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What is this talk about? 

This talk is not supposed to make a case  
for the EIC. It is an overview of the project with some 

provocaQve high level quesQons re‐visited. 

Discussions here in are incomplete in detail, but are 
intended to raise some quesQons and lead to 

discussions and feedback. 
Readers should consider this when reviewing & 

commenQng on this talk. 

Thanks. 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Various topics for discussion 

•  The electron ion collider (EIC) 
–  Latest designs around the world 
–  Some details of designs in US 
–  Staged realizaQon 

•  Physics with a polarized collider 
–  Nucleon spin puzzle: helicity sum rule 
– What does the nucleon look like inside?... 3D structure 
–  Issues with nuclei not menQoned today 

•  Towards realizaQon 
–  Project status in US Nuclear Science  
–  EIC advisory commi[ee & recommendaQons 
–  CollaboraQon acQviQes 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The EIC Projects 

•  United States 
– eRHIC @ BNL will use RHIC (10+ years old) 

– ELIC at Jlab will use CEBFAF 12 GeV as e‐injector 
(5+ years old) 

•  Europe 
– ENC @ GSI‐FAIR will use future FAIR facility (6+ 
months old)  

– LHeC at CERN will use LHC: no polarized protons! 
(2+ years old)  
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The EIC Projects 

Project  Center of 
Mass  
(GeV) 

Luminosity 
Range 

(cm‐2sec‐1) 

ENC  14  1033 

eRHIC  30‐140  Few x 1032‐33 

ELIC  30‐100  Few x 1033‐34 

LHeC  1400  1033 

  Recall HERA 
  CM ~ 300 GeV 

  1029‐30 cm‐2 sec‐1 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ENC 

1033 cm‐2s‐1 = 
5‐6 h‐1/yr 

Assuming ~30 
wks/yr 

& 50% efficiency 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•  A “simple” idea: 
  electron – nucleon collisions using the HESR 

•  Luminosity consideraMons for a 
  electron – “low energy” nucleon collider 

•  Some comments on the necessary ingredients 

•  First parameter sets for e‐p collisions at 

  s1/2=14GeV (3.3GeV e‐ on 15GeV p) 

•  Deuterons 

•  Conclusion 

The European Nucleon Collider 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Physics of ENC @ GSI 

•  Center of mass between HERMES at DESY and 
COMPASS at CERN (14 GeV) 
– Advantage of collider geometry over fixed target for 
exclusive & semi‐inclusive measurements 

•  Intended focus on mid‐high‐x transverse 
momentum distribuQons (TMDs) and GPDs via 
Deeply virtual compton sca[ering (DVCS) and DV 
Vector Meson producQon measurements 
–  Low x IMPORTANT but impracMcal from their point of 
view 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A “simple” idea: ENC@FAIR (ii) 

P 

e‐ 

idea emerged 08/2008 

L > 1032 1/cm2s 

s1/2 > 10GeV 
(3.3GeV e‐ ↔ 15GeV p) 

polarised e‐ ( > 80%) 
↔ 

polarised p / d ( > 80%) 
(transversal + longitudinal) 

using the PANDA detector 
as much as possible 

Common effort of 
German UniversiQes 

(Bonn, Mainz, Dortmund) 
 plus collaboraQon with 

Research Centres 
FZJ, DESY, GSI, ... 

HESR 
pRing 

eRing 

PANDA 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ENC : The Energy / Luminosity FronMer 

H1, ZEUS 
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Helmholtz InsMtut Mainz (HIM) 
CooperaQon between  Mainz University ↔ GSI (Helmholtz Centre) 
•  ApplicaQon in March 2009 
•  Review in April 2009 (“strongly recommends the foundaQon”) 
•  Final decision on 05.06.09:  THIS FRIDAY! 
•  Start: Summer 2009 

SecMon: Accelerator Physics and Integrated Detectors (ACID) 

Resources 
2 x PostDoc, 3 x PhD  (1 x PostDoc, 1 x PhD) 

Tasks 
ENC@FAIR: 
IR design and detector integraQon, bunch formaQon in HESR, 
beam – beam 
             → In collaboraQon with parQcipaQng insQtutes: 
1st order design report (2011), Technical Design Report (2012/2013) 

eCool HESR/ENC:  
solenoid channel, beam diagnosQcs, upgrade 4.5MV → 8.2MV 

sc cw demonstrator linac secBon for super heavy element producBon 6/9/09  12 EIC at LBL‐RBRC Workshop on Nucleon Spin 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LHeC Physics 

