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Introduction: Photo-nuclear Processes

In ultra-relativistic heavy ion collisions, the
intense electromagnetic fields of the colliding
ions provide a flux of quasi-real photons.

- >

Pb i

A
L]

0000000000 &

Pb+X+Xn

Pb+X +Xn
> Pb

Pb

\ A

YY)

! \
[ i
2A/
Direct Resolved

Ben Gilbert

DIS 2022, May 2-6, Santiago de Compostela, Spain 2



Introduction: Photo-nuclear Processes

In ultra-relativistic heavy ion collisions, the
intense electromagnetic fields of the colliding
ions provide a flux of quasi-real photons.

-

Pb

Pb

! \

[ |
Those photons can scatter off of vy v
Direct Resolved — partons in the other (target) nucleus

Ben Gilbert DIS 2022, May 2-6, Santiago de Compostela, Spain 3




Introduction: Photo-nuclear Processes

In ultra-relativistic heavy ion collisions, the
intense electromagnetic fields of the colliding
ions provide a flux of quasi-real photons.

“Direct” photons “Resolved” photons scatter
scatter off the hadronically through a virtual
nucleus. excitation of the photon.
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Introduction: Photo-nuclear Processes

OnXn requirement for nuclear breakup in exactly
one ATLAS Zero-Degree Calorimeter (ZDC)
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Introduction: Photo-nuclear Processes
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* Large rapidity gaps are required on one side of the detector.

e This side is dictated by the OnXn requirement.

e This cut clearly separates out the hadronic multiplicity

distribution from the photo-nuclear.
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Photo-nuclear Event Topologies : .

Y
* Photo-nuclear events are highly asymmetric and have a steeply falling multiplicity distribution. S
* The dN/dn distribution has not been studied before. ‘
* None of the MC generators shown can perfectly capture these distributions. ~—a
g
Pb+X+Xn
= 10 T & g Pb >
S g:_ ATLAS EAT}>25 N >10— s 10 ATLAS
H‘J:u E b+Pb 1.0 }.lb1 1.7 nb1 0 4 < p < 5. 0 GEV - % 5 . Pb'l'Pb, 1.0 I.lb_1 -1.7 nb_1
2 8- \syy=5.02TeV, OnXn = || 3100 (S = 5.02 TeV, OnXn B
P ¢ Data = = 10° LAD>25
s ., -~ DPMJET-IIl y+Pb 3 = 10 ¢ Data
z 6 . - DPMET-yp 3 | |31V, -+~ DPMJET-IIl 7+Pb
T BEeetRAn e e Pythia8 y+p —; = 10 - DPMJET-IIl y+p
gE Tt e — HIJING Pb+Pb = = 10° R s Pythia8 y+p
s ey E 107 e OOOO000000" &
of L T 10°°
b e 107 i
= ©e .'-.-:_: -10—10
O e e B B B o B o B B B B B B B S E S AR 1 2oE" aRNE
s 25 1 le e P
8 2 2 | |& 08 ER
— 1.56 = ~ 06 *~ . it iR
O - E Q 04 . HE A
= g5E E = o.g; - e Wk
e Ll T I N N N =1 reee =
B 3B {080 05 115 2 55 01020 364050 60" 70" BQC
n Nch
Ben Gilbert DIS 2022, May 2-6, Santiago de Compostela, Spain 8




Photo-nuclear Event Topologies : | .

* Photo-nuclear events are highly asymmetric and have a steeply falling multiplicity distribution.
« Thed| , _
- nonel Photo-nuclear processes in UPCs provide a new
= oo tool to study different physical signatures: ——
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.104.014903
https://cds.cern.ch/record/2806461

Constructing Two-Particle Correlations

Y(ad, Ay) = 4N
A= N dAG dAy

* Yields are constructed as a function of An
and A for charged particle tracks.
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Constructing Two-Particle Correlations
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Constructing Two-Particle Correlations
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Multiplicity-Dependence of Correlations

* Applying this procedure for extracting the flow coefficients c LA A
allows them to be compared to pp and pPb with similar > 0.14 ATLAS Template Fit _
multiplicity. [ Pb+Pb \[s,=5.02TeV 2.0<|An|<50
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pr-Dependence ot Correlations

* Applying this procedure for extracting the flow coefficients ~w 02— 77T
allows them to be compared to pp and pPb with similar > - ATLAS _1 _1 Template Fit
multiplicity. | Pb+Pb, 1.0 ub™"- 1.7 nb 2.0<|An| <5.0 |

* The flow signal in photonuclear collisions is smaller than [ /Sy =502 TeV, OnXn % p+Pb, N7 > 60
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Interpreting UPC Correlations

* Inthe Vector Meson Dominance (VMD) model, the resolved photon can be
treated as a rho-nucleus collision.

