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Relativistic Heavy Ion Collider 
ïa Unique Research Tool
ÅHeavy ion collisions
ÅDiscover and study  new state of matter: Quark Gluon Plasma 

ÅHighest collision rates and collide many different ion species

ÅPolarized proton collisions
ÅThe only collider with spin polarized protons to explore the 

internal spin structure of protons.

ÅEstablished gluons carry only a small part of protonôs spin
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Å EIC benefits from $2.4B class investments at BNL (RHIC and Injectors) & a highly successful RHIC program.

Å RHIC will conclude operations in 2025.  Electron Ion Collider installation will begin after RHIC ops concludes.
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A most versatile Collider
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Transition from RHIC to Electron Ion 
Collider (EIC) in 2026

5

       Re-Use the 
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Build on the 
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investment 



EIC Physics at-a-Glance
Eur. Phys. J. A 52 (2016) 9, 268 arXiv:1212.1701 (nucl-ex)

How are the sea quarks and gluons, and their spins, distributed 
in space and momentum inside the nucleon?  How do the 
nucleon properties (mass & spin) emerge from their interactions?

How do color-charged quarks and gluons, and colorless jets, 

interact with a nuclear medium? How do the confined hadronic 

states emerge from these quarks and gluons? 

gluon 

emission

gluon 

recombination

?

How does a dense nuclear environment affect the 

quark- and gluon- distributions? Does gluon density 

saturate at high energy, giving rise to a gluonic matter 

with universal properties in all nuclei, even the proton?

=
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EIC science 
selected 
highlights

August 26, 2025 EIC at Lepton-Photon 2025 Wisconsin 7

g
1
(x

,Q
2
)

x

DSSV 2014

g
1
(x,Q

2
)

uncertainty

Q
2
=10 GeV

2

eRHIC pseudo-data

Õ
s 

=
 4

4
.7

 G
eV

Õ
s 

=
 6

3
.2

 G
eV

Õ
s 

=
 1

4
1
.4

 G
eV

-5

0

5

10
-5

10
-4

10
-3

10
-2

10
-1

1

-0.3

-0.2

-0.1

-0

0.1

0.2

0.3

-0.2 0 0.2

½ - ñdx (Quarks + Gluons) (10-3 < x < 1)

-
 ñ
d

x
 (

Q
u

a
rk

s
 +

 G
lu

o
n

s
) 

(1
0

-6
 <

 x
 <

 1
0

-3
)

EIC
Õs=44.7 GeV

Õs=44.7-70.7 GeV

Õs=44.7-141.4 GeV

?

Mass & 



August 26, 2025 EIC at Lepton-Photon 2025 Wisconsin 8

EIC science:

compelling, fundamental

and timely

Electron Ion Collider Science:

Origin of nucleon spin & 3D imaging of partons 

Understanding the origin of mass of the visible universe   

Intense gluon fields Č novel gluonic matter?

Machine Design Parameters:

High luminosity: up to 1033-1034 cm-2sec-1 

Å a factor ~100-1000 times HERA 

Broad range in center-of-mass energy: ~20-100 GeV upgradable to 140 GeV

Polarized beams e-, p, and light ion beams with flexible spin patterns/orientation

Broad range in hadron species: protonsé. Uranium

Up to two detectors well-integrated detector(s) into the machine lattice 

One of the first operational facility & detector using AI and ML 

Optimization of machine operations &

Detector design & data acquisition (triggerless data collections)

National Academyôs Assessment, July 2018 
Electron Ion Collider



Facility Performance Requirements
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The EIC design and performance parameters address the requirements established by the U.S. Nuclear 
Science Advisory Committee (NSAC) Long Range Plans (2015 & 2023) and endorsed by the U.S. 
National Academy of Sciences (2018).  EIC will be a unique collider facility in the world, strengthen U.S. 
leadership in nuclear physics, and advance accelerator and detector technologies for future facilities.

