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How do we understand the visible matter
in our universe in terms of the quark
and gluon degrees of freedom of
quantum chromodynamics?

How can studying QCD systems teach us
more about fundamental aspects of QCD
as a theory?
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(One way of dividing up)
Areas of study in QCD

» Structure/properties of QCD matter

* Formation of states of QCD matter

* Interactions within QCD
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Structure/Properties of OCD matter

* Bound states: Mesons, baryons also tetraquarks

pentaquarks? - @

 Bound states of bound states: Nuclel neutron stars,
other hadronic molecules?

S g s *
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Formation of states of OQCD matter

* Bound state formation mechanisms

e Formation of bound states of bound states

* Equilibration of quark-gluon plasma
* Time scales of hadronization/equilibration

e Modification of hadronization in different
environments

Knock a quark out of a free proton
vs. a nucleus—how is new bound

state formation from the scattered
quark affected by the presence of
the nucleus? Or simply a hadronic

environment rather than e+e-?
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Interactions within QCD

* Quark and gluon energy loss in cold and hot QCD matter

— What is the analog of the Bethe-Bloch

curve for QCD rather than electromagnetism?

Bethe-Bloch

mgfg]

g
=
&
=
=
g
g
=1
&
‘8
a
i)
7]

* Quantum interference and phase shifts Electromagnetic energy loss of

— E.g. quantum interference effects in hadronization = muons passing through copper
* One quark or gluon = multiple hadrons
» Multiple quarks or gluons = one hadron

* Color charge flow effects in scattering processes
— Process-dependent spin-momentum correlations in hadrons
— Quantum entanglement of quarks across colliding hadrons

Sivers TMD PDF sign change
in SIDIS vs. Drell-Yan
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Complexity and richness of QCD
Confinement

CLAS Collaboration
PRL 113, 152004 (2014)

* QCD theory: Quarks and gluons
* QCD experiment: QCD bound states

* Always an interplay between parton vs. bound-
state descriptions, reductionist vs. emergent
pictures

Christine Aidala, DIS 2024 7



High-energy collisions:
lools to study QCD

* Need high (enough) energies to
— Access subnuclear distance scales

— Form new states of QCD matter

‘éu‘rhs‘.; 73 5 R
.‘1‘\&.‘*

* High energies also
— Allow use of perturbative theoretical tools

— Provide access to new probes, e.g. heavy quarks, Z
and W bosons

Christine Aidala, DIS 2024



High-energy collisions:
Complementary systems

Can study QCD via

* Hadron-hadron collisions: proton-proton, proton-
nucleus, nucleus-nucleus, antiproton-proton, pion-
nucleus, ...

* Lepton-hadron collisions: e/u-proton, e/u-
nucleus, v-nucleus

* Lepton-lepton collisions: €™-¢” (hadronization)

Christine Aidala, DIS 2024 9



High-energy collisions:
Control

The more aspects of the collisions we can control/manipulate, the more
powerful our tools

 Collision species =2 state of matter to be studied, geometry, path
length, quark flavor/isospin, electroweak vs. strong interactions

* Energy - distance/time scales, probes accessible, states of matter

 Polarization = spin-spin and spin-momentum correlations in QCD
systems or in hadronization, sensitivity to system properties

Christine Aidala, DIS 2024 10



High-energy collisions:
Control

The more aspects of the collisions we can control/manipulate, the more
powerful our tools

 Collision species =2 state of matter to be studied, geometry, path
length, quark flavor/isospin, electroweak vs. strong interactions

* Energy - distance/time scales, probes accessible, states of matter

 Polarization = spin-spin and spin-momentum correlations in QCD
systems or in hadronization, sensitivity to system properties

Some aspects we select rather than control

* Opverlap of colliding nuclei, final-state produced particles and their
kinematics, ...
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The future Electron-Ion Collider, as a QCD-focused facility,
will operate with exquisite control over the colliding systems.
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High-energy collisions:
Control

The more aspects of the collisions we can control/manipulate, the more
powerful our tools

 Collision species =2 state of matter to be studied, geometry, path
length, quark flavor/isospin, electroweak vs. strong interactions

* Energy - distance/time scales, probes accessible, states of matter

* Polarization = spin-spin and spin-momentum correlations in QCD
systems or in hadronization, sensitivity to system properties

Some aspects we select rather than control

The future Electron-Ion Collider, as a QCD-focused facility,
will operate with exquisite control over the colliding systems.

