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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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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
scatter off the through a virtual hadronic
nucleus. excitation of the photon.
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Introduction: Photo-nuclear Jet Production
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Probing Nuclear PDFs

Nuclear Parton Distribution Functions (nPDFs) are a key
observable for understanding the impacts of non-
perturbative QCD on nuclear structure.

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.

Photo-nuclear jet production provides a clean probe of this
kinematic region, similar to DIS:

* Proposal by Strikman, Vogt, and White (2005)

» Test of sensitivity by Helenius (2018)

T T TTTTI T TTTTI T T TTTTI T TTTT T

SLAC DIS

JLab Hall C DIS
* CHORUS vADIS
B pA Drell-Yan

TTTTT

+ A Drell-Yan CMS 5 TeV pPb Dijets

@ [GeV’]

LHCb 5 TeV
pPb Prompt DO

1 Ll Ll |
10° 10* 10° 10% 10"

Figure inspired by arXiv:2112.12462

November 6-9, CFNS, Stony Brook, NY



https://arxiv.org/abs/hep-ph/0508296
https://arxiv.org/abs/1811.10931
https://arxiv.org/abs/2112.12462

Probing Nuclear PDFs

Nuclear Parton Distribution Functions (nPDFs) are a key
observable for understanding the impacts of non-
perturbative QCD on nuclear structure.

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.

Photo-nuclear jet production provides a clean probe of this
kinematic region, similar to DIS:

* Proposal by Strikman, Vogt, and White (2005)

» Test of sensitivity by Helenius (2018)

UPC Jet measurements can bridge the gap

between EIC and LHC data!
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* Tracking via inner detector sub-systems
* Full coverage in azimuthal angle from
-2.5t02.5inn

* Not pictured: Zero-Degree Calorimeters
(ZDCs) at |n| > 8
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Selecting Photo-nuclear Jet Events

Raw Yields Unfolding stcteert:;?:lltcy Final Results

Event Selections
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Brief Aside: Rapidity Gaps

Raw Yields Unfolding stcteer:;?:\ltcy Final Results

Event Selections

* OnXn requirement for nuclear breakup in exactly one ATLAS
Zero-Degree Calorimeter (ZDC)
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Brief Aside: Rapidity Gaps

Raw Yields Unfolding stcteer:;?:\ltcy Final Results

Event Selections
* OnXn requirement for nuclear breakup in exactly one ATLAS
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Selecting Photo-nuclear Jet Events

Raw Yields Unfolding stcteertcr;?t:ltcy Final Results

Event Selections

OnXn requirement for nuclear breakup in exactly one ATLAS
Zero-Degree Calorimeter (ZDC)
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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
Event Selections Raw Yields Unfolding Dicera e Final Results theory to data

The photo-nuclear jet requirements select events with very high-
energy photons.
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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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Importance of Forward Neutrons: OnOn Events

For the first time, ATLAS has Gaps are required on both sides of A factor of 10 more events are
observed dijet production in UPCs 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 Forward Neutrons: OnOn Events

For the first time, ATLAS has Gaps are required on both sides of A factor of 10 more events are
observed dijet production in UPCs the detector: ), An > 2.0 observed in data than are predicted
without 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
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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
cceptance in x4 is strongly dependent

on the photon energy, z,.

Hy does not depend strongly on x,4 or z,.
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Unfolding Measured Cross-Sections

; . . —Yjets . tYjets
Event Selections > Raw Yields Unfolding Systematic Final Results H, = : — Mfetse _ Mletse
Uncertainty T Pr Xq = Zy =
; SNN SNN

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

The jet energy scale and
resolution uncertainties

Systematic uncertainties
are the key limiting factor

Control over the preliminary
low-p calibration currently

Systematic uncertainties 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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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.
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he Measured Photon Flux

Systematic

Raw Yields Uncertainty

Event Selections Final Results

Unfolding

* The distribution of z,, values for large x, in bins of Hy (right)

demonstrates the measured photon flux.
* The breakup model performs well within systematic
uncertainties.
* Disagreements appear to arise at low z,,, where the

breakup model tends to over-correct.
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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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Measured Cross-Sections

Systematic

Unfolding Uncertainty

Final Results

Event Selections Raw Yields

* Higher photon energy opens up the low-x shadowing region.

* Results are quite consistent with the theoretical model.
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Why Study Jets in UPCs?

* Jet measurements are challenging! The systematics can really limit the precision of these studies.
* Precision jet physics in photo-nuclear collisions is not going away. A program of high-precision jet
measurements in these systems can begin now and segue into the EIC.
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Why Study Jets in UPCs?

* Jet measurements are challenging! The systematics can really limit the precision of these studies.
* Precision jet physics in photo-nuclear collisions is not going away. A program of high-precision jet
measurements in these systems can begin now and segue into the EIC.
* Break-up processes present a challenge in high-precision theoretical comparisons.
* They could also potentially provide a new opportunity to understand the role of impact parameter in
nuclear PDF modifications.
* See Petja Paakkinen’s talk at Quark Matter 2023.
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https://indico.cern.ch/event/1139644/contributions/5453455/
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