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What is EIC?

HERA Physics – what have we learned, what is missing
Highlights of EIC Physics 

precise measurement of gluon densities, FL
enhancement of saturation in nuclei  

Nuclear tomography
Spin Physics



ERL



EIC Design Parameters

• Ee=5-10 (20) GeV
• Ep=30-250 GeV
• s½=25-100 (140) GeV
• xBj=10-4 to 0.7
• Q2=0 to 104 (GeV/c)2

• polarization of e±, p, 3He ~ 70%
• heavy ion beams of all elements
• high luminosity ~ 1033 cm-2 s-1

• 50 fb-1 integrated luminosity 
over a decade, i.e. x 100 above 
HERA



Unanimous recommendation 
of the QCD Town Meeting 

Rutgers University, New Jersey
January 13th 2007

A high luminosity Electron-Ion Collider (EIC) is the highest priority of 
the QCD community for new construction after the JLab 12 GeV and 
RHIC II luminosity upgrades.  EIC will address compelling physics 
questions essential for understanding the fundamental structure of 
matter:

- Precision imaging of the sea-quarks and gluons to determine the spin,  
flavor and spatial structure of the nucleon;

- Definitive study of the universal nature of strong gluon fields in nuclei.

This goal requires that R&D resources be allocated for expeditious 
development of collider and detector design.
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Multipurpose detector similar 
to ZEUS and H1 with addition
of forward detectors,  B. Surrow Hera III detector design 

MPI Munich

Particle detection in the full rapidity range 



O
T

O
T

F2

Behavior of F2 is dominated by  
gluon density at small-x 

rate of rise of F2 at small-x 
λ)/1(~2 xF

universal rate of rise 
of all hadronic cross-sections
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Hard Diffraction – the HERA surprise
Non-Diffractive Event

Diffractive Event
expected before HERA
<0.01%, seen over 10% 
at Q2=10 GeV2
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Diffraction at HERA is so large because it is a shadow of 
DIS (i.e. inelastic processes)  dipole picture
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remarkable simplicity of DIS data 
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Dipole picture of DIS
equivalent to LO QCD
for small dipoles
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x < 10-2

Dipole description of the total γ*p cross-section
KMW 

b- CGC or 
quantum-CGC

b-Sat with DGLAP ev. for xg(x,.)  

NNPZ, GLM, FKS, GBW, MMS
DGKP, BGBK, IIM, FSS……
KT   - Kowalski, Teaney
KMW - Kowalski, Motyka, Watt



from gluon density convoluted with dipole
wave functions we obtain
simultaneous prediction/description 
of many reactions    

KMW 

Vector Mesons

DVCS

Note: educated guesses for VM wf work very well 

Diffractive Di-jets 
Q2 > 5 GeV2



KMW 

properties of wave functions 
Ratios of longitudinal/transverse x-sections

good description of J/Ψ and φ ratios  ρ is more difficult
 wave function?
 unnatural parity
 exchange?

ρ
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Nuclear tomography

gaussian shape of the proton in the impact parameter b 

t-distributions
at HERA
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Description of the size of 
interaction region  BD

Modification by Bartels, 
Golec-Biernat, Peters

fm 68.03 2 == Gp BR

2
G

p

GeV 48.6B 

fm 008.0870.0R 

=⇒

±=
the gluonic proton radius smaller than
the quark radius
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Discovery of HERA

Universality of the observed intercepts
a(Q2) = 1+l= 1+d/2

Pomeron is a fundamental QCD object
soft and hard IP join together

universal rate of rise 
of all hadronic cross-sections
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Pomeron at work
Rise of the DVCS cross-sections

b-Sat or IP-Sat

At EIC it should be possible to reduce the errors by a large 
factor, O(100), study of t-dependent rate of rise

study of b-dependent Pomeron evolution 
– direct insight into saturation inside the proton or nuclei





Saturation scale at HERA
(a measure of gluon density at which gluon re-scattering starts to be substantial)
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At HERA, the saturation scale can 
only be determined through dipole model
because
large fraction of σγ*p comes from the 
region of large b where matter density 
is low
only ~ 10% of x-section for b < 1 GeV-1
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RHIC (x=10-2) ~  QS

HERA(x=10-4)



universal rate of rise 
of all hadronic cross-sections

Is saturated state observed at HERA perturbative?



DIS on Nuclei

Shadowing in Nuclei KT, KLV



Nuclear enhancement 
of universal dynamics
of high parton densities
Kowalski, Lappi, Venugopalan
hep-ph/0705.3047

large enhancement of
saturation scale in nuclei

2001/3 ~ 6  
Equivalent center of mass
energy ~ 14 time larger 
than in ep



t-distributions
for exclusive diffractive 
meson production 
on proton and nuclei
at EIC

first estimate of the expected
measurement precision:

DpT < 30 MeV,  t ~ pT
2

Dt < 0.01 GeV2

for proton and light nuclei



The Spin Structure of the Nucleon

- quark contribution ∆Σ ≈ 0.25  
- gluon contribution  ∆G   ≈  1 ± 1 
- valence quark polarizations as expected
- measured anti-quark polarizations are consistent

both with zero and also with sizable negative sea
polarization 

significantly more precise data required

½ = ½ ΔΣ + ΔG + Lq + Lg

Most of the mass in the world  arises from QCD,  ie from a highly
relativistic system of spin-½ quarks interacting via exchange of spin-1
gluons. 

It is essential to understand how the proton spin-½ arises from its
quark and gluon constituents and their orbital angular momentum
contributions



View at the nucleon structureView at the nucleon structure
with help of Delia with help of Delia HaschHasch

from unpolarised
DIS

direct
flavour
decomp.

constrain on Δs

transversity is
non-zero!

first T-odd DF in
DIS

polarised DIS 

ΔΣ

Transverse
Structure
Transversely polarized 
p, d.. beams

ΔL from exclusive
processes

signals of GPD, ex: DVCS

evolution
diffractive J/Psi
charm, … 

first glimpse



EIC will extend reach of spin-dependent inclusive 
measurements by several orders of magnitude 

7 GeV e on 150 GeV p
5 fb-1 integrated luminosity

A. Bruell
R. Ent

QCD Bjorken Sum
Rule: Γ1

p - Γ1
n = 1/6 gA [1 + Ο(αs)]

Sum rule verified at present to ±10%→ 1% 



EIC determination of polarized quarks 
and anti-quarks

10 GeV e on 250 GeV p
10 fb-1 integrated luminosity

E. Kinney et al.

Hadron identification necessary



Nuclear Binding
Natural Energy Scale of 

QCD: O(100 MeV)
Nuclear Binding Scale 

O(10 MeV)
Does it result from a 

complicated detail of 
near cancellation of 
strongly attractive and 
repulsive terms in N-N 
force, or is there 
another explanation?

How can one understand 
nuclear binding in terms
of quarks and gluons?

Complete spin-flavor structure
of modifications to quarks and
gluons in nuclear system may be
best clue.



DIS is more interesting than we all expected

lets continue !


