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Science of the Electron-lon Collider (EIC)

The Electron-lon Collider will further improve our understanding
of the structure of the nucleon (proton and neutron) and nuclei
by studying the sea quarks and the gluons.
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How are the (sea) quarks and gluons distributed in space and Vvalence quarks  sea quarks and gluons
momentum inside the nucleon?

‘ Dynamics of gluons

Massless gluons and almost massless quarks, through their
interactions, generate most of the mass of the nucleons and \
hence the entire visible world. How? 5
What are the emergent properties of high-density systems of
gluons?

What is the origin of the proton spin?




Experimental Processes to Access EIC Physics

Inclusive Deep Inelastic

Scattering (DIS)

e Detection of

scattered electron

Parton
Distributions in
nucleons and
nuclei

Semi-Inclusive DIS

e Detection of scattered
electron in coincidence
with at least 1 hadron

Spin and
Flavor structure
of nucleons and
nuclei

Tomography
Transverse
Momentum

Dist.

Deep Exclusive Processes

e Detection of all
particles

QCD at Extreme

Parton Tomography
Densities - Spatial Imaging
Saturation



The Electron-lon Collider (EIC) at Brookhaven National Laboratory (BNL)

EIC Project Design Goals
= High Luminosity: L=10% - 103 cm~sec’', 10 — 100 fb-'/year

The EIC luminosity will be a factor 100 to 1000 higher than at
HERA

» Highly Polarized Beams: 70%

» |Large Center of Mass Energy Range: E., = 20 - 140 GeV

» Large lon Species Range: protons - Uranium

» |Large Detector Acceptance and Good Background Conditions

= Possibility of a Second Interaction Region (IR)

Brookhaven National Laboratory (BNL)

p/A beam e beam
> ¢ e: 5 GeV to 18 GeV

p: 41 GeV, 100 to 275 GeV




Building the EIC Scientific Foundation Over Two Decades

2010

Gluons and the Quark Sea at High
Energies

OPPORTUNITIES IN NUCLEA

Major Nuclear
Physics Facilities for
the Next Decade

ErE— AN ASSESSMENT OF
NSAC “ IS BASED ELLECTRON-ION
COLLIDER SCIENCE

National Academy
of Science Report:
AN ASSESSMENT OF U.S.-BASED
ELECTRON-ION COLLIDER SCIENCE

March 14, 2013

LONG RAN(
for NUCLEAR Sgg™

“An EIC can uniquely address three profound questions

About nucleons—neutrons and protons—and how they

are assembled to form the nuclei of atoms:

* How does the mass of the nucleon arise?

 How does the spin of the nucleon arise?

 What are the emergent properties of dense systems of gluons?”
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The Electron-lon Collider User Group (EICUG)

The EIC User Group:

Institutions

EIC User Group formed in 2016

Status in April 2024

* 1491 collaborators
« 40 countries

* 291 institutions

International participation
still growing

EICUG membership @ time of EICUG
Meetings

1600
1400
1200
1000
800
600
400

Annual EICUG meeting:

2016 UC Berkeley, CA
2016 Argonne, IL

2017 Trieste, Italy

2018 CUA, Washington, DC
2019 Paris, France

2020 Miami, FL

2021 VUU, VA & UCR, CA
2022 Stony Brook U, NY
2023 Warsaw, Poland

2024 Lehigh U, PA

EIC Institutions

2%

rF N
\

3%

® Asia = Oceania = North America

South America = Europe u Africa
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Review of Two Competing EIC Designs in 2019

JLEIC (JLab):

- Upgrade to CEBAF 12 GeV
electron beam

- New hadron injector

lon Source >
Booster
Electron Source

p—y

12 GeV CEBAF

T

L —————————
%

. 100 meters
————A

eRHIC (BNL):
- Upgrade to RHIC hadron beam
- New electron injector

Polarized
Coherent Electron Electron Souce

Injector Linac
Cooler < v .

eRHIC

Detector |

Storage Ring
RCS Injector

100 meters
———p




EIC Design from BNL Based on Existing RHIC Facility

N g

it Colhder Acce\eratox Comp\ex

Proposed
Detector




EIC Project led by a BNL/JLab partnership

« BNL/JLab partnership established in early 2020
 BNL and JLab serve together as hosts for the EIC experimental program

