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Dedicated to BJ
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BJ was key to developing the science on 

which the EIC is based and was a 

proponent of the collider

ñIf theorists had their way, they would ban 

all experiments with spinò

James Bjorken (SLAC, Stanford, FNAL)

June 1934 - August 2024



EIC Scientific Case Built Over Decades
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Compelling Electron Ion Collider Science

All Nobel-Worthy Questions! 4



Science Drives the Facility Requirements

EIC facility 

performance goals:

ÅLarge center of mass energy range:    Ecm = 

20 ï 140 GeV

ÅLarge ion species range: protons ï uranium

ÅHigh luminosity: L= 1033 ï 1034cm-2sec-1, 10 

ï 100 fb-1/year

ÅHighly polarized beams: 70%

ÅLarge detector acceptance and good 

background conditions

ÅAbility to accommodate a complementary 

second interaction region and detector

ÅReuse RHIC tunnel and hadron ring

A unique and complex collider

The Only New Collider to be Built Worldwide in the Next Decade 5



Relativistic Heavy Ion Collider

Completing the RHIC Mission:  Discovery and Study of the Quark Gluon Plasma 6

QGP is a strongly coupled liquid with 

extremely low viscosity that lasts for 

10-23 seconds



RHIC Science Highlights:  Colossal Magnetic Field

Groundbreaking Science after 25 yrs 7

Results in central collisions can be explained by 

transported quark effect.

Results in peripheral collisions reveal the contributions 

from the Faraday induction and Coulomb effect for the 
first time in heavy-ion collisions

ÅMagnetic field of 1018 Gauss 

observed!

Å Study of conductivity in Quark 

Gluon Plasma

STAR, arXiv: 2304.03430, PRX 14, 011028 (2024)



RHIC Science Highlights
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Discovery of New Heaviest Exotic Antimatter 

Nucleus 
The STAR collaboration discovered the existence of the 

antihyperhydrogen-4 nucleus (1 antiproton, 2 

antineutrons, 1 antihyperon). STAR is the first to observe 

this state 

Å STAR is using this antiparticle to search for differences 

in matter ï antimatter interactions 

Specks of Quark Gluon Plasma in small 

systems observed

The Phenix Collaboration observed tiny 

droplets of QGP by jet quenching 

(suppression of high pT hadrons) in small on 
large d-Au collisions

Phenix, PRL 134, 022302 (2015)

STAR, Nature 632, 1026 (2024)



RHIC vs EIC as Illustrated by Watermelons

Electron Beam acts as a Scalpel 9

Non-Violent e-A (EIC)

Image internal structure

MRI of a watermelon



Deep Inelastic Scattering 101

Provides best tool to understand internal structure of protons and the nuclei
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See lectures by M Thomson, https://www.hep.phy.cam.ac.uk/~thomson/lectures/partIIIparticles/Handout6_2009.pdf

Expected form of quark parton distribution



The Path to Imaging Quarks and Gluons

DIS 499:  Complexity Demands Precision 11

transv. mom. dep. PDF2+1-D

semi-inclusive DIS

parton densities

4+1-D

1-D

Wigner function

impact par. dep. PDF

not related by

Fourier transf.

form factor

generalized PDF

exclusive processes



EIC Expectations: DIS data

Two orders in x and Q2 compared to existing data 12



Impact of pdf contamination on SMEFT Fits

High Energy New Physics can Hide in Imprecisely Determined pdfs 13

Hammou etal 2307.10370, 2402.03308



EIC Expectations:  Quark and Gluon Helicity

Could this mystery finally be solved? 14

Spin of the proton

Quark        Gluon     Orbital angular momentum

           Contributions



EIC Expections :  Imaging Transverse Distributions

Measure orbital motion (position and momentum) 15

Spin-dependent 3D

Transverse momentum distributions

Spin dependent 2D

Transverse position distributions

unpolarize and polarized

unpolarized polarized



EIC Expectations:  Gluon Saturation?

Thermal equilibrium inside the proton at high densities? 16

What happens 

here?

gluon 

emission

gluon 

recombination

Does gluon recombination = gluon emission?

Could this tame the rise at low-x?

Probably, but when?  Anything else happen?

A new state of matter?

Hypothesis: ñColor glass condensateò, 50-100 

denser than neutron star core



QIS @ EIC

Testing entanglement in DIS

Evidence of quark gluon entanglement inside a proton at 
small x: retains initial quantum state information after 
hadronization and formation of jets

ÅMaximal entanglement predicts relation between the jet 
fragmentation function and the entropy of hadrons produced in 
jet fragmentation (related to # of produced charged hadrons)

ÅTake advantage of crossing symmetry between pdfs and 
fragmentation functions

ÅFind agreement with ATLAS data

ÅEIC will provide further probe

Experimental Probe of Quantum Entanglement 17

Datta etal 2410.22331

ATLAS

EIC

Pythia



Lepton Content of the Proton

Dilepton and Z production as a measure of lepton pdfs

Stranger things have happenedé.18

L. Rold, A. Medina, S. Roy, C. Wagner, 2408.12644

Buonocore etal, 2205.06477

,Z

,Z

Analysis from HERA data

EIC expectations

Å Roughly 104 non-resonant events 

expected in various channels

Å4.1ů Z-resonant signal in dijet mode

Å Dilepton resonance signal looks event 
limited



BSM@EIC

Invisible dark bosons

ÅNon-negligible weak couple to electrons

ÅO(1) Branching fraction to invisible states

ÅBoson emitted from e- beam in coherent 
scattering, gaining Z2 enhancement in cross 
section

Many more BSM@EIC investigations waiting to be done! 19

Discovery projections

Davoudiasl, Liu 2505.0887

Heavy Neutral Leptons

ÅProduction via ep Ÿ N+X
Å     Cross section ~ few fb

Å Decay via N Ą l± W  ᴜ ,  Z

Å Decays can be prompt 

or long-lived 

Prompt

LL



Project Status and Realization

Good progress and more to do. 20
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Detector Subsystem Coverage



Collaborations and In -Kind Contributions Growing

EIC Collaborators Will Contribute to the Frontiers of Nuclear Physics and Accelerator S&T for Many Decades 23



Strong Support from Partners & Collaborators
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