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DIS HIGHLIGHTS:

e

** Bjorken scaling: the parton model.

¢ Scaling violations: QCD- asymptotic freedom,
renormalization group; precision tests of pQCD.

» Rapid growth of gluon density at small x, significant
hard diffraction.

*» Measurement of polarized structure functions: scaling
violations, the “spin crisis”.

* QCD in media: the EMC effect, shadowing, color transparency,..
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‘Asym}ototic freecfom...
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RG evolution...
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Principal goals of an Electron-Ion Collider

Extend DIS Paradigm for quantitative QCD studies in
largely " * terra incognita” small x-large Q* regime

Three pronged approach

» High luminosity (~100 times HERA) unpolarized e-p
scattering

» Polarized e-pol. P -highest energies and collider mode
for the first time

» First eA collider-detailed map of QCD 1in nuclear media
& very high parton densities.



Unpolari scattering

What couv we do-withv luminosity 100 times HERA (allbeit
factor 3 lower energy) and detectors optimiged for small v
physics ?

v Vary beam energies to measure F_L independently for

first time in small X region-measure of gluon
density. Is more sensitive to higher twists than F_2.

v Wider 77 coverage than HERA-precision studies of
diffractive parton dists.-rapidity gaps.

v Semi-inclusive (and exclusive!) measurements: DVCS,
vector meson production, fluctuations and correlations

v" Precision s tests? Strong constraints on flavor dists.
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F_L 1is a positive definite quantity-result hints at problem
with leading twist NLO pQCD at low x and moderate ()?



Diffractive Surprises

‘Standard DIS event’

Detector activity in proton direction

Diffractive event

No activity in proton direction

APPROXIMATE 10% OF EVENTS ARE HARD DIFFRACTIVE EVENTS!



pol.e-pe cattering

Precision measurements of spin structure functions-
Scaling violations-is it DGLAP or are small

. Doq g :
xX-corrections as In"(1/x) resummation large?
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g_1 measurements, in combination with — - from RHIC and eRHIC can

I

constrain -first moment- A(’ critical to resolve spin puzzle-contributions to
nucleon spin from quark & gluon spins




Pol. DIS: CERN, SLAC, DESY
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Theoretical uncerminity from small x extmjaofation of Struct. ‘Fns.



— AG(x)at eRHIC from a) scaﬁng violations, b) direct measurements
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** Precision measurements of g from g-1 sca[ing violations

“» First measurement of EW structure function g-5 from
W= Joroofuction

X Sing[e spin asymmetries-Co(fins innaf-smte) and Sivers
(initial state) effects.

* Generalized parton distributions-hadron micro-surgery...
& T mnsversity-cﬁimf odd twist 2 structure functions
% Flavor sqpamtion cf yo(am’zeof PDF’s tﬁrougﬁ semi-inclusive

1IS.



e Parton orbital angular momenta from GPD’s ?

“Deeply-virtual Compton scattering”, exclusive proc.
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“Generalized parton distributions”™
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electron-nuc ~us scattering
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Shadowing: EIC will have data with very high statistical
accuracy at significantly higher Q2
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Extract [ ;G (X, Q%) ﬁlnigf - Fit(x, Q%) for light &

heavy nuclei for ()% ~ 10 Qﬁmmrw at fixed small x




Ratio of Gluon densities in Lead to Proton at Q% = 5GeV?
inx range 1072 — 10"

LA

v «

Factor 3 uncertainity invglue => Factor 9 uncertainity inv
Semi-hawrd HI-partor cross-sections at LHC!




THE COLOR GLASS CONDENSATE

Low Energy —Lar'ge X

Gluon
Density
Grows

High Energy —Small x

Phase space dénsity f grows myieffy at small x

: 1
Gluon density saturates at f=_—
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eA at RHIC =~ same parton density as ep at LHC energies!



NOVEL REGIME OF QCD EVOLUTION
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Concluding remarks on eA:

J Very significant progress in theory-novel RG
equations-the EIC can test to high precision new
phenomena-scaling violations very different from
DGLAP.

) Besides inclusive signatures, semi-inclusive
measurements (vector mesons, hard diffraction,...) very
sensitive to the high parton density state.

] eA & pA needed to test universality of novel degrees of
freedom at small x.

J Not least, EIC can extend previous “in-media” studies
of fixed target (NMC, HERMES,...) experiments to
new kKinematic regions in clean collider environment



Complementar f pA & eA at RHIC

> Both }0/@-97[ & eA can }71’068 small x region-important to test

universal aspects of new yﬁysics.

> eA due to incfejoemfent “lever arms” in x and QZ well equ?pyecf

for ]arecision measurements. Much harder with Jﬂl.

> A & p?l have im}oormm clua[i’mtive oﬁﬁ%rences for
hard oﬁfmctive processes. May be 30-40% of

cross-section in e¢A!



I: Universality: collinear versus k_t factorization

Collinear factorization: M ~ /s >> Aqcp

k t factorization:

Are these oﬁjects universal? \/ery imjoormnt for extraction

of “g[uon” distributions.



IT: Extracting gluon distributions in pA relative to eA
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As many channels...but more convolutions, kinematic
constraints-limit precision and range.



Drell-Yan

Impressive reach...

But very difficult to
e | see scaling violations
M? > 16 GeV?
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Direct ]oﬁotons: Joromising-neecf wide coverage to go to
small x-need simulations at forwanf m}oidi’ty..ﬁt issues

to 66 1’850&/’66[.
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ITI: Hard diffractive processes
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30-40% of eRHIC events may be hard diffractive events-
Study sizes and distributions of Rapidity Gaps



» Factorization theorems for diffractive parton
distributions only hold for Lepton-Hadron processes-
NOT for Hadron-Hadron processes.

<+ Spectator interactions destroy Rapidity Gaps in pA
scattering

Study of Rapidity Gaps links the study of
CGC physics and confinement-can provide major
advance in our understanding.




