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The EIC facility

Highly polarized electron / Highly polarized proton and light ions /Unpolarized heavy ions
CME: ~ 20- 140 GeV

Luminosity: ~ 103334 cm2s!

(Polarized)
lon Source

Polarized electron source and 400 MeV injector linac to feed a rapid cycling synchrotron design to avoid
depolarizing resonances up to the maximum e-beam energy of 18 GeV

Polarized proton beams and ion beams based on existing RHIC facility

2 detector interaction points capability in the design
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Motivation — the EIC science program

Origin of spin:

How does the spin-1/2 of the nucleon arise from the spin
of quarks, gluons and their orbital angular momenta?

Origin of mass:

How do massless gluons make up for most of the nucleon mass?

' .
Q\&zf
W

c

Does gluon density saturate at high energy r
giving rise to a new regime of matter? a”

Gluons in nuclei:
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3D imaging of the nucleon
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TMDs and GPDs at EIC

O Transverse Momentum Distribution and Spatial Imaging
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Origin of mass

Threshold J/Y production as a function of (? is sensitive to the

trace anomaly contribution to the proton mass

Meson structure measurements (structure function & form factor) probe the hadron

mass generation through chiral symmetry breaking

Pion form factor: measurements up 30 GeV?
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The EIC Users Group and ePIC

Formed in 2016, currently:
A 1550 collaborators,

A 41 countries, 305 institutions as of today ep@j Collaboration
Africa https://www.epic-eic.org

5°“th’;ﬁ6‘;"°a 3.6% Oceania 0.3% Formed in 2022- Now
' ~1050 collaborators, 25 countries, 182 institutions
US:8 National Labs + 59 Universities

North America ePIC Institutions ePIC Countries ePIC World Region
177 25 4

38.%

EIC Institutions

North America Europe mAsia mSouthAmerica Africa Oceania

B Armenia

@ canada

@ china

[ czech Republic

W Jordan { Europe

@ siovenia North America
I south'Kores 39%
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https://www.epic-eic.org/
https://www.epic-eic.org/
https://www.epic-eic.org/

The ePIC Collaboration

A More than 1050 collaboration members
A 182 Institutions
A 25 Countries
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SCIENCE REQUIREMENTS

Requirements for an EIC detector P

I Vertex detector-> Identify primary and secondary vertices, EIC Yellow Report

Low material budget: 0.05% X/X, per layer;
High spatial resolution: 10 mm pitch CMOS Monolithic Active Pixel Sensor

Central tracker- Measure charged track momenta
MAPS — tracking layers in combination with micro pattern gas detectors 2103.05419 (3/2021)

MPGD: nRWell or MicroMegas Nucl. Phys. A 1026 (2022)

electron and hadron endcap trackep Measure charged track momenta
MAPS — disks in combination with micro pattern gas detectors

Particle Identification-> pion, kaon, proton separation on track level
RICH detectors (modular and dual radiator RICH, DIRC) & Time-of-Flight
high resolution timing detectors (LAPPDs, LGAD) 10 — 30 ps high Q2
novel photon sensors: MCP-PMT / LAPPD

p/A beam A« B electron beam

1} 9duelsia/snipey

Electromagnetic calorimetes> Measure photons (E, angle), identify electrons
PbWO, Crystals (backward), W/SciFi Spacal (forward)

e . e ©=90°
Barrel: Pb/SciFi+imaging part or new Scintillating glass .

Hadron calorimeter- Measure charged hadrons, neutrons and K,°
challenge achieve ~50%/VE + 10% for low E hadrons (<E>~ 20 GeV)
Fe/Sc sandwich with longitudinal segmentation

© = 135¢° © = 450

DAQ & Readout Electronicsigger-less / streaming DAQ
Integrate Al into DAQ — cognizant Detector

/|

Very forward and backward detectors scattered particles under very small angles ! Central Hadron
. . . Detector Endcap — 70
Silicon tracking layers in lepton and hadron beam vacuum 0=2

Zero — degree high resolution electromagnetic and hadronic calorimeter

g and all the detectors integrated in the IR along the beam line
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https://arxiv.org/abs/2103.05419

The ePIC detector design

hadronic calorimeters

| | hadronic calorimeters

Tracking: : :
A New 1.7T solenoid g\aICB):crl?vs;ur.Z.HCal (Steel+scint)
A Si MAPS Tracker A PbwO, EMCal in backward
A MPGDs (MRWELL/nmMegas) direction S

