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The US-based Electron-Ion Collider

2NAPAC2016, Chicago,  9-14 October 2016

• Electron-Ion Collider (EIC):
• QCD@EIC Science Introduction
• 2015 US Nuclear Science Long-Range Plan
• The conceptualizations of the EIC

• The Science of the EIC White Paper
Imaging the Gluons and Quark Sea of Nucleons and Nuclei

• The requirements of the EIC – unique and perhaps 
counterintuitive

• Next steps for the EIC
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The Low Energy View of Nuclear Matter
• nucleus = protons + neutrons
• nucleon  quark model 
• quark model  QCD

The High Energy View of Nuclear Matter
The visible Universe is generated by 
quarks, but dominated by gluons!
But what influence does this have on 
hadron structure?

Remove
factor 20

Exposing the high-energy side of nuclei

quark model
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The Structure of the Proton 
Naïve Quark Model:proton = uud (valence quarks)
QCD: proton = uud + uu + dd + ss + …

The proton sea has a non-trivial structure: u ≠ d

 The proton is far more than just its up + up + down (valence) quark structure

& gluons are abundant

 Gluon       photon: Radiates and recombines:

gluon dynamics Non-trivial sea structure
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Gluons and QCD

• QCD is the fundamental theory that describes
structure and interactions in nuclear matter.

• Without gluons there are no protons, no neutrons,
and  no atomic nuclei

• Gluons dominate the structure of the QCD vacuum
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• Facts:
– The essential features of QCD (e.g. asymptotic

freedom, chiral symmetry breaking, and color
confinement) are driven by gluons!

– Unique aspect of QCD is the self interaction of
the gluons

– Mass from massless gluons and nearly
massless quarks

• Most of the mass of the visible universe emerges
from quark-gluon interactions

• The Higgs mechanism has almost no role here
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The US Nuclear Science 
Long-Range Planning Process



Nuclear Science Long-Range Planning
• Every 5-7 years the Nuclear Science 

community produces a Long-Range 
Planning (LRP) Document

• Previous versions:                               
1979, 1983,  1989, 1996, 2002, 2007

• The final document includes a small set of 
recommendations for the field of Nuclear 
Science for the next decade

• For instance, 12 GeV construction was the 
highest recommendation of the 2007 plan.

How does it work:
• The Division of Nuclear Physics of the American Physical Society 

organizes a series of Town Meetings, where the community 
provides input in the form of presentations and in the form of 
contributed “White Papers”

• Each Town Meeting produces a set of recommendations and a 
summary “White Paper”

• The Nuclear Science Advisory Committee, extended to about 60 
people into a Long-Range Plan Working Group, then comes 
together for a week and decides on a final set of recommendations 
and produces a LRP document
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2015 NSAC LRP Recommendations - shorthand

1. The progress achieved under the guidance of the 2007 Long Range Plan 
has reinforced U.S. world leadership in nuclear science.  The highest 
priority in this 2015 Plan is to capitalize on the investments made.

• 12 GeV – unfold quark & gluon structure of hadrons and nuclei
• FRIB – understanding of nuclei and their role in the cosmos
• Fundamental Symmetries Initiative – physics beyond the SM
• RHIC – properties and phases of quark and gluon matter

The ordering of these four bullets follows the priority ordering of the 2007 plan

2. We recommend the timely development and deployment of a U.S.-led ton-
scale neutrinoless double beta decay experiment.

3. We recommend a high-energy high-luminosity polarized Electron Ion 
Collider as the highest priority for new facility construction following the 
completion of FRIB.

4. We recommend increasing investment in small and mid-scale projects 
and initiatives that enable forefront research at universities and 
laboratories.
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2015 NSAC LRP Initiatives - shorthand

A number of specific initiatives are presented in the body of the report to follow. 
Two initiatives that support the recommendations made above and that will have 
significant impact on the field of nuclear science are highlighted here.

