
PAVI 09 

Abhay Deshpande 
Stony Brook University & 
RIKEN BNL Research Center 

•  Physics MoDvaDon for EIC 
•  Gluons in QCD, nucleon (spin) 

•  Designs under consideraDon 
•  Physics impact within & 
       beyond QCD 
•  Issues of RealizaDon…. 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Most of what what we know about the nucleon structure in the 
recent Dmes has come from studies at HERA using  H1 and 

ZEUS Detectors 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•  Rise of parton densiDes 
(and of F2) with 
decreasing x is strongly 
dependent on Q2. 
Implies very large 
density of partons in 
protons when probed 
at high energy 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Small‐x 
F2∝ x‐λ 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F2 = C(Q2)x−λ x < 0.01

r =
hc

2πQ
≈ 2 fm for Q = 1 GeV
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•  Global analysis: DIS, SIDIS, RHIC‐Spin 
•  Uncertainly on ΔG large at low x 

De Florian, Sassot, Stratmann & Vogelsang 

Present	
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US 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Europe 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ENC 



6/26/09  EIC: Physics Opportuni3es & Accelerator Challenges  16 



•  Center of mass  ~14 GeV  

–  3.3 GeV electrons and 15 GeV protons 
–  PolarizaDon in both beams 

–  Deuteron polarizaDon possible 
–  Center of mass intended to be between HERMES at DESY 
and COMPASS at CERN 

•  Intended focus on mid‐high‐x in a collider geometry 
–  Transverse Momentum DistribuDons (TMDs)  

–  Generalized Parton DistribuDons (GPDs) 
•  Deeply virtual compton scaeering (DVCS)  
•  Deeply virtua Vector Meson producDon measurements 

•  Low x IMPORTANT but impracFcal (cost/facility) 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ENC@FAIR (ii) 

P 

e‐ 

Proposal 08/2008 

• L > 1032 1/cm2s 

• s1/2 > 10GeV 
(3.3GeV e‐ ↔ 15GeV p) 

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

• Use the PANDA detector 

• Common effort of 
German UniversiDes 
(Bonn, Mainz, Dortmund) 
 plus collaboraDon with 
Research Centres 
FZJ, DESY, GSI, ... 
+ 
US EIC CollaboraDon…. 

HESR 
pRing 

eRing 

PANDA 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H1, ZEUS 
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polarimetry 



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
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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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Realizable 2015+ 
Ep=50‐250 GeV 
EA=20‐100 GeV 
Lumi ~ few x1032 



6/26/09  EIC: Physics Opportuni3es & Accelerator Challenges  31 



6/26/09  EIC: Physics Opportuni3es & Accelerator Challenges  32 

Beyond 2020 
Lumi > = ~1034 



•  Design based on experience 
at HERA, Belle‐Babar 

•  Integrated with the 
accelerator lalce 

•  Polarimetry planned locally 

•  Calorimetry (EM & Hadronic) 
•  ParDcle ID (RICH, TRD ….) 
•  Tracking (central & forward) 
•  Magnets  

–  Central Solenoid 
–  Forward dipole 

•  Tracking, calorimetry for 
very forward physics (low x, 
and low Q2) 
–  DiffracDon 

•  ParDcle ID, spectrometer 
using beam elements 

•  RadiaDon hard, resistence 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Type [1]: Inclusive DIS: Lep ~ 2 p‐1  

Type [1,3]: Semi‐Inclusive DIS: Lep ~ 4‐10 p‐1 

Type [1,2,3]: Exclusive DIS: Lep ~ > 10 p‐1 

Detector requirements & its integraDon with machine lalce 
most demanding for the Exclusive Measurements 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ZEUS NLO QCD fit

H1 PDF 2000 fit

H1 94-00

H1 (prel.) 99/00

ZEUS 96/97

BCDMS

E665

NMC

x=6.32E-5
x=0.000102

x=0.000161
x=0.000253

x=0.0004
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p 

An EIC   makes it possible! Region of existing g1
p data 



•  Different g1(x,Q2) curves 
for different ΔG values 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RHIC-Spin region 

Spin‐Flavor DecomposiDon of the Light Quark Sea 

| p    =         +              +             + … > 
u 

u 

d 

u 

u 

u 

u 

d 

u 

u 

d 
d 

d Many models 
predict 

Δu > 0, Δd < 0 
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•  This is also a test 

For eRHIC kinematics 

Need electron and positron beams in the EIC 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Assumes: 
1.  Input GS Pol. PDfs 
2.  xF3 measured by then 
3.  4 p‐1 luminosity 

Positrons & Electrons in EIC 
 g5(+) & g5(‐) 

   >> One reason for keeping 
the opDon of positrons 
in eRHIC 

   >> For LINAC‐Ring, 
enormous effort on 
intense enough 
positron source R&D 
needed. 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•  Hard Exclusive DIS 
process 

•  γ (default) but also 
vector mesons possible 

•  Remove a parton & put 
another back in! 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x < 0.1 x ~ 0.3 x ~ 0.8 

Fourier transform in momentum transfer 

x ~ 0.001 

2) ξ ~ 0  the 
“take out” and 
“put back” gluons 
act coherently. 