A “tabletop experiment for giants”!
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The Electron-lon Collider

A joint endeavor by Thomas Jefferson National Accelerator
Facility and Brookhaven National Lab.

See also Monday s plenary talk by
Charlotte Van Hulse
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The Electron-lon Collider

Injector
Linac

0 0 j /" Polarized
« Highly polarized electron ot e N e
(~70%) and proton (~70%)
beams _
* Jon beams from deuterons to Fone
heavy nuclei such as gold, lead, EIC

Oor uranium

Location

Hadron ) Electrons /,
Storage Project
D

Ring

Electron
Injector (RCS)

* Variable e + p center-of-mass
energies from 28-140 GeV

* e + p luminosity
103£— 103* cm? 57!
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The Electron-lon Collider

Highly polarized electron
(~70%) and proton (~70%)
beams

Ion beams from deuterons to

heavy nuclei1 such as gold, lead,

Oor uranium

— Including polarized *He and

possibilities for polarized
deuterons!

Variable e + p center-of-mass

energies from 29-140 GeV

e + p luminosity
103£— 103% cm2 s°!

Christine Aidala,

Injector
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y Electron Electron
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Ring
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World-wide interest in the EIC
Py

* EIC User Group formed
in 2016. Has grown
tremendously in recent
years.

* Next EICUG meeting
July 2024 at Lehigh
University in the U.S.

Electron-lon Collider User Group:

Currently >1500 members from 290 institutions in 40 countries.
(25% theorists, 10% accelerator physicists,
65% experimentalists)

Christine Aidala, DIS 2024 13
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The EIC science program

How do the nucleon properties like mass and spin emerge from quarks
and their interactions?

How are the sea quarks and gluons distributed in space and momentum
inside the nucleon? How is spin dynamically generated?

n VvV s
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The EIC science program

How do the nucleon properties like mass and spin emerge from quarks
and their interactions?

How are the sea quarks and gluons distributed in space and momentum
inside the nucleon? How is spin dynamically generated?

How do new confined hadronic states emerge after the breakup of a
nucleon?

In what manner do color-charged quarks and gluons, along with
colorless jets, interact with the nuclear medium?

What impact does a high-density nuclear environment have on the
interactions, correlations, and behaviors of quarks and gluons?

n VvV s
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The EIC science program

How do the nucleon properties like mass and spin emerge from quarks
and their interactions?

How are the sea quarks and gluons distributed in space and momentum
inside the nucleon? How is spin dynamically generated?

How do new confined hadronic states emerge after the breakup of a
nucleon?

In what manner do color-charged quarks and gluons, along with
colorless jets, interact with the nuclear medium?

What impact does a high-density nuclear environment have on the
interactions, correlations, and behaviors of quarks and gluons?

What is the mechanism through which quark-gluon interactions give rise
to nuclear binding?

Is there a saturation point for the density of gluons in nuclei at high
energies, and does this lead to the formation of gluonic matter with
universal properties across all nuclei, including the proton?
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EIC: Improving the flavor-separated helicity
distributions of the proton sea through SIDIS

PRD102, 094018 (2020)
DSSV14: PRL113, 012001 (2014)
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Access flavor through SIDIS measurements of identified charged pions and kaons.
Current treatment of strangeness assumes As = AS and incorporates constraints

from hyperon [ decay. In the future could use positive and negative kaons to
separate As and AS.



EIC: Transverse spin structure of the
proton and TMD PDFs and FFs

Sivers TMD PDF x unpolarized FF
* Parton k; correlation with proton spin
* Current (green) and EIC (blue) constraints on u/d

* Limited subset of existing data that satisfies
factorization conditions.

» Uncertainties reduced by > X10 for all flavors.
* Wide range of hadron p facilitates k. mapping

Transversity PDF x Collins TMD FF

* Spin of parton correlated with spin of proton

* Correlation of fragmenting parton k; and spin

* Current (pink) and EIC (blue) constraints on u/d
 Benefits from polarized He? beams

MICHIGAN
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https://arxiv.org/abs/2103.05419

EIC: 2+1D imaging in coam’mate space

High precision imaging at EIC at low and
high x to constrain generalized parton
distributions (GPDs)
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EIC: 2+1D imaging in coordinate space

High precision imaging at EIC at low and
high x to constrain generalized parton
distributions (GPDs)
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Formation of QCD bound states:
Hadronization at EIC

 Use nucler as femtometer-scale
detectors of the hadronization
process!

