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The US Electron Ion Collider Project
• What is the Electron Ion Collider?
• What physics is motivating it? 
 MPI in nucleons and nuclei: 
 Precision study of role of Gluons in QCD
• What is the status? Connections to MPI’s
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RECOMMENDATION: 
We recommend a high-energy high-
luminosity polarized EIC as the 
highest priority for new facility 
construction following the 
completion of FRIB.   

Initiatives: 
Theory          
Detector & Accelerator R&D     

http://science.energy.gov/np/reports

NEW Money for EIC Accelerator 
R&D already assigned $7m/yr 

Detector R&D money ~1.3M/yr 
Significant increase anticipated
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World’s first 
Polarized electron-proton/light ion  
and electron-Nucleus collider 

Both designs use DOE’s significant 
investments in infrastructure

For e-A collisions at the EIC: 
✓ Wide range in nuclei 
✓ Luminosity per nucleon same as e-p 
✓ Variable center of mass energy 

The Electron Ion Collider 
Two options of realization!
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For e-N collisions at the EIC: 
✓ Polarized beams: e, p, d/3He 
✓ e beam 5-10(20) GeV 
✓ Luminosity Lep ~ 1033-34 cm-2sec-1 

100-1000 times HERA 
✓ 20-100 (140) GeV Variable CoM  
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Ring-Ring
Not to scale
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    EIC: Kinematic reach & properties
4

For e-N collisions at the EIC: 
✓ Polarized beams: e, p, d/3He 
✓ Variable center of mass energy 
✓ Wide Q2 range à evolution  
✓ Wide x range à spanning 

valence to low-x physics

For e-A collisions at the EIC: 
✓ Wide range in nuclei 
✓ Lum. per nucleon same as e-p 
✓ Variable center of mass energy  
✓ Wide x range (evolution) 
✓ Wide x region (reach high gluon 

densities)
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QCD Landscape to be explored by EIC
QCD at high resolution (Q2) —weakly correlated quarks and gluons are well-described
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QCD Landscape to be explored by EIC
QCD at high resolution (Q2) —weakly correlated quarks and gluons are well-described

Strong QCD dynamics creates 
many-body correlations between  
quarks and gluons 
à hadron structure emerges

EIC will systematically explore  
correlations in this region.

An exciting opportunity: 
Observation by EIC of a new 
regime in QCD of weakly 
coupled high density matter
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A new facility is needed to investigate, with precision, the dynamics of 
gluons & sea quarks and their role in the structure of visible matter

How are the sea quarks and gluons, and their spins, 
distributed in space and momentum inside the nucleon?  
How do the nucleon properties emerge from them and 
their interactions?
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A new facility is needed to investigate, with precision, the dynamics of 
gluons & sea quarks and their role in the structure of visible matter

How are the sea quarks and gluons, and their spins, 
distributed in space and momentum inside the nucleon?  
How do the nucleon properties emerge from them and 
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?  
How do the quark-gluon interactions create 
nuclear binding?

gluon  
emission

gluon 
recombination

?

How does a dense nuclear environment affect 
the quarks and gluons, their correlations, and 
their interactions? 
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 
nuclei, even the proton? =
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Nucleon’s Spin:  
results from multi-partonic interactions 
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“Helicity sum rule”

orbital angular  
momentum

gluon 
contribution

quark 
contribution

W(x,bT,kT)
∫ d2kT

f(x,bT)f(x,kT)

∫d2bT

bT

kT

xp

Momentum 
Space Distributions

Coordinate 
Space Distributions

3D imaging of quarks and gluons in a nucleon: Wigner Functions 

Impact parameter distributions 
GPDs ➔ Orbital Angular Mom

Semi-inclusive DIS à TMDs ➔ 
Evidence of Orbital Angular Motion
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What do we learn from low-x studies?
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What do we learn from low-x studies?
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What tames the low-x rise? 
• New evolution eqn.s @ low x & moderate Q2 
• Saturation Scale QS(x) where gluon emission 

and recombination comparable 

gluon  
emission

gluon 
recombination

= At QS
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What do we learn from low-x studies?
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What tames the low-x rise? 
• New evolution eqn.s @ low x & moderate Q2 
• Saturation Scale QS(x) where gluon emission 

and recombination comparable 

First unambiguous observation of gluon recombination effects in nuclei: 
➔leading to a collective gluonic system! 

First observation of g-g recombination in different nuclei  
à Is this a universal property?  
à Is the Color Glass Condensate the correct effective theory? 

gluon  
emission

gluon 
recombination

= At QS
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How to explore/study this new phase of matter? 
(multi-TeV) e-p collider OR a (multi-10s GeV) e-A collider
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Advantage of nucleus à
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Kovchegov et al.
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How to explore/study this new phase of matter? 
(multi-TeV) e-p collider OR a (multi-10s GeV) e-A collider

9

Enhancement of QS with A: 
 Saturation regime reached at significantly lower 

energy (read: “cost”) in nuclei 

Advantage of nucleus à
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Transverse imaging of the gluons nuclei
Diffractive vector meson 

production in e-Au
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➔Does low x dynamics 
(Saturation) modify the 
transverse gluon distribution?  

Experimental challenges being 
Studied.

Diff. MC: “Sartre” 

Simulation study by Toll & Ullrich
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Many ways to get to gluon distribution in nuclei, but 
diffraction most sensitive: 

At HERA  
ep: 10-15% diffractive 

At EIC eA, if Saturation/CGC 
eA: 25-30% diffractive

Saturation/CGC: What to measure?
1112/13/2017
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EIC Detector Concepts 
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“ePHENIX” EIC Detector Concepts 
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“ePHENIX”
“BEAST”

JLEIC Det

Other ideas from the Users Group  
are welcome! (essential!)

EIC Detector Concepts 
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“ePHENIX”
“BEAST”

JLEIC Det
ANL’s: “SiEIC Detector” Si-tracker &  
Precision calorimetry: particle flow detecor 
concept 

EIC Detector Concepts 
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EIC Status:
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EIC Status:
• 700+ collaborators have joined the EIC as potential users 

from 160 institutions and 29 countries

• Science driven by compellinv questions raised over the 
last 50 years in QCD ➔US nuclear science advisory 
committee has give it a “go”

• US National Academy of Science is currently reviewing 
this ➔ report imminent in April 2018 after which the 
DOE’s critical decision process will begin

• Expect first collisions by ~2027 ➔ We are looking for 
good ideas and further strengthening of the science case
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Thank you.
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Connections to other areas of physics
• Explorations of the stringy dynamics of hadrons led to the string theory of 

Gravity. A weakly coupled regime of 10-d gravity is conjectured to be dual to 
strongly coupled 4-d QCD-like theory. Further profound connections may 
emerge from deeper investigations of the QCD landscape.

• The dynamics of strongly coupled cold atom gases and QCD (non-Abelian 
gauge fields but also strong nuclear fields) show strikingly common features. 
Cold atom scientists are actively engaged in engineering cold atoms 
simulators of gauge field mechanism.

• Strong connections have emerged between studies of strongly correlated 
condensed matter systems and QCD: topological effects arising from chiral 
anomaly

• Strong field QED explores the breakdown of the QED vacuum and its 
nonlinear optical response in e+e- pair creation. Reaching this regime is a 
major goal in developing high powered lasers.
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