A Sampling & Imaging Barrel RICH detectors
PID: EMCal MPG trackers
A Backward pfRICH A Outer HCal (sPHENIX re-use)
A Barrel hpDIRC A Finely segmented EMCal MAPS tracker
A Forward dRICH +HCal in forward direction

25 subdetectors
incl. polarimeters

A Barrel & Forward TOF (AC-LGAD)

Far-Backward Detectors:
A Luminosity monitor.
A Low-Q2 Tagger

X (m)

Far-Forward Detectors:
A BO Tracking and Photon 0.0

Off-momentum detectors 1

DeteCtion bl Roman Pots
A Roman Pots and Off_ - = Off-momentum detectors 2
Momentum Detectors. -
. —40 =20 0 20 40
A Zero-Degree Calorimeter z(m)
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ePIC Tracking Detectors

Multi Pattern Gas Detectors (MPGD):
A 10 ns time resolution
A 150 mm spatial resolution

2 GEM-puRwell endcaps
A 1-2% X/X,

Inner Micromegas barrel:
A 0.5% X/X,

Outer GEM-pRwell planar layer + Barrel ECal

AstroPix layer:

A improve angular and space point

resolution on hpDIRC

Requirements: : -

High pattern recognition efficiency

’

1% X/X,

0.05 cm pixel, 2.5% X/X,

AC-LGAD Endcap

AC-LGAD Barrel

SVT Endcaps SVT OB SVT IB SVT Endcaps

Silicon Vertex Tracker (SVT):

A Monolithic Active Pixel Sensor (MAPS): 20mm pitch, ~¥6 mm point resolution
A 3 vertex barrels: ITS3 curved wafer-scale sensor, 0.05% X/X,

A 2 outer barrels: ITS3 based Large Area Sensors (EIC-LAS), 0.25 and 0.55% X/X,
A 5 disks (forward/backward), EIC-LAS, 0.25% X/X,

High spatial resolution -
Low material budget
Good time resolution
HRWELL-ECT BRWELL-BOT CyMBalL BRWELL-ECT ToF detectors for PID at low pT +

time and spatial info for tracking
A Resolution: ~30 ps, 30 Mm
A Barrel (BTOF): 0.05 x 1 cm strip,

A Forward disk (FTOF) : 0.05 x

09/12/2025
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ePIC Calorimetry

Backward Barre i

AstroPix: silicon FO rWard

sensor with
500x500um? pixel
size developed for
the Amego-X NASA
mission

L)
©
O
=
L
= Tungsten-powder SciFi SPACAL design
= Pb/SciFi sampling part (SiPMs)
* Imaging section (6 layers)
= PbWO, crystals + SiPM readout interleaving Pb/SciFi with ASTROPIX
i)
©
%
= CALICE-like longitudinally segmented Steel + Scintillator
= Steel + Scintillator = Steel + Scintillator =  SiPM-on-tile
» SiPM-on-tile = Re-used from sPHENIX = High resolution insert close to beampipe
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ePIC Particle Identification Forward mRICH

Backward pf-RICH Barrel DIRC

Entrance
Face

<+ ——— aerogel container
ia — — — — acrylic filter

Time-of-Flight (Barrel, Forward)

Barrel TOF: Forward TOF:

dz < 10cm

*» High Performance DIRC
= Quartz bar radiator

= Single volume proximity focusing (BABAR bars reuse) = Dual Radiator RICH =
aerogel RICH with long proximity - Light detection with = Aerogel and C,F, gas T=2.4m
gap (~30 cm) MCP-PMTs = Light detection with

= 35 p/K separation up to 7+ GeV/c MCP-PMTs

= e/p PID up to 15 GeV/c

AC-LGAD technology
Pixels (forward) and strips (barrel)
p/K up to ~3 GeV/c

= p/Kupto~6GeV/c
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ePIC Far-Forward/Far-Backward detectors

Main Function: Zero Degree Calorimeter ‘066((\
detection of forward scattered neutrons and g e >

Technology: ") -
Main Function: EMCAL: 2x2x20 cm3 PbWO, calorimeter ! )/
measure bunch-by-bunch luminosity HCAL: Steel-SiPM-on-Tile ) I ‘D -«

through Bethe-Heitler process
Technology:

