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MELNBE

2020F (ITPHNT-KEKEFE S *2FT. 5H
X, RKEDRIAKEFHEEIC (Electron-Ion Collier) IZEEE2EBE %, EICHS1ENDEH
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EICIZ 7 A ) HERFRYMBOREXFETHY.,. 7NNy INT VEILREARICERINS
RO RIBEF +RIBEEFRUVRFIZEEDMERITT, EICHAIRRET AN HTXR
WX —EDSHBEETEBANDHERY S5 A SN, ROMBERIEREMEAN. T L T20324tH
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What is EIC?

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
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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
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Hierarchical structure of matter

: Hadron Quarks and Gluons
Constituent quarks (GeV) (TeV)
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Collaborative creation examples

N

small p-n Proton large i)-n
distance radius distance
large Q2 small Q2
quark—gluon nucleon-meson 100 |-
dynamics dynamics
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Hadron
Constituent quarks
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3-Quarks and Gluon Tube



Collaborative creation examples
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Develop collaborative creation

10:00

Theory -
attice, QC

12:00
13:00

14:00

15:00

16:00

RHIC, LHC

17:00

18:00

ZIAW®E : The Electron-lon Collider: the ultimate electron microscope Prof. Gordon Baym

Koshiba-hall, University of Tokyo 09:45 - 10:35
coffee break
Koshiba-hall, University of Tokyo 10:35 - 10:55

RHICZ K Y YRORER S i n Yuji Goto
Koshiba-hall, University of Tokyo p LTSI
ePIC Experiment Overview .I. h | M

Koshiba-hall, University of Tokyo e C n O O g I e S

Lunch

Koshiba-hall, University of Tokyo 11:45 - 13:15

Studies of exotic-hadron candidates in high-energy reactions Shunzo Kumano
Koshiba-hall, University of Tokyo

Study of internal structure of baryons using hadron beam
Koshiba-hall, University of Tokyo Gy amus

BSM

Searching for Lepton Flavor Violation at EIC Kaori Fuyuto

Koshiba-hall, University of Tokyo 14:05 - 14:35
Workshop photo // coffee break
Koshiba-hall, University of Tokyo 14:35 - 14:55

Recent trend of timing silicon detectors and development plan for future colliders Koji Nakamura

Koshiba-hall, University of Tokyo SAEE £15:20

MAPS (TBD) imura

technologies

Prof. Shinsuke OTA

Koshiba-hall, University of Tokyo

Streaming readout DAQ development and standardization by SPADI Alliance

Koshiba-hall, University of Tokyo 1545 - 16:10
coffee break

Koshiba-hall, University of Tokyo 16:10 - 16:30
EH#®R : Status of Collinear PDFs and the impact of the EIC data Enrico Tassi

PDF

Koshiba-hall, University of Tokyo 16:30 - 17:20
Measurement of Hadron Mass in nuclei Megumi Naruki
Koshiba-hall, University of Tokyo 17:20 - 17:45

MAass

Kazuhiro Tanaka

NFOY OBARRETF EHED R

Koshiba-hall, University of Tokyo 17:45 - 18:10

09:00

10:00

11:00

12:00

Hadron structure

14:00

15:00

16:00

17:00

The color in TMD:

- €Nntanglement

EIC Physics from Lattice QCD: The Nucleon Mass and Spin Decomposition (zoom)

Lattice, QC

Koshiba-hall, University of Tokyo
Raza Sufian

Koshiba-hall, University of Tokyo 09:25 - 09:50

BFQCONEFHHEICAIIT Arata Yamamoto
Koshiba-hall, University of Tokyo 09:50 - 10:15
coffee break

Koshiba-hall, University of Tokyo 10:15 - 10:35

Introduction to TMD and higher twist frameworks and their expected role i» ='~ Shinsuke Yoshida

Koshiba-hall, University of Tokyo 10:35 - 11:00
Fragmentation functions for nucleon structure measurements TM D Ralf Seidl
Koshiba-hall, University of Tokyo 11:00 - 11:25
Initial and final state effects on QGP in relativistic heavy-ion collisions Shingo Sakai
Koshiba-hall, University of Tokyo Q G P 11:25 - 11:50
Lunch

Koshiba-hall, University of Tokyo 11:50 - 13:00

cluster and SRC ESCRFEYEORMEN Y (TBD)

Nuclear cluster

hadron spectroscopy from Belle to EIC PSS

Hadron structure

14:05 - 14:30

Koshiba-hall, University of Tokyo

Koshiba-hall, University of Tokyo

Hadron structure studies with antiproton beam at J-PA
Koshiba-hall, University of Tokyo

coffee break

Koshiba-hall, University of Tokyo

kaon-nucleus bound systems

Hadron cluster

cSeaQuestEl - COMPASSRIRTFID'RHN > e DD ? ~BF D7 L —/\—& A E /i~
Koshiba-hall, University of Tokyo

