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PD14-017 and PD16-007

PD14-017  
• eRHIC Design Study 
• Funding 
‣ FY14: $132,991 
‣ FY15: $527,925 
‣ FY16: $398,000 

• YTD Expenses 
‣ FY14: $134,415 
‣ FY15: $528,360 
‣ FY16: $303,902 

PD16-007 
• eRHIC Design Study and 

Preparation for DOE 
Critical Decision Process 

• Funding 
‣ FY16: $202,000 
‣ FY17: $600,000 
‣ FY18: $600,000 

• YTD Expenses 
‣ FY16: $85,976



• The 2007 NSAC Long Range Plan had good 
words for an EIC but no recommendation 
‣ “An EIC with polarized beams has been 

embraced by the U.S. nuclear science 
community as embodying the vision for 
reaching the next QCD frontier.” 
‣ Two labs compete to host the EIC, JLAB 

(MEIC now JLEIC) and BNL (eRHIC) 

• In 2009 the EIC Task Force at BNL was formed, 
headed by E. Aschenauer and TU 
‣ Initially, with the help of LDRDs and support 

from STAR and the physics department the 
task force was instrumental in building the 
physics case. The EIC White Paper is the 
most comprehensive description of the EIC 
physics program to-date. The studies featured 
in the ep and eA part of the White Paper were 
almost all carried out by the EIC Task Force.
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• Strengthened by PD14-017 the task force, 
together with the eRHIC design group at CAD 
compiled the “eRHIC Design Study” laying out 
an EIC facility at BNL  
‣ Physics, Machine, Detector 
‣ eRHIC features higher energies than the JLAB 

design, and is overall cheaper 
‣ Cost estimate ~$750M + $200M for machine 

and detector 
‣ New and improved studies conducted for the 

Design Study are used to update the White 
Paper in preparation for the next LRP 

• The 2015 NSAC Long Range Plan 
‣ “We recommend a high-energy high-luminosity 

polarized EIC as the highest priority for new 
facility construction following the completion of 
FRIB.”
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• DOE initiated a National Academy of Science (NAS) review before 
taking further action 

‣ Committee being assembled  

‣ ~18 month review 

‣ Expect resolution Fall/Winter 2017 

• According to DOE (Tim Hallman) a successful review would be 
promptly followed by CD-0, likely in 2018 

• After CD-0, DOE will likely have to make a site selection 

• JLAB is currently aggressively recruiting new personnel to work 
exclusively on the EIC
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The Context



Goals of this project 
• Provide scientific (post-doc, student, visitor funding) and technical support 

(software development and  management) to complete essential 
documentation and community activity required for a successful  eRHIC 
campaign in preparation for the upcoming DOE/NSF Long Range Plan 
activity for Nuclear Physics in 2014-2015, and the expected subsequent  
completion of a full Conceptual Design Report for eRHIC as a basis for a  
DOE Critical Decision (CD-0) to initiate a construction project. 

Description of project   
• We are entering a critical 2-3 year period for the realization of an Electron 

Ion Collider, eRHIC, at BNL as the next major facility for Nuclear Physics in 
the U.S. The DOE/NSF Long Range Plan process for Nuclear Physics is 
expected to take place with a nation-wide series of workshops beginning 
late in 2014, and to conclude in 2015. It is critically important that an 
Electron Ion Collider receive the highest recommendation for new 
construction in this plan and, if this is the case, BNL must have a well 
developed document outlining its proposed research program and machine 
design as input for DOE decisions to site such a facility and proceed with a 
construction project.
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Original Project Goals - PD14-017



Goals of this project 
• Provide scientific support (post-docs, students, short and long-term visitor 

funding) and technical support (software development and management) 
to help bringing the eRHIC project on track to be the only viable realization 
of an EIC in the US. This includes further expanding and strengthening of 
the physics case, detector design and integration into the machine 
concept, as well as physics guidance for the cost and performance 
optimization of the machine design for a successful campaign to host an 
Electron-Ion Collider at BNL and prepare the foundation for a DOE Critical 
Decision (CD-0) to initiate a construction project.  