Pair-spectrometer: each with

2 tracking layers of AC-LGAD / FCFD
Calorimeter: Tungsten-powder + SciFi
SPACAL

Roman Pots and

Off-Momentum

Main Function:

detection of forward scattered protons and nuclei
Technology:

2 stations with 2 tracking layers each

AC-LGAD / EICROC ( 500x500 nm? pixel)

Main Function:

detection of forward scattered protons and and g
Technology:

4 tracking layers each

AC-LGAD / EICROC ( 500x500 nm? pixel)
EMCAL: 2x2x20 cm? PbWO, calorimeter

Main Function:
detection of scattered electrons
Technology:
2 stations with 4 tracking layers each (16x18cm?)
~ Si/ Timepix4

Calorimeter: Tungsten-powder + SciFi SPACAL
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Central detector

Dual-radiator
RICH

International engagement

Forward Electromagnetic

Superconducting
Calorimeter

Solenoid
Large involvement from non-US institutions in o ysafic Tracking
Calorimeter Detectors
N7

IR

ePIC central & far-forward/far-backward detectors

. . Y/ XS
Also contributions to EIC accelerator (magnets, \’(‘\ @
cryomodules...)
Backward
Electromagnetic
Calorimeter

Far-forward/far-backward detectors l_. -
Zero Degree Calorimeter —
H @J Backward Hadronic Data-Acquisition
~ Electronics

Calorimeter

ePIC Institutions ePIC Countries ePIC World Region
173 25 a4

oman Pots and
Off-Momentum Detectors

Luminosity System =) PLow-Q2

\
/

IR vacuum - crucial
interface for detectors

09/12/2025 Overview of the ePIC experiment at EIC 15




EIC reference schedule

CD-0, Mission Need Approved December 2019
DOE Site Selection Announced January 2020
CD-1, Alternative Selection and Cost Range Approved June 2021
CD-3A, Long-Lead Procurement Approved March 2024
CD-3B, Long-Lead Procurement Planned Approval March 2025

Electron-lon Collider

‘ FY = Oct 1st through Sep 30th ‘

ol o o o 8o A o o oo ool o o e
-3A | | / ' \

CD-3B | : : : Acclertor Storage Rings (ASR) E I C d eteCtor m I IeStO n eS

NYS funded i i . Detector (DET)
jCD-ZIF Interaction Region (IR) Currently Finalizingdetector design
ASR Electron Injector (EIN)
| | Enelrgyand Luminosity Ramp-up(ELR') 2026 TDR Completed (CD_2/3)
CD-2 CD-3 E Project Management and Global Services (PMG)
DET o 2027: Detector construction
| ‘ S
D-2/3c® | 9CDI3 E 2033/4: Installation/commissioning
. §'_ 2035: Start of physics program
$CD273 & \ /
EIN (.. Q .
— = DOE project phases:
D2¢ [ oCD3 b = (CD-0: Approve mission need
. = . .
ELR , , g = CD-1: Approve Alternative Selection and Cost Range
| . N - . » CD-2: Approve performance Baseline
cgmr'::sl“lm“g W = CD-3: Approve Start of Construction
(included in PMG) = CD-4: Approve Start of Operations

Start of the

Procurement/ Installation/ ELR Installation
Key - Design | Physics Program

i mms Critical Path
Construction Testing/ Acceptance Items ’l'evel 0 Milestones
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ePIC detector construction has started
Detector LLPs

Cumr{t Lescs Helium Phase Separator 2T Solenoid
g’ 1 < Design - built contract for magnet
Cryostal Asumply
7=

CD-3A enables procurement of long lead items

and Conductor
(Rutherford cable in Copper channel)

©

Several contracts have already been awarded cxiony |

First items already received (eg. part of PWO
crystals) and other expected by the end of the
year (eg. first batch of SiPMs)

Barrel ECal: Pb/Scintillating Fiber matrix
with a hybrid imaging part

Backward Ecal
PbWO4-crystals

Lead Tungstate Crystals for the Detector Backward Electro-Magnetic (EM) Calorimeter
Scintillating Fibers for the Detector Barrel and Forward EM Calorimeters