• To meet the challenges and realize the full scientic potential of current 
and future experiments requires new investments in theoretical and 
computational nuclear physics.

• Computational nuclear theory
• FRIB theory alliance
• Topical Collaboration expansion

• We recommend vigorous detector and accelerator R&D in support of the 
neutrinoless double beta decay program and the Electron Ion Collider. 

Note: also an initiative on Workforce, Education, and Outreach to recruit and 
educate early career scientists, including items like REU, SULI, Summer Schools, 
etc.
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The Conceptualizations of the 
EIC



The Electron Ion Collider
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World’s first
Polarized electron-proton/light ion 
and electron-Nucleus collider

Two proposals for realization of the 
science case -
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 

For e-N collisions at the EIC:
 Polarized beams: e, p, d/3He
 e beam 3-10(20) GeV
 Luminosity Lep ~ 1033-34 cm-2sec-1

100-1000 times HERA
 20-~100 (140) GeV Variable CoM

1212.1701.v3
A. Accardi et al



US-Based EICs
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JLEIC



eRHIC Baseline Design – now both L-R and R-R pursued
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• Peak luminosity 2 × 1034 cm-2 s-1 for 
√s ~ 70-105 GeV (250 GeV p↑)

Detector II

Detector I

Energy Recovery Linac,
1.32 GeVCoherent 

Electron Cooler
Polarized 

Electron Source

electrons

hadrons

From AGS

Beam Dump

100 meters

FFAG Recirculating Electron Rings ERL Cryomodules

1.3-5.3 GeV

6.6-21.2 GeV

 

   

arXiv:1409.1633

FFAG arcs 

1.32 GeV HOM-
damped SRF linac

Highly advanced and 
energy efficient accelerator

• Low-risk luminosity ~ 5-9 × 1032 cm-2 s-1 No civil construction



JLEIC Baseline Design

Features:
• Collider ring circumference: ~2100 m
• Electron collider ring and transfer lines : PEP-II magnets, 

RF (476 MHz) and vacuum chambers
• Ion collider ring: super-ferric magnets (3T)
• Booster ring: super-ferric magnets
• SRF ion linac

Goals:
• Balance of civil construction versus

magnet costs and risks
• Aim overall for low technical risks

Collaborators:
ANL, LBNL, Fermilab, SLAC,
Texas A&M
Also DESY, Dubna

arXiv:1209.0757  (Sept. 2012)
arXiv:1504.07961 (April 2015)
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• Low-risk luminosity ~ 5-10 × 1033 cm-2 s-1

(3 to 10 GeV)



EIC – World’s First Polarized eN Collider
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A spin factory of polarized electrons 
and polarized protons/light nuclei: 

imaging the quarks and gluons

• How are the gluons and sea quarks, and their intrinsic spins 
distributed in space & momentum inside protons and neutrons?

• What is the role of sea quark and gluon orbital angular momentum?
• How do gluons and sea quarks contribute to the nucleon-nucleon 

force?
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Our Understanding of Nucleon Spin
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/2 = Quark contribution to Proton Spin
LQ   = Quark Orbital Ang. Momentum
g = Gluon contribution to Proton Spin
LG   = Gluon Orbital Ang. Momentum



Our Understanding of Nucleon Spin

19

/2 = Quark contribution to Proton Spin
LQ   = Quark Orbital Ang. Momentum
g = Gluon contribution to Proton Spin
LG   = Gluon Orbital Ang. Momentum

Precision in  and g  A clear 
idea of the magnitude of LQ+LG



Helicity PDFs at an EIC
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Needs range of √s ~ 30-70
(and good luminosity)

Many models 
predict

u > 0, d < 0

A Polarized EIC:
• Tremendous improvement on xg(x)
• Good improvement in 
• Spin Flavor decomposition of the Light Quark Sea

Needs range of √s, here from ~ 45 to ~ 70



2+1 D partonic image of the proton
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Helicity Distributions: G and 