EIC BOARDS
BROOKHAVEN NATIONAL LABORATORY g g
< S. Henderson, T) Director, Chair
D. be§ —t EIC Resource Review Board
Laboratory Director H. Gao, BNL Associate Lab Director for Nuclear & Particle Physics
R. Tribble J. Anderson D. Dean, TJ Deputy Director for Science
Deputy Director for Science & Technology Deputy Director for Operations TBD Co-Chair, International Funding Agency

EIC COMMITTEES

£ dvi 3
ELECTRON-ION COLLIDER PROJECT P et ot
1. Yeck (BNL), Project Director Machine Advisory Committee
F. Willeke (BNL), Deputy Project Director and Technical Director T. Raubenheimer, Chair
A. Deshpande [BNL) K. Smith (BNL), Deputy Technical Director Detector Advisory Committee
EIC Science Director E. Kinney, Chair

Infrastructure Construction Advisory Committee

R. Ent (TJ), Co-Associate Director for  A. Lung (TJ), Deputy Project Director o. Fallier. Chair

the Experimental Program for TINAF Partnership
E. Aschenauer (BNL), Co Associate A. Seryi (TJ), Associate Director for EIC USERS
M. Chamizo Llatas (BNL) ? :ir_ec:c:r for thg Experimental Program !Accelera.tor Slistems %h - EIC User 3;0::;:?';';2 i‘;""‘mmee
; echnical Integration nternational Partnershi a »
Eic "("':":'r’n"("::f)ge' & P M. Radici, Co-Chair
3 - . : ePIC Collaboration
EIC SC Magnet Production Manager L. Lari (BNL), Project Manager TBD — Spokesperson

TJ = Thomas Jefferson National Accelerator Facility (JLab)
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ATHENA, ECCE, and CORE Proposals reviewed by an external panel

EIC Advisory Panel’s recommendation in April 2022

ectron Nu

cleus Ap

CORE - a COmpact detectoR for the EIC

R. Alarcon,! M. Baker,? V. Baturin,® P. Brindza,® S. Bueltmann,® M. Bukhari,
R. Capobianco,” E. Christy,? S. Diehl,>® M. Dugger,! R. Dupré,” R. Dzhygadlo,®
K. Flood,” K. Gnanvo,? L. Guo,'* T. Hayward,” M. Hattawy,® M. Hoballah,”
M. Hohlmann,' C. E. Hyde [}}* Y. Ilieva,'> W. W. Jacobs,”® K. Joo,” G. Kalicy,"*
A. Kim,® V. Kubarovsky,? A. Lehmann,’® W. Li,'® D. Marchand,” H. Marukyan,'”
M. J. Murray,'® H. E. Montgomery,? V. Morozov,' 1. Mostafanezhad,’

A. Movsisyan,'” E. Munevar,2’ C. Muiioz Camacho,” P. Nadel-Turonsk{’,!®
S. Niccolai,” K. Peters,® A. Prokudin,®?! J. Richards,” B. G. Ritchie,' U. Shrestha,
B. Schmookler,'® G. Schnell,?? C. Schwarz,® J. Schwiening,® P. Schweitzer,?
P. Simmerling,” H. Szumila-Vance,? S. Tripathi,?® N. Trotta,” G. Varner,?
A. Vossen,? E. Voutier,” N. Wickramaarachchi,' and N. Zachariou®®
! Arizona State University, Tempe Arizona 85287

2Thomas Jefferson National Accelerator Laboratory, Newport News VA 23606
Novfall: Virninin 92590

3014 Damininn ITninoreits

“'Penn State Unwersity Berks, Reading Pennsylvania 19610
22 University of the Basque Country UPV/EHU & Ikerbasque, Bilbao, Spain
2 University of Hawaii, Honolulu Hawaii 96822
2 Duke University, Durham North Carolina 27708
25 University of York, Heslington, York, Y010 5DD, UK
(Dated: December 1, 2021)

* chyde@odu.edu
b turonski@jlab.org

CCE

EIC Comprehensive Chromodynamics Experiment
Collaboration Detector Proposal

-||"‘lt|\\

A state of the art detector capable of fully exploiting the science potential of the EIC, realized
through the reuse of select instrumentation and infrastructure, to be ready by project CD-4A

December 1, 2021




ATHENA, ECCE, and CORE Proposals reviewed by an external panel

All three proposals received high marks
Concluded that both ATHENA and ECCE satisfied the requirements

Congratulated CORE for some good ideas but too small overall

Recommended ECCE as the “reference design”: lower risk and cost
= ATHENA, ECCE - collaborator overlap — neither large enough to become Detector 1

= Strongly encouraged the two collaborations to merge and build the Project Detector
starting from ECCE's reference design

