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Introduction: Photo-nuclear Jet Production

In ultra-relativistic heavy ion collisions,
the intense electromagnetic fields
provide a flux of quasi-real photons.
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Those photons can scatter off of
partons in the other (target) nucleus.



Introduction: Photo-nuclear Jet Production

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

“Direct” photons “Resolved” photons scatter via
scatter off a virtual qq excitation (+ Fock
nuclear partons states) of photon.

- .

Pb Pb
Y
> q
« q 0000000000 &
8 g
Pb+X+Xn Pb+X +X
Pb < > Pb ‘ sk
: i . Those photons can scatter off of
Direct Resolve

partons in the other (target) nucleus.




Introduction: Photo-nuclear Jet Production
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: Jet kinematics provide access to

/. 2 v hard-scattering kinematics, directly

| , a / probing nuclear PDF effects.

< . --J}.e s _+. iots

g q g DO0000000N & H, = 2 pl[ Mg s M, Vyer
, X, = zZ, =

14
< Pb+X+Xn Pb+X +Xn S S
Pb Pb ‘ ! \/ NN VONN

>

YYy

Those photons can scatter off of
partons in the other (target) nucleus.

Direct Resolve




Introduction: Nuclear PDFs at Low-x

[ PbPb, /sxy = 5.02 TeV PyTHIA

. !\luclear Parton Dlsjcr.lbutlon Functions (nPDFs) are anticke’ R = 0.4 ey
important for precision measurements of a number of | P> 20 GeV/e &= EPPS16
physical observables. " mijes > 35 GeV — resoived

o L A_i dire(:t
o They are poorly constrained at low-x and intermediate 03 g
due to a lack of available data. 5 10" ¢ ;
. 100GeV? < Q2 < 1000 GeV? has very little -
constraint.
o Nuclear shadowing at low-x in this region is of 10° F ;
particular theoretical interest. R12} '
=

e Photo-nuclear jet production provides a clean probe of this £ 09§
kinematic region, similar to DIS: i o7k L — SASGAM -

« Proposal by Strikman, Vogt, and White (2005) 3 3" ) 1 = GRV 1
e Test of sensitivity (right) by Helenius (2018) 10° 107 10" 1
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Importance of Forward Neutrons: XnXn Events
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energy photons. “$
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Importance of Forward Neutrons: XnXn Events

Systematic This theoretical model for breakup is used to compare
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Importance of Forward Neutrons: OnOn Events

ATLAS has observed jet production Gaps are required on both sides of A factor of 10 more events are
in UPCs without nuclear breakup the detector: Z An>2.0 observed in data than are predicted
(On0On) - cf. CMS arXiv:2205.00045 from yy — jets, estimated by Pythia

or comparison to yy — u* u~ studies.
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Importance of Forward Neutrons: OnOn Events

ATLAS has observed jet production Gaps are required on both sides of A factor of 10 more events are
in UPCs without nuclear breakup the detector: Z An>2.0 observed in data than are predicted
(On0On) - cf. CMS arXiv:2205.00045 from yy — jets, estimated by Pythia
. + —_ o
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2|3 S B R B IR I %’5000_""I""I""I""I""I' i
Olo L ATLAS Preliminary B> - ATLAS Preliminary e 0nOn Data .
- Pb+Pb 5.02TeV, 1.72nb" © - Pb+Pb 5.02TeV,1.72nb" —— Pythia 77 —jets |
4 | Not unfolded for detector response ] 4000__ Not unfolded for detector response  — Re-scaled Pythia ]
10 = UPC Dijets without breakup § | UPC Dijets without breakup _
— anti-k, R=0.4 Jets = — anti-k, R=0.4 Jets .
L M, >35GeV N - Mg, >35GeV ]
3 i e 0nOnData | 3000__ n
10°E  —— Pythia yy — jets 3 i i
- —— Re-scaled Pythia E - .
i i 2000~ o
10°E = - i
X T :
105—*1 l*l l 1 IHI l | — IH I—E O_l l—‘—ﬂ_'_r,l_:_lT‘l_:_l‘-'_l_r‘—i—l l—
0 0.5 1 1.5 2 2.5 3 =3 -2 ~1 0 1 2 3




Constructing the Cross-Section
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Constructing the Cross-Section gz, ~ ¥ A Ax, 0%

Event Selections Raw Yields Unfolding Systemz?tlc Final Results . .
Uncertainty Acceptance in x 4 is strongly dependent

on the photon energy, Z,.

