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Dedicated to BJ

BJ was key to developing the science on
which the EIC is based and was a
proponent of the collider

Nl f theorists had thei
all experiments with s
James Bjorken (SLAC, Stanford, FNAL)
June 1934 - August 2024




EIC Scientific Case Built Over Decades

2002

for the
Next [K=43% -
Decade

-

March 1 'O

“The science questions that an EIC will
answer are central to completing an
understanding of atoms as well as being
integral to the agenda of nuclear physics
today.” (NAS, 2018)
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“We recommend the
expeditious completion
of the EIC as the
highest priority for
facility construction.”
(NSAC LRP 2023)




Compelling Electron lon Collider Science
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Does the mass How do quarks, How can we How do the Does gluon

of visible matter gluons, and understand the quark-gluon density in nuclei
emerge from orbital angular QCD dynamics interactions saturate at high
quark-gluon momentum and the relation create nuclear energy?
interactions? contribute to to Confinement? binding?

proton spin?

Quarks and gluons Spin: a fundamental EIC will image quarks Is the structure of a How many gluons can
comprise 2% of the property of matter and gluons in 3D in free and bound fit in a proton?
proton’s mass space and nucleon the same?

momentum inside the
nucleon and nuclei

All Nobel-Worthy Questions!




Science Drives the Facility Requirements

EIC facility
performance goals:

Electron Storage
Ring (ESR)

A Large center of mass energy range: E, =
2071 140 GeV

A Large ion species range: protons i uranium

A High luminosity: L= 1033 i 1034cm-2sec?, 10
I 100 fbllyear

A Highly polarized beams: 70%

Rapid Cycling
Synchrotron

Hadron Storage
Ring (HSR)

lons ePIE)

A Large detector acceptance and good
background conditions

— 100

A Ability to accommodate a complementary
second interaction region and detector

HSR24 Ge\ «
“Warm"” |hjectios

S1

Transverse Momentum
Distribution and Spatial Imaging

A Reuse RHIC tunnel and hadron ring

Luminosity (cm

Internal Landscape 28 at
1092 f= of Nuclei ensities uration = 1

Annual Integrated Luminosity (fb™")

: 5 % A unique and complex collider

e-N Center-of-Mass Energy [V(Z/A) GeV]

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




Relativistic Heavy lon Collider

RHIC energies, species combinations and luminosities (Run-1 to 24)
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T T T\ QGP is a strongly coupled liquid with
8 9 12 15 17 20 23 27 39 54 56 62 130193200410500510 extremely low viscosity that lasts for

Center-of-mass energy \/SNN [GeV] (scale not linear)

10-23 seconds

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




RHIC Science nghllghts Colossal Magnetic Field
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Results in central collisions can be explained by
transported quark effect.

A Magnetic field of 1018 Gauss
observed!

A Study of conductivity in Quark
Gluon Plasma

Results in peripheral collisions reveal the contributions
from the Faraday induction and Coulomb effect for the
first time in heavy-ion collisions

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

Groundbreaking Science after 25 yrs




RHIC Science Highlights

Phenix, PRL 134, 022302 (2015)
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STAR, Nature 632, 1026 (2024)

?;n : d+Au \/SNN = 200 GeV ia
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1980 2000 2020 Specks of Quark Gluon Plasma in small

Discovery year
: : . : systems observed
Discovery of New Heaviest Exotic Antimatter : . .
y The Phenix Collaboration observed tiny

Nucleus . :

The STAR collaboration discovered the existence of the droplets OT QGP l:_)y Jet quenchlng_
antihyperhydrogen-4 nucleus (1 antiproton, 2 (suppression of high pr hadrons) in small on
antineutrons, 1 antihyperon). STAR is the first to observe large d-Au collisions

this state .
A STAR is wusing this antiparticle to search for differenc

In matter i antimatter interactions 8




RHIC vs EIC as lllustrated by Watermelons
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Study of internal
structure of a
watermelon

......

