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Acknowledgement: this talk includes materials from presentations of Tim Hallman 
(Associate Director of the DOE Office of Science for Nuclear Physics), Jim Yeck(EIC 
Project Director), Ferdinand Willeke(EIC Deputy Project Director and Technical 
Director), Elke Aschenauerand Rolf Ent (Co-Associate Directors for the Experimental 
Program)  and many other members of EIC project team

Back-of-the-envelope 
estimation example

Inventive principle #21 
and beam polarization



Nucleons and Nuclei ïfundamental questions
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Mass
Spin
Χ

Nucleons 

Arise out of quarks and 
gluons interacting
through Quantum 
Chromodynamics(QCD)

We have limited quantitative idea 
of how this happens because QCD 
is strongly coupled in the energy 
regime of the mass of Nucleons.

Nucleons and Nuclei and their properties can be thought of as 
emergent phenomena of QCD

We know this happensτthe Quest is to understand exactly How.



Developing the EIC Science Case
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2002

άΧŜǎǎŜƴǘƛŀƭ 
accelerator 
and detector 
R&D [for EIC] 
should be 
given very 
high priority
in the short 
ǘŜǊƳΦέ

2007

ά²Ŝ 
recommend 
the allocation 
of resources 
Χǘƻ ƭŀȅ ǘƘŜ 
foundation 
for a 
polarized 
Electron-Ion 
/ƻƭƭƛŘŜǊΧέ

άΦΦŀ ƴŜǿ 
dedicated 
facility will be 
essential for 
answering 
some of the 
most central 
ǉǳŜǎǘƛƻƴǎΦέ

Electron-Ion 
Collider 
absolutely 
centralto the 
nuclear science 
program of the 
next decade.

άa high-energy high-luminosity 

polarized EIC [is] the highest 

priority for new facility 

construction following the 

completion of FRIB.ò

ά¢ƘŜ ǉǳŀƴǘƛǘŀǘƛǾŜ 
study of matter in 
this new regime 
[where abundant 
gluons dominate] 
requires a new 
experimental 
facility: an Electron 
Lƻƴ /ƻƭƭƛŘŜǊΦέ

2009

2010

2013

2015

2018

A strong community emphasis on the urgent need for a 

machine to illuminate the dynamical basis of hadron structure in 

terms of the fundamental quark and gluon fields has been a 

persistent message for almost two decades 

Major Nuclear 
Physics Facilities for 
the Next Decade

NSAC 

March 14, 2013

Gluons and the Quark Sea at 
High Energies

2012



EIC User Community

5

EIC Users Group Formed in 2016  

EICUG.ORG

Status July 2021:

Å Collaborators 1294

Å Institutions 261

Å Countries 35

Annual EICUG Meetings

2016 UC Berkeley

2016 Argonne

2017 Trieste, Italy

2018 Washington, DC

2019 Paris, France

2020 Miami

2021 TBD

2022 Warsaw, Poland



Independent Assessment of the EIC Science Goals
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National Academy of Science Report: AN ASSESSMENT OF U.S.-

BASED ELECTRON-ION COLLIDER SCIENCE

ñAn EIC can uniquely address three profound questions 

About nucleonsðneutrons and protonsðand how they 

are assembled to form the nuclei of atoms:

Å How does the mass of the nucleon arise?

Å How does the spin of the nucleon arise?

Å What are the emergent properties of dense systems of gluons?ò

The EIC would be a unique facility & maintain 

leadership in nuclear science

The EIC would maintain leadership in the 
accelerator science and technology of colliders 



NSAC 2015 LRP Performance Parameters
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NSAC Performance Parameters:

A - Polarized e, p, light nuclei

B - Ion beam from deuterons to the heaviest  table nuclei

C - Center of Mass energy 20-100 GeV

D - Capable of future Center of Mass upgrade to 140 GeV

E - High collision luminosity  ~1033-1034 cm-2 S-1

F - More than one Interaction Region

Community and NSAC defined 
the parameters of machine 

needed to address the science.