Spatial distance from origin X Transverse Momentum 
 Orbital Angular Momentum 



2+1 D partonic image of the proton
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Helicity Distributions: G and 

Transverse Momentum Distributions

Spatial distance from origin X Transverse Momentum 
 Orbital Angular Momentum 



2+1 D partonic image of the proton
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Helicity Distributions: G and 

Transverse Momentum Distributions

Spatial distance from origin X Transverse Momentum 
 Orbital Angular Momentum 



2+1 D partonic image of the proton
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Helicity Distributions: G and 

Transverse Momentum Distributions

Transverse Position Distributions

Spatial distance from origin X Transverse Momentum 
 Orbital Angular Momentum 



2+1 D partonic image of the proton
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Helicity Distributions: G and 

Transverse Momentum Distributions

Transverse Position Distributions

Spatial distance from origin X Transverse Momentum 
 Orbital Angular Momentum 



2+1 D partonic image of the proton
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Helicity Distributions: G and 

Transverse Momentum Distributions

Transverse Position Distributions

Spatial distance from origin X Transverse Momentum 
 Orbital Angular Momentum 



Tagging  Neutron spin structure & study of nuclear binding
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• Another area of interest: Measurement of the kinematics of the 
spectator nucleon indicator of the strength and (hence) the nature of 
its binding with the in-play nucleon(s): 
 quark-gluon origin of the nuclear binding
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Neutron spin structure with tagged DIS  e  +  D   e’ + p(recoil) + X
EIC simulation,  seN = 2000 GeV2,  Lint = 100 fb1

Nuclear binding eliminated through on-shell extrapolation in recoil proton momentum

Q2 = 1016

610
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2.54

1625

2540

4063

Error estimates include
extrapolation uncertainty

Tag the recoil proton:
Study the neutron’s q-g spin 

structure function.
Also for other few body nuclei



EIC – World’s First eA Collider
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The Nucleus: 
A laboratory for QCD

• What do we know about the gluons in nuclei? Very little!
• Does the gluon density saturate? Does this produce a unique 

and universal state of matter?
• How do color charges propagate through and interact with the 

nuclear medium?



EIC: sea quarks and gluons in nuclei

29

What do we know of gluons in nuclei? Essentially nothing!

Ratio of Parton Distribution Functions of Pb over Proton:
• Without EIC, large uncertainties in nuclear sea quarks and gluons
• An EIC will significantly reduce uncertainties

• Impossible for current and future pA data at RHIC & LHC data to achieve



EIC: sea quarks and gluons in nuclei
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What do we know of gluons in nuclei? Essentially nothing!

Ratio of Parton Distribution Functions of Pb over Proton:
• Without EIC, large uncertainties in nuclear sea quarks and gluons
• An EIC will significantly reduce uncertainties

• Impossible for current and future pA data at RHIC & LHC data to achieve



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

First observation of g-g recombination in different nuclei 
 Is this a universal property? 

 Is the Color Glass Condensate an appropriate effective theory?

gluon 
emission

gluon 
recombination

= at QS



A 7 TeV equivalent electron bombarding the proton … 
but nothing happens to the proton in 10-15% of cases

Diffractive event

Predictions for eA for such hard diffractive events 
range up to: 25-30%... given saturation models

(EIC: utilize g ~ A1/3 x s0.3 to hunt for c.q. map onset 
of saturation)

No activity in proton direction
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Saturation/CGC – what to measure?
Many ways to get to gluon distribution in nuclei, but diffraction most sensitive:
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Exposing different layers of the nuclear landscape with 
electron scattering

History:
Electromagnetic
Elastic electron-nucleus 
scattering  charge 
distribution of nuclei

Present/Near-future:
Electroweak
Parity-violating elastic 
electron-nucleus scattering 
(or hadronic reactions e.g.
at FRIB)  neutron skin

Future:
Color dipole
 Production in coherent 
electron-nucleus scattering 
 gluon spatial distribution 
of nuclei

Fourier transform gives 
unprecedented info on 
gluon spatial distribution, 
including impact of gluon 
saturation
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What does a proton or (nucleus) look like?