* Wide range of scattered parton
energy; small to large nuclei

— Move hadronization inside/outside
nucleus

— Distinguish energy loss and
attenuation

IIIIIIII
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EIC: Hadronization and parton
propagation in matter

h

* Interaction of fast color charges with
matter?

* Conversion of color charge to
hadrons?

hot QCD
matter

Existing data = hadron

T production modified on nuclei
= compared to the nucleon!
EIC arror bars EIC will provide ample statistics
(R” i= arbitrary) . .
& = 200 GeV"2 and much greater kinematic
20 <v < 30 GeV coverage.
K -Study time scales for color
O Ma: o c
- neutralization and hadron
a0 <v < Tl GaV¥ 0
- formation
K’ c c
D Mszon - e+A complementary to jets in

A+A: cold vs. hot matter

MICHIGAN
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Building the experimental program

SCIENCE REQUIREMENTS

* Development of EIC Yellow Report " Anp perecro

: 7T\, ELECTRON-ION COLLIDER
(‘\“ ) EIC Yellow Report

2020

— Detector and machine design parameters
driven by physics objectives

* Subsequent call for proposals and review
process 2021-22 led to establishment of
ePIC Collaboration, with charter ratified
in Feb 2023

ANIEARN T BERDYREANTERNIC N IE DN/

THE 2023 LONG RANGE PLAN FOR NUCLEAR SCIENCE

* Oct 2023: EIC/ePIC endorsed as highest
priority for new facility construction in
the U.S. Long Range Plan for Nuclear
Science

Christine Aidala, DIS 2024 20
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The ePIC Collaboration

171 institutions (Jan 2024)

24 countries
ndia /

. ‘ A truly global pursuit for

UK

institutions | the first experiment at the
ince of Chi ' o] in EIC!

Israel
Ger

lapan France Y
Germany \
Poland - Slovenia,
Canada
Czech Republic Czech Republic Hungary

Norway
Hungary
France
Canada
Ukraine
Spain
Slovenia
Senegal
Saudi Arabia

Jordan

43 institutions in

Egypt

11 European countries

10 20 30 40 50 60 7
# Institutions =

Acknowledgements: John Lajoie, Silvia Dalla Torre
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The ePIC Collaboration

171 institutions (Jan 2024)
24 countries

India

/

South Korea
apan
ePIC Non-US
. Institutions
na 61%
rovince o ina '

A truly global pursuit for
the first experiment at the
EIC!

eeeee

aaaaaaaaaa

43 institutions in

11 European countries

Acknowledgements: John Lajoie, Silvia Dalla Torre

MICHIGAN

il il



ePIC detector design

o (
I

-

Tracking:
* New 1.7T (2.0T) solenoid
* Si MAPS Tracker

MPGDs (LRWELL/uMegas)

“Forward”

PID:
* high-performance DIRC
* proximity-focused RICH
* dual-radiator RICH
e AC-LGAD (~30ps TOF)

Calorimetry:
* Imaging Barrel EMCal
* PbWO, EMCal (backwards)
* Finely segmented EMCal +Hcal
in forward direction
* Quter HCal (sPHENIX re-use)
* Backwards HCal (tail-catcher)

Shujie Li, WG6, Wed - overview Also Chandradoy Chatterjee,

Gian Michele Innocenti,
r‘\/‘j . .
VA Michael Pitt, Henry Klest 22




Translating physics requirements to
detector requirements

Measurement categories to address EIC physics: LG COVEIELE (DI e
1 / wide phase-space reach
' * Inclusive DIS ~ Excellent EM-calorimetry with PID

support for e/x separation

Q Fine resolution tracking with low
X, - IERS

» fine multi-dimensional binning in

Fine p+ resolution

* Semi-inclusive DIS Extended PID systems for hadron

» 5-dimensional binning in x, Q2 z, . identification
T, 0 H-calorimetry to attempt TMD
assessment with jets (new world-
- wide)
* Exclusive Processes B Extend acceptance at extremely
» 4-dimensional binning in x, Q2, t, small scattering angles by far
- forward detectors

0to reach [t| > 1 GeV2

Fine vertex resolution by tracking

MICHIGAN
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Far-Backward
Detectors

Far-forward and far-backward

Luminosity
monitor

Low-Q? Tagging
Detectors

MICHIGAN
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detectors
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[
e,

Orward spectrometer
(in BO)

Off-momentum detectors 1
Roman Pots
Off-momentum detectors 2

Hadrons Elect
Detector
-4
1

Off-Momentum Detectors

Focusing Quadrupoles

BOpf combined function magnet

Far-Forward Detectors

BO Tracking and Photon
Detection

Roman Pots and Off-
Momentum Detectors
Zero-Degree Calorimeter



Maximizing the scientific output of the
EIC: A second detector at IP8

* At this time the EIC project supports only one interaction region (IP6) and one
detector (ePIC).

