Recent measurements in ultraperipheral
collisions with the ATLAS detector
Mateusz Dyndal
AGH University of Science and Technology Krakow, Poland

IFJ seminar

Probing small x parton densities in ultraperipheral AA and
removed by these
requirements,
and thus they
pA collisions
at the LHC

for signal events
of the measurement. Event-level observables
are constructed fro
Mark
Strikman
INTRODUCTION Pennsylvania State University, University Park, PA 16802, USA
pT > 15 GeV and pseudo-rapidities |⌘| < 4.4. Events are require
Ramona Vogt
one atjet
with
pTof light
>Department
20
GeV.
The
jets arefields;used
toCAdefine
the eve
Aleast
nucleus moving
nearly
the speed
has almost
transverse
electromagnetic
theDavis,
electric
of Physics, University of California,
95616, USA

Quasi-real photons from heavy ions

∗

†

QUASI-REAL PHOTONS FROM

and magnetic fields have the same absolute value
are perpendicular
to each
other.Berkeley,
Therefore
an
andand
Nuclear
Science Division
LBNL,
CA 94720,
USA
observer can not distinguish between these transverse electromagnetic
fields and an equivalent swarm
of photons, see Fig-S.1 Equating the energy flux of the electromagnetic
fields through a transverse plane
Sebastian White‡
with the energy content of the equivalent photon swarm yields the equivalent photon distribution n(w),
Department of Physics, Brookhaven National Laboratory, Upton, NY 11973, USA
which tells how many photons with frequency w do occur. This derivation is presented in the first
Subsection.
(Dated: January 6, 2014)

2
2 3 1/2
2
X
X
66 X
77
*
+
6
7
~
H
⌘
p
,
m
⌘
E
p
,
y
T
T
i
jets
i
i
photons
66 neutrons in one direction
77
have zero
and
i
i
We calculate
production rates for several ,
hardiprocesses-in ultraperipheral
proton-nucleus and nuc
4
5 in small x res
“0nXn”
event
topology.
The
photon-goi
nucleus collisions at the LHC. The resulting high rates demonstrate that some key directions

and requiring that there is no large gap
•j
respectively, PACS
andnumbers:
pz representsfor
thesignal
longitudinal
component
of
the
events removed by these req
to be positive
in the photon-going
A further
requireme
of theatdirection.
measurement.
observ
•
Studies of small x deep inelastic scattering
HERA
continued andEvent-level
extended by studies
of ultr
substantially
improved
our understanding
inheavy
ion
collisions (UPCs) at the LHC.
U
mjets , satisfies
mjets
> 35
GeV.pT of>strong
15
GeV
and
pseudo-rapidities
|⌘|
teractions at high energies. Among the key findings of
teractions of two heavy nuclei (or a proto
•a quasiPh
HERA were the direct observation ofleast
the rapid
growth
cleus) p
inTwhich
a nucleus
one
jet with
> 20
GeV.emits
The
jets

of the small cross-sections
x structure functions overare
a wide
range
that interacts
with the other nucleus
The differential
measured
as a function
of H(orTproa