A-A (RHIC/LHC)

Violent collision of
melons

e-A (EIC) Non-Violent e-A (EIC)

Cutting the watermelon with a knife Image internal structure
MRI of a watermelon

Electron Beam acts as a Scalpel



Deep Inelastic Scattering 101

Provides best tool to understand internal structure of protons and the nuclei

o 4rno? ( )Fz(x, Q) . 2F (6, 0%)
= - Y X
ddez Q4 ’
Expected form of quark parton distribution
Single Dirac Three static Three interacting +higher orders
proton quarks quarks
R G
= A
q° (x)t q° (x) q° (x)
1X 1, 14X VAR E:

See lectures by M Thomson, https://www.hep.phy.cam.ac.uk/~thomson/lectures/partlliparticles/Handout6 2009.pdf



The Path to Imaging Quarks and Gluons

Wigner function
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DIS 499: Complexity Demands Precision



EIC Expectatlons DIS data
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103 Current polarized DIS data: :
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| Current polarized BNL-RHIC pp data: |
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Two orders in x and Q? compared to existing data



Impact of pdf contamination on SMEFT Fits

( SMEFT Fit with true PDF )
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¥

SM

® BSM Model, W = 8-10*

@® SM Model, W =0
68% CL

+H 95%CL
Mean of W = 0.80

Deviation from SM:
Nng = 9.2

Deviation from BSM:
ns = 0.1
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( SMEFT Fit with SMEFT PDF )
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Number of replicas

® BSM Model, W = 8-10%

@® SM Model, W=0 i
68% CL

+H 9s%cL
Mean of W = 0.17

Deviation from SM:
ne=1.6 7

Deviation from BSM:
ne =>5.8 ,

True model excluded!

1

1.0 1.5 2.0

W (x 10%)

Hammou etal 2307.10370, 2402.03308

High Energy New Physics can Hide in Imprecisely Determined pdfs



EIC Expectations: Quark and Gluon Helicity
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Could this mystery finally be solved?



EIC Expections : Imaging Transverse Distributions

Spin-dependent 3D
Transverse momentum distributions

0.5 0 0.5 -0.5 0 0.5
ky(GeV) ky(GeV) un po|arized pOlarized

Spin dependent 2D
Transverse position distributions |
unpolarize and polarized
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Measure orbital motion (position and momentum)



EIC Expectations: Gluon Saturation?

What happens
here?

-
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- CTEQ65patn W ] Does gluon recombination = gluon emission?
39y defiouton fnctns '5 Could this tame the rise at low-x?
3.0p gluons : Probably, but when? Anything else happen?
2.5 gluon gluon
] emission recombination

=

A new state of matter?

0 NPT BT ; - . W ' . ~ _

00001 0001 001 0.1 1.0 Hypothesis: hCol or -190 a
Fraction of Overall Proton Momentum Carried by Parton denser than neutron star core
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Momentum Fraction Times Parton Density
PO
o

Thermal equilibrium inside the proton at high densities?



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

Shadrons

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

A Take advantage of crossing symmetry between pdfs and
fragmentation functions

A Find agreement with ATLAS data
A EIC will provide further probe

lescribes the ability o b -
finding a quark or gluon 5 NG -4
@ ® @
@ @@%
d b h mb bl f ® @
proucinga speciic hadron

I Low Momentum

Datta etal 2410.22331
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Experimental Probe of Quantum Entanglement



Lepton Content of the Proton

Dilepton and Z production as a measure of lepton pdfs

Buonocore etal, 2205.06477 - & e’ e
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_ e h _ EIC expectations
_Analysis from HERAdata ~  “\| | A Roughly 10% non-resonant events
0.01 0.05 0.0 0.50 1 expected in various channels
X A 4 . 1 desabant signal in dijet mode
A Dilepton resonance signal looks event
limited

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

Stranger things have happened es.



BSM@EIC

Invisible dark bosons Heavy Neutral Leptons
A Non-negligible weak couple to electrons AProduction Vi a
A O(1) Branching fraction to invisible states A A Cross section ~ few fb
: : DecayviaNA FW' |, Z
A Boson emitted from e- beam in coherent A geca S ?an be prompt X
scattering, gaining Z? enhancement in cross | y ived promp
section or long-live
0.001 —————T———1 T S 102
; | BaBar ‘ i --------------------------------------------------- %
: 10-%¢ E
,; 1074 _‘_F»_ejllell (50/ab) . E -
e N A 0 LN -
VAN - - . W 55
& . s = : ' U
A P P It 107 O E
u _-7 1 = Vs = 141 GeV ]
* -7 EIC (100/A/fb) | 10-% : LL £ — 100 f-
L T e M S S e=10" 10_7: o . P=-T0% .:
o el 10° 10! 10
0.01 0.05 0.10 0.50 1 5 10 my [GGV]
my [GeV] Davoudiasl, Liu 2505.0887

Many more BSM@EIC investigations waiting to be done!