Silicon Photomultipliers for the Detector Forward Hadronic Calorimeter

Steel and Tungsten for the Detector Forward Hadronic Calorimeter

Detector Solenoid Magnet Design and Fabrication and Conductor

ok oo

Forward ECal
High granularity
Tungsten-Powder/
Scintillating Fibers matrix

ForwardHCAL
Longitudinally separated Steel/Sc &
Tungsten/Sc sandwich
with SiPMs embedded in the Scintillator

09/12/2025 Overview of the ePIC experiment at EIC
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EIC early science matrix

A Based on machine capabilies and evolution over the first years

A Goal of producing meaning and impacting science while commissioning different machine and detector systems
A still under discussion within ePIC and the EIC project

Luminosity/year

Species Energy (GeV) (fb-1) Electron polarization p/A polarization
YEAR 1 e+Ru or e+Cu 10 x 115 0.9 NO N/A
(Commissioning)

e+D 11.4 NO
YEAR 2 o+p 10x 130 495-533 LONG TRANS
YEAR 3 e+p 10 x 130 495 -533 LONG TRANS and/or LONG

e+Au 10 x 100 0.84 N/A
U=l e+p 10 x 250 6.19-9.18 LONG TRANS and/or LONG

e+Au 10 x 100 0.84 N/A
LA e+3He 10 x 166 8.65 LONG TRANS and/or LONG

Note: the eA luminosity is per nucleon

NB: ePIC installation plan calls for the full ePIC to be installed year-1 (exception for Roman Pots and Off-Momentum Detectors)

09/12/2025
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Beam Energy and Average Orbit Radius in the HSR

20
3He p
15
10 —
5
&
S 0.
T wiiig A0 150 170 190 210 230 250 270
9 E : E,GEV/U 70 mm beam pipe
-10 Since the electron revolution frequency
SR is fixed, the hadron orbit must be
15 UAu zr Ru  d adjusted with energy to keep the
20 i e collisions in sync.
1. Prefer ~130 GeV/u, which corresponds to a 0Cc¢

DR ~ 0, this is achieved for a beam where Z~05A) - Ru, Cu, Ag, ée.
2. Do not want to exceed the present RHIC maximum dipole fields (corresponds to 250 GeV

protons or 833 T-m) _
Slide by E. Aschenauer and R. Ent
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Proposal for the Science Program in the first years of ePIC

Year -1

Start with Phase 1 EIC

Commission electron
polarization in parallel

Run:

10 GeV electrons on 115 GeV/u
heavy ion beams (Ag or Nb or
Cu or Ru)

Physics:
Add your preferred science topic

Year - 2

Phase 1 EIC
+ long. electron polarization

Commission proton polarization
in parallel

Run:
10 GeV long. polarized electrons
on 130 GeV/u Deuterium

Physics:
Add your preferred science topic

Run:

Last weeks 10 GeV long.
polarized electrons and 130 GeV
polarized protons

Physics:
Add your preferred science topic

Year - 3

Phase 1 EIC
+ long. electron polarization
+ proton polarization

Commission running with hadron
spin rotators

Run:

10 GeV long. polarized electrons
on 130 GeV transverse polarized
protons

Physics:
Add your preferred science topic

Run:
Last weeks switch to longitudinal
proton polarization

Physics:
Add your preferred science topic

Year - 4

Phase 1 EIC

+ long. electron polarization

+ proton polarization

+ operation of hadron spin rotators

Commission hadron accelerator to
operate with not centered orbits

Run:
10 GeV long. polarized electrons
on 100 GeV Au

Physics :
Add your preferred science topic

Run:

10 GeV long. polarized electrons
on 250 GeV transverse and
longitudinal polarized protons

Physics:
Add your preferred science topic

p

Year -5

Phase 1 EIC

+ long. electron polarization

+ proton polarization

+ operation of hadron spin rotators

+ operation of hadron beams with not
centered orbits

Run:
10 GeV long. polarized electrons on
100 GeV Au

Physics:
Add your preferred science topic

Run:

10 GeV long. polarized electrons on
166 GeV transverse and longitudinal
polarized He-3

Physics:
Add your preferred science topic

Time to install additional ESR RF and HSR PS to
reach design Current and max. Energies

09/12/2025
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Proposal for the Science Program in the first years of ePIC

Year -5

Phase 1 EIC

+ long. electron polarization

+ proton polarization

+ operation of hadron spin rotators

+ operation of hadron beams with not
centered orbits

Run:
10 GeV polarized electrons on 100 GeV
Au

Physics:
Add your preferred science topic

Run:
10 GeV long. electrons on 166 GeV
transverse and longitudinal polarized He-3

