
Overview of  
The US Electron Ion Collider Project 

•  Physics motivation: Fundamental open questions in QCD 

•  Concepts of future collider under consideration in the US 
•  Physics simulations and detector concept/design progress 

  Mostly in other talks in this and other sessions 

•  Status of EIC project: Progress, activities & prospects of 
realization 
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While there is no reason to doubt QCD, the level of 
understanding of QCD remains extremely 

unsatisfactory 

Dissatisfaction: Understanding Mass & Spin in QCD 

We are only beginning to explore high-energy  

many-body dynamics of QCD 
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High-energy many-body dynamics of QCD 
•  What are the effective degrees of freedom at high energy? 

–  Gluons, sea quarks, dipoles, pomerons, strong fields? 
•  How do these degrees of freedom interact with each other 

and with other hard probes? 

–  Multi-pomeron interactions, higher twist effects, 
Saturation and color glass condensates 

–  Rapidity gaps, energy loss, multiple scattering, color 
transparency 

–  Glasma, Quark Gluon Plasma 

•  What can this teach us about confinement, universal features 
of the theory (infrared fixed points?) 
–  Hard vs. soft pomerons, strong fields,…. in-medium 

hadronization 
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Gluons still not well understood! 
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Diffraction: A surprise at HERA 

•  Diffraction  in the final state, the proton remains intact 

•  HERA: 820 GeV protons and 27 GeV electrons 
–  In proton’s rest frame the collisions is equivalent to what 

you would get when a ~50 TeV electron beam hits a 
stationary proton 

•  Surprise: ~1/7 of the time, the proton remains intact 
Completely unanticipated, astonishing phenomena 

•  Presently only explained quantitatively by theoretical ideas 
based on non-linear gluon dynamics at low x (CGC) 

–  CGC predicts that in e-A, the 1/7  ~1/4 

–  Needs to be experimentally verified… 
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Nucleon Spin Crisis Puzzle 
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ΔG(x) @ Q2=10 GeV2 

•  Global analysis: DIS, SIDIS, RHIC-Spin 
•  Uncertainly on ΔG large at low x 
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The Proposal: Future DIS experiment 
A high energy, high luminosity (polarized) ep 

and eA collider and a suitably designed 
detector will address these and such 

fundamental questions in QCD  

[2] 
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EIC  in the US: Basic Parameters 
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Machine Designs 

eRHIC at Brookhaven National Laboratory using the existing 
RHIC complex 

(Details in Ilan Ben-Zvi’s Talk in this session) 

ELIC at Jefferson Laboratory using the Upgraded 12GeV 
CEBAF 

(Details in Kees de Jaeger’s talk in this session) 

Staged Approach to realization planned in both designs 
(Numbers & designs from the latest Collaboration Meeting at Stony Brook 

University, January 2010) 



4 GeV e x 250 GeV p – 100 GeV/u Au: MeRHIC  

120m SRF linac 
3 passes, 1.3 GeV/pass 

STAR 

3 pass  
4 GeV ERL 

Polarized  
e-gun 

Beam 
dump 

M/eRHIC 
detector 

Medium	
  	
  
Energy	
  
eRHIC	
  

Or	
  	
  

MeRHIC	
  

Stage	
  1	
  of	
  eRHIC	
  

Possible	
  by	
  2018+	
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STAR 

Polarized  
e-gun 

Beam 
dump 

10-20 GeV e x 250-325  GeV p & 100-130 GeV/u Au  
2 x 200 m SRF linac 
4 (5) GeV per pass 
5 (4) passes 