* A deliverable of the EIC project is the possibility of a second interaction region and
detector at IPS8.

* Significant external funding required before Dept. of Energy would consider any
additional commitments to a 2" Detector.

« A2 interaction region and detector has long been envisioned as part of a robust
program at the EIC facility.

THE ELECTRON-ION COLLIDER
The Benefit toctors

2007 2015 2018 2020 2021 2022
Pawel Nadel-Turonski,

WGo6, Wed

Christine Aidala, DIS 2024


https://www.bnl.gov/dpapanelmeeting/files/pdf/dpap_report_3-21-2022_final.pdf
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EIC schedule: U.S. Department of
Energy “Critical Decision” milestones

Operating

Project Engineering and ) Construction
Funds

I
—_— |
Design (PED) Funds I & PED I

Funds :

Execution Closeout

Conceptual Preliminary Final Construction
Design Design Design

Critical
cision CD-4 cD-1 CD-2 cD-3 cD4

Decisions
Approve Approve

Mission Alternative
Need Selection
and Cost

Range

Approve Approve Approve
Performance Start of Start of Operations
Baseline (PB) Construction or Project

or Execution Completion

26
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Recent news: U.S. Department of Energy
“Critical Decision 3A" approval!

Electron-lon Collider Set to Begin Long-Lead Procurements
EIC Critical Decision Plan EIC project passes Critical Decision 3A (CD-3A), official OK to procure key components for building
CD-0/Site Selection Dec 2019 v state-of-the-art collider
CD-1 Jun 2021 vV
CD-3A Apr 2024 v
CD-3B Oct 2024
CD-2/3 Apr 2025
early CD-4 Oct 2032
CD-4 Oct 2034

April 2,

.gov/newsroom/news.php?a=121812 @ enlarge

A cutaway shov or components inside the future Electron-lon Collider tunnel. (Brookhaven National Laboratory)

( ) for the Ele
ed at DOE's Br:

MICHIGAN
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https://www.bnl.gov/newsroom/news.php?a=121812

EIC schedule

ME@EEEEEM

' v
CD-0(A) cp-1(A) €D-3A cp-2/§ R Early CD-4 cD-4
Dec 2019 Jun 2021 Jan202¢ cp.3g Apr ZOZi COﬂStrU Ctlon Phase ;:nyp\et\nn Aproved Completion

0Oct 2024 Oct 2032 Oct 2034

. Accelerator e I
Research & Systems
Development pﬂe:tar = CI us .. SCIenCe Phase

Infrastructure
1
Accelerator
Systems
Detector I | |
Infrastructure rrnvemlnnal Construction
1 1 1 1 " | |
ramizion it 1 Procurement, Fabrication, Installation & Test
Installation sysrems | | [ i | |
Procurement, Fabrication, Installation & Test
Detector

Data Level 0 __ Critical
Date Milestones T Path

(A) Actual Completed Planned

A “;’2;‘:::; Commissioning & Pre-Ops
Commissioning v : I l
& Pre-Ops I
petector Commissioning & Pre-Ops

CDA4A - Early finish, collisions begin for machine tuning.
Detector 1 (ePIC) needs to be ready to give feedback.

CD4 - Machine delivers for physics.
Detector 1 (ePIC) should be fully functional to start physics.

Christine Aidala, DIS 2024



Conclusions

* The EIC will be a beautiful and flexible
facility for controlled manipulation of QCD
systems!

IIIIIIII
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Conclusions

* The EIC will be a beautiful and flexible
facility for controlled manipulation of QCD
systems!

The more we learn in the upcoming years from
theoretical developments as well as existing and
near-term data from complementary facilities,

the more fully we will be able to exploit the
EICs powerful and unique capabilities once it
turns on!

Christine Aidala, DIS 2024 29
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Extra
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EIC science case developed over
more than two decades

and detector
R&D [for EIC]
should be
given very
high priority
in the short
term.”

MICHIGAN
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“We recommend
the allocation of
resources .. to
lay the founda-
tion for a polar-
ized Eletron-lon
Callider._

“.anew
dedicated
facility will be
essential for
answering
some ofthe
most central
questions.”