Description of project   
• The ultimate return on investment would be if BNL is selected as the site 

for the EIC. The Physics Department EIC Science Task Force will play a 
major role in the preparation of CD-0 and for the EIC site selection. This 
includes intellectual leadership to continue to develop the physics potential 
of an EIC, broaden its portfolio further and, in parallel, work on 
improvements on an EIC detector design and integration into the eRHIC 
machine concept. Members of the task force will aid in optimizing the 
eRHIC machine aiming at lowering the cost without jeopardizing the 
physics reach. 
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Original Project Goals - PD16-007



• We hired (and are in the process of hiring) extremely talented people with 
experience in Deep Inelastic Scattering (DIS) and in the physics topics that drive 
the EIC 

• We established collaborations with the best theorist in and outside the US on the 
respective topic for guidance and hands-on calculations 

• We had and plan to have experts in various aspects if an EIC listing BNL for short 
or longer periods to work with us (cost efficient). 

• We hired experts to design a detector and integrate it in the eRHIC machine 
design 

• We participate actively in the Detector EIC R&D program 
• We defined physics driven design criteria for the eRHIC machine and the detector 

design and work in close collaboration with the EIC design team in CAD 
• We actively promote eRHIC/EIC by giving colloquia and seminars at major 

universities in and outside the US, give talks at big conferences, publish articles 
in popular magazines, and work closely with BNL’s public relation department to 
reach a wide audience 

• We have regular meetings to discuss and monitor the progress on the goals  
• We organize and participate in EIC specific conferences and workshops 
• We continue to improve the physics case for an EIC in collaboration with theory

8

Plan/Approach



With support of initially LDRDs and later PD, we carried out ~80% all of 
the studies on which the EICs physics case rest. Key achievements are: 

• EIC White Paper (v2 in early 2015) 
‣ Definite expression  of the scientific case 

• eRHIC Design Report (Winter 2014) 
‣ Together with CAD overall design for an EIC at BNL 

• The group was instrumental in the preparations for the LRP 
‣ Highest recommendation for new construction of EIC in 2015 Long 

Range Plan 

• We have and still do develop event generators for physics simulation 
specific for an EIC 

• We have been supporting the EIC Detector R&D with detailed 
simulations and proposed major EIC R&D activities which have been 
reviewed by the R&D committee very positively w/o exception 

• We have integrated the entire auxiliary detectors into the current IR 
ring-ring and linac-ring design
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Accomplishments 
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Accomplishments 

All goals of PD14-017 were achieved …

PD16-007 as the successor aims at taking the
necessary next steps towards the realization of an EIC



• Past 
‣ Dr. Matt Lamont: assoc. physicist, eA physics case, structure 

functions 
‣ Dr. Tobias Toll: postdoc, eA physics, diffractive events 
‣ Dr. Liang Zhang: Grad. student, till August 2014 graduated in Nov. 

2014 at Central China Normal University in Wuhan China 
• Current 

‣ Dr. J.H. Lee: Physicists, forward detector physics and Roman Pot 
designs, hadron correlations 

‣ Dr. A. Kiselev: Physics Assoc II, detector design and simulations 
‣ Dr. B. Page: Postdoc since January 2015, jet tomography in ep and 

eA  
‣ Dr. S. Fazio: Physics Assoc II, 3+1d imaging of the proton, DVCS, 

structure functions 
‣ Dr. Matthew Sievert, Postdoc (theory), TMDs, quark helicity  
‣ Xiaoxuan Chu: Grad. student since January 2015, jets 

• Ongoing search for postdoc (short list exists)
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People Supported by PD Funds



• eRHIC Design study: An Electron-Ion Collider at BNL, E.C. Aschenauer et al. arXiv;1409:1633 
• EIC White Paper: Electron Ion Collider: The Next QCD Frontier – Understanding the glue that 

binds us all – 2nd Edition, A. Accardi et al., arXiv:1212:1701 (v2 2015) 
• Determination of electron-nucleus collision geometry with forward neutrons, L. Zheng, E. C. 

Aschenauer, J. H. Lee, Eur. Phys. J. A (2014) 50: 189 
• Probing gluon saturation through dihadron correlations at an Electron-Ion Collider, L. Zheng, E. 

C. Aschenauer, J. H. Lee, Bo-wen Xiao, arXiv:1403.2413 PRD 89 (2014) 074037 
• Studying photon structure at an EIC, Xiaoxuan Chu, Elke-Caroline Aschenauer, Jeong-Hun Lee, 

arXiv:1607.01705 (2016) 
• Unveiling the Proton Spin Decomposition at a Future Electron-Ion Collider, Elke C. Aschenauer 

(Brookhaven), R. Sassot (Buenos Aires U.), M. Stratmann (Tubingen U.), Phys. Rev. D92 (2015) 
no.9, 094030 

• The dipole model Monte Carlo generator Sartre 1, Tobias Toll, Thomas Ullrich., 
Comput.Phys.Commun. 185 (2014) 1835-1853 