Nucleus intact
No neutrons

Rapidity
gap

324

No rapidity
gap

Nucleus breaks up
Multiple neutrons

fl

(coherent) Photo-nuclear

(Inelastic) Photo-nuclear

26 X
m6
66* e
xm ⌘⌘ p
64,s

of virtualities, Q2 , and the observation of a significant
collisions have the distinct feature that t
probability
with approxemitting nucleus either does not break up•o
v=o for hard diffraction consistent
jets
imate scaling and a logarithmic Q2 dependence (“lead- jets
a few+neutrons
jets through Coulomb excitatio
Ti
jets
ing twist” dominance). HERA also established a new T substantial rapidity
gapA
in
the same direct
2
Figure 2.1: Fermis
idea
to the Equivalent
Photon – Approximation:
As methe velocitykinematics
of the charge can
ap be readily identified by th
class
ofleading
hard exclusive
processes
high Q vector
i
i
proaches the speed of light, its electromagnetic
field becomes Lore&-contracted
(b) and similar
son productionphoton-cloud
– described
by the QCD factorization
LHC detectors, ATLAS and CMS. In thi
to a parallel-moving
(c).
theorem and related to generalized parton distributions
consider the feasibility of studies in two o
in nucleons.
tions pioneered
at HERA: parton densitie
A
6
10 QCD dynamics at small
diffraction. The third, quarkonium producti
The importance of nonlinear
previously
z
This is already the
Photon
Approximation.
It (see
has been cussed
first developed
by [4, 5, 6]. It was shown t
x isideaoneofofthetheEquivalent
focal points
of theoretical
activity
ATLAS
Preliminary
antik t R =0.4
E. Fermi [57]. Often this method is also called Weizsiicker-Williams-Method
as AA
E. J. scattering
Williams [I351
can
extend
the
energy
range
e.g. Ref. [1]). Analyses suggest that the strength of
-1
√
lead
and C. F. v. Weizsicker [134] independently
extended Fermis
idea.Pb+Pb
A good data,
review of
resultsnband various
p
20 G
0.38
a>factor
characterized
by sγN , by about
the interactions, especially when
a 2015
hard probe
directly
T
4
PHENIX Collaboration
Letters
B 679
(2009)in321–329
10 the/ Physics
particular,
investigate the onset
sNNjets
=
5.02
TeV
m jets of> color
35 G
couples to gluons, approaches
maximum
possible
jets
quarkonium photoproduction.
strength – the black disk limit – for Q2 ≤ 4 GeV2 .
These values are relatively small, with an even smaller
42 < H < 50 GeV
2
Q2 for coupling to quarks, Q
∼ 1 GeV2 , making it T
2
10
difficult to separate perturbative
and nonperturbative
2
effects at small x and Q . Possible new directions 50 < H < 59 GeV ( × 10x-11 )
T
for further experimental investigation of this regime include higher energies, nuclear beams and studies of the
1 section, σ . The latter 59 < H < 70 GeV ( × 10 -2 )
longitudinal virtual photon cross
L
T
two options were discussed for HERA [2, 3]. Unforx2
tunately, it now seems that HERA will stop operating
2
-3
in two years with no further−2measurements along these 70 < H T < 84 GeV ( × 10 )
10
lines except perhaps of σL . One might therefore expect

PHOTONUCLEAR
DIJETS
Various types of interactions possible:

fl

•

proposed for HERA will be accessible at the LHC through these ultraperipheral processes. Indeed, these
surements can extend the HERA x range by roughly a factor of 10 for similar virtualities. Nonlinear effec
the parton densities will thus be significantly more important in these collisions than at HERA.
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• Q ~ 1/R ~ 30 MeV @ LHC/RHIC
UPC MEASUREMENTS
• Each photon ux scales with ~Z2
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Ultraperipheral collisions at the LHC
• UPC became very active research eld
ATLAS, Phys. Rev. C. 104 (2021) 014903

ATLAS, JHEP 03 (2021) 243
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Experimental considerations
• Rapidity gaps & Exclusive nal states → Veto requirements are essential
• Many sub-detectors available in ATLAS (|eta|<4.9)
• (Absence of) ion dissociation tagged with Zero Degree Calorimeters (ZDC)
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Counts

ATLAS ZDC performance
ATLAS Preliminary
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Outline
• A set of new ATLAS measurements will be covered in this talk:
• Photo-nuclear jet production in ultra-peripheral Pb+Pb collisions at

√sNN = 5.02 TeV with the ATLAS detector, ATLAS-CONF-2022-021

• Exclusive dielectron production in ultraperipheral Pb+Pb collisions at
√sNN = 5.02 TeV with ATLAS, ATLAS-CONF-2022-025

• Observation of the γγ→τ τ process in Pb+Pb collisions and constraints on the τ-lepton
anomalous magnetic moment with the ATLAS detector, arXiv:2204.13478 [hep-ex]
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Measurement of photo-nuclear dijet production in Pb+Pb
• Both direct and resolved photon interactions are possible
• Large rapidity gaps are required on one side of the detector
• This side is dictated by the “0nXn” ZDC requirement