July 2022: (ATHENA + ECCE) : electron Proton lon Collider (ePIC) Detector Collaboration formed

=>» working together to realize the EIC science

Enthusiastically supported the idea of a second detector for the 2nd IR



The ePIC Detector (Central Detector)

.
Ima(g:in|g Earrel Electron D_irection 1.7T Superconducting Solenoid e P I C = e I e Ct ro n P roto n I O n COI I I d e r ,
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i P y Forward Calorimetry \
(EM and Hadronic)

The ePIC Detector will include:

__ Dual-radiator RICH

« A 1.7 Tesla superconducting magnet for curving
the trajectories of charged particles created in
these collisions

» High-precision silicon detectors for tracking
particle trajectories in the magnetic field

* Precise calorimeters for measuring the energy of
electromagnetic particles with exquisite precision

» A suite of particle identification technologies for
determining the quark content of particles over a
wide range of energies

 Dense calorimetric detectors at the outer radius of

the cylindrical detector to allow the measurement
of “jets”




Backward
Calorimetry

High-performance
DIRC

Endcap
Electromagnetic
Calorimeter

Imaging Barrel
EM Calorimeter

The ePIC Detector (Central Detector)

Electron Direction
Tracking

ePIC = electron Proton lon Collider

1.7T Superconducting Solenoid

Forward Calorimetry
(EM and Hadronic)

Dual-radiator RICH

Flux return

7 ; | Barrel hadron calorimeter
. Barrel electromagnetic calorimeter
Hadron Directi ‘

Tracking®™
Z Detection of
internally reflected

Barrel Hadronie © C[;;rgnkov light
Calorimeter @Q,G\’\“ (DIRC) N

SC solenoid

Lepton endcap

Dual RICH

Hadron calorimeter endcap
Silicon detector
PF-RICH detector

Electromagnetic calorimeter »

» Detector carriage



The ePIC Detector (Central Detector) at IP-6

ePIC = electron Proton lon Collider eP‘l%S
X




Calorimeters of the ePIC Detector

Backwards
HCal
Steel/Sc
Sandwich
tail catcher

Flange of the

External structure & beam pipe

cooling

cooling plates

Cables

beam pipe

Internal structure &
cooling

read-out boards

PbWO, crystal &
internal support structure
universal support frame  p|RC bars

Backwards EMCal
PbWOQO, crystals

Barrel HCAL
(sPHENIX re-use)

[ 1 IO eveower 7
[

Layers of AstroPix
sensors with

0.5 x 0.5 mm?
pixel size

Layers of ScFi in Pb
with two-sided SiPM readout

F;

&

High granularity gglgg :
W/SciFi EMCal |
Longitudinally separated
HCAL with high-n insert

Imaging Barrel ECAL



Far-Forward and Far-Backward Detectors

2.0

Hadrons Electrons
Hadrons ) —FElectrons

Detector

1.5 1

Off-momentum detectors 1
Roman Pots
Off-momentum detectors 2

Tagger 2

BOpf combined function magnet

Far-Forward Detectors

Far-Backward Detectors « BO Tracking and Photon Detection

e Luminosity monitor o Roman Pots and Off-Momentum
o Low-Q? Tagging Detectors
Detectors o Zero-Degree Calorimeter




Detector polar angle / pseudo-rapidity coverage

p/A beam electron beam

P < 9
high Q2 n= —lnltan(g)],

medium X

Central
Detector




The ePIC Collaboration (updated in October 2023)
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The ePIC Collaboration (updated in October 2023)

ePIC Institutions ePIC Countries ePIC = electron Proton lon Collider »
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EIC Project History and Phases
_m Process of DOE Reviews (Critical Decision)

CD-0, Mission Need Approved December 2019  « CD-0, Approve Mission Need v
DOE Site Selection Announced January 2020 * CD-1, Approve Alternative Selection and Cost Range v
» CD-3a, Approve Long Lead Procurement (Equipment,

BNL - TINAF Partnership Agreement Established May 2020 i ; ]
_ _ services and/or materials that must be procured well in
CD-1, Alternative Selection and Cost Range Approved June 2021 . .
advance of the need because of long delivery times)
CD-3A, Long Lead Procurement January 2024 CD-2 Approve Performance Baseline
CD-2/3, Performance Baseline/Construction Start April 2025 . CD-3, Approve Start of Construction
RHIC Shut Down June 2025 < CD-4, Approve Start of Operations or Project Completion
DOE Project Phases EIC
| Operating” P Operating