Project Status and Realization
2024 Milestones

CD-3A Long-lead procurements approved at
~$90M and initial contracts awarded!

CD-3B review complete at ~$50M (early 2025)
and awaiting signature

~50 design reviews, board meetings, and
workshops

$100M New York State Grant for EIC buildings
signed and delivered

Optimized accelerator design to reduce risk —
now know what to build!

International EIC Accelerator Collaboration
established

ePIC detector technical baseline defined
Plans for early science program developing

Priorities for 2025

Execute CD-3A/B procurements
Clarify scope of subprojects
Prepare CD-2 quality performance baseline

Work with international partners to solidify in-
kind contributions

Plan for start
of construction
in 2026

Plan for R&R work

Good progress and more to do.



Collaborétion formed in 2022

* Current: ~600 members, 24 countries, 171
institutions

« Leadership:
« John Lajoie (ORNL) Spokesperson,

 Silvia Dalla Torre (INFN Trieste) Deputy-
Spokesperson
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Africa

::::::

25 Detector subsystems

« Asymmetric beams and energies requires asymmetric
detector with electron and hadron endcaps

» Tracking, PID, EM and hadronic calorimetry in all
directions, covering equal rapidity areas (-4<n<4),
high-precision polarimetry

 Momentum resolution dictates 2T large bore magnet
» Streaming electronic readout
Al integrated from the start

1.7T Superconducting Solenoid

Forward Cal 0 imetry
AC- LGADTOF (EM and Hadronic)

Dual-radiator RICH

21



Detector Subsystem Coverage

p/A beam electron beam
o -t

Central
Detector

r= -tafun(2)]

22



Collaborations and In -Kind Contributions Growing

The EIC scientific community is rapidly growing with
~1,530 members from 294 institutions and 40 countries

Barrel

Dual-radlator INFN Sezione di Bologna

: U Iﬁd Bol .
Electromagnetic | | syperconducting RICH NN Ssonedi o, | Forward Electromagnetic
Calorimeter Solenoid Universita di Ferrara Calorimeter
INFN Sezione di Trieste

{ Universita di Treste University of Birmingham,
of Technology v Tracking | prespury Laboratory,

Yonsei University, 2 S SE
Gananeung-Wonju National Univesgy, Detedors Iﬁme%i%%%::an’

Hanyana Umversﬂy .
/// \\\ Eorea University INFN Sezione di Padova,
’ yungpook National Universiy - 7 / Umversﬁédl Padova,
1. Argonne National Laboratory WO | rn o - < AN INFN Sezione i Pavia,

ety INFN Sezione di riste,
\ = CERN Universita di Trieste,
ng Univer Bt | \ Czech Technical University
Yonsei University 5 & < in Prague,
3. Fermi National Accelerator Universily of Regina 1 > ‘ Rutherford Appleton Laboratory
Laborato University of Manitoba r > University of Liverpool,
ry . : ) CEA-Saclay,

BNL-TJNAF partnership
agreement signed in May 2020.

Hanyana University

2. Brookhaven National Laboratory Se0n Syworty
Seoul National University,

4. Il:a\ll)vrence Berkeley National Backward INFN Sezione di Roma
aboratory Electromagnetic Tor Vergla,
i Universita di Roma Tor Vergata
Calorkgior Time-of-Flight Universita Vergata

5. Los Alamos National Laboratory

6. Oak Ridge National Laboratory I_l l WWWWW \ : \\‘,;/,
P A\ .“‘ » 4

SOUTH AMERICA 3%

() N
OCEANIA 1% 7. SLAC National Accelerator h AL Backuard Hadeonle 1 University of Tokyo, University of Tsukuba, Hiroshima University
0 L. ¢ & Kobe University, Nara Women's University, Nihon University, Shinshu University
AFRICA 3% aboratory T . Calorimeter National Central University, National Cheng Kung University
. tbiab (Orsay National Taiwan University, National Tsing Hua University
ASIA \‘ 8. Thomas Jefferst_)rl National = A. Alikhanian Natjqnal Czech Technical
27% Accelerator Facility Laboratory, Amenia, University in Prague, Data-Acquisition

Charles University (CUNI),

Over 80 US universities are
participating

NPI The Czech Academy Electronics
of Sciences

Institutions

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




Strong Support from Partners & Collaborators




