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The Electron Ion Collider (EIC)

• Being Built at Brookhaven National Lab
• ~ $2.4 billion investment
• Explore the structure of matter via QCD:

• Start Operations in 2031
• Opportunity to get involved \w detectors 

design & construction

EIC－ Origin of Nucleon Mass & Spin
－ Confinement
－ Nucleon / Nuclear Femtography
－ Dense Gluon States
－ BSM
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The Quest to Understand the 
Fundamental Structure of Matter

EIC: Understanding the Glue 
that Binds Us All - Without 
gluons, there would be no 

nucleons,  no atomic nuclei… 
no visible world! 
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Most known matter has localized mass & charge centers (vast “open” space)

Molecule:

“Water”

Crystal:

Rare-Earth metal 

Nanomaterial:

Carbon-based

Subatomic Matter is Unique



Subatomic Matter is Unique

QCD matter is different! 
Interactions & structures inextricably mixed (in 

protons & other forms of nuclear matter)
Observed properties such as mass & spin, 

emerge out of this complex system



Imaging physical systems is 
key to gaining new 

understanding



High-Energy Scattering: Longitudinal view

Lorentz Invariants
• E2CM = (p+k)2
• Q2 = -(k-k’)2
• x = Q2/(2p�q)

• Viewed from boosted frame,
length contracted by

• Internal motion of constituents slowed 
down by time dilation – instantaneous 
charge distribution is seen.

• x is understood as the longitudinal 
momentum fraction
valence quarks: 0.1 < x < 1
sea quarks: x < 0.1  

J. Bjorken, SLAC-PUB-0571
March 1969



x ≈ 10-4
Probe non-linear dynamics

short exposure time

x ≈ 0.3 
Probe valence quarks
long exposure time

Snapshots where 0 < x < 1 is the shutter exposure time

x ≈ 10-2
Probe rad. dominated

medium exposure time

High-Energy Scattering: Longitudinal view
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1/Q ~ spatial 
resolution

g – gluons
S – quark sea
u, d – up, down
valence quarks

High-Energy Scattering: Longitudinal view



21st Century view of the proton
• Elastic electron scattering determined 

charge & magnetism of nucleons

• ~ sphere with <rch> ≈ 0.84 Fermi

• The proton contains quarks, dynamically
generated quark-antiquark pairs & gluons

• Quark and gluon momentum fractions
well mapped out. (in Infinite Momentum 
Frame)

• Proton spin & mass have large
contributions from quark-gluon dynamics 

1961



The EIC will, for the first time, provide a 
complete view of the structure of nucleons 
& nuclei and their emergent properties

The 
Proton
(1975)

The 
Proton 
(2015)

The Proton 
in a nucleus

And much more QCD dynamics 
that can affect the identity of the 

protons and neutrons



QS: Matter of Definition and Frame (II)

7

Infinite Momentum Frame:
• BFKL (linear QCD): splitting functions ⇒ gluon density grows
• BK (non-linear): recombination of gluons ⇒ gluon density tamed

BFKL: BK adds:

αs << 1αs ∼ 1 ΛQCD

know how to 
do physics here?
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• At Qs:   gluon emission balanced by recombination

Unintegrated gluon distribution
depends on kT and x:
the majority of gluons have 
transverse momentum kT ~ QS
(common definition)
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Unintegrated gluon distribution
depends on kT and x:
the majority of gluons have 
transverse momentum kT ~ QS
(common definition)

gluon 
emission gluon recombination

=
At QS

Boost

What happens to the gluon density in 
nuclei? Does it saturate at high energy, 
giving rise to a gluonic matter with 
universal properties in all nuclear matter?

How does a dense nuclear environment 
affect the quarks and gluons, their 
correlations, and their interactions?

The EIC will, for the first time, provide a 
complete view of the structure of nucleons 
& nuclei and their emergent properties
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EIC Characteristics
• Center of mass energy: 20 – 140 GeV

• Electrons: 2.5 – 18 GeV
• Protons: 40 – 275 GeV

(ions: Z/A x Eproton)

• Luminosity: 1034 /cm2/sec

• Polarization: <70% (both electron and ion)

• Ion Species: proton - Uranium

• Detectors: 2 interaction regions \w complete coverage (almost)

17



EIC vs. HERA
• Center of mass energy: 20 – 140 (318) GeV

• Electrons: 2.5 – 18 (27.5) GeV
• Protons: 40 – 275 (920) GeV

(ions: Z/A x Eproton)

• Luminosity: 1034 (1031) /cm2/sec

• Polarization: <70% (both electron and ion)  (only electron)