8

Measurement of photo-nuclear dijet production in Pb+Pb
• Jet selection: 2 jets with pT>15 GeV
• Jet kinematics provide access to the
hard-scattering kinematics,
directly probing nuclear PDF e ects:
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Measurement of photo-nuclear dijet production in Pb+Pb
• Systematic uncertainties (aka: the key limiting factor in our sensitivity to
nuclear PDFs)
• Jet calibration dominates
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Measurement of photo-nuclear dijet production in Pb+Pb
• Measurement fully unfolded for

intermediate photon energies
→ can access higher-x partons
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detector e ects
Triple-di erential cross-sections
extracted (xA, zy, HT)
Comparison to Pythia 8 + nPDFs
Potential to constrain nPDFs

Measurement of photo-nuclear dijet production in Pb+Pb
• Measurement fully unfolded for

Going higher in photon energy → low-x
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(II) Exclusive dielectron production
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Exclusive dielectron production in Pb+Pb UPC
• ‘Standard candle’ process
• Good sensitivity for Pb EM formfactors → photon ux modeling
• Sensitivity to probe higher-order corrections
Phys. Rev. C 104 (2021) 024906

• New ATLAS measurement (ee) extends the
previous dimuon study
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Exclusive dielectron production in Pb+Pb UPC
• Background dominated by dissociative production with o -shell photon
• Extracted using template t to dielectron acoplanarity
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Exclusive dielectron production in Pb+Pb UPC
• Results for “inclusive ZDC” selection

+
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Exclusive dielectron production in Pb+Pb UPC
• Results for “0n0n” ZDC selection
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(III) Exclusive tau-pair production
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Exclusive tau-pair production in Pb+Pb UPC
• More challenging experimentally due to low-energy tau decays
• Strategy: exploit semi-leptonic decays with muon
• μ1T-SR: muon + 1 track (e/μ/pion)
• μ3T-SR: muon + 3 tracks (3 pions)
• μe-SR: muon + electron

τ
τ

• “0n0n” ZDC selection to suppress hadronic backgrounds
(mainly photonuclear production)

• Exclusivity:

τ
τ

• Veto extra tracks
• Veto additional calo clusters (μ1T-SR and μ3T-SR only)
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Exclusive tau-pair production in Pb+Pb UPC
Di ractive photonuclear (data-driven)

• Main backgrounds
γγ → μμγ (MC-based)
photonuclear CR
(normalisation)

validation
of shapes
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Exclusive tau-pair production in Pb+Pb UPC
• Other backgrounds
• Simultaneous γγ→μμ and γPb→ρ0→π+πproduction (‘DPS’) observed

• μ3T-SR: Cut on m(trks)<1.7 GeV removes it fully

μ3T
SR
m(trks) requirement relaxed

m(trks) requirement
relaxed
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Exclusive tau-pair production in Pb+Pb UPC
• Signal strength extraction
• Simultaneous t to μ1T-SR, μ3T-SR, μe-SR and 2μ-CR
• Many systematics correlated between SRs and 2μ-CR → get reduced!
Post- t impact

μ1T-SR control distribution
(pre- t)
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Exclusive tau-pair production in Pb+Pb UPC
• Signal strength extraction
• Total measurement precision: 5%
• Total uncertainty dominated by
statistical errors
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Constraints on tau anomalous magnetic moment
• atau = (gtau-2)/2 poorly constrained experimentally; can be sensitive to BSM
R.L. Workman et al. (Particle Data Group), to be published (2022)
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Constraints on tau anomalous magnetic moment
• Interest in measuring atau at the LHC revisited recently
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Constraints on tau anomalous magnetic moment
• Measure aτ = (gτ − 2)/2 with template t
• Using pT(μ) distribution in the three SRs and 2μ-CR
• aτ templates: reweighting signal MC [weights from PLB 809 (2020) 135682] + morphing
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Pre- t
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Constraints on tau anomalous magnetic moment
• Measure aτ = (gτ − 2)/2 with template t
• Using pT(μ) distribution in the three SRs and 2μ-CR
• aτ templates: reweighting signal MC [weights from PLB 809 (2020) 135682] + morphing
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Post- t
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Constraints on tau anomalous magnetic moment
• Constraints on aