
((s)PHENIX@RHIC, ALICE@LHC)
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Japanese contributions 
• Barrel AC-LGAD TOF and ZDC R&D and construction
• Streaming DAQ and online data filter 

AC-LGAD R&D

ZDC R&D (W+Si ALICE-FoCAL)
Neutron tests at RIKEN

Central barrel

Far-Forward (h-going)

Streaming DAQ 
online data filter by 
FPGA/GPU/CPU

In collaboration with 
SPADI-Alliance in Japan



Summary

u EICは多くの発⾒と他分野へ多くの波及をもたらす可能性がある

u しかしながら、TMDやGPDをはじめ、EICの物理は難しい…
u 定期的に勉強会を開いて、⼀緒に勉強しませんか︖

u EICに興味のある⼈、eic-japan@ml.riken.jpに参加しませんか︖
u 郡司(gunji@cns.s.u-tokyo.ac.jp)と後藤(goto@bnl.gov)まで連絡をください

u EICを契機にして、クォーク・グルーオン〜原⼦核〜原⼦・分⼦〜⽣命〜宇宙を繋ぎ、
クォーク物理・原⼦核物理・物性物理を融合する「マルチスケール基礎量⼦科学」を振興
したい
u 階層を超えた普遍性の探求、分野を超えた知⾒を取り⼊れる
u どの階層に進んでも戦える⼒をつける。多様なキャリアパスの実現。
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