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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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nucleus. excitation of the photon.
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Introduction: Photo-nuclear Jet Production
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Introduction: Nuclear PDFs at Low-x

T

. PbPb.,/sxx = 5.02 TeV PyTHIA

. Nuclear Parton Dlsjcrnlbutlon Functions (nPDFs) are anticky, R — 0.4 — NNPDF2.3
important for precision measurements of a number of | P > 20 GeV/e == EPPS16
0 _ Miets > 35 GeV —— resolved

physical observables.
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 They are poorly constrained at low-x and intermediate Q?
due to a lack of available data.
« 100 GeV?2 < Q% < 1000 GeV? has very little constraint.
* Nuclear shadowing at low-x in this region is of [ | ==
particular theoretical interest.
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Selecting Photo-nuclear Jet Events

Raw Yields Unfolding stcteert:;?:lltcy Final Results
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Selecting Photo-nuclear Jet Events

Raw Yields Unfolding stcteer:;?:\ltcy Final Results
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Importance of Forward Neutrons: XnXn Events

Raw Yields Unfolding stcteerrt:?ﬁtcy Final Results

The photo-nuclear jet requirements select events with very high-
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Importance of Forward Neutrons: XnXn Events

Raw Yields Unfolding stcteertcr;?t:ltcy Final Results

The photo-nuclear jet requirements select events with very high-
energy photons.
E, «< 1/b — Biases towards lower impact parameter collisions
* Much higher probability of breakup due to additional EM
interactions
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Importance of Forward Neutrons: XnXn Events

Raw Yields Unfolding stcteer:;?lzltcy Final Results

The photo-nuclear jet requirements select events with very high-
energy photons.
E, «< 1/b — Biases towards lower impact parameter collisions
* Much higher probability of breakup due to additional EM
interactions

/ Studies of dijet events with
large gaps on one side estimate
about 50% of photo-nuclear jet
production breaks up!
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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 inclusive jet Gaps are required on both sides of A factor of 10 more events are
production in UPCs without the detector: ), An > 2.0 observed in data than are predicted
nuclear breakup (OnOn). from yy — jets, estimated by Pythia or

comparison to yy — utu~ studies.
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Importance of Forward Neutrons: OnOn Events

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

o _ _ comparison to yy — utu~ studies.
The distribution shapes are clearly different from pure yy — jets.
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Importance of Forward Neutrons: OnOn Events

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

o _ _ comparison to yy — utu~ studies.
The distribution shapes are clearly different from pure yy — jets.
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Constructing the Cross-Section
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d3o 1 AY

Constructing the Cross-Section Trdr . = LA,

Raw Yields Unfolding stcteertcr;?t:ltcy Final Results A ] ] v d g
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Unfolding Measured Cross-Sections
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The measured cross-sections are then unfolded in 3 dimensions to
correct for detector effects.
* Low-p7 flavor effects are the largest correction.
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Systematic Uncertainties

Raw Yields Unfolding Sxiteertcr;?:mltcy Final Results

Systematic uncertainties ~ The jet energy scale and  Control over the preliminary  Systematic uncertainties are

are the key limiting factor ~ resolution uncertainties  low-. 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.
N}... 0.5: L) T lllllll T T lllllll T T l:: ) ) 1 IIIIII ) ) ) IIIIII ] ] I:: ) ) 1 IIIIII ) ) L) IIIIII ] ) I:
JZ0.45F —Gap —Lowu 3E ATLAS Preliminary JE UPCy+A —>jets 53 <H;<66GeV 3
of5 g4E Prior ~ Calibration 3F Pb+Pb 5.02TeV, 1.72 nb” I anti-k, R=0.4 Jets  0.015<z,<0.027 ]}
+ F —JES - -SystTotal | = “4F 35< H;<43GeV {F 35< M, <185 GeV :
5035 =—JER = -Stat |_JF 0008<z,<0015 === El3 E
S o3fF El3 : 1F o 3
S : E o
w 0.25F 43 < H; <53 GeV - - 1F o =13 I I 3
S o2F 0004<z,<0008 | = H9F = = 1 iE C°°-- E
S : 1~ T : : _
g 0.15:_ - _: - F - -y =
L oodf — —F El - 3
C e s T L ] _l__ —_— l-————

ATLAS-CONF-2022-021 Hard Probes 2023, March 26-31, Aschaffenburg



Systematic Uncertainties

Raw Yields Unfolding Sxiteertcr;?:mltcy Final Results
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Scanning in Photon Energy

Systematic
Uncertainty

The x4 distribution has substantial acceptance
effects in z,.

Final Results
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Scanning in Photon Energy
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Conclusions and Next Steps § ouE ¢ num,, me e

3 12 ; A 53:H:66 GeV(>>i10'4) 0.01(-)8<z;,<0.((3)1!5 e E

=, 10 ~ ¢ 66<H;<81GeV(x10°) UPC 7 + A — jets 3

* Photo-nuclear jet production was measured by ATLAS in 5.02 TeV 1095 o ot e 5 M < 135 GoV =

Pb+Pb collisions with 2018 data. o '°<1 065: T 123.< Hr <152 GeV (<10 -

« Particle-Flow jets allow for the measurement to be extended |<%5|S ) - .- 3

even lower in jet pr while maintaining systematic control. I|—10 - -__:* =

* This measurement has been fully unfolded for detector C T o =

response for the first time. 10°3E I Sl T =

* The overall normalization of the cross-section is well-predicted by 10765 SRR - =

theoretical comparisons. 10°E oo =

* Atheoretical model of nuclear breakup is necessary to 10-12 - - Py 8 N ot L ~

understand the total cross-section. X nCTEQ PDFs with Pb photon flux =

* This study is sensitive to nuclear PDF effects with a precision of up 107°E L | T

to 10% in some bins. 107 107" Xy

* Once final studies of low-u jet response in ATLAS can be I e ERPURET ]
completed, substantial gains in systematic control are © S P N —

possible. 2 st E3 3

* These results are connected to early physics goals for the EIC. %‘ j g < Hreoscey ' 3 66< <81 Gev .
1F N ¢

ST -
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heoretical Modeling of Nuclear Breakup

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

We integrate over A-A impact parameter Correction for the probability

i : of breakup due to additional
(b) and the |mp.ac.t parameter relative to M it pt' Nuclear thickness function
the photon-emitting nucleus (s,). Interactions

dzbdzsAPno had (D) Pno EM(b)fyjA(Eya S)TB(SA b
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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