“The quantitative
study of matter
in this new
regime [where
abundant gluons
dominate]
requires a new
experimental
facility: an Elec-
tron lon Collid-
er”

Electron lon Collider:
The Next QCD Frontier

Undmtanding 1he e
hat bt 3

...essential
accelerator
and detector
RE&D [for EIC]
should be
given very
high priority
in the short
term”

Christine Aidala, DIS 2024

Major Nuclear
Physics Facilities for
the Next Decade

March 14, 2013

“Electrondon
Cadllider..abso-
lutely central to
the nudear sci-
ence program of
the next
decade.”

“a high-energy
high-Juminosity
pdarized EIC
[is] the highest
priority for new
facility con-
struction follow-
ing the comple-
tion of FRIB.”

2015

The science
questions that an
EIC will answer
are central to
completing an
understanding of
atoms as well as
being integral to
the agenda of
nuclear physics
today.”

2018

AN AS! MENT OF
5.E. ELECTRON-ION
€

O LDFR SCIFNCE,

40



Maximizing the scientific output of the
EIC: A second detector at IP8

Paradigm shifts require cross-checks and

P Cross-
verification!
checks and

~ Hsoraleamplesinqcd Verification
Discovery of the Gluon TASSO, JADE, Mark J and PLUTO

Gluon dominance at low-x H1 and ZEUS

Discovery of the Quark-Gluon Plasma BRAHMS, PHOBOS, PHENIX and STAR A 2nd detector
Proton spin puzzle EMC, SMC and SLAC requires a 2"
First parton imaging measurements COMPASS, HERMES and JLAB collaboration that will
EMC Effect EMC, NMC and SLAC bring with it

independent analysis
frameworks and
ideas. Healthy
competition
encourages efficiency
and accountability.

Christine Aidala, DIS 2024 Al



UK funding for EIC announced
March 27!

March 27, 2024
& GOV.UK

Home » Business andindustry > Science and innovation » Scientific research and development

Press release
Major funding unveiled for cutting-

A More than £58 million will go towards a joint project with the United States
Department of Energy to develop new infrastructure that will address
fundamental questions on the nature of matter. It will be built by Science and

1 Technology Facilities Council laboratories in Daresbury and Oxfordshire, with
support from universities across the UK, before being installed at the
Electron-lon Collider (EIC) at the Brookhaven National Laboratory in New

R York. This new particle accelerator facility will join top infrastructure like the
Large Hadron Collider, built by CERN in 2010 and stationed near Geneva, in
leading major scientific breakthroughs on a global scale.

fyThe EIC will give scientists crucialinformation about the forces and
interactions inside protons and atomic nuclei as the smallest particles
interact by colliding beams against each other. Particle accelerators have
previously revolutionised our understanding of physics, leading to
breakthrough discoveries such as the Higgs boson, a vital building block of
our universe, as well as the development of life-saving medical technologies.

UK scientists will have access to the groundbreaking new facility following
their frontline role in developing this international project.

MICHIGAN
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Will help build the Silicon
Vertex Tracker outer barrel
layers, low-Q? tagger, and
luminosity pair
spectrometer calorimeters,
as well as two cryomodules

for the energy recovery
LINAC (ERL) cooler.



Going beyond previous facility
capabilities
* Beams of light = heavy ions

— Previously only fixed-target e+A experiments

* Polarized beams of p, d/He’

— Previously only fixed-target polarized experiments

3L Measurements with A = 56 (Fe): 10° Current polarized DIS data:
e eA/pADIS (E-139, E-665, EMC, NMC) O0CERN ADESY ¢JLab oSLAC
= vADIS{CCFR, CDHSW, GRORUS, NuTeV) Current polarized BNL-RHIC pp data:

o DY (E772, E866) . Lgnun ®PHENIXT® ASTAR 1-jet

Nucleardata . wocs gt e a8 5 Polarized data &
0000 O e l.‘ 1] &

1 perturbative -
non-pertiirbative PRI aas & s ®
. - LE 1 I -

ol Vil



Accessing gluons with an electroweak probe

2

2
Yy 2y Y 2
=—>=n | —y+— |F(x, ——F (x,

dZGep—wX ~ 47Z_a2

HERA F, Access the gluons in DIS via scaling
= ZEUS NLO QCD fit V|O|at|ons
—— H1 PDF 2000 fit
dF,/dInQ? and linear DGLAP evolution in
4 H1 (prel.) 99/00
= ZEUS 96/97 QZ 9 G(X,Qz)
OR
Via F| structure function
or st iE x=0.013 OR

egss x=0.021

=ll=‘l*‘i (1]

