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The ATLAS detector

barrel New Small Wheel (NSW)

barrel toroid magnet
muon chambers muon chambers

ATLAS is a large general-purpose detector with
almost 47 coverage:

endcap

* Inner detector: |n| < 2.5 muon chamber

== inner detectors
.

==

* Muon system: |p| < 2.7 (trigger < 2.4)

endcap toroid

 Calorimetry: |n| < 4.9, including FCal: 3.2 < |n| < 4.9  m==

\ endcap calorimeters

barrel electromagnetic calorimeter

« Z/DCs capture neutral particles at |p| > 8.3

solenoid magnet
barrel hadronic calorimeter
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Small-x physics with ATLAS heavy ion data
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UPC jets

Run: 489504 y N\
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/DC tagging of nuclear break-up

UPC events can be characterized by
forward neutrons from nuclear break-
up measured in the ZDCs

OnOn topology OnXn or XnOn topology
g «—< ED Typical jet production in UPCs




OnXn UPC jet production

Non-diffractive y+A interaction induces neutron
emission In the direction of the struck nucleus
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Direct photon process

Revolved photon process

OnXn UPC characteristics:
e Forward neutrons

* Large rapidity gaps




Background rejection — OnXn
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e Hard-scattering nuclear break-up: OnXn
correlated with jets (~96%)

e Electromagnetic dissociation (EMD): OnXn or
XNOn uncorrelated with jets (10-40% in hard
scattering events)

3 4 5 5 0 1 2 3

Can be used to separate direct and resolved photon processes

Residual background below 3% after gap selections -,



OnOn UPC jet production

Coherent diffractive

q < q
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neral non-diffractive Two-photon jet

uclear hard scattering production

The photon scatters from a nucleon

oreak-up

near the nuclear surface, producing
jets without detectable nuclear

Only direct process shown



Rapidity gaps for OnOn UPCs
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Component separation in OnOn UPC events
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pp dijet kinematics and parton-x baseline

* [ull

Run? pp collision data at 13 TeV

* Dijet mass ranges from 240 GeV to 10 TeV (at

east two jets with pt > 75 GeV)
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ATLAS: arXiv:2512.19073

—

NNLO ® EW ® NPC prediction, NNLOJET
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pp dijets as a PDF baseline ATLAS: arXiv:2512.19073
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Kinematic observables in ONXn UPC jets ATLAS: PRD 111 (2025) 052006

Total scalar pr: Hy = ZP% Q2: Q~H1/2
l
m] etse _yjets
P momentum fraction: Xp = - Bjorken-x: xa at LO
NN
m] ofs e Ty jets
Photon momentum fraction: Z, = . Ey.zy ~Ey/ Eaat LO
NN

Pb )E: .‘ >
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Theory / Data

Triple-differential UPC y+A—jets cross sections ATLAS: PRD 111 (2025) 052006
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Constraining NPDFs with UPC jets ATLAS: PRD 111 (2025) 052006
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ATLAS: arXiv:2604.24435

Kinematic observables in ONnOn UPC jets ATLAS: arXiv-2604 20559

Total scalar pr: Hy = ZP% Q2: Q~H1/2
| mjetse'l'lyjetsl |
Pb momentum fraction: X, = Bjorken-x: x; at LO
SNN
mjetse_lyjetsl
Photon momentum fraction: 7_ = : Ey.z.~Ey/ Eaat LO
NN




y+IP — jets cross section

ATLAS: arXiv:2604.24435

of diffractive jets in ONOn UPCs

* The Hr-integrated cross sections are compared to
NLO predictions (JHEP 04 (2016) 158)

diffractive QCD factorization
ne normalization reasonably
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EMD rate as an Impact-parameter proxy

EMD
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ATLAS: arXiv:2604.20559
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* [The OnOn events exhibit a systematically lower
rate than OnXn events

e Evidence that OnOn col
parameter, correspond

ISions probe large impact-
iNng to more peripheral UPCs
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Impact-parameter-dependent nPDF modifications
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Reversing the EMC Effect
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Coherent exclusive vector meson photoproduction At as: JH

2 04 (2026) 020

* Coherent exclusive heavy vector meson production provides
S Jhp perturbative and direct access to parton x in Pb. Sensitivity to
nuclear gluon dynamics, shadowing, and saturation at small-x

* Has been extensively studied by STAR, ALICE, CMS and LHCDb
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oo * A dedicated hardware track trigger enables
1000 : T

: ATLAS low pt measurements at mid-rapidity,

0 filing the gap for 0.8 < |y| < 1.6 to discriminate

among models
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Model comparisons

e Differentia

ATLAS: JH

CrosSs-sec

function of

- J/ rapidr
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e Compared with CGC, LTA (Leading-Twist
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Comparison with existing measurements

ATLAS: JH

P 04 (2026) 020

Pb-Pb UPCs at 5.02 TeV
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v+A collectivity

Run;: 461633
Event: 9203837
2023-059-26 20:24:30 CESZ.




