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Electron Ion Collider:
The Next QCD Frontier

Understanding the glue
that binds us all
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State of the art: unpol. PDF q(x) 

Q2 !=!x.y.s
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State of the art: pol. PDF q(x) 
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•  Easier to reach high Center of Mass energies (            ) 
–                    for colliders (ECM = 45 GeV/5*100, 140 GeV/20*250) 

–                    for fixed target experiments (ECM = 17 GeV/160 at COMPASS) 
 →  access to lower x and higher Q2 (Q2=x.y.s) 

sECM =2

peEEs 4=

peMEs 2=

•  Spin physics with high Figure Of Merit (FOM) 
–  Unpolarized FOM = Rate = Luminosity x Cross Section x Acceptance 
–  Polarized FOM = Rate x (Target Polarization)2 x (Target Dilution)2 

–  No dilution and high ion polarization (also transverse): P2.D2> 10/fixed target 
–  Higher luminosity then HERA/COMPASS, no holding fields (acceptance) 
–  No backgrounds from target (Moller electrons) 

•  Easier detection of reaction products 
–  Can optimize kinematics by adjusting beam energies 
–  No matter between IP and detectors: can use displaced vertex to tag charm 
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Merits of collider vs fixed target 



EIC kinematic coverage for DIS 
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5 x 250 starts here 

5 x 100 starts here 
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EIC (pseudo) data on g1
p   

Quark and gluon helicities EIC 



Quark and gluon helicities EIC 
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3D imaging EIC (GPD) 
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~ 1 year of data taking 
-gain of EIC thanks to 
high luminosity/HERA  

3D imaging EIC (DVCS) 

Ø |t|-differential cross section is a very powerful tool 
§  Gives precise access to GPD H   
§  Fourier transform -> direct imaging in impact parameter space  

! 

q x,b2( ) " dte# ibt
d$
dt%
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EIC pseudo data
20 GeV on 250 GeV
∫Ldt = 100 fb-1

0 1 2 3 4 5 6

0.5

0.0

0.5

φ (rad) φ (rad)
0 1 2 3 4 5 6

0.5

0.0

0.5

A U
Tsin

(φ
−φ

s)

A U
Tsin

(φ
−φ

s)

Q2 = 4.4 GeV2
xB = 8.2 10-4
t = -0.25 GeV2

Q2 = 13.9 GeV2
xB = 8.2 10-4
t = -0.25 GeV2

κ2 = +1.5
κ2 = 0
κ2 = -1.5

Gives access to GPD E 
! 

AUT "
#t
4M 2 F2 t( )H $,$,t,Q2( ) # F1 t( )E $,$,t,Q2( ) + ...[ ] sin(ΦΤ-φΝ)   

governed by E and H 

Different 
assumptions for 

E (E=κ2.H) 

12 

Transverse target SSA - EIC 

few years of data taking 
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Overview of EIC projects 
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Overview of EIC projects 



eRHIC/BNL – MEIC-EIC/JLAB 
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eRHIC and MEIC staging scenario 
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MEIC/EIC at JLAB – detector design 
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eRHIC at BNL – detector design 
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E. Kistenev, Z. 
Li 
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R&D projects on detectors 



Possible timelines 
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eRHIC Technically Driven Schedule 
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Conclusion 
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• Few EIC projects worldwide on the 2020-2025 horizon 
  ➤ on the high energy, « high » luminosity side, 2 « concurrent » projects in US: 

 eRHIC at BNL, MEIC/EIC at JLAB, with staged scenarios. 
 Integral part of NSAC long range plan: 

We recommend the allocation of resources to develop accelerator and detector technology necessary to lay the 
foundation for a polarized Electron Ion Collider. The EIC would explore the QCD frontier of strong color fields in 
nuclei and precisely image the gluons in the proton. 

 
• EIC very attractive to improve 1D and 3D imaging of nucleon  

 (polarized DIS, GPD, TMD,…) 
  ➤ thanks to increase of (x,Q2) coverage due to higher ECM  (eg ΔG via DGLAP) 

 thanks to improved FOM for asymetry measurements (L.P2.D2) 
 but needs very good control of systematics to profit from above gain 

 
• Broad science case well documented in 2012 White Paper (1212.1701) 
• Machine and detector designs advancing fast, as well as R&D   
 