• Ion Species: proton – Uranium (A>1 only in fixed target)

• Detectors: 2 interaction regions \w complete coverage (almost)
(4 interaction regions; 2 collider 2 fixed-target; 

limited far-forward coverage)
18
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EIC is:
- Lower Energy
- Higher Luminosity
+   Hadron Polarization
+   Nuclear Beams
+   Modern Detector(s)



Inclusive DIS coverage



Semi-Inclusive DIS coverage



DVCS coverage



EIC @ Brookhaven National Lab
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EIC @ Brookhaven National Lab
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EIC Users Community
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EIC Schedule
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Developing the EIC Science Case 
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EIC Science
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1/Q ~ spatial 
resolution

g – gluons
S – quark sea
u, d – up, down
valence quarks

High-Energy Scattering: Longitudinal view



Structure mapped in terms of
bT = transverse position
kT = transverse momentum

Valence Quarks: JLab 12 GeV
Sea Quarks and Gluons: EIC

Goal:
Unprecedented
21st Century Imaging 
of Hadronic Matter

High-Energy Scattering: Going 3D



High-Energy Scattering: Going 3D

After decades of study, we have the experimental and theoretical 
tools to systematically move beyond a 1D momentum fraction (xB) 
picture of the nucleon.

• High luminosity, large acceptance experiments with 
polarized beams & targets.

• Theoretical models in terms of a 5D Wigner distributions 
(3D momentum & transverse spatial distributions).

Deep Exclusive Scattering (DES) cross sections sensitive to 
quarks \w longitudinal momentum fraction xB @ transverse 
location bT.



Imaging via Nuclear Femtography

Structure mapped
in terms of
bT = transverse position
kT = transverse momentum

Also information on orbital 
angular momentum: r x p



• Polarized transverse momentum distribution 
measurements provide a powerful new window 
to QCD

• Transverse Momentum Distributions directly 
related to orbital motion

• For example, we can explore for the first-time 
interference in quantum phases due to the color 
force – impossible with previous 1D experiments

Confined Motion: Transverse Momentum 
Distributions of Quarks & Gluons
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1/25/22 First ECCE Workshop - J. Lajoie

arxiv: 2103.05419



Key EIC Reactions
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Global Properties & 
Parton Structure of 
Hadrons

Multi-dimensional 
Imaging of Nucleons, 
Nuclei, and Mesons 
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The Nucleus: A 
Laboratory for QCD

Electroweak 
and BSM



Nuclear PDFs
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Imaging Gluons & looking for Saturation

Boost



Spin Structure
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Neutron Spin from Double Tagging

Friscic and Nguyen et al., 
Phys. Lett. B, In-Print (2021)
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DOE released a call for ‘Collaboration Proposals for EIC detectors’

Submitted on Dec. 1st 2021. Review ongoing.

Strong interest in International involvement

Excellent opportunity to take leadership & make an impact!

EIC Detector
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What’s                ?

Scientists from   
96 institutions

Designing (& building!) 
a detector

To deliver on EIC 
science mission

12/13/2021 ECCE DPAP Panel Review 60



ECCE  Consortium
96 institutions from:
- All RHIC experiments,
- All JLab Halls,
- All LHC experiments.

Experience with relevant 
projects, most recently:
- ALICE Tracking, Calorimetry, 

Readout,
- sPHENIX tracking, calorimetry, 

readout, Computing, 
Infrastructure,

- GlueX DIRC, Computing
- Hall C NPS,
- SBS GEM Trackers,
- CMS far-forward detectors, 

Computing, timing upgrade,
- ….

12/14/2021 ECCE DPAP Panel Review 61



ECCE  Consortium

12/14/2021 ECCE DPAP Panel Review 62



EIC Detector
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ECCE Central Detector
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AI Assisted Detector Design
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Particle Tracking
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Particle Identification (PID)
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Cerenkov PID
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Time-Of-Flight (TOF) PID
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AC-LGAD technology for 25ps resolution



Calorimetry
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Calorimetry
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Far-Forward Detectors
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Starting ECCE construction 😁
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Large International Involvement



Full Geant4 studies done
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“State-of-the-art from scratch” J

• Si tracking
• Calorimetry
• Precision TOF (~25ps)

...
• Triggerless readout
• AI-based inversion techniques / tracking / readout



Summary:

Through a series of community-led studies, the EIC stands 
on a rigorous scientific basis that aims to revolutionize our 
understanding of nucleon and nuclear structure via QCD.

The EIC accelerator is a formal project at BNL. CD-1 
granted in 2021, on track for first measurements in 2031.

International project! Many opportunities to get involved.


