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What can be explored at EIC in eA collisions ?

Capabilities of EIC

Beams with different A: from light nuclei to the heaviest nuclei
Polarized electron and nucleon beams. Possibility of polarized light ions.

Variable center of mass energies 20 -140 GeV

High luminosity 10°° — 10%*cm™2s~!

Physics with nuclear beams

How are parton distributions changed in nuclei ? Nuclear PDFs, neutron structure
How and when partons saturate in nuclei ? Parton saturation

How nucleons/nuclei stay intact in high energy collision?
What is the nature of color singlet exchange ? Diffraction and shadowing

How partons interact with nuclear medium ? Hadronization in medium

Nature of the strong force, correlations in nuclei ? EMC effect, short range correlations
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Global structure of nucle
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Global nuclear structure: structure functions

Aschenauer, Fazio, Lamont, Paukkunen, Zurita
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Precision measurements of the reduced cross section: inclusive and charm component in nuclei
Errors much smaller than the uncertainties of QCD predictions
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Impact of EIC on nuclear PDFs
Collinear factorization DGLAP evolution : linear evolution with scale
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DIS on a deuteron with spectator tagging
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Spectator tagging allows to control the nuclear configuration
in the deuteron initial state : active nucleon and relative
momentum. Differential analysis of the nuclear effects

Unique method with several applications:

Free neutron structure function

Configuration dependence of the EMC effect

Proton structure function ( analysis of nuclear effects)

Neutron polarization in polarized DIS (S, D waves)
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Double tagging can be done
with light nuclei: 3He,3H.
Neutron, proton structure
nuclear modifications
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Color Glass Condensate: effective theory at high energy/density

QCD at high energy (low x) and/or high density (large A)

predicts saturation of gluons
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Nuclei provide enhancement of the density : opportunities to test saturation at EIC

Impressive progress in higher order calculations at NLO in CGC in the context of DIS

Nonlinear evolution equations to NLO in QCD and to NNLO in N=4 SYM

Resummation of higher orders in nonlinear evolution

Impact factors for inclusive structure functions

Impact factors for heavy quarks

CGC calculations entering era of
high precision

Exclusive vector meson production and diffractive dijets

Inclusive dijet and hard photon final states
/
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Testing saturation through inclusive structure functions at EIC

Study differences in evolution between linear DGLAP evolution and nonlinear evolution with saturation
Matching of both approaches in the region where saturation effects expected to be small

Quantify differences away from the matching region: differences in evolution dynamics
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Heavy nucleus: difference between DGLAP and nonlinear are few % for F' and up to 20% for F;.

Longitudinal structure function can provide good sensitivity at EIC
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Testing saturation through (de)correlations of hadrons

Azimuthal (de)correlations of two hadrons (dijets) in DIS in eA: direct test of the Weizsacker -Williams
unintegrated gluon distribution

do_fy*—l—A—>h1 +ho+X

C(Ap) =—rt
( ¢) dafSyII;'_IJSA_)hl—i_X dzhlethAqb
dzhl

dO-’Y*+A—>h1 +ho+X
dzn1dzna Ppmir Ppnar F(zg,qr) @ H(zg, k11, kor) @ Dy(2n1/ 29, D11) ® Dy(2h2/ 24, Do)
0.50 _I Itl' | T T T | T T T | T T T | T T T | T T T | ]
L prt >2 GeV mep i
| trig assoc oep smeared ||
0.40 pro > Pt > 1 GeV ecAu ]
. . L 0.2 < 278, 277° < 0.4 oeAu smeared |1
Clear differences between the ep and eA: suppression of [ o ]
the correlation peak in eA due to saturation effects ?l 0.30 - /s =90 GeV i
(including the Sudakov resummation) — i ]
QO 0.20f .
Further observables: azimuthal correlations of dihadrons/ 0.10 — —
dijets in diffraction, photon+jet/dijet. These processes [ ]
will allow to test various CGC correlators 0.00 =t

2 2.5 3 3.9 4 4.5
Yellow Report AQb (rad)

Anna Stasto, EIC science: eA reactions, 2022 Town Hall Meeting on Hot & Cold QCD, MIT, September 23 2022 9



Diffraction in DIS

k' Diffraction: a reaction characterized by a large
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Inclusive diffraction in DIS

e Coherent diffraction: sensitive to global shape;
incoherent to fluctuations

e Extraction of nuclear diffractive parton

distributions would be possible for the first time

 Diffractive to inclusive ratio of cross sections
sensitive probe to different models (ex.
saturation vs leading twist shadowing)

Ratio in LT shadowing : suppression
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Diffraction in ep/eA

FP diffractive longitudinal structure function Exclusive diffraction of VM

e+ Au — e+ Au+ J/¢
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Passage of color charges through cold nuclear matter

e Modern theories of QCD in matter (such as SCETg and NRQCDg) have enabled novel understanding of parton
showers on matter. Capabilities to calculate higher order and resumed calculations in reactions with nuclei

* EIC will provide important input on hadronization mechanism in eA

* Different scenarios: parton evolution in medium or hadron absorption

Parton energy loss and in-medium fragmentation function modification
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Jets as probes of cold nuclear matter

Jets emerged as a premier diagnostic tool for hot nuclear matter at RHIC and LHC

Also excellent probes for cold nuclear matter. Using jets, elucidate the properties of in-medium parton showers.
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 Pioneer jet substructure studies with heavy quark initiated jets performed in a EIC regime very different from
the one probed in heavy ion collisions  ; iy vitev

 Pave the way to a qualitatively new level of understanding of the role of heavy quark mass
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Summary

EIC : precision tool for high energy nuclear physics

Nuclear structure functions, precision extraction of nuclear PDFs, testing the limits of
collinear factorization in nuclei. Initial conditions for hot QCD.

Explore the onset of saturation in eA, DGLAP vs non-linear evolution, x,A, and Q
dependence. Precise measurement of F; needed (variable energies)

Extraction of diffractive nuclear PDFs possible for the first time, potential for F;D.
Diffractive to inclusive ratios needed to distinguish between the different scenarios.

Test the mechanism of hadronization with hadrons and jets (heavy flavors, low energy
beams). Initial vs final state effects.

Rich program with light ions: spectator tagging, configuration dependence, neutron
structure, SRC, coherent nuclear processes, polarization
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