Via dihadron production
OR
Via diffractive scattering

T s mmneala 45 ] (o025

s qe- 88 g "HL'—" x=04




Partonic momentum structure of nuclei:
Nuclear parton distribution functions

(Traditional collinear, unpolarized) Nuclear PDFs

EPPS16* NNNPDF2.0

NCTEQ15wz
NNNPDF2.0 EIC

nCTEQ15wz EIC EPPS16* EIC

éufu

Expected improvement
on uncertainty in
nuclear PDFs - from
Yellow Report

éu/u
O o O W OO0 W O

1.
0.
0.
1.
0.
0.
1.
0.

os/s

Yellow Report : 2103.05419

6g/g
o

10~3 1072 1071 103 1072 107! 103 1072 107!

X X X 17



https://arxiv.org/abs/2103.05419

EIC: Spin sum rule, low-x contributions,
and orbital angular momentum

PRD102, 094018 (2020) e Current polarlzed data cover
DSSV14: PRL113, 012001 (2014) x > ~1073

DSSV14 dataset .
1.5 - - EIC DI;\I/_l ) 15 GeV * Could there be significant

| ! v spm contrlbutlons for
EIC DIS 45 — 140 GeV
|- V= 1076 < x < 10732

* EIC data for Ag at low x
will significantly improve
uncertainty on the total
quark and gluon
contributions to proton spin

A
<]
al
—
+

~10
J10~

e Remainder must be orbital
angular momentum!

p ). 0.0 0.2

1/2- ] J(Ag +1/2AY) dx

Note different horizontal and vertical
axis scales!

MICHIGAN
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Imaging spatial structure of quarks in nuclei:

Diffraction

e X-ray diffraction used to

, , probe spatial structure of
Diffraction pattern from atomic crystal lattices

monochromatic plane wave incident — Measure in momentum

onh a circular screen of fixed radius space, Fourter
Lght transform to position

Intensity Space

 Nuclear distance scales
- Need gamma ray
diffraction!

NS\ \/ NN o~ — Again measure
> % % Angie diffractive cross section
_ l | l I|| l [ l _ in momentum space
(Mandelstam ¢), Fourier
From E. Aschenauer transform to position
space
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Partonic spatial structure of nuclei.
Diffraction

5 GaV on 100 GaV

Jldt =101

T

<At (pb/Ge V)

kT Fii

Goal: Cover wide range in ¢.
Fourier transform - impact-
parameter-space profiles.

Obtain b profile from slope vs. ¢.

Note: To probe spatial distributions,
can also use Bose-Einstein correlations
01<xg <016 (HBT) in e+A to probe spatial extent
b of particle production region, as in
hadron-hadron collisions
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Gluon saturation

small x

X = Ppar"ron/ Pnucleon

At small x linear evolution gives
strongly rising g(x) - but must be \

bounded!

\

A\ T~

\ )~

\) /7
ooou[ﬁh«u.

BK/JIMWLK non-linear evolution includes
recombination effects = saturation

> Dynamically generated scale
Saturation Scale: Q2 /(x)
* Increases with energy or decreasing x

> Scale with Q%/Q?%(x) instead of x and (%

Q? separately

V[
—z(lnS)2
e Bremsstrahlung Recombination
~ o In(1/x) ~ o P

o

tot —
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Diffraction to study universal state of
gluonic matter: Gluon saturation

* In addition to probing
spatial structure, rogion el
diffraction 1s one way
to probe gluon
saturation within
nucle1

Christine Aidala, DIS 2024 50



Formation of QCD bound states:
Hadronization at EIC

scatftered lepton

incoming lepton

current +n ~ 4
fragmentation

E
T 3 . l
Y C
String Breokin _
fragmentation -n~—4
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Formation of QCD bound states:
Nuclear modification of fragmentation

functions

075 025 05

z EPJA47, 113 (2011) z

As 1n A+A and
modifiec

| pt+A, fragmentation functions are
| 1n e+A with respect to e+p,

e.g. sup

IIIIIIII

pression of pion production



Formation of QCD bound states: Hadronization
in higher-density partonic environments

* Evidence for baryon

enhancement also 1n
et+Al!

* Baryon enhancement in
A+A, ptA, etA suggests
mechanism(s) other than
“vacuum fragmentation”

* Binding of nearby
partons in phase space?

Comprehensive studies of hadronization as well as of

propagation of color charges through nucle1 possible at EIC

Christine Aidala, DIS 2024 23
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