•  70‐140 GeV e‐ beam on 7 TeV proton beam  
– CM energy ~ 1.5 TeV 

•  Physics scope:  
– QCD Low x: region of high gluon density  

•  See Raju Venugopalan’s talk today 
– Electro Weak Physics & Beyond SM: Lepto‐Quark, 
Super Symmetry… (refer to hlp://www.lhec.org.uk) 

– No polarizaMon in protons or any nuclear species: 
NO SPIN 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LHeC  
with  
protons 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The EIC Project in the US 

•  ELectron Ion Collider (ELIC @ Jlab) 
– UQlizes the exisQng CEBAF Complex about to be 
upgraded 12 GeV 

– green field design and novel accelerator concepts 
•  eRHIC at BNL 

– UQlizes the exisQng  RHIC and a conservaQve 
parameters for e/hadron beam performance 

•  Significant R&D for both projects, nevertheless 
– Comments only… 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ELIC at Jlab (present design) 

•  Staged realizable 
•  Stages 1 & 2 

–  CM ~ 12 ‐50 GeV 

–  RealizaQon 2020+ 
•  Final 

–  CM = 100 GeV 

–  RealizaMon 2020++ 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EIC@JLAB at Low to Medium Energy 

polarimetry 
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ELIC Figure-8 Collider Ring Footprint 

60° 

Medium 
Energy IP 

Low 
Energy IP 

Snake 
Insertion 

Arc  157 m 
Figure-8 straight 150 m 
Insertion 10 m 
Circumference 634 m 

•  Ring design is optimized with  
•  Synchrotron radiation power of e-beam 
      prefers large ring (arc) length 
•  Space charge effect of i-beam 
      prefers small ring circumference 

•  Multi IPs require long straight sections 

•  Straight sections also hold required 
components (e-cooling, injection and 
ejections, etc.) 

WM 

SURA 

City of NN 

State 

City of 
NN 

ELIC 
Footprint  
(~1800m) 

MEIC 
Footprint  
(~600m) 

CEBAF 
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1)  Gluon and sea quark (transverse) imaging of the nucleon 
2)  Nucleon Spin (ΔG vs. ln(Q2), transverse momentum) 
3)  Nuclei in QCD (gluons in nuclei, quark/gluon energy loss) 
4)  QCD Vacuum and Hadron Structure and CreaQon 

What science goals are accessed/appropriate? 

EIC@JLab High‐Level Summary 

Energies s luminosity 

(M)EIC@Jlab Up to 11 x 60 150-2650 Few x 1034 

Future option Up to 11 x 250 11000 1035 

•  Energies and figure‐8 ring shape and size chosen to opQmize 
  polarizaQon and luminosity 
•  Try to minimize headaches due to synchrotron and large leaps in 
  state‐of‐the‐art through R&D 
•  4 InteracQon Regions, with funcQon and size opQmized to “decouple” 
  detector from accelerator – can opQmize later to increase luminosity 6/9/09  20 EIC at LBL‐RBRC 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EIC@JLab Parameters at Low-to-Medium 
Energy 

Beam Energy GeV 60/5 60/3 12/3 
Collision freq. MHz 499 
Particles/bunch 1010 0.74/2.9 1.1/6 0.47/2.3 
Beam current A 0.59/2.3 0.86/4.8 0.37/2.7 
Energy spread 10-4 ~ 3 
RMS bunch length mm 5 5 50 
Horz. emit., norm. µm 0.56/85 0.8/75 0.18/80 
Vert. emit. Norm. µm 0.11/17 0.8/75 0.18/80 
Horizontal beta-star mm 25 25 5 
Vertical beta-star mm 5 
Vert. beam-beam tune shift / IP 0.01/0.03 0.015/0.08 0.015/0.013 
Laslett tune shift (p-beam) 0.1 0.054 0.1 

Peak Luminosity/IP, 1034 cm-2s-1 1.9 4.0 0.59 
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(M)EIC@JLab: Basic ConsideraMons   
•  OpQmize for nucleon/nuclear structure in QCD 