ÅHigh Luminosity: L= 1033 ï 1034cm-2sec-1

ÅHighly Polarized Beams:  70%

ÅLarge Center of Mass Energy Range: Ecm = 20 ï 

140 GeV

ÅLarge Ion Species Range:  protons ï Uranium

ÅLarge Detector Acceptance and Good Background 

Conditions

ÅPossibility to implement a Second Interaction 

Region (IR)



EIC Facility Scope
Existing Accelerator Scope

V Polarized ion/proton sources

V Ion injection and acceleration systems (Linac, 

Booster, AGS)

New Scope

Hadron Storage Ring (40 ï 275 GeV)

Electron Pre-Injector (750 MeV Linac)

Electron Rapid Cycling Synchrotron (0.75 GeV ï 

Top Energy)  

Electron Storage Ring (5 GeV ï 18 GeV) 

Interaction Region, Provision for a 2nd

Hadron Injection Cooling System

General Purpose Collider Detector
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New design of the electron injector complex, removal of SHC and simplification of long straight section at 
IR2, and removal of the blue hadron ring from the RHIC tunnel, presented at DOE Review in January 2025.

Existing EIC Facility 

Scope at BNL 

Valued at ~$2B



Reference Detector ï Backward/Forward Detectors
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far-forward 

detectors
far-backward 

detectors 

Extensive integration of 

forward and backward 

detector elements into the 

accelerator lattice
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The ePIC Collaboration

ePIC non-

US 

Institutions

59%

ePIC formed in 2022

ePIC is now 176 institutions.

Representing 40+ countries

1000+ participants

A global pursuit for a new experiment at the EIC!

ePIC Spokesperson:

John Lajoie (ORNL)
ePIC Deputy Spokesperson & Interim Technical Director
Silvia Dalla Torre (INFN Trieste)
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ePIC Detector Design

Tracking:

Å New 1.7T solenoid

Å Very thin Si MAPS Tracker

ÅMPGDs (mRWELL/mMegas)

PID:
Å hpDIRC

Å pfRICH

Å dRICH

Å AC-LGAD (~30ps TOF)

Calorimetry:
Å Imaging  Si+PbW Barrel EMCal

Å PbWO4 EMCal in backward cal

Å Finely segmented EMCal +HCal

in forward direction

Å Outer HCal (sPHENIX re-use)
Å Backwards HCal (tail-catcher)
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Overlap in technology R&D with LHC-future 

detectors: talk by Michael Peskin



National and International Support
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Institutions

ASIA

27%

EUROPE

29%

NORTH AMERICA

38%

AFRICA 3%

SOUTH AMERICA 3%

OCEANIA 1%

Department of Energy Lab Partners

The EIC design and construction has many scientific and technical challenges, creating opportunities for a 

worldwide collaboration to become part of this exciting endeavor.

EIC US Partners  (performing work and/or providing materials)

Å Eight DOE Labs

Å 22 universities

EIC Collaborators (developing experiments, contributing expertise)

Å EIC User Group: 1,558 members -- and growing

Å 907 institutions worldwide (41 countries)

Å 80+ U.S. universities



EIC Partner Highlights
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Å New York State committed $100M 

toward construction of buildings and 

infrastructure for the EIC.

Å UK announced £58 million ($75M) 
for the EIC project in March 2024.

Å In-kind contributions  developing 

with Canada, France, and Italy .

Å Statements of Interest signed 

between DOE and French  

agencies. 

Å EIC Accelerator Collaboration 
Kick -Off at IPACô24, Satellite 

Meeting held at IPACô25 in Taiwan, 

garnering growing interest.

Å 5th  EIC Resource Review Board 

Meeting held in Prague in June 

2025. Strong support from Canada, 

Czech Republic, France, Italy, 

Japan, South Korea, United 

Kingdom, and Taiwan.