Bag Model: Gluon field distribution is 
wider than the fast moving quarks. 
Gluon radius > Charge Radius

Constituent Quark Model: Gluons and 
sea quarks hide inside massive quarks. 
Gluon radius ~ Charge Radius 

Lattice Gauge theory (with slow moving 
quarks), gluons more concentrated 
inside the quarks:                           
Gluon radius < Charge Radius

Need transverse images of the quarks 
and gluons in protons and nuclei 

Static                 Boosted
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Timeline of the Universe
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Timeline of the Universe

In Steven Weinberg’s seminal treaty on The 
First Three Minutes, a modern view of the origin 
of the universe, he conveniently starts with a 
‘first frame” when the cosmic temperature has 
already cooled to 100,000 million degrees 
Kelvin, carefully chosen to be below the 
threshold temperature for all hadrons.  Two 
reasons underlie this choice, the first that the 
quark-gluon description of hadrons was not 
universally accepted yet at that time, the second 
that the choice evades questions on the 
emergence of hadrons from quarks and gluons.



Shed EIC Light on the Dark Ages
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Color to colorless 
 loss of color? No, color of first parton always was balanced by another leg.

Characteristics of fragmentation process must be influenced by
• Dynamical Chiral Symmetry Breaking
• Confinement

• Colored object
• Nearly massless object
• Asymptotically free object

• Colorless objects
• Massive objects
• Confined objects

Da
h(z, pt

2; Q2)
Understanding of the 3D 
structure of fragmentation into a 
hadron requires studies of 
transverse momentum, spin and 
hadron species dependence

From 1D to 3D fragmentation:
• Many more variables,

Many more angles
• Multi-dimensional data
• Fine binnings

E
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The requirements of the EIC –
unique and perhaps counterintuitive



Physics vs. Luminosity & Energy
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Physics vs. EIC Design Requirements
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EIC range – with 100% acceptance

• Flexibility in energies
• Polarization – e- and p/d/3He
• Range of nuclei – H to Pb/U
• Excellent acceptance
• Good particle identification 

and resolution

Polarized luminosity and the 
capability to measure physics 
of interest is what counts

What the nuclear physicists dream off and drives the EIC designs, 
with upgrade paths included either in luminosity or in CM energy



Lepton-Proton Scattering Facilities
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Note the upgrade paths either in luminosity or in energy reach



EIC Requirements
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Requirements from Physics:
 High Luminosity > 1033-34 cm-2s-1 and higher  nucleon/nuclei imaging
 Flexible center of mass energy  wide kinematic reach 
 Electrons (0.8) and protons/light nuclei (0.7) highly polarized 

 study of spin structure
Wide range of nuclear beams (D to Pb/U)  high gluon densities
 Room for a wide acceptance detector with good PID (e/h & , K, p)

 flavor dependence
 Full (or large) acceptance for tagging, exclusivity, protons from elastic 

reactions, neutrons from nuclear breakup  target/nuclear fragments

The “sweet spot” for the EIC parameters is a balance of
• High enough energies to reach high Q2 (up to ~1000 GeV2)
• Low enough proton energy to measure transverse scale of ~100 MeV well.
• High enough energy to explore saturation.
• High enough luminosity for the nucleon/nuclei imaging.
• IR and Detector with acceptance and performance to fully measure the 

relevance processes 
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On one hand: need high beam energies
to resolve partons in nucleons.
Q2 needs to be up to ~1000 GeV2

On the other hand: need to resolve
quantities (kt, bt) of order a few
hundred MeV in the proton.  Limits the 
proton beam energy & High Lumi needed.