2) ξ ~ 0 x - ξ
 x + ξ


,γ

d 
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DVCS/DVVM Measurements require  

•  A wide x‐range 0.001 < x < 0.1 (lower the x larger the glue) 
•  A large Q2  & wide range: 10‐20 GeV2 for clear interpretaDon 

•  Sufficient luminosity to study Q2, W2 & t dependence of cross 
secDon 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eRHIC 1 inv.fb 

Helium beams can be stored & manipulated in RHIC with exisFng magnets 
Intense polarized He+3 and D sources & polarimetry (for high energy beams) 

need to be developed.  

A huge effort at high x at Jlab! 



6/26/09  EIC: Physics Opportuni3es & Accelerator Challenges  49 

Status Bj sum rule measurement: 

•  Experimental measurement uncertainty ~8% 
•  Low x extrapolaDon uncertainty ~10% 
•  QCD correcDons are known to ~[αS(Q2)]4  

Confirm Bj sum rule: get the best possible 
 value of the strong interacDon constant αS 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Why not consider using this machine for  
precision EW‐Physics measurements? 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•  High energy collisions of polarized electrons and protons and 
nuclei afford a unique opportunity to study electro‐weak deep 
inelasDc scaeering 
–  Significant contribuDons from W and Z bosons which have 
different couplings with quarks and anD‐quarks 

–  Polarized protons, nuclei (are there nuclear 
modificaDons?) 

•  Parity violaDng DIS: a probe of beyond TeV scale physics 
– Measurements complimentary (higher Q2) than the PV DIS 
12 GeV at Jlab 

•  New window for physics beyond SM? 

–  Lepton flavor violaDon searches? 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e− + p→ τ− + X

*IniDated through discussions with: M. R. Musolf, K. Kumar  
Being pursued by: W. Marciano, K. Kumar, M. SavasDo, W. Vogelsang, AD 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Measurement of Weinberg angle at a different scale 
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Curtsey R. Holt 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•  An e‐p collider at high energy: HERA (1992‐2006) 
–  No unambiguous evidence of non‐linear QCD effects 

•  eA at the EIC: will probes interacDons over distances L ~1/(2mNx) 
–  For L > 2RA ~A(1/3) probe interacts coherently with all nucleons in the 

nucleus 
•  Hence nuclear enhancement: 

   Kowalsky & Teany PRD 68:114005 ==> b & x dependence of Qs from 
diffractive and exclusive measurements at HERA 

–  Enhancement of Qs with A ==> non‐linear QCD regime at significantly 
higher x (I.e. lower CM) in A than in a proton! 

–  This enhancement is crucial for making the case for i.e. selecDng proper 
values for beam energies and nuclei for eA@RHIC 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•  CollaboraDon MeeDngs: ~2/year 
•  hep://web.mit.edu/eicc  
•  Working Groups & steering 

commieee 
–  Physics: e‐p, e‐A 
–  Detector, IR, Accelerator  

•  Regular meeDngs to be iniDated to 
finalize physics, machine and 
detector design and finally the 
proposal for EIC 

•  InternaDonal Advisory Commieee: 
(Appointed by LDs) 
–  J. Bartels (DESY), A. Caldwell (MPI 

Munich), A. De Roeck (CERN), W. 
Henning (ANL, Chair), D. Herzog 
(UIUC), X. Ji (Maryland) , R. Klanner 
(Hamburg), A. Mueller (Columbia), 
K. Oide (KEK), N. Saito (JPARC), U. 
Wienands (SLAC) 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** CollaboraDon Contact Persons 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•  Matrix of Science, Design and Cost 
–  EIC Stage 1 and the full EIC 

•  IdenDfy a few most compelling  “golden physics” measurements  
–  e‐p (with polarizaDon) and e‐p/e‐A physics for the wider physics 

community 
•   Dedicated working group acDviDes towards the golden 

measurements  
–  Physics, accelerator, detector studies in detail 

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

•  Strive for a Dmeline 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 meeDng 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