Collectivity in photonuclear events
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Comparison with hydrodynamic models
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LAS: RPC 104 (2021) 014903

n(y):[0.8,1.6] 7]

A
ATLAS: PRC 111 (2025) 064908
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ATLAS 1
Pb+Pb, 1.0 ub*- 1.7nb" MW [1.6.-081 TTig . ) ® Dtz
_ @:SZ?I 25 | ®Ks(y) 22 Hybrid model
I Extrap. to pT>OGeV pe 1 PEA ()

Reasonable description of measured v and <prt> in y+A, by 3DGlauber + MUSIC + UrQM

3. Schenke, PRL 129 (2022) 252302

Ng
D model
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p+Po dijets

Photon+multijet event

p+Pb /sy =8.16 TeV, S EfP = 33.1 GeV
photon: pr = 154 GeV, n =-2.07, ¢ = 2.96
jet1: pr =214 GeV, n =0.63, ¢ = 0.58
jet2: pr=110 GeV, n =-0.54, ¢ =-2.05
jet3: pr =48 GeV, n=-0.72, ¢ =-1.58

ATLAS

EXPERIMENT

Run: 313100
Event: 231409476
2016-11-18 23:34:46 CEST




Centrality-dependent jet production in p+Pb
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0-90% Centrality dependent

ATLAS: PLB 7438 (2015) 392

Inclusive jets In 5.02 TeV p+Pb data

Centrality-integrated: Rppo ~ 1
Centrality-dependent:

Suppression in central events

Enhancement in peripheral events
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Jet-energy scaling of the centrality dependence  ATLAS: PLB 748 (2015) 392
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* \When plotted as a function of pt xcosh({y*)), an approximate jet energy, results from different
rapidity intervals follow a similar trend

* [The observed effect may depend mainly on the total jet energy, or more generally on the

underlying parton—parton kinematics
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Parton-x dependence of p+Pb dijets

Dijet events in 8.16 TeV p+Pb data

ATLAS:

3L 132 (2024) 102301
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Observed xp-scaling at large xp

Centrality dependences of jet pr-
and rapidity- yields in p+Pb are
directly correlated with xp biases

The lack of monotonic scaling with
decreasing xpp suggests that gluon

saturation is unlikely to be the dominant
source of the observed effect

31



Possible explanation — color fluctuations

Same p+Pb impact parameter

Different Bjorken-x
* Color fluctuations: the effective size of proton

depends on the Bjorken-x of its partons

1.) Proton with a typical
Bjorken-x parton O

m.g
Le

2.) Proton with a high . “ni: ©o | * Forward activity, such as FCal or ZDC energy,
Bjorken-x parton can be correlated with the hard scattering,
rather than only with collision geometry

* Frozen configuration: at TeV energies, the
poroton traverses the Pb nucleus before its color
configuration can change

M. Alvioli, L. Frankfurt, D. V. Perepelitsa, and M. Strikman, PRD 98 (2018) 071502 30




Centrality bias in p+Pb with hard scattering ATLAS: PLB 877 (2026) 140440

L _prael 4prae  2PTaw cosh(y")
- P _
Zero-Degree Calorimeter (ZDC) SAN VSN
n > 8.3, break-up neutrons from nucleus R -~ |
~ ==
_________ SR ]
Eﬂ\/ ) '.:::::.-...-l mo-6%
N - P -
FCal ZDC Eu/ i ¢ — @
5 0.8 ¢ .
Pb beam : = = o i
— — — p beam EJ/ i ATLAS &l (EZE(}' ® |-33%
0.6 |syy=816TeV, 56 nb” |
01 02 03 Dl | TAN D2 Q4 - R=0.4dijets, p+Pb 0-90% @ (FCalZE}") .
- ] ———+—H —
% - 151 + Constant fit result: 5.5 + 0.6 N
AP i
. — ~ N-I L |
Forward Calorimeter (FCal) S |¥ g Viglole i, NI
. . T|T 9 ® N
3.2 <1< 4.9, underlying events activity - no.1 e—— |
107 107 1
A

Decreasing UE energy and break-up neutrons with increasing Xp

UE Is more sensitive to the change in xp 33



Summary

 UPC photonuclear collisions are ATLAS’s small-x heavy-

ion frontier: jets

constrain high-Q2 nPDFs, and adds

geometry sensitivity, and coherent J/| probes low-x gluons

 p+Pb dijets provide the essential baseline: their centrality

dependence sca

blas and color-flu

es with Xp, but not Xpp, highlighting centrality
ctuation effects

 High-multiplicity photonuclear events connect small-x
to collectivity: correlations and identified-hadron yields test

the link between initial-state dynamics and final-state response
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Direct and resolved separation
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EMD and Impact Parameter

Closer-passing (smaller baa) UPCs expose each nucleus to a larger flux of soft photons.

Struck Nucleus

, : : %107 PbPb 5.02 TeV (1.5 nb™)
This yields a correlation between baa and the EMD rate 'of oms ' ' ' BE
15F -
Results from CMS (and others) indicate that forward neutrons correlate with baa aF | + +
0 T L
Side View : Beam-line View 1.2 t“ """" ]
: r . ...STARlight
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Coincident UPC processes

Multiple scattering within one UPC collision”? Multiple photon-
iInduced processes measured for the first time:

» Rate of coincident yy—pu and y+A—p%+A measured

e Coincidence rate: 0.93 = 0.04 (stat) + 0.03 (syst) %

* Rate increases with increasing dimuon mass and ZDC
activity, I.e. correlated with impact parameter
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ATLAS Forward Proton (AFP) Detector

FAR station NEAR station NEAR station FAR station
217.909 m 205.824 m 205.217 m 217.302 m

Time-of-Flight Silicon Tracker SIT ' Silicon Tracker Time-of-Flight

bar plane plane plane
2 P3P2P1P0 [|P3P2P1PO PO P1 P2 P3

3
"’.-

diffractive protons

e NEAR stations consist of Silicon Tracker Planes
e FAR stations additionally have Time-of-Flight detectors
e Housed in Roman Pots: ~2mm from the beam during operation