Electron-Ion Collider: Cannot be HERA or LHeC: proton energy too high 

s=xyQ2,   s=4EeEp

(Q2)

Experimental Challenge of the EIC
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110-310-4 10-2 10-1

Few-body
Regime

Collective
Regime

Saturation
Regime:
Needs to be
accessed via Ions

x (for proton)

QCD Radiation Dominated
(Studied at HERA) Hadron Structure Dominated

Many-body 
Regime

Main interest for EIC Nucleon/Nuclear Program

Spin,TMD, 
GPD…

(JLab 12)

Where EIC Needs to be in x (nucleon)
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Where EIC needs to be in Q2

110-1 10 102 103

Transition 
Region

Non-perturbative
Regime Perturbative

Regime

HERMES, COMPASS, JLAB 6 and 12

EIC

[GeV2

]Q2

• Include non-perturbative, perturbative and transition regimes
• Provide long evolution length and up to Q2 of ~1000 GeV2  (~.005 fm)
• Overlap with existing measurements 

Disentangle Perturbative/Non-perturbative,  Leading Twist/Higher Twist

x > 10-3,10-2 to 1

HERA high-x
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Particles Associated with Initial Ion

Central
Detector

Beam Elements

Beam Elements

Beam elements limit forward acceptance
Central Solenoid not effective for forward

EIC Final State Particles Possible to get 
100% acceptance 
for the whole event
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Full Acceptance for Forward Physics!
Example: acceptance for p’ in e + p  e’ + p’ + X

Huge gain in acceptance for forward tagging to measure F2
n and diffractive physics!!!
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Ongoing and next steps
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EIC Realization Imagined
With a formal NSAC/LRP recommendation, what can we 
speculate about any EIC timeline?

• It seems unlikely that a CD-0 (US Mission Need statement) will be awarded
before completion of a National Academy of Sciences study

– A study has been initiated and the committee is being formed
– This would imply CD-0 Fall/Late 2017

• EIC accelerator R&D questions will not be completely answered until ~2017/18
(FOA for EIC accelerator R&D appeared, DOE/NP review planning ongoing)

• Site selection may occur at CD-1 Level, perhaps around 2019

• EIC construction has to start after FRIB completion, with FRIB construction
anticipated to start ramping down near or in FY20

 Most optimistic scenario would have EIC construction start (CD3) in FY20, 
perhaps more realistic FY22-23 timeframe

 Best guess for EIC completion assuming NAS blessing would be 2025-2030 
timeframe
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DOE budget in FY 2015 dollars for Modest Growth scenario
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The EIC Users Group: EICUG.ORG

663 collaborators, 28 countries, 147 institutions.. 
(October 09, 2016)

And growing….Map of institution’s locations

(no students included as of yet)
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Keen Interest in Asia

(China, India, Japan, Korea)
Sent in the context of the US Long-Range Plan process



What’s next
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• As “Town Meeting” of US Nuclear Science Long-Range Planning effort:
June 2014 EIC Users Group Meeting at Stony Brook 

~180 participants from all over the world
http://skipper.physics.sunysb.edu/~eicug/meeting1/SBU.html

• After NSAC Long Range Plan, first preparatory EIC UG Meeting:
January 2016 EIC Users Group Meeting at Un. California at Berkeley

~120+ participants…from all continents
http://skipper.physics.sunysb.edu/~eicug/meeting2/UCB2016.html

• EIC UG meeting (EICUG charter accepted), joint with detector R&D meeting
July 6-7, 2016 Generic EIC-related detector R&D meeting at ANL
July 7-9, 2016 EIC Users Group Meeting at ANL
http://eic2016.phy.anl.gov

• EIC User Group Satellite Meeting at INPC in Adelaide, September 12, 2016

• Preparations for National Academy of Science study ongoing

• Next EIC UG meetings: January 2017 (likely electronic) to discuss NAS study prep
July 18-22, 2017 in Trieste, Italy



NAS Study - Charge to the EIC (2016)
The committee will assess the scientific justification for a U.S. domestic electron ion 
collider facility, taking into account current international plans and existing domestic 
facility infrastructure. In preparing its report, the committee will address the role that 
such a facility could play in the future of nuclear physics, considering the field broadly, 
but placing emphasis on its potential scientific impact on quantum chromodynamics. 
In particular, the committee will address the following questions:
• What is the merit and significance of the science that could be addressed by an 

electron ion collider facility and what is its importance in the overall context of 
research in nuclear physics and the physical sciences in general?