• Probing short-range nucleon-nucleon interactions with an Electron-Ion Collider, Gerald A. Miller, 
Matthew D. Sievert, and Raju Venugopalan, Phys. Rev. C93 (2016) 045202 

• Helicity Evolution at Small-x, Yuri V. Kovchegov (Ohio State U.), Daniel Pitonyak (RIKEN BNL), 
Matthew D. Sievert (Brookhaven), JHEP 1601 (2016) 072 

• Calculating TMDs of a Large Nucleus: Quasi-Classical Approximation and Quantum Evolution, 
Yuri V. Kovchegov (Ohio State U.), Matthew D. Sievert (Brookhaven). Nucl. Phys. B903 (2016) 
164-203 

• Predictions for Sivers single spin asymmetries in one- and two-hadron electroproduction at 
CLAS12 and EIC, H. Matevosyan, A. Kotzinian, E.C. Aschenauer, H. Avakian, and A. W. 
Thomas, Phys. Rev. D 92, 054028 (2015) 11

Publications



• Elke Aschenauer 
‣ Seminar at University of Frankfurt 
‣ Seminar at University of Tuebingen 
‣ Electron Ion Collider Users Meeting 
‣ Seminar MIT Nuclear Physics Group 
‣ DIS-2016 
‣ Precision Radiative Corrections for Next 

Generation Experiments 
‣ QCD Evolution 
‣ ECFA-Plenary Meeting 

• Xiaoxuan Chu 
‣ Electron Ion Collider Users Meeting 
‣ DIS-2016 
‣ RHIC/AGS Users' Meeting 2016 

• Alexander  Kiselev 
‣ DIS 2016 
‣ EIC User Group Meeting 
‣ Spring 2016 fsPHENIX Workshop 
‣ EIC User Group Meeting 
‣ SPIN 2016 

• J.H. Jee 
‣ InitialStages2016  
‣ RHIC/AGS Users' Meeting 2016 

• Brian Page 
‣ Electron Ion Collider Users Meeting, 

Argonne 
‣ Electron Ion Collider Users Meeting, 

Argonne, Berkeley 
‣ Rencontres de Moriond 

• Thomas Ullrich 
‣ EIC User Group Meeting, Argonne 
‣ Colloquium at Heidelberg University 
‣ Colloquium at Old Dominion University 
‣ Colloquium at University of Houston 
‣ EIC User Group Meeting, Berkeley 
‣ NSAC EIC Cost Review, Chicago 
‣ DIS 2015 
‣ Hard Probes 2015 

• Petti Richard 
‣ Hard Probes 2015 
‣ SPIN 2016 
‣ EIC Users Meeting Summer 2016 
‣ Electron Ion Collider User Group Meeting 
‣ BNL Young Researcher Symposium 

2015 
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Presentations (2015 & 2016)
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Public Relation & NAS Review Preparation
The Electron Ion Collider

The proton may seem like a simple object, but it’s not. 

Inside, there’s a teeming microcosm of quarks  
and gluons whose ethereal interactions help 

establish its essential properties as a  
building block of all visible matter. 

Protons, along with neutrons, form the nuclei of atoms, 
which make up the bulk of the mass of everything we see 
in the universe today, from stars to planets to people. To 
understand the details of the proton’s inner microcosm, 
and how this internal structure relates to proton proper-
ties and the large-scale structure of the universe, nuclear 
physicists hope to build an Electron Ion Collider (EIC)—a 
machine that would open a new window through which 
we can gaze out onto the universe around us and under-
stand the matter within us. 

Building Upon Discovery
Experiments in nuclear physics provide an unparalleled 
opportunity for physicists to “go back in time” to study 
matter as it existed in the very early universe—before the 
first protons, neutrons, or atoms ever formed. So far, these 
experiments have given scientists a glimpse of the inner 
structure of the proton, as well as hints of other intrigu-
ing states of matter and brand new questions to explore. 
Likewise, the complex theory physicists use to describe 
the interactions of subatomic quarks and gluons makes 
predictions that cry out to be challenged by new data. 
One key question is how gluons, which have no mass 
themselves, could account for 98 percent of the mass of 
visible matter in the universe.

While existing nuclear physics 
facilities continue to provide import-
ant insight and fresh data—pushing the 
limits of discovery well beyond their initial 
designs—there is only so far they can go to-
ward unlocking the inner workings of the building 
blocks of matter. The Electron Ion Collider would be 
a novel tool with unprecedented resolution for exploring 
this inner world, providing the ultimate picture of protons 
and nuclei at their deepest level.