In-kind contribution goals represent 30% of the Detector and 5% of the Accelerator 



Timeline:
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Critical

Decisions

DefinitionInitiation Execution Closeout

Operating* 
Funds

Operating 

Funds
Project Engineering and 

Design (PED) Funds

Construction 

& PED

Funds

Conceptual 
Design

Preliminary 
Design

Final 
Design

Construction

CD-1
Approve 

Alternative 

Selection
and Cost 

Range

CD-4
Approve

Start of Operations 

or Project 
Completion

CD-3
Approve 
Start of 

Construction 
or Execution

CD-2
Approve 

Performance 

Baseline (PB)

CD-0
Approve 
Mission 

Need

EICEIC Critical Decision Plan

CD-0/Site Selection      December 2019 ṉ

CD-1                                     June 2021 ṉ

CD-3A March 2024 

CD-3B  March 2025
CD-2/3 End of 2025

CD-4A October 2032

CD-4 October 2034

CD-3A:  (Approved)

Define Baseline:

technologies, Scope, Cost  & 

Schedule

Long Lead Procurement (LLP) items
Design Maturity: ~90%

Plan is tracked through EVMS

& Change control process

Start of construction for LLPs

Conclusion of

RHIC Operation

Construction Phase

Science Phase
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The only new collider and detector being built in the next decade
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Physics potential beyond the Core 
EIC science 
Recent Workshops at Brookhaven National Laborataory and 

Center for Frontiers in Nuclear Science  (CFNS) at Stony Brook University

Other ongoing activities:

Å LHC-EIC Workshop Series (in Europe) ï every two years

Å QCD at LHC and Connections to EIC ï September 2025 at Stony Brook 

Å Reports from SnowMass 2021- various chapters on connections of EIC science to LHCôs

Nature does not distinguish Nuclear vs. Particle Physics

funding agencies doé. 

An invitation to look at potential for science of your interest at the EIC

https://indico.cfnssbu.physics.sunysb.edu/event/341/


EIC Physics Connections to High Energy Physics
Of HEP/LHC-HI interest to Snowmass 2021 (EF 05, 06, and 07 and possibly also EF 04) 
LHC ï EIC Synergies workshops in Europe 

Precision QCD Studies with proton & (light & heavy) nuclear targets:

Å Heavy quark and quarkonia (c, b quarks) studies with 100-1000 times lumi  of HERA and with polarization

Å Polarized light nuclei in the EIC

Å Jets ï probe of of nuclear medium 

Physic of jets, multiquark systems, confinement:  

Å Internal structure of jets in e-p collisions, momentum/energy correlators Č novel observables with center of 
mass energy variability and polarized beams

Å Entanglement-entropy, connections to fragmentation, hadronization and their relation to confinement 

Å Quark Exotica: 4,5,6 quark systemsé? Much interest after recent Belle , LHCb  led results.

Precision electroweak and BSM physics: LHC ïEIC Synergies

Å Precision calculation of aS : higher order pQCD calculations, twist 3

Å Precision measurements of unpolarized PDFs at high x/Q2, impact on LHC-Upgrade results

Å Electroweak physics & searches beyond the SM: Parity, charge symmetry, lepton flavor violation
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Topics for 

thrusts 

for 2nd 

detector? 



New Physics Opportunities at the EIC ς SMEFT, 
Precision Couplings, and BSM Searches
Key Themes of the Workshop at CFNS/Stony Brook
ÅSMEFT analyses: Connecting precision collider low-energy and electroweak data to probe Beyond 

Standard Model (BSM) physics.
ÅSearches for weak mixing angle variations, chiral structure in weak currents, charged lepton flavor 

violation (CLFV), sterile neutrinos, dark photons, and axion-like particles (ALPs).