• What are the capabilities of other facilities, existing and planned, domestic and 
abroad, to address the science opportunities afforded by an electron-ion collider? 
What unique scientific role could be played by a domestic electron ion collider 
facility that is complementary to existing and planned facilities at home and 
elsewhere?

• What are the benefits to US leadership in nuclear physics if a domestic electron 
ion collider were constructed?

• What are the benefits to other fields of science and to society of establishing such 
a facility in the United States?
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Conclusion
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• The EIC will profoundly impact our understanding of the structure of nucleons 
and nuclei  in terms of sea quarks & gluons.

 Can we provide a bridge between sea quarks/gluons and nuclei?

• EIC will enable IMAGES of yet unexplored regions of phase spaces in QCD 
with its high luminosity/energy, nuclei & beam polarization                                          

 There is high potential for discovery

• Outstanding questions raised both by the science at RHIC/LHC and at 
HERMES/COMPASS/Jefferson Lab, have naturally led to the science 

and design parameters of the EIC

• There exists world wide interest in collaborating on the  EIC 

• Accelerator scientists at RHIC and JLab, in collaboration with many outside 
interested accelerator groups, can provide the intellectual and technical 
leadership to realize the EIC, a frontier accelerator facility.

The future of QCD-based nuclear science demands an Electron Ion Collider



QCD and confinement

Large Distance
Low Energy

Small Distance
High Energy

Perturbative QCD Strong QCD
High Energy Scattering

Gluon Jets
Observed

QCD

Hadron Spectrum - no signature of gluons?
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Successful perturbative predictions
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Z production at the LHC



Successful perturbative predictions
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Z production at the LHC



Proton at Low and High Energy
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At high energy:
• Wee partons fluctuations time dilated in strong interaction time scales
• Long lived gluons can radiate further smaller x gluons  runaway growth?

Low energy
High x

Regime of JLab

High energy
Low- x

Regime of a Collider



Saturation

The Evolution of a Proton – Deep into the Sea 

= >

Resolution
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Deep Inelastic Scattering
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 Precision microscope with superfine control

Inclusive events: e+p/A  e’+X
Detect only the scattered lepton in the detector

Semi-Inclusive events: e+p/A  e’+h(,K,p,jet)+X
Detect the scattered lepton in coincidence with identified hadrons/jets in the detector

Exclusive events: e+p/A  e’+ p’/A’+ h(,K,p,jet)
Detect every things including scattered proton/nucleus (or its fragments)

Q2  Measure of resolution
y  Measure of inelasticity
x  Measure of momentum fraction

of the struck quark in a proton

Q2 = S x y



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

valence to low-x physics



US EIC: Kinematic reach & properties
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For e-N collisions at the EIC:
 Polarized beams: e, p, d/3He
 Variable center of mass energy
 Wide Q2 range  evolution
 Wide x range  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)



Structure Function by Different DIS Probes
F 2
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The Classic Example
• Extending the scaling found by the 

venerable SLAC (electron scattering) 
experiment.

• Confirming the basis of the Quark-
Parton Model: the expected 5/18 
charge weighting works well.

• Logarithmic Scaling Violations as 
anticipated from a renormalizable 
field theory (QCD) are clearly shown, 
with both muon and neutrino probes.