 ‐ access to sea quarks/gluons (x > 0.01 or so) 
 ‐ deep exclusive scalering at Q2 > 10 
 ‐ any QCD machine needs range in Q2 

  s = 1000 or so to reach decade in Q2 

  high luminosity, >1034 and approaching 1035, essenQal 
  lower, more symmetric energies for resoluQon & PID 

•  Not driven by gluon saturaQon (small‐x physics) … 

•  “Sweet spot” for 
‐ electron energies from 3 to 5 GeV (minimize synchrotron) 
‐  proton energies ranging from 30 to 60 GeV 
‐  but larger range of s accessible (Ee = 11 GeV, Ep = 12 GeV) 

•  Decrease R&D needs, while maintaining high luminosiMes 
‐  PotenQal future upgrade to high‐energy collider, 
  but no compromising of nucleon structure capabiliQes 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ELIC at High Energy & Staging 

Ion 
Sources 

SRF 
Linac 

p 

e 

e e 

p 
p 

prebooster 

ELIC 
collider 

ring 

MEIC 
collider 

ring 

injector 

12 GeV CEBAF 

Ion ring 

electron ring 

Vertical crossing 

Interaction Point 

Small Large 

Circumference m 1800 2500 

Radius m 140 180 

Width m 280 360 

Length m 695 920 

Straight m 306 430 

Stage
 Max. Energy  
(GeV/c)


Ring Size  
(M)


Ring Type
 IP
#


p
 e
 p
 e
 p
 e


1
 Low
 12
 5 (11)
 630
 630
 Warm
 Warm
 1


Medium
 60
 5 (11)
 630
 630
 Cold
 Warm
 2


2
 Medium
 60
 10
 600
 1800
 Cold
 Warm
 4


3
 High
 250
 10
 1800
 1800
 Cold
 Warm
 4
6/9/09  23 EIC at LBL‐RBRC Workshop on Nucleon Spin 



EIC@JLab Parameters: High Energy 
Beam Energy
 GeV
 250/10
 150/7

Collision freq.
 MHz
 499

Particles/bunch
 1010
 1.1/3.1
 0.5/3.25

Beam current
 A
 0.91/2.5
 0.4/2.6

Energy spread
 10-4
 3

RMS bunch length
 mm
 5

Horz. beta-star
 mm
 125
 75

Vert. beta-star
 mm
 5

Horz. emit., norm.
 µm
 0.7/51
 0.5/43

Vert. emit. Norm.
 µm
 0.03/2
 0.03/2.87

B-B tune shift per IP
 0.01/0.1
 0.015/0.05

Laslett tune shift (p-beam)
 0.1
 0.1


Lumi. per IP, 1034
 cm-2s-1
 11
 4.1


Major design change: symmetric IR  asymmetric IR 
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EIC@JLab Accelerator R&D 

Level of 
R&D 

Low-to-Medium Energy 
(12x3 GeV/c)  &   (60x5 GeV/c) 

High Energy 
(up to 250x10 GeV) 

Challenging Electron cooling 
Semi 

Challenging 
Electron cooling 
Traveling focusing (for very low i energy) 

Crab crossing/crab cavity 

Likely Crab crossing/crab cavity 
High intensity low energy i beam 
Beam-beam 

High intensity low energy i beam 
Beam-beam 

Know-how Spin tracking 
IP design/chromaticity 

Spin tracking 
IP design/chromaticity 

We have identified the following critical R&D for ELIC   

•  Electron cooling 
•  Crab crossing and crab cavity 
•  Forming high intensity low energy ion beam 
•  Beam-beam effect 
•  Traveling focusing for very low energy ion beam 

Will discuss issues/requirements/state-of-art/challenges/activities 
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eRHIC ring‐ring layout: circa 2004 

50-250 GeV polarized protons

50-100 GeV/n ions, He-U 

Polarized  3He from EBIS 

5-10 GeV electrons/positrons


Lmax ~1032 cm‐2 sec‐1 ==> low for some physics 
Detailed design, including IR, allowed a rhobust 
 esQmate of costs involved… 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ERL‐based eRHIC Design (Circa 2008) 

Four recirculation 
passes 

PHENIX 

STAR 

e-ion detector 

eRHIC 

Main ERL 
 (1.9 GeV)  

Low energy  
recirculation pass 

Beam  
dump 

Electron 
source 

Possible locations 
for additional e-ion  
detectors 
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Staged RealizaMon…  

Early…. (2015 2020)  
Low cost… (< 300M?) 

