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Ultraperipheral (UPC)
Pb+PDb collisions
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*Boosted protons / nuclei are source of photons
of small virtuality (Q?<1/R?=103GeV?).

* Electromagnetic interactions dominate at large impact parameters
=> with Pb+PDb, the LHC turned into photon-photon collider.

*In this talk: study of dijets and collectivity in UPC.




Photo-nuclear jet production:
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Photo-nuclear jet production:
motivation
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* Mapping nuclear PDFs in
wide range of Q?, x space
possible at the LHC.

*Large part of phase space not
covered.

* Photon-nuclear dijet
measurements:

— Can cover intermediate
Q2 region and large
span of x.

— Clean, DIS-like process



Photo-nuclear interactions

,Direct”

,Resolved”

Pb

A
=

Pb+X+Xn

Pb ”

* Direct: photon directly couples to a parton.

* Resolved: photon resolved into hadronic state.

Pb+X +Xn

ryy




Event selection: two main tools
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* Sum of rapidity gaps

* Signal from neutrons in Zero Degree Calorimeter
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Event selection: rapidity gaps

Pb Y
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*2,Angap > 2.5 ... photon-nuclear events (large gaps and low Nc)
*>,Angap < 2.5 ... ordinary Pb+Pb events with dijets
*(ANna< 3)
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Event selection: ZDC
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* Observed uncorrected ZDC energy in the Pb-going side

* Requiring signal from at least one neutron.



Observables e
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Observables

2 — 2 scattering limit:

Ht = ZPT:’

Miet .
XA = Jets e_yjets

Vs

... where
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particle level
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Emitting nucleus break up

* Selecting events with jets => selecting events with highest energy photons
=> bias towards low impact parameters as E, ~ 1/b => high probability for
the nucleus to break up due to additional photon exchanges.

*Break up probability can be quantified: Nominal
(but not
unfolded)
o= dg/dzy'Oan
no -
do/dzy |y, x, + 4o/ dzy |y x,
7
With just gap

requirements
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Emitting nucleus break up

* Selecting events with jets => selecting events with highest energy photons
=> bias towards low impact parameters as E, ~ 1/b => high probability for
the nucleus to break up due to additional photon exchanges.

*Break up probability can be quantified:
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*~50% probability for
emitting nucleus to break up

*Not included in PYTHIA 8
=> room for improvement
of theoretical description

*PYTHIA 8 corrected for these break up processes (done using calculations
with input from STARLIGHT MC).
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Results:
narrow Xa region

* z, distributions for a narrow
Xa region of large xa
(0.015 < xa <0.2).

* Primary sensitivity to photon
flux.

* Results can constrain theory
calculations of photon flux
and nuclear break-up
probability.
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Results:
scanning trough z,

*Low photon energy
(0.004 < z, < 0.008)
— access to high xa.
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Results:
scanning trough z,

*Low photon energy
(0.004 < z, < 0.008)
— access to high xa.

*Higher photon energy
(0.008 < z, < 0.015)
— entering lower x, region
of shadowing.
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Results:
scanning trough z,

*Low photon energy
(0.004 < z, < 0.008)
— access to high xa.

*Higher photon energy
(0.008 < z, < 0.015)
— entering lower x, region
of shadowing.

* The highest photon energy
(0.015 < z,<0.027)
— access to the lowest Xxa.
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Results:
scanning trough z,

*Low photon energy
(0.004 < z, < 0.008)
— access to high xa.

*Higher photon energy
(0.008 < z, < 0.015)
— entering lower x, region
of shadowing.

* The highest photon energy
(0.015 < z,<0.027)
— access to the lowest Xxa.

* Data consistent with theory
(PYTHIA8 + nCTEQ PDFs
scaled for nuclear break-up).
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OnOn: Dijet production
with no nuclear breakup

ESOOO""\"f'[l‘II|||||||||[\|
* As before but OnXn ZDC =I5 ATLAS Profiminary v onon Data
: Pb+Pb 5.02 TeV, 1.72nb™ S i i
reqUIrement replaced by 4000 Not unfolded foredetector response _E);t_r;:are}(; pytfit:
OnOn = no neutron at all i o dors
— characteristic for M, > 35 GeV
3000

VY scattering processes.