Physics:
Add your preferred science topic

Year - 6

Phase 1 EIC

+ long. electron polarization

+ proton polarization

+ operation of hadron spin rotators

+ operation of hadron beams with not
centered orbits

Commission ESR & HSR at max. energy
and beam currents

Run:

18 GeV long. polarized electrons on 275
GeV/u polarized (longitudinal & transverse)
proton beams

Physics:
Add your preferred science topic

FUll EIC Capabiliies

Year - 7

Phase 1 EIC

+ long. electron polarization

+ proton polarization

+ operation of hadron spin rotators

+ operation of hadron beams with not
centered orbits

+ operation of ESR & HSR at max. energy
and beam currents

Operate HSR with 41 GeV bypass
Run:
5 GeV long. polarized electrons on 41 GeV

transverse polarized proton beams

Physics:
Add your preferred science topic

p

09/12/2025
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Series of workshops & upcoming report on early science

Jefferéon Lab L? Brookhaven

National Laboratory

June 13, 2025

Subject: ePIC Collaboration: Early Science Document

John Lajoie and Silvia Dalla Torre
Spokespeople, ePIC Collaboration

Dear John, Silvia and the ePIC Collaboration,

As the EIC construction plan becomes more mature, it is apparent that there will be a period
of about five years when there will be collisions at the ePIC and early data could be recorded
The EIC Project team has released their expectations for the beam parameters (polarization,
luminosity, energy and nuclear species) and their ramp-up during that early operating phase.
We are writing to you — the ePIC collaboration - to develop a short document summarizing the
science that would be possible from those early data.

Based on the early commissioning beam parameters released by the EIC project [1,2], the ePI1C
collaboration should summarize for the broader nuclear physics community, the funding
agencies, and for the Labs, what exciting scientific results would be possible from this perid.
The results in the document should be based on the most recent understanding of the ePIC
detector including the acceptances, efficiencies of each detector subsystem, and off-line
reconstruction capabilities the collaboration has developed so far. We believe this document
will also serve to help in the preparation of the ePIC TDR currently under preparation by the
collaboration with the EIC Project, as input to CD2/3 milestone for the EIC. Beyond the
physics of interest, we think that this ePIC early physics document would also be useful to
demonstrate the collaboration’s engagement and getting prepared for physics at the EIC and
capture the status of ePIC collaboration’s activities at this stage. We are happy to support this
activity through in-person or hybrid workshops or topical meetings should they be needed.

We recognize that this is an additional exercise for the ePIC community. At the same time,
many previous such exercises (like the Yellow Report) were focused on full EIC machine
capability. This report should focus on the science that could be produced before the ramp up
to the full EIC machine capability.

We suggest that the collaboration prepares this report by May 1, 2026.

1 of 2 ePIC Early Science

09/12/2025

Charge from BNL/JLab to the ePIC collaboration to outline (by May 1, 2026 the
science that could be produced before the ramp-up to the EIC full capability

https://indico.cfnssbu.physics.sunysb.edu/event/410/

N ePIC/EIC Early Science Workshop

Genter for Frontiers
in Nuclear Science

figffhg;‘:r-ei?nzeﬁcamew_York Aprll 24_25) 2025 (Stony BrOOkI NY)

https://indico.global/event/15249/

ePIC and EIC Physics Readiness Workshop
i v September 17-18, 2025 (London, UK}
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https://indico.global/event/15249/
https://indico.cfnssbu.physics.sunysb.edu/event/410/

Summary

The ePIC detector at the EIC will address fundamental questions on the
structure and dynamics of nucleons and nuclei in terms of quarks and gluons,
including

= Parton distributions in nuclei/QCD at extreme parton densities — saturation
= Spin and flavor structure of the nucleon and nuclei

=  Tomography (p/A) Transverse Momentum Distributions and Spatial Imaging
= Synergies witipAand AA (PDFePDE  CCa X 0

= Many important measurements to understand initial conditions in HIC

The EIC project has achieved CD-3B and started procurement of long-lead
ePIC detector components

Construction will continue through 2032/3 and commissioning will start

Exciting early physics program actively discussed and under development by the collaboration

Early physics program expected to begin as soon as 2034 with EIC reaching full capability =5 years later.
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