4 to 5  vertically 
separated 
Re-circulating 
passes 

Possibility 
of 30 GeV 
low current  

operation 

5 mm 

5 mm 

5 mm 

5 mm 

20 GeV  
e-beam 

16 GeV  
e-beam 

12 GeV  
e-beam 

8 GeV  
e-beam 
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Gap 5 mm total 
0.3 T for 30 GeV  

eRHIC 
detector 
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MeRHIC eRHIC IR1 

p /A e p /A e 

Energy, GeV 250/100 4 325/130 20 

Number of bunches 111 105 nsec 166 74 nsec 

Bunch intensity (u) , 1011 2.0 0.31 2.0 0.24 

Bunch charge, nC 32 5 32 4 

Beam current, mA 320 50 420 50 

Normalized emittance, 1e-6 m, 
95% for p / rms for e 15 73 1.2 25 

Polarization, % 70 80 70 80 

rms bunch length, cm 20 0.2 4.9 0.2 

β*, cm 50 50 25 25 

Luminosity, cm-2s-1 0.1x 1033 as is  
1 x 1033 with CeC 

2.8x 1033  

< Luminosity for 30 GeV e-beam operation will be at 20% level>  

eRHIC IR2 

p /A e 

325/130 20 

166 74 nsec 

2.0 0.24 

32 4 

420 50 

1.2 25 

70 80 

4.9 0.2 

5 5 

1.4 x 1034   

Luminosity in eRHIC 
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MEIC:  A Medium Energy EIC 
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Three compact rings: 
•  3 to 11 GeV electron 
•  Up to 12 GeV/c proton (warm) 
•  Up to 60 GeV/c proton (cold) 

Possible	
  2020+	
  



ELIC: High Energy Upgrade 
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Ion 
Sources 

SRF 
Linac 
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e e 

p p 

prebooster 

ELIC 
collider 

ring 

MEIC 
collider 

ring 

injector 

12 GeV CEBAF 
Ion ring	
  

Electron ring	
  

Vertical crossing	
  

Interaction Point	
  

Circumference m 1800 

Radius m 140 

Width m 280 

Length m 695 

Straight m 306 

Stage	

 Max. Energy  
(GeV/c)	



Ring Size  
(m)	



Ring Type	

 IP
#	



p	

 e	

 p	

 e	

 p	

 e	



Low	

 12	

 5 (11)	

 630	

 Warm	

 Warm	

 1	



Medium	

 60	

 5 (11)	

 630	

 Cold	

 Warm	

 2	



High	

 250	

 10	

 1800	

 Cold	

 Warm	

 4	



Serves as a large 
booster to the full 
energy collider ring 

Possible	
  2025+	
  



ELIC Main Parameters 
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Beam Energy GeV 250/10 150/7 60/5 60/3 12/3 

Collision freq. MHz 499 

Particles/bunch 1010 1.1/3.1 0.5/3.25 0.74/2.9 1.1/6 0.47/2.3 

Beam current A 0.9/2.5 0.4/2.6 0.59/2.3 0.86/4.8 0.37/2.7 

Energy spread 10-3 ~ 1 

RMS bunch length mm 5 5 5 5 50 

Horiz. emit., norm. µm 0.7/51 0.5/43 0.56/85 0.8/75 0.18/80 

Vert. emit. norm. µm 0.03/2 0.03/2.87 0.11/17 0.8/75 0.18/80 

Horizontal beta-star mm 125 75 25 25 5 

Vertical beta-star mm 5 
Vert. b-b tune shift/IP 0.01/0.1 0.015/.05 0.01/0.03 .015/.08 .015/.013 
Laslett tune shift  p-beam 0.1 0.1 0.1 0.054 0.1 
Peak lumi/IP, 1034 cm-2s-1 11 4.1 1.9 4.0 0.59 

High energy Medium energy Low 
energy 

Presented	
  at	
  the	
  last	
  EIC	
  Collabora1on	
  Mee1ng	
  at	
  Stony	
  	
  Brook,	
  Jan.’10	
  



First ideas for a detector concept 
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 	
  Dipoles	
  needed	
  to	
  have	
  good	
  forward	
  momentum	
  resoluZon	
  
 	
  Solenoid	
  no	
  magneZc	
  field	
  @	
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  0	
  

 	
  DIRC,	
  RICH	
  hadron	
  idenZficaZon	
  	
  π,	
  K,	
  p	
  
 	
  high-­‐threshold	
  Cerenkov	
  	
  fast	
  trigger	
  for	
  scafered	
  lepton	
  
 	
  radiaZon	
  length	
  very	
  criZcal	
  	
  low	
  lepton	
  energies	
  

M.	
  Lamont’s	
  detector	
  talk	
  



Detector in GEANT 
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Work	
  in	
  progress….	
  