< >
Funds

| Project Engineering and Construction
Funds < Design (PED) Funds > &PED T ¥

Funds

Initiatio> Definition % S7 Execution >> Closeou>

— Conceptual __y |qPreliminary _y | Final_y |q Construction __
Design Design Design
Critical CD-0 CD-1 CD-2 CD-3 CD-4
Decisions Approve Approve Approve Approve Approve
Mission Alternative Performance Start of Start of Operations
Need Selection Baseline (PB) Construction or Project
and Cost or Execution Completion
Range




Overlap of EIC kinematic coverage with other experiments

DVCS Polarized DIS (Proton Spin)
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10750 2B hbeeo. E i kabses 0 E 104 Current polarized DIS data: .
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- AuUT X L 5
: A : s ]
. 102._»< CLAS-Ay, X CLAS Ay E ¢ Jlab-12 ]
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EIC Project Schedule

FYI9  FY20  FY2I FY22 FY23  FY24  FY25

FY26  FY27 FY28 FY29 FY30 @ FY3I FY32  FY33 FY34

» > PE < 3)XCD-4A CD-4
Critical \ Approve start Approve proj.
Decisions CD-O(A) CD-I (A) CD-3A CD-213 of operations completion
Dec 2019 Jun 2021 Jan 2024 Apr 2025 Apr 2032 Apr 2034
| | |
Accell |
ccelerator Early CD-4A Early CD-4
Research & Systems | Completion Completion

Development ‘ Apr2031  Apr2032

Detector

Infrastructure

Accelerator
Systems

Detector

I

Infrastfucture Conventional Construction 7
| e
Construction | ;
&1 ; Accglerator ’—L Procurement, Fabrication, Installation & Test Y Z777) Full RF Power Buildout
nstallation .ystem|s ! ‘ ‘ I : V77 7777777]
Deetector ’—u Procurement, Fabrication, Installation & Test | ’ v7777)
[ | [ | |
\ | \ | \
Full RF Power Buildout
R Accglerator Commissioning & Pre-Ops MWI
Commissioning ystems : : ‘
& Pre-Ops Commissioning //
De‘:tector & Pre-Ops A
[ [ | [

Data Level 0 Critical // Schedule
Key (A) Actual - Completed Planned Date Milestones Path / 7 Contingency




Second detector for the 2nd IR (IR-8)

Brookhaven National Laboratory (BNL)

Peak Luminosity [cm2s!]

With a second IR, the luminosity gets shared

== == High L ,
----- High L .
Ba%eline } Fair-share L per IR
7.9 10 - 1033
1.54
0.44
Internal
Landscape of 1
the Nucleus
1 i . . . | _ l |
40 80 120 150

Center of Mass Energy E_, [GeV] ——
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Reference Schedule for 2" IR and Detector

FYI9  FY20 FY2l FY22 FY23 FY24 FY25 FY26 | FY27 |IFY28 |NEY29 N INEY30N EEEYS 1IN I a I

Critical < 3K D 3<CD-4A c

Approve start  Approve proj.
Decisions CD-O(A) CD-'(A) CD-3A CD-2/3 of operations  completion
Dec 2019 Jun 2021 Jan 2024 Apr 2025 Apr 2032 Apr 2034

Early CD-4A Early CD-4
Completion Completion
Apr2031  Apr2032

Infrastructure

Conventional Construction L 777777

Accelerator
Systems

Procurement, Fabrication, Installation & Test Full RF Power Buildout
Full RF Power Buildout
Commissioning & Pre-Ops %

Project
Detector

Procurement, Fabrication, Installation & Test L——W/I

Commissionin;
&Pre-Ops

FYI9  FY20 Fy2l Fy22 P23 Fra4 | Fyas | Frae | Pvaz |Fvae |RY 0 Fr3l | | | |
: | Research & Development and Design I
Notional ]
Schedule | Construction & Installation 1
2nd IR and YW/ /A

s A

Key (A) Actual - Completed l:’ I:’ Planned | Data Date ZCZ Level 0 Milestones % Schedule Contingency




Overview

« EIC will be a unique facility in terms of science capabilities due to its high-
luminosity high energy polarized beams.

« EIC will allow us to finally solve many fundamental questions about the
structure of the nucleon and nuclei.

 The DOE EIC project has funds for only 1 detector. The costs of a second
detector from non-DOE sources need to be determined.

 Adifficult schedule : First beam collisions by ~2031/32 and physics runs start
by ~2033

Thank you
e