* Results compared with

2000
PYTHIA. /
*Here, one example

1000
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* An order of magnitude
smaller yield predicted 0
by PYTHIA => indication y
that yy => qq interaction is not dominant mechanism for dijet
production in events with no nuclear break up (=> diffractive
processes?).

I
Wl
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Collectivity in pp and p+Pb

*In high multiplicity p+Pb and p+p collisions, long range two particle
correlations measured.

~~ T T T T | T T T T | T T T T | T T T T | T T T T I T T T T

— They can be Q (4. 05<xp**<5GeV  ATLAS Preliminary |

quantified by N | 2<|An|<5 Template Fits |

Fourier expansion - 3 @7 R

. . = i @ - - _

pazmun s |

o

coefficients. 005 I p+Pb |5,,=8.16 TeV, 171 nb™" (ATLAS-CONF-2017-008) |

| “ = 1 (@arxiv: |

— They can be B p+Pb\s=5.02 TeV, 28 nb™" (arXiv:1609.06213) |

understood as . ® pp\s=13TeV, 64 nb™" (arxiv:1609.06213) i

resulting from - ¢ plp \s=5.02 lTeV, 170 r|1b'1 (arXiv:16|09.06213) | -
collective behavior 0 50 100 150 200 250 300

of nuclear matter. Nen

*Can we see such correlations in y+Pb events?
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Collectivity in UPC events: v,, V3
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* Significant v, observed, systematically smaller than in pp and p+Pb.

. predicted v, based on hadronic fluctuation in y interacting with Pb.
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Collectivity in UPC events: v,, V3
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* Significant v, observed, systematically smaller than in pp and p+Pb.

. predicted v, based on hadronic fluctuation in y interacting with PDb.

*Non-zero v; seen as well. No significant multiplicity dependence seen.
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UPC Charged hadron yields

* Theory (3+1D hydrodynamics)* predicts that
V2(p+Pb) > v,(y+Pb) comes predominantly
from the difference in the longitudinal structure
of the collision, but the two system
should have the same radial flow =>
should have the same <pr>

=> Measurement of charged hadron yield

*Charged hadron yields (pr,n) measured and
compared to DPMJET-IIl model and p+Pb data
also to:

— Constrain photon energy distribution

— Constrain particle production modeling

* PRL 129 (2022) 252302

Elliptic flow

&

Radial flow

v
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.129.252302

UPC Charged hadron yields vs n
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© 20 v
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*Yields are symmetric in low multiplicity p+Pb collisions (low multiplicity
events are pp-like)

*Yields are highly asymmetric in (E, < Epp)
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UPC Charged hadron <pt> vs Ncx
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*In lead-going side <pr> comparable between p+Pbh and

*In photon-going side <pr> much lower in — may be connected with
the radial flow.
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UPC Charged hadron <pt> vs Ncx
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*Data in y+Pb compared to DPMJET-IIl which under-predicts lead-going
rapidity region but describes well the photon-going region.
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Summary

* Three measurements with UPC events from 5.02 TeV Pb+Pb
collisions presented.

* Photonuclear dijet production (ATLAS-CONF-2022-021):
— Studies nPDF in unexplored kinematic region.
— Constrains photon flux modeling.

— Shows a need for better understanding the nuclear breakup process
as well as dijet production in events with no nuclear breakup.

* Collectivity in UPC events (PRC 104 (2021) 014903):
— Significant v, and non-zero vs.

* Charged hadron yields in UPC events (ATLAS-CONF-2023-059):
— Measured to better understand the collectivity in UPC.

— To constrain E, distributions and particle production modeling.

This work was supported by ERC-CZ grant LL2316 26


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-021/
http://dx.doi.org/10.1103/PhysRevC.104.014903
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-059
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Emitting nucleus break up
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H, [GeV]

Hr =)o Observables

=
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*z, and Xa highly correlated Miets ~Viets
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* Final observable: triple differential cross-section .
corrected to particle level: Zy = I o+ Vjets
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Collectivity in UPC events

*y+Pb collisions, two particle correlations studied as a function of An and

A® as in other systems.

* Template method used to extract flow coefficients, non-flow contribution
subtracted using information from low multiplicity events.
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*Clear correlation between photon energy and charged particle yields.

* Measurement should improve understanding the E, distribution.
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