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What is the EIC ?What is the EIC ?
Electron Ion Collider as the ultimate QCD machine

 Variable center of mass energy between 20 and 100 GeV
 High luminosity 
 Polarized electron and proton (deuteron, 3He) beams
 Ion beams up to A=208

Explore the new QCD frontier:
strong color fields in nuclei

Precisely image the sea-quarks
    and gluons in the nucleon



RHIC-Spin region

Precisely image the sea quarks
Spin-Flavor Decomposition of the Light Quark Sea
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World Data on F2
p EIC Data on g1

p

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



ΔΔG from scaling violations of gG from scaling violations of g11
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D mesons

D mesons

Polarized gluon distribution via charm productionPolarized gluon distribution via charm production

LO QCD: asymmetry in D production directly 

                   proportional to Δ G/G

very clean process !



Polarized gluon distribution via charm productionPolarized gluon distribution via charm production

problems: luminosity, charm cross section, background !



Polarized gluon distribution via charm productionPolarized gluon distribution via charm production

Precise
determination
of Δ G/G for
0.003 < xg < 0.4

at common Q2

of 10 GeV2

however...RHIC SPIN



If:
• We can measure the scattered
electron even at angles close to 00

(determination of photon
kinematics)
• We can separate the primary
and secondary vertex down to
about 100 µm
• We understand the
fragmentation of charm quarks (✔)
• We can control the contributions
of resolved photons
• We can calculate higher order
QCD corrections (✔)

Polarized gluon distribution via charm productionPolarized gluon distribution via charm production

Precise
determination
of Δ G/G for
0.003 < xg < 0.4

at common Q2

of 10 GeV2



gg11 and the  and the Bjorken Bjorken Sum RuleSum Rule



Bjorken Sum Rule: Γ1
p -  Γ1

n = 1/6 gA [1+Ο(αs)]

• 7% (?) in unmeasured region, in future
constrained by data and lattice QCD

• 3-4% precision at various values of Q2

Needs:
O(1%) Ion Polarimetry!!!

determination of αs(Q2)

• Sub-1% statistical precision at ELIC
(averaged over all Q2)



The Gluon Contribution to theThe Gluon Contribution to the
Nucleon SpinNucleon Spin

Antje Bruell, Jlab
EIC meeting, MIT, April 7 2007

• Introduction

• ΔG from scaling violations of g1(x,Q2)

• The Bjorken Sum Rule

• ΔG from charm production



Exclusive Processes: Exclusive Processes: Collider Collider EnergiesEnergies



Exclusive Processes: EIC Potential andExclusive Processes: EIC Potential and
SimulationsSimulations
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5 5 GeV GeV ⊗⊗ 50  50 GeV/cGeV/c
(e(e−−  ⊗⊗ P) P)

 Q2=4 GeV2

 2ζ= 0.2

 P’ tagging required
– Exclusivity
– Δ2 Resolution

• σ(Δ2) ≈ 0.3GeV2

without tagging
• Transverse

Imaging



Exclusive charged pion production
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Detect the neutron Missing mass reconstruction

• Neutron acceptance limits the t-coverage
• The missing mass method gives full t-coverage for x<0.2

Assume
dp/p=1%  (pπ<5
GeV)

Ee=5 GeVEp=50 GeV

0.01<x<0.02 0.02<x<0.05 0.05<x<0.1

10<Q2<15
15<Q2<20
35<Q2<40

10<Q2<15
15<Q2<20
35<Q2<40

0.05<x<0.1

Assume: 100 days,
Luminosity=10E34





Unpol. DF

Helicity

Transversity

Transversity Transversity and friendsand friends

Sivers function

Boer-Mulders function
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EIC workshop, May 21th 21R.Seidl: Transversity measurements at EIC



R.Seidl: Transversity
measurements at EIC 22

EIC
workshop,

May 21th

First successful attempt at a global analysis for the transverse SIDIS and the BELLEFirst successful attempt at a global analysis for the transverse SIDIS and the BELLE
Collins dataCollins data

 HERMES AUT p
data

 COMPASS AUT d
data

 Belle e+ e- Collins
data

 Kretzer FF

 First extraction
of transversity
(up to a sign)

Anselmino et al: hep-ex 0701006



WhatWhat  can be expected at EIC?can be expected at EIC?
 Larger x range

measured b y existing
experiments
COMPASS ends at ~

0.01, go lower by
almost one order  of
magnitude, but
asymmetries become
small

 Have some overlap at
intermediate x to test
evolution of Collins
function and higher
twist but at higher Q2

EIC workshop, May 21th R.Seidl: Transversity measurements at EIC 23
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Sivers effect: Kaon electroproduction

• The low x of EIC makes it ideal place to study the Sivers asymmetry in Kaon
production (in particular K-).
• Combination with CLAS12 data will provide almost complete coverage in x

EIC

CLAS12



ELIC

Vanish like
1/pT (Yuan)

Correlation between Transverse Spin and
Momentum of Quarks in Unpolarized Target

All Projected Data

Perturbatively
Calculable at
      Large pT



Gluon Saturation at EIC ?Gluon Saturation at EIC ?

Gluon distribution G(x,Q2)
– What’s the issue ?
– What can we measure at EIC ?

• Extract from scaling violation in F2: δF2/δlnQ2

• FL ~ αs G(x,Q2)
– Other Methods:

• 2+1 jet rates (needs jet algorithm and modeling of hadronization
for inelastic hadron final states)

• inelastic vector meson production (e.g. J/ψ)
• diffractive vector meson production - very sensitive to G(x,Q2)
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The Issue With Our Current UnderstandingThe Issue With Our Current Understanding
Established Model:

Linear DGLAP evolution scheme
 Weird behavior of xG and FL from

HERA at small x and Q2

– Could signal saturation, higher twist
effects, need for more/better data?

 Unexpectedly large diffractive cross-
section

more severe:

Linear Evolution has a built in high
energy “catastrophe”
 xG rapid rise for decreasing x and

violation of (Froissart) unitary bound
 ⇒ must saturate

– What’s the underlying dynamics?



Non-Linear QCD - SaturationNon-Linear QCD - Saturation

 BFKL Evolution in x
– linear
– explosion of color field?

 New: BK/JIMWLK
 based models

– introduce
non-linear effects

⇒ saturation
– characterized by a scale Qs(x,A)
– grows with decreasing x and

increasing A
– arises naturally in the Color Glass

Condensate (CGC) framework

proton

N partons new partons emitted as energy increases
could be emitted off any of the N partons

Regimes of QCD Wave Function



Universality & Geometric ScalingUniversality & Geometric Scaling
Crucial consequence of non-linear
evolution towards saturation:
 Physics invariant along trajectories

parallel to saturation regime (lines
of constant gluon occupancy)

 Scale with Q2/Q2
s(x) instead of x

and Q2 separately

⇐ Geometric Scaling
 Consequence of saturation which

manifests itself up to kT > Qs

 This functional form is
independent of whether QS is
that of a hadron or nucleus.

x < 0.01









Summary

EIC is the ideal machine to provide the final answers
on the structure of the proton, especially in the region
where sea quarks and gluons dominate

It will allow to :

• measure precisely the gluon distribution at low x and moderate Q2
• determine the polarized sea quark distributions in the nucleon
• map out the polarized gluon distribution in the nucleon
• perform a precision test of the Bjorken Sum Rule ---> αs
• do gluon “tomography” via exclusive processes
• determine transverse spin effects and orbital momenta
• provide a understanding of the fragmentation process

• investigate the low x phyiscs of saturation in the nucleus