* This model with (3+1)D hydrodynamic evolution (right) can effectively
reproduce the ATLAS data for v, (p7).

Zhao, Shen, and Schenke,
nucl-th/2203.06094
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https://arxiv.org/abs/2203.06094

Photo-nuclear Dijet Events

e If we add a jet selection, we can reconstruct the hard- >
scattering kinematics. 2. 100
 We add a requirement for 2 offline Particle-Flow jets. C

P(Q | Hy)

* Jets are required to have pr > 15 GeV. 60
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| ( Jet kinematics provide access to the
| hard-scattering kinematics, directly
probing nuclear PDF effects.
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Photo-nuclear Dijet Events
. . —|=
* If we add a jet selection, we can reconstruct the hard-
scattering kinematics.
 We add a requirement for 2 offline Particle-Flow jets.

e Jets are required to have pr > 15 GeV. o
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The Measured Photon Flux

* Breakup of the photon-emitting nucleus is a substantial effect,
both in data estimates and theoretical modelling.
e All model comparisons shown are corrected with the
“Theory” points.
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Scanning in Photon Energy

The x4 distribution has substantial acceptance effects in
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Scanning in Photon Energy

The x4 distribution has substantial acceptance effects in
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Systematic Uncertainties on Jet Cross-Sections

Systematics uncertainties The jet energy scale and Control over the preliminary Systematics uncertainties
are the key limiting factor resolution uncertainties low-u calibration currently are also evaluated on the
in our sensitivity to are typically 5-10%. provides the dominant and event
nuclear PDFs. source of uncertainty. selections.
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The Future of Photo-nuclear Measurements

 Photo-nuclear jet production is complimentary to inclusive DIS measurements at the EIC, which will probe lower x and Q2.

* UPC jet measurements will provide increasingly precise tests of saturation physics before the EIC turns on.

 Photo-nuclear flow at the EIC can be predicted using UPC results by varying the Q2, as shown on the right.
 UPC flow measurements at the LHC will provide a key baseline for precision EIC measurements to come.

LHC EIC

0.15

0.10

0.05

Ben Gilbert DIS 2022, May 2-6, Santiago de Compostela, Spain

Shi et al., PRD 103, 054017 (2021)

1.1 1 1 T T T T [ T T T T T T T T 1
— CGC, B, =1/Q?
--- CGC, B, =4/Q?

"" A2 =0.25 GeV?

- EIC: eA, 18 GeV on 110 GeV
[ | | [

L ] L1 L L ! 1 | L I !
0.1 0.2 0.3 0.4

Q/Qs


https://arxiv.org/abs/2008.03569

Conclusions

* Photo-nuclear dijet production was measured by ATLAS in 5.02 TeV Pb+Pb collisions with 2018 data.
e This measurement has been fully unfolded for detector response for the first time.
* Once final studies of low-u jet response in ATLAS can be completed, substantial gains in systematic control can be
achieved.
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Importance of Neutron Topology: OnOn Events

For the first time, ATLAS has Gaps are required on both sides A factor of 10 more events are
observed dijet production in UPC of the detector: ), An > 2.0 observed in data than are predicted
without nuclear breakup (OnOn). from yy — jets, estimated by Pythia
or comparison to yy — utu~ studies.
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Importance of Neutron Topology: OnOn Events

For the first time, ATLAS has Gaps are required on both sides A factor of 10 more events are
observed dijet production in UPC of the detector: ), An > 2.0 observed in data than are predicted
without nuclear breakup (OnOn). from yy — jets, estimated by Pythia

. + —_ .
The distribution shapes look distinct from pure yy — jets. or comparison to yy — p™ i studies.
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Constructing the Jet Cross-Section

X4 is strongly correlated with z,,, yielding
important acceptance effects in the two

Hy does not depend strongly on x4 and z,.

|

variables.
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Unfolding Measured Jet Cross-Sections

. . . . -V +vVv:
The measured cross-sections are then unfolded in 3 dimensions to o= z pi v = Mjeese Yjets Mjetse Yjets
T = T Xpg=
i

correct for detector effects. SNN Zy SNN
* Low-p7 flavor effects are the largest correction.
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