UQlize all instrumentaQon in the 
Final EIC 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Realizable 2015+ 
Ep=50‐250 GeV 
EA=20‐100 GeV 
Lumi ~ few x1032 



6/9/09  36 EIC at LBL‐RBRC Workshop on Nucleon Spin 



6/9/09  EIC at LBL‐RBRC Workshop on Nucleon Spin  37 

Beyond 2020 
Lumi > = ~1034 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Parameters of the Electron Ion Collider 
•  New kinemaMc region 
•  Ee = 10 GeV (~5‐20 GeV variable) 
•  Ep = 250 GeV (~50‐250 GeV) 
•  EA= 100 GeV  
•  Sqrt[Sep] = 30‐100 GeV 
•  KinemaQc reach of EIC: 

–  X = 10‐4 ‐‐> 0.7 (Q2 > 1 GeV2) 
–  Q2 = 0 ‐‐> 104 GeV2 

•  PolarizaQon of e,p and light ion beams 
at least ~ 70% or be[er 

•  Heavy ions of ALL species 
•  Machine LuminosiQes envisioned 

–  L(ep) ~1033‐34 cm‐2 sec‐1 

•  Integrated Luminosity goal:  
–  50 h‐1 in 10 years 
–   possible with 1033 cm‐2 sec‐1 

EIC 

DIS 
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ScienQfic FronQers Open to EIC 
•  Nucleon Spin structure 

–  Polarized quark and gluon distribuQons  
•  Longitudinal spin structure (Low x criQcal) 
•  Transverse spin structure (wide Q2 arm criQcal) 

–  CorrelaQons between partons 
•  Exclusive processes ‐‐> Generalized Parton DistribuQons 

–  Precision measurements of QCD and of EW parameters in SM 

•  Un‐polarized Nucleon Structure 
–  Understanding confinement with low x/lowQ2 measurements 
–  Un‐polarized quark and gluon distribuQons 

•  Nuclear Structure, role of partons in nuclei 
–  Confinement in nuclei through comparison e‐p/e‐A sca[ering 

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

•  Partonic ma[er under extreme condiQons 
–  For various A, compare e‐p/e‐A 

Polarized Beams 

Proton & Nuclear Beams 

low 

high 

Lumi 



Some e‐p Physics ProjecQon for 
1‐2 yr operaQon of EIC: 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E. Kinney @ RHIC BNL User’s MeeQng 
DSSV+ST/KB+AD et al updaQng this and related plots 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•  Studies of impact of EIC with most recent 
DSSV data set now underway…. Stay tuned… 

E. Kinney @ BNL RHIC Users MeeQng 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E. Kinney at Users MeeQng 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DVCS family measurements 



Some high level quesQons… 

about nucleon spin 

MoBvated by recent discussions and criBcism:  
“Here you go again… why nucleon spin ONE 

more Bme? Did you not get RHIC Spin, 

COMPASS, and Jlab12 for that?” 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•  What is known and what will we know from 
exisQng faciliQes about the nucleon spin? 

•  Will we solve the helicity puzzle? 

•  What does it mean to “understand” proton 
helicity? 

•  What do we WANT to know about nucleon spin? 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Helicity Sum Rule 
1
2

=
1
2
∆Σ + ∆G + LG,Q
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What else would we like to know 
about the nucleon spin? 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Redefine the nucleon spin studies 

•  Best possible measurement of ΔΣ and ΔG to 
understand the helicity sum rule 

•  Pursue GPD and TMD invesQgaQons towards 
a 3D (posiQon & momentum) picture of the 
proton 
– What does a proton look like inside? 
– May or may not get us to OAM! 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Other opportuniQes at EIC? 

•  Polarized beams, high energy, high luminosity 
•  A modern detector 

•  PossibiliQes of EW physics? Pushing the limits 
of SM parameters? 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EW & Beyond SM Physics with EIC? 