Hdoes not depend strongly on x 4 or Z,,

i

r— T T T TTTT T T T T T T T >~
> ' ATLAS Preliminary 2N . oV N
O, 200 | Pb+Pb, 1.72 no™ dx 5 A, [GeV'] :
Il— y+A— jets - 10 i
35 < M,,,; < 185 GeV H.. = 2 i 102
T = p -
10° -~ 1 g
l L
100 103 Mjetse “Vjets _
80 Xq = -3 ATLAS Preliminary
10° \V/ SNN 107 Pb+Pb, 1.72 nb” 108
60 T, L y+A— jets
Mjetse Jets [ 35 < M, < 185 GeV 5
10 |z, = _ 10
A/ S
40 NN 10—4 L
1 ul L Lol

' ool
1073 1072 107" 107 1072 107"




Unfolding Measured Cross-Sections
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The measured cross-sections are then unfolded in 3 dimensions to
correct for detector effects.
« Low-pflavor effects are the largest correction.
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Systematic Uncertainties
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Systematic uncertainties The jet energy scale and  Control over the preliminary  Systematic uncertainties are
are the key limiting factor ~ resolution uncertainties  low-p calibration currently also evaluated on the
in our sensitivity to are typically 5-10%. provides the dominant and event
nuclear PDFs. source of uncertainty. selections.
Né\ 0_5 T T lllllll T T lllll'l L] T ':: T L] lllllll L] L] lllllll L] T I:: 1 L] lllllll L] L] lllllll L} 1 l:
o ©0.45 —GE}P —Low-u 4E ATLAS Preliminary qFE UPCy+A —jets 53<H;<66GeV 4
DS o4 Prior  Calibration 3F Pb+Pb 5.02TeV, 1.72 nb” 3F anti-k, R=0.4 Jets  0.015<z,<0.027 3
< —JES - -SystTotal 1= =4 35< H;<43 GeV {F 35<M,, <185 GeV
T 0.35F =—JER = -Stat I

0.008<z, <0015 = == 1F 3

c _: |
> 03 Els ! 1k o 3
5 0.25F 43 < H; <53 GeV - - =13 ] 1E L 2
8 ooF 0004<z,<0008 | "'_':'_ == | JE L. E
2 (R — 3 I L
(@] 0.15 —— ac = o - - - -
g .  p— | ;
0.1 1F 4F - - -
0.05 — l"' 4F -=1 - El3 :i r
| T e s —— | T P S Sereererer 1 RPN | S I P N I

1072 10 1072 107 1072 107




Systematic Uncertainties

Event Selections Raw Yields Unfolding stctaerr’:;?:mltcy Final Results
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Scanning in Photon Energy
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_ The x 4 distribution has substantial acceptance
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Theoretical Modeling of Nuclear Breakup

e The photon flux available through Pythia makes certain overly-simplified assumptions which we correct
via modeling with STARIight.

Integrate over A-A impact parameter (b) Correction for the probability

: : of breakup due to additional
and the impact parameter relative to the ! P . Nuclear thickness function
photon-emitting nucleus (s ). EM interactions

\4

dzbdzsAPno had (D) Pno EM(b)f;//A(Ey, S)TB(EA - B)

V\
The photon flux from Pythia uses a

point source, so this term corrects
for coherent nuclear emission.

Correction for the probability
of breakup due to hadronic
interactions (overlap veto)
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