Koshiba-hall, University of Tokyo

Yoshiyuki Miyachi
15:15 - 15:40

.
of i Parton ion ful S pl n G P D Natsuki Tomida

Koshiba-hall, University of Tokyo 0 15:40 - 16:05

coffee break

Koshiba-hall, University of Tokyo 16:05 - 16:25

1]

Koshiba-hall, University of Tokyo 16:25 - 17:05

Closing Yuji Goto

Koshiba-hall, University of Tokyo 17:05 - 17:15



Develop collaborative more!

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

Theory N\ N\ >ﬁ Biology (active matter, Activity- ]
. +N\eNeN\ N\ induced ferromagnetism
Lattice, QC ! J )
Condensed matter: new emergent
properties under non-equilibrium transition
_ (ex, photoinduced phase transition)
=~ >NP

mechanism of supernova explosion and its
subsequent evolution

RHIC, LHC

5 5 L 5 .
z [fm z [fm] o
| &o
00
200
ico
o
o s
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N ]
xim) 2 72 yim
T

Thermalization of early universe, creation of DM
and CP violation




Develop collaborative more!

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

Theory RIBEF
Lattice, QC
= >NP
EIC

RHIC, LHC




Technologies

CMOS sensor (o~1um)

(TPSCo, 10pmL])

65nm process, wafer-sized sensor

Depleted zone

_f~50um

AC-LGAD Si sensor (og~20ps)
GEIMEINEIST))

Low Gain Avalanche Detector (LGAD)

DC contact

N AC pad #1 AC pad #2 AC pad #3
[ _— L
™. coupling
dielectric
resistive n* p*-gain
p-Si 1~25-50um

Cathode

Al implemented Streaming
heterogeneous Computing

::::Oh 100~400prs FPGA process GPU process



Goal of this workshop

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

The Electron-lon Collider User Group

https://www.eicug.org/ e
2+ Join EICUG Welcome

This is the home page of the Electron-lon Collider User Group (£/CUG). The EICUG consists of more than 1400 physicists from over 290 laboratories and universities from 38 countries
around the world.

@ Organization

South America Oceania

Africa 1%

North America
38%

EIC Institutions

North America ® Europe W Asia

W Africa South America Oceania

« 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 : |5 institutes


https://www.eicug.org/

ePIC experiment

ePIC Institutions ePIC Countries
173 25

ePIC Initiated in July 2022 £

Currently:
>850 collaborators LR, e
>650 members G

[ Armenia

[ canada

[ china

[] Czech Republic
M egypt

[ France ’ >
[ Germany

[ Hungary

M india

® israel Africa
M italy 4%
O Japan North America ’

Asia
37%

M Jordan 45%
[ Morocco
\:‘ Norway

[ Poland

[ saudi Arabia
[ senegal *:‘(
[ Slovenia d

A
] SOutthure‘a“ ‘ Europe
[ spairf; 27%

= Taiwan, Province of China

¥
O uk %& w
[ ukraine e

ePIC World Region
4
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ePIC-Japan strateqgy 16

Central Detector Non-DOE Interest & In-Kind Far-Forward/Far-Backward Detectors Non-DOE Interest & In-Kind

Tracking
Detectors

Superconducting
Solenoid

Forward Electromagnetic
Calorimeter

Dual-radiator

Detectors along the hadron and electron beam-lines
W P

Barrel
Electromagnetic
Calorimeter

L | ‘ E : '/AIN
Y W f | ga g
\g.,,';: { o~ 7 ' | i> C\LRN

Backward
Electromagnetic
Calorimeter

i @ ‘ Backward Hadronic Data-Acquisition

Calorimeter Electronics

Electron-lon Collider
EIC RRB Meeting, December 7 & 8", 2023 E.C. Aschenauer 21

Major Posts in ePIC )
(DTime-of-Flight based on AC-LGAD system (30 ps) o s 5k 1 G <

Paul Newman <paul.newman@cern.chz>

@Zero Degree Calorimeter : ALICE FoCAL technology RRR| o o e resemmsoonal o

Early-Career Member: Fernando Flor <fernando.flor@yale.eduwz>

° . ° : : y - ] :
DAQ : Al implemented Streaming DAQ/Computing [t oot
(@ MAPS: fOf' ePIC Upg r'(]e) ; FAR FORWARD P

DSL: Alex Jentsch (BNL)
DSTC (BO): Zvi Citron (Ben-Gurion)
DSTC (Roman Pots/OMD):