** UG Student at 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IdenQfying Tau Leptons 

•  If mixed in with hadron remnants, the tau would 
be highly boosted (10 to 50 GeV) 

•  If forward in the incident electron direcQon, the 
tau would be isolated 

•  In either case:  
–  look for single pion, three pions in a narrow cone, single muon: 

should be able devise several good triggers 

–  tau decay is self‐analyzing: should study polarizaQon dependence 
–  tau vertex displaced 200 to 3000 microns: would greatly help 

background rejecQon and maintain high efficiency if vertex 

detector is included in EIC detector design  

Topology: DIS event, except  
electron replaced by tau lepton 
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Colliders vs Low Q2 

Window of opportunity for weak neutral current measurements at  Q2<<MZ
2 

2 
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NSAC 2007 Long Range Plan 
   “An Electron‐Ion Collider (EIC) with 

polarized beams has been embraced by 
the U.S. nuclear science community as 
embodying the vision for reaching the 
next QCD fronNer.  EIC would provide 
unique capabiliBes for the study of QCD 
well beyond those available at exisBng 
faciliBes worldwide and complementary 
to those planned for the next generaBon 
of accelerators in Europe and Asia. In 
support of this new direcBon: 

 We recommend the allocaNon of 
resources to develop accelerator and 
detector technology necessary to lay 
the foundaNon for a polarized Electron 
Ion Collider.  The EIC would explore the 
new QCD fronNer of strong color fields 
in nuclei and precisely image the gluons in 
the proton.” 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EIC WG & Collaboratoin Structures  

InternaMonal Advisory Commilee 
(appointed by BNL +Jlab Directors) 

•  Jochen Bartels (DESY)  
•  Allen Caldwell (MPI, Munich)  
•  Albert De Roeck (CERN)  
•  Walter Henning (ANL)  
•  Dave Hertzog (UIUC)  
•  Xiangdong Ji (U. Maryland)  
•  Robert Klanner (U. Hamburg)  
•  Alfred Mueller (Columbia) 
•  Katsunobu Oide (KEK)  
•  Naohito Saito (KEK)  
•  Uli Wienands (SLAC)  

Steering Committee 
• Abhay Deshpande, Stony Brook (Co-Chair/Contact person)  
• Rolf Ent, Jlab  
• Charles Hyde, ODU/UBP, France  
• Peter Jacobs, LBL  
• Richard Milner, MIT (Co-Chair/Contact person)  
• Thomas Ulrich, BNL  
• Raju Venugopalan, BNL  
• Werner Vogelsang, BNL 

Working Groups and Convenors 
• ep Physics  

• Ernst Sichtermann, LBL  
• Werner Vogelsang, BNL  
• Christian Weiss, JLAB  

• eA Physics  
• Vadim Guzey, JLAB  
• Dave Morrison, BNL  
• Thomas Ullrich, BNL  
• Raju Venugopalan, BNL  

• Detector  
• Elke Aschenauer, BNL  
• Edward Kinney, Colorado  
• Bernd Surrow, MIT  

• Electron Beam Polarimetry  
• Wolfgang Lorenzon, Michigan  

First meeQng Spring‐09 



RecommendaQons of the EICAC 
(result of February 16th, 2009 meeQng) 

•  Coherent R&D plan, Qme line, milestones, and 
resource needs 

•  IniQal cost‐performance science reach matrix 
•  Short list of golden measurement and what will we 
learn 

•  ImplicaQons of the golden experiments for detector 
requirement and R&D 

•  Prepare a Qme line for major decision including site 
selecQon 

•  Strive for a Qme line that provides for data taking 
before 2020 –Highly recommend STAGED approach! 

6/9/09  55 EIC at LBL‐RBRC Workshop on Nucleon Spin 



Advantages of Staged RealizaQon 

•  1st look at the saturaQon surface for nuclei in e+A 
–  Confirm the A‐related oomph factor  
–  Test the measurability of e‐A diffracQon 
–  1st look at different methods to get to gluon density 

•  Extend polarized e‐p program beyond present experimental 
reach 
–  In longitudinal and transverse spin physics 
–  Measure and test QCD evoluQon in transverse spin phenomena 
–  DetecQon of boosted fragments, iniQate study of spin dependent 

correlaQons in nucleons 
•  Develop the science case, detector design and cost esQmate 

for staged and the final EIC 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S. Vigdor, BNL Associate Laboratory Director, NP/HE 
RHIC‐AGS User’s MeeBng  June, 2008 



EIC RealizaQon: Gaining Momentum 
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Concluding remarks 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