The Electron Ion Collider would steer a high-intensity 
beam of high-energy electrons into head-on collisions with 
protons or larger atomic nuclei. The intensity and energy 
of the electron beam would produce rapid-fire interactions 
allowing detectors to capture “freeze-frame” snapshots of 
the inner structure of the protons and nuclear matter with 

The U.S. nuclear physics community 
recommends building an Electron Ion Collider  
as the highest priority new facility for the field.

unprecedented resolution. These collisions would reveal 
fine details of the “sea” of quarks and “ocean” of gluons 
that make up the larger particles, and help physicists un-
ravel how their dynamic interactions generate the energy, 
motion, and spin of the building blocks of nearly all the 
visible matter in the universe.

Benefits Beyond Physics 
Beyond sparking scientific discoveries in a new fron-
tier of fundamental physics, an Electron Ion Collider 
will trigger technological breakthroughs that have 

broad-ranging impact on human health and national chal-
lenges. Research on the technologies needed to make this ma-

chine a reality is already pushing the evolution of magnets and 
other particle accelerator components. Some of these advances 
could make more energy-efficient accelerators, thereby dramat-

ically shrinking the size and operating costs of accelerators used 
across science and industry—for example, to make and test com-

puter chips; to deliver cancer-killing energy to tumors; to study and design 
improved sustainable energy technologies such as solar cells, batteries, and 

catalysts; and to develop new kinds of drugs and other medical treatments. 
New methods of particle detection developed for an EIC could also lead to 

advances in medical imaging and national security. 

In truth, it’s nearly impossible to predict what will come from the 
knowledge gained from an EIC. History shows that applications 

springing from a deeper understanding of matter and fun-
damental forces—things like GPS, microelectronics, and radiological techniques for 

diagnosing and treating disease—often emerge many years after the foundational 
physics discoveries that make them possible. But one thing is certain: Building the 

experiments that inspire and train the next generation of scientific explorers is 
essential for maintaining U.S. leadership in nuclear science—and for devel-

oping the high-tech workforce needed to address some of our nation’s 
deepest challenges. 

Hundreds of students will help to build and conduct research 
at an EIC. Some will go on to explore other new questions in 

physics, but many will apply their expertise in a range of 
careers that fuel the economy, provide for security, 

and pave the way to a healthier, brighter future 
for all. In building an Electron Ion Collider, 

today’s U.S. nuclear physics commu-
nity hopes to lay the founda-

tion for that future.

Solving the proton spin puzzle
The Electron Ion Collider 
would be the world’s 
first polarized 
electron-pro-
ton collider 
where both 
the electron 
and proton 
beams have 
their spins 
aligned in 
a controlla-
ble way. This 
polarization 
makes it possible 
to make precision 
measurements of 
how a protons’ constit-
uent quarks and gluons and 
their interactions contribute to the 
proton’s intrinsic angular momentum, or spin.  
Spin influences the proton’s optical, electrical, and mag-
netic characteristics and makes technologies such as 
MRI scanning work, but its origin has eluded physicists 
ever since experiments in the 1980s revealed that quarks 
can account for only about a third of the total spin. More 
recent experiments show that gluons make a significant 
contribution, perhaps even more than the quarks. An Elec-
tron Ion Collider would produce definitive measurements 
of the gluons’ contributions, including how their move-
ments within the proton microcosm affect its overall spin 
structure—thus providing the final pieces needed to solve 
this longstanding puzzle.

Precision 3D imaging of protons and nuclei
Scientists would use the Electron Ion Collider to take three-dimensional precision 
snapshots of the internal structure of protons and other atomic nuclei. As they pierce 
through the larger particles, the high-energy electrons will interact with the inter-
nal microcosm to reveal unprecedented details—zooming in beyond the simplistic 
structure of three valence quarks bound by a mysterious force. Recent experiments 
indicate that gluons, the glue-like carriers of nature’s strongest force, multiply and 
appear to linger within particles accelerated close to the speed of light, and are 
the major player in establishing key properties of protons and nuclear matter. 
By taking images at a range of energies, an EIC will reveal features of this 
“ocean” of gluons and the “sea” quarks that form when overabundant 
gluons split—allowing scientists to map out the particles’ distribution and move-
ment within protons and nuclei, similar to the way medical imaging technologies 
construct 3D dynamic images of the brain. These studies may help reveal how the 
energy of the massless gluons is transformed through Einstein’s famous equation, 
E=mc2, to generate most of the mass of visible matter.

Scientific Goals
of the Electron Ion Collider

Search for saturation
Capturing the dynamic action of gluons within protons 
and nuclei will give scientists a way to test their under-
standing of these particles’ ephemeral properties. As gluons flit 
in and out of the vacuum, multiplying and recombining, scientists 
suspect they may reach a steady state of saturation called 
a “color glass condensate.” This unique form of nuclear matter 
gets its name from the “color” charges that mediate the interactions 
of the strong nuclear force, and the dense, glasslike walls these particles 
are thought to form in nuclei accelerated to the speed of light, seemingly 
suspended by the effects of time dilation. Scientists will use the Electron Ion 
Collider to search for definitive proof of whether this form of matter exists, and 
test the limits of gluons’ ability to expand the bounds of a single nucleus. They’ll 
also explore the mechanism that keeps gluon growth in check, like a lid clamp-
ing down on an overflowing popcorn pot. Precisely measuring the strength of the 
gluon fields, which constitute the strongest fields found in nature, will tell us how 
gluons interact with each other and what makes them behave so differently from 
photons, the carriers of the electromagnetic force.

Quarks

The keys to the universe

GluonsSpin

Office of
Science

The Electron Ion Collider
Opening a new window through which we can gaze out onto  

the universe around us and understand the matter within us

46 Scientific American, May 2015

The Quandaries of Quarks 
and Gluons

Every proton or neutron inside an atom contains three primary 
quarks held together by gluons (this page). In addition to the main 
three quarks, extra pairs of quarks and their antimatter counter-
parts constantly appear and disappear, along with phantom gluons 
that arise and vanish, creating a so-called quantum foam that con-
tinuously alters the landscape inside protons and neutrons. This 
cacophony complicates a number of fundamental questions, 
such as how quarks and gluons can account for the mass-
es and spins of their parent particles and how exactly 
gluons do the work of containing quarks in stable 
configurations. One way physicists attempt to re-
solve these mysteries is by considering the the-
oretical properties of, and even trying to cre-
ate, unusual configurations of gluons and 
quarks (opposite page).

N U C L E A R  P H Y S I C S 

Peering inside a proton or 
neutron, we see a dynamic 
picture. In addition to the basic 
quark trio, a sea of quarks and 
antiquarks, as well as gluons, 
pops in and out of existence.

The total spin of a proton or 
neutron (arrow) may be affected 
by the indivi dual spins of its 
constituents as well as their 
orbital motion.

Quark

Gluon

Proton

Neutron

Quarks

Nucleus

Electron

Quantum foam

Atomic Structure: 
Two Views

The classic picture of an atom 
(shown below) has electrons 
orbiting a nucleus of protons 
and neutrons made of three 
quarks each. But the image 
at the right shows the 
quantum foam—a truer, 
busier view of the innards  
of subatomic particles.

42 Scientific American, May 2015
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PA RT I C L E  P H YS I CS

Physicists have known for decades that particles  
called gluons keep protons and neutrons intact— 

and thereby hold the universe together. Yet the details  
of how gluons function remain surprisingly mysterious 

By Rolf Ent, Thomas Ullrich and Raju Venugopalan

Illustration by Maria Corte
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• Sci. Am. Article on Glue and EIC 
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• Prepare for NAS review in 
collaboration with BNLs graphic 
designers



Overarching Goal: 
• Actively support and prepare the NAS Review and subsequent 

CD-0 
• Further strengthen the physics case and the portfolio 

‣ Examples of ongoing efforts: 
๏ eA: Hadron correlation specific to saturation physics (ridge) 
๏ eA: Revisiting structure function (F2, FL, F2,cc) measurements 
๏ ep: Study feasibility of measuring gluon Sivers function ep/eA: 

Jet physics 
๏ eA: Geometry tagging, multi-nucleonic recoil of intrinsic kT 

๏ ep: Working on feasibility study to measure Wigner functions 

• Built a stronger user base for eRHIC 
• Further improve detector designs and integration to harvest 

the rich physics 
• Conduct detailed studies on background at an eRHIC
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Remaining Goals



• The ultimate return on investment would be if BNL is 
selected as side for the electron ion collider 
‣ eRHIC is one of the strategic pillars at the lab  
‣ only project currently at BNL being able to replace RHIC 
‣ allow to maintain the size of NP or even grow it 

• BNL currently has and should make any effort to keep the 
intellectual leader ship for an EIC    

• The development of many new innovative technologies for 
the eRHIC machine and the detector 
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Return on Investment