[ ] "
SUAD! Allilance | e

Co-DSTC (ZDC): Miguel Arratia (UCR)
Signal processing and data acquisition infrastructure alliance /

Electron-lon Collider

EIC RRB Meetling, December 7 & 8", 2023 E.C. Aschenauer 20

AC-LGAD TOF
DSL: Zhangbu Xu (Kent State)
Dep. DSL: Satoshi Yano (Hiroshima)
DSTC’s: Mathieu Benoit (ORNL),
Matthew Gignac (Santa Cruz)




Timeline

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

FY19 FY20 FY21 FY22 FY23 FY24 FY2§ FY26 FY27 FY28 FY29 FY30 FY31 FY32 FY33 FY34 FY35
a1|aza3|as|a1|az]as|as| a1 |a2|as| as|az|az]as|as| a1 |az]as|asjas|az|as|as| 1 |az|ag as ez |az]as|as]a1]az|as] as|azaz]as|as|ar|az|as|as]ar|az|as]as] 1 |az]as|asfas]az|as|asf a1 | az] a3 asfazaz]as|asf a1 | ez as|d

o | | ek S e A Construction Phase bty .. -
Oct 2024 l Oct 2032 Oct 2034
Accelerator I 1
D:,;m:t Syvce : | :‘\ Qonclusjon Qf Science Phase
Detector : - RHIC Opgration
[
— | [ The thinner pars indicate that R&D arjd design
et I can cpntinu¢ at a $mall I¢vel bgyond £D-2 gnd C[}-3
Design 1 | | 1
Accelerator
Systems | | I l | |
Detector : : ' . - :
Il | | gl : [
Infrastructure fﬂ ventio Construction
’ I 1 1 1 1 I I I
Construction & Accelerator I I & Test
Installation Systems I I I '
1 ]
Detector ' 5 . v
l A:c;/e;a::l Commissioning & Pre-Ops
Commissioning 1 i l 1 1 i
&Pre-Ops Commissioning & Pre-Ops
I g | | | |
Bey wacual [ complted Rezne e isienasl | P
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EIC Science 1

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.

Does the mass of

visible matter emerge
from quark-gluon
interactions?

Atom: Binding/Mass
= 0.00000001
Nucleus:
Binding/Mass = 0.0 |
Proton: Binding/Mass
= 100

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

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?

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?

e L

luo gluon
splitting recombination



EIC Science 11

RIBF

How is the hierarchical structure of materials created and developed?
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EIC Science 111

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

T T T T T T T T T T

-

1 1 1 1 I 1 1 1 1 1
-1.0-0.5 0.0 0.5 1.0 -1.0-0.5 0.0 05 1.0

 [fm] x [fm]
012 T T T I I I I T
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% 0.06 |- e o S
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https://www.sciencedirect.com/journal/physics-letters-b
https://www.sciencedirect.com/journal/physics-letters-b/vol/772/suppl/C

Accelerator Performance

Wide center-of-mass energy ' s: "20 - 140 GeV : .
> map the out nucleon and nuclei structure from high to low x @

Polarized electron and hadron (p, He-3) beams:
> access the spatial and momentum structure of the nucleon in 3d
> access to spin structure of nucleons and nuclei s s

> probing q-g structure of NN and NNN interaction in light nuclei @ . @ @ @

~90% ~2% ~8%

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

High luminosity | 033-1034cm-2s-!:
> mapping the spatial and momentum structure of nucleons and
nuclei in 3d

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



Experimental EqQuipment Scope P

« Asymmetric beam energies

Imaging science program with protons and
requires an asymmetric detector with electron and nuclei

hadron endcap = 9.5 meter * requires specialized detectors integrated in the IR
tracking, particle identification, over 80 m

EM and hadronic calorimetr . .
Y Momentum resolution for EIC science

functionality in all directions, ¢
covering equal rapidity * requires a large bore (2 2.4 m) 2T magnet

area: (-4 <h<4)

eeeee

Highest scientific flexibility

* requires Streaming Readout electronics model

25 Subsys’rems incl. high-precision Polarimetry

Time.of.Fligh | MPGD trackers

— —

- ; fomer) ) - |y

,,,,,, — i N - /
v

1
DIR"C, MAPS tracker
RICH

p: 41 GeV, 10010275 GeV | p/A beam g ! e beam e: 5 GeV fo |8 GeV

lepton and hadron polarimeters not shown
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Big data and streaming computing %

EIC x Al 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
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B|g and QOOd Nuclear physic

quq|i-|-y data Particle physics
Condensed matte
Cosmology
- S H —iE Astronomy
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EEESECT AL KRR TIECEE New discoveries in many fields using big data + streaming

WZ?*‘* QS TAEESRy orvbrER . computing technologies
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