ELIC Detector idea… under development 
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Solenoid yoke integrated with 
a hadronic calorimeter and 
a muon detector 
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•  IP	
  is	
  shown	
  at	
  the	
  center,	
  but	
  can	
  be	
  shiked	
  lek	
  

–  Determined	
  by	
  desired	
  bore	
  angle	
  and	
  forward	
  tracking	
  resoluZon	
  

–  Flexibility	
  of	
  shiking	
  IP	
  also	
  helps	
  accelerator	
  design	
  at	
  lower	
  energies	
  (gap/path	
  
length	
  difference	
  induced	
  by	
  change	
  in	
  crossing	
  angle)	
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bars	
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EIC Luminosity vs. Time (Detector)  

Inclusive	
  

Semi-­‐
Inclusive	
  

Exclusive	
  

4/20/2010	
   US	
  EIC	
  Overview,	
  DIS	
  2010	
   22	
  



Scientific Frontiers Open to EIC 

•  Nucleon Spin structure 
–  Polarized quark and gluon distributions  

•  Longitudinal spin structure (Low x critical) 
•  Transverse spin structure (wide Q2 arm critical) 

–  Correlations between partons                                                        (T.	
  Horn’s	
  talk)	
  
•  Exclusive processes --> Generalized Parton Distributions 

–  Precision measurements of QCD and of EW parameters in SM (	
  K.	
  Kumar’s	
  Talk)	
  

•  Un-polarized Nucleon Structure                                                       (M.	
  Lamont’s	
  talk)	
  
–  Understanding confinement with low x/lowQ2 measurements 
–  Un-polarized quark and gluon distributions 

•  Nuclear Structure, role of partons in nuclei 
–  Confinement in nuclei through comparison e-p/e-A scattering 

•  Hadronization in nucleons and nuclei & effect of nuclear media 
–  How do knocked off partons evolve in to colorless hadrons 

•  Partonic matter under extreme conditions                                       (M.	
  Lamont’s	
  talk)	
  
–  For various A, compare e-p/e-A 
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Physics Opportunities for EIC 
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EIC in the NSAC 2007  2012 
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The	
  CollaboraZon	
  now	
  preparing	
  for	
  NSAC’s	
  approval	
  for	
  the	
  project	
  
For	
  construcZon	
  in	
  its	
  long	
  range	
  planning	
  meeZng	
  anZcipated	
  in	
  2012	
  



The EIC WG/Collaboration 
http://web.mit.edu/eicc  
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  Contact-­‐persons	
  



EICAC Report : Summary  
(project realization advice/guidelines) 

•  Matrix of Science, Design and Cost 

–  EIC Stage 1 and the full EIC 

•  Identify a few most compelling  “golden physics” measurements  

–  e-p (with polarization) and e-p/e-A physics for the wider 
physics community 

•   Dedicated working group activities towards the golden 
measurements  

–  Physics, accelerator, detector studies in detail 

•  Develop detailed resource loaded schedule 
–  Timeline,  technical developments and staged realization 

•  Strive for a timeline with data taking earlier than 2020 

•  Develop a common accelerator development R&D plan 
•  Develop and present a common plan for R&D, deliverables, and the 

resource needs by the next EICAC meeting  
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Summary 
•  The electron ion collider is now considered by many in the US nuclear science 

community as an essential next QCD machine frontier: It will allow 
unparalleled opportunities in future QCD studies 

•  Efforts (on all fronts) underway to realize it 
–  Proposal: Finalizing and articulating the science case  determining the 

final energy, polarization and collisions-species parameter space 
–  Realization : detailed design, possible construction schedule and associated 

costs 
–  Constant contact amongst DOE, Lab managements and the Collaboration 

on various associated topics 

•  Next major milestone is 2012/13 US Nuclear Science’s Long Range Planning 
Activity (final blessing from nuclear science community essential)  

•  Many US and non-US institutes are “eyeing” the project with interest: We 
welcome & urge you to jump in and contribute 
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