EIC project
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The EIC mission need statement (CD-0) 

approved by DOE in Dec 2019

The EIC will be located at BNL and will be 

realized with TJNAF as a major partner.  The 

realization of the EIC will be accomplished 

over the next decade at an estimated cost 

between $1.6 and $2.6 billion. 

The CD1 approved in June 2021. The EIC 

team is working towards CD-2 in early 2023

The EICôs high luminosity and highly 

polarized beams will push the frontiers 

of accelerator science and technology 

and provide unprecedented insights into the 

building blocks and forces that hold atomic 

nuclei together.

The EIC will be a game-changing resource for the international nuclear physics 

community. DOE looks forward to engaging with  the international community and the 

international funding agencies about potential collaborations and contributions to the EIC 

effort, in nuclear, accelerator and computer science.

EIC scope includes the machine upgrade to RHIC asset and 
two interactions regions with one of the interaction 
regions outfitted with a major detector.

Message from Tim Hallman -Associate Director of the DOE Office of Science for Nuclear Physics: 
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EIC Design Overview

EIC CDR: https://www.bnl.gov/ec/files/EIC_CDR_Final.pdf

https://www.bnl.gov/ec/files/EIC_CDR_Final.pdf


EIC project requirements
The EIC is a Nuclear Physics Collider Designed to 

meet NSAC and NAS requirements

ÅCollide polarized electrons and wide range of hadrons

ÅPolarized protons and deuterons, otherwise unpolarized

ÅIn long term, possibly polarized positrons, 3He

ÅCenter of Mass Energies    20 GeV ï140 GeV

ÅMaximum Luminosity 1034 cm-2 s-1

ÅHadron Beam Polarization >70%

ÅElectron Beam Polarization >70%

ÅIon Species Range p to Uranium

ÅNumber of interaction regions up to two
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NSAC ςU.S. Department of Energy Nuclear Science Advisory Committee
NAS ςU.S. National Academies of Sciences, Engineering, and Medicine



From RHIC to the EIC: RHIC
ÅExisting RHIC facility

ÅHadron collider (h=360)

Å6-100 GeV/u ions

Å100-250 GeV polarized protons

ÅTwo independent rings

ÅAsymmetric operations include 
e.g. d-Au collisions

ÅConstructed 1990-2000

ÅWill operate to ~2025
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C = 3833.845 m
h = 360
Bmax,dipole= 3.5 T (SC)
19-cell FODO arcs



From RHIC to the EIC: EIC

ÅElectron-Ion Collider
ÅLepton-hadron collider

ÅAdd electron storage ring

ÅAdd electron injectors
ÅFull-size rapid-cycling 

synchrotron

ÅAdd ñstrongò electron 
cooling (ERL and insertion)

ÅAdd new detector

ÅConstruction 2023-2030
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Hadron Storage Ring
Electron Storage Ring
Electron Injector Synchrotron
Possible on-energy Hadron 
injector ring
Hadron injector complex



Design based on existing RHIC facility

RHIC is well-maintained, operating at its peak

ÅHadron storage ring 40-275 GeV (existing) 
o Many bunches (max 1160)
o Bright beam emittances (for hadrons)
o Need strong cooling

ÅElectron storage ring 2.5ï18 GeV (new)
o Many bunches (max 1160)
o Large beam current (2.5 A) Č10 MW SR power

ÅElectron rapid cycling synchrotron (new)
o 1-2 Hz 
o Spin transparent due to high periodicity

ÅHigh luminosity interaction region(s) (new)
o Luminosities up to 1034 cm-2 s-1

o Superconducting magnets
o 25 mrad crossing angle with crab cavities
o Spin rotators (longitudinal spin)
o Forward hadron instrumentation

EIC
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EIC Design Concept



HERA lessons
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ÅThe first and only lepton-hadron collider, 
operated for physics 1992-2007