 DIS

 DIS
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3D Imaging of Quarks and Gluons
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W(x,bT,kT)
∫ d2kT

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

∫d2bT

bT

kT

xp

Spin-dependent 3D momentum space 
images from semi-inclusive scattering

Quarks

Spin-dependent 2D (transverse 
spatial) +  1D (longitudinal 
momentum) coordinate space images 
from exclusive scattering

Gluons

Momentum
space

Coordinate
space



3D Imaging of Quarks and Gluons
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W(x,bT,kT)
∫ d2kT

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

∫d2bT

bT

kT

xp
Quarks Gluons

Momentum
space

Coordinate
space

Position r X Momentum p Orbital Motion of Partons



Access to the Gluon TMDs
Access to gluon TMDs may be possible by:
• Di-jet/di-hadron production
• Heavy quark production
• Quarkonium production

Integrated luminosity of 100 fb-1

Example:

where both D and D are in the current 
fragmentation region, with momentum 
k1 and k2, respectively, and N is a 
transversely polarized nucleon.
Gluon Sivers will introduce an 
azimuthal asymmetry correlating

k’  = k1 + k2 of the DD pair
with the transvers polarization S 

POETIC6 @ Palaiseau 7-11 September 2015 67



68

(Tagged) Neutron Structure Extrapolation in t
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(Tagged) Neutron Structure Extrapolation in t

• t resolution better than 20 MeV, < fermi momentum
• Resolution limited/given by ion momentum spread
• Allow precision extraction of F2

n neutron structure function



707070707070707070Completed, planned, and possible EW measurements

 EIC allows to probe the electro-weak
mixing angle over a tremendous range of Q

Scale dependence of sin2w
“Hunting for the unseen forces of the universe”

Tension!

70POETIC6 @ Palaiseau 7-11 September 2015

Deviation from the “curve” 
may be hints of BSM 
scenarios including: 
Lepto-Quarks, RPV SUSY 
extensions, E6/Z’ based 
extensions of the SM

Note: recent Tevatron point not included



Gluons and the EIC – US Coverage
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Scientific American
May 2015



Gluons and the EIC – US Coverage
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Scientific American
May 2015



Gluons and the EIC – Brasil Coverage
Scientific American Brasil
June 2015
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FÍSICA DE PARTÍCULAS – p.48
A cola que nos une
Os físicos sabem que glúons mantêm a integridade de 
prótons, nêutrons e do Universo. Mas ainda é um mistério 
como essas partículas funcionam.
Rolf Ent, Thomas Ullrich e Raju Venugopalan

FISICA
Novas pesquisas sobre as 
particulas que mantem o 
Universo unido

New inquiries on the particles 
that hold the universe together



Gluons and the EIC – Italy Coverage
Le Scienze
July 2015

74

The secrets of the 
particles that hold 
matter together



Gluons and the EIC – France Coverage
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Pour La Science - September 2015



Gluons and the EIC – Germany Coverage
Spektrum der Wissenschaft - December 2015
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Nuclear Science Long-Range Planning

77

Adapted from Don Geesaman (ANL, NSAC Chair) presentation
See: http://science.energy.gov/np/nsac/meetings/agenda20141117/

LRP Schedule
 Charge delivered at 24 April 2014 NSAC Meeting
 LRP Working Group formed in early June of ~60 members

- NuPECC (Europe) and ANPhA (Asia) observers included
 Community organization Summer 2014
 DNP Town Meetings in the July/September 2014 time frame
 Joint APS-DNP-JPS Meeting Oct. 7-11, 2014, Wednesday 

afternoon discussion
 Working Group organizational meeting Nov. 16 in Rockville, MD
 Time for more community meetings in November-January
 (Community) White Papers by end of January, 2015 to have 

greatest impact
 Cost review of EIC by February 2015
 Most of text of report assembled by April 10, 2015
 Resolution meeting of Long Range Plan working group 

April 16-20, 2015
 Draft report reviewed by external wise women and men
 LRP final report finalized October 2015

(Unanimously accepted at NSAC meeting October 15)
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