ÅSMEFT at the EIC and other discussions:
ÅLHC measurements are largely Standard Model (SM)-like; limits push new physics to above 1 TeV.
ÅSMEFT provides a unifying framework to globally combine top, Higgs, diboson, EWPO, and flavor 

data. (S. Dawson)
ÅLow-energy measurements (like Parity-Violating Electron Scattering, PVDIS) at the EIC can help 

disentangle dimension-6 from dimension-8 operators and break degeneracies missed by high-
energy LHC data. (Vincenzo Cirigliano, Susan Gardner)

ÅPrecision Couplings:
ÅEIC can approach ~0.1% precision on the weak mixing angle. (Nycz, EIC White Paper)
ÅLight quark electroweak couplings and sh (the strong force constant) can be improved, 

contributing uniquely to global SM fits. (Kutz, Demeriglu)
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CFNS Workshop  summary and message:

https://indico.cfnssbu.physics.sunysb.edu/event/341/


Experimental Searches ς CLFV, Sterile 
Neutrinos, Dark Photons & ALPs at the EIC
ÅCharged Lepton Flavor Violation (CLFV): (Fuyuto, Nycz, Furlatova)
ÅEIC is competitive for certain CLFV operators, especially those involving third-generation.
ÅDetector studies use advanced techniques (vertex tracking, tau/muon tagging) for signal-
ōŀŎƪƎǊƻǳƴŘ ǎŜǇŀǊŀǘƛƻƴ ƛƴ ǊŀǊŜ ŘŜŎŀȅǎ όŜΦƎΦΣ Ŝ Ҧ X̱).

ÅPreliminary simulations show EIC sensitivity could rival or complement low-energy and LHC 
bounds for certain scenarios.

ÅSterile Neutrinos: (Sebastian U. Quiroga)
ÅStudies consider lepton-number-violating (LNV) processes like ŜѐǇ Ҧ ˄jjj, targeting sterile 

neutrino masses up to ~100 GeV.
ÅProjected EIC exclusions at 95% C.L. can significantly improve for both e˄ and ˃ s˄ectorsτ

competitive with other collider and low-energy probes.

ÅDark Photon & Axion-like Particle (ALP) Searches: (H. Davoudiasl, E. Niel, S. Gardner)
ÅEIC enables unique searches in coherent heavy-ion scattering, leveraging large Z² enhancements.
ÅProjected sensitivity contours competitive with and complementary to Belle II, LHC, and rare 

decay experiments.
ÅEnhanced sensitivity for displaced decays and lepton-flavor-violating ALP final states.
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CFNS Workshop

https://indico.cfnssbu.physics.sunysb.edu/event/341/


So the message isé.
Å Experts ï many of you -- from this group (HEP) are needed to initiate and lead 

some of these studies at the EIC. These is just a beginning. A great place to make 
your mark. 

Å Nature does not distinguish between Nuclear and HEP/Particle Physics. LHC and 
others are exploring cracks in the SM at high energy. It behooves us not to 
explore in all unexplored phase space and at available facilities ï EIC provides 
complementarity to the LHC and other such facilities.

Å A second detector location is currently empty. EICôs full potential could not be 
realized without that: A fully AI/ML designed second detector needs: C3:

1. Complementary Physics case (with some overlap with the ePIC), 

2. Complementary Detector technologies and 

3. Complementary/new Collaborators
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Outlook & summary:
Electron Ion Collider, a high-energy high -luminosity polarized e -p, e-A collider , will 

be built in the next 8-10 years and operate in 2030ôs and 2040ôs.

ÅWill address the most profound unanswered questions in QCD ï overlapping 
those being explored at other international facilities

Up to two hermetic (full acceptance(?) and complementary) detectors under 
consideration, although EIC project has funds for one detector ( ePIC). 
ÅInternational experimental and accelerator collaborations formed

ÅAn aggressive timeline: first collisions by ~2033/4; physics start by ~2035/6

Opportunities for physics beyond Standard Model and precision QCD are emerging ï 
complementary to LHC and others
ÅCould lead to a novel second detector proposal

A golden opportunity for early career scientists, graduate and undergraduate 
students 
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