ÅCollided 27.5 GeV spin polarized leptons 
(e+; e- ) with 920 GeV protons

ÅReached luminosity of 5x1031 cm-2 s-1

ÅHERA lessons relevant for EIC
̇Vertical beam-beam tune shift for lepton 

beam reached values planned for EIC

̇The necessity to minimize synchrotron 
radiation in the IR, IR vacuum pressure, and 
to avoid halo of the proton beam

F. Willeke, HERA and the Next Generation of Lepton-Ion 
Colliders", in Proc. of EPAC'06 , Edinburgh, paper FRXBPA01

Total delivered 

luminosity 

about 1 fb-1

HERA at DESYB-Factories lessons
ÅWhen B factories design started ~1990, e+e-

colliders barely reached 1032 cmī2sī1

ÅPEP-II and KEKB aimed in their design to 
luminosity of 0.3 ï1 x 1034 cm-2 s-1

ÅAchieved and even exceeded the goals

ÅApproach: build-in necessary features to 
achieve high Lumi into the design
ÅCrossing angle and crab cavity; Local chromaticity 

correction; RF cavities and vacuum chamber 
compatible with ampere-scale beams; Bunch-by-
bunch feedback;  Continuous top-up injection



EIC achieves high luminosity                  
L = 1034 cm-2s-1

ÅLarge bunch charges  NeÒ 1.7Ŀ10
11, NpÒ 0.69Ŀ10
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ÅMany bunches, nb=1160
o crossing angle collision geometry

o large total beam currents 

o limited by installed RF power of 10 MW

ÅSmall beam size at collision point achieved by 
o small emittance, requiring either: 

- strong hadron cooling to prevent emittance growth or
- frequent hadron injection 

o and strong focusing at interaction point (small by)
o flat beams sx/syå 10

ÅStrong, but previously demonstrated beam-beam interactions

Dnp = 0.01 demonstrated in RHIC

Dne = 0.1 demonstrated in HERA, B-factories
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Strong focusing by =5 cm



EIC covers full center of mass energy 
range of 20 GeV ï140 GeV

Protons up to 275 GeV:

ÅExisting RHIC with superconducting magnets allow up to

Ep = 275 GeV and down to Ep = 41 GeV  

ÅRHIC beam parameters are close to what is required for EIC
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Electrons up to 18 GeV:

Electron storage ring with up to 

18 GeV installed RHIC tunnel, 

readily achievable with  

Ålarge circumference of 3870 m and 

Åavailable superconducting RF 

technology Č Urf = 62 MV
Super bends: Electron Storage Ring arc dipoles split into 3 segments
Above 10 GeV all segments powered uniformly to reduce SR power
At 5 GeV and below, short center dipole provides a reverse bend to 
increase damping decrement
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Synchrotron radiation

on-the-back-of-the envelopeïpower loss 
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Synchrotron radiation

on-the-back-of-the envelopeïpower loss 
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EIC High Luminosity with a Crossing Angle

Å However, crossing angle causes

o Low luminosity 

o Beam dynamics issues

Then :

o Effective head-on collision restored 

o Beam dynamic issues resolved

Å avoided by Crab Crossing 
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ÅRF resonator (crab-cavity) prototypes built 

and tested with proton beam in the CERN-SPS

- The EIC crab-cavity need large waveguide

ports to allow the trapped modes to escape

Å Modest crossing angle of 25 mrad 

o Avoid parasitic collisions due to short bunch spacing 

o For machine elements, to improve detection

o Reduce detector background 

25 mrad
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EIC Design Parameters
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EIC Design Parameters



EIC Interaction Region
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Detector hall

Å Beam focused to byÒ 5 cm @ sy= 5 mm, gives L=1034 cm-2 s-1

ÅManageable IR chromaticity and sufficient dynamic aperture

Å Full acceptance for the colliding beam detector 

Å Accommodates crab cavities and spin rotators 

Å Synchrotron radiation and impedance manageable

Å EIC final focus magnets based on conventional NbTi superconducting magnets 

using collaring and direct wind technology

Direct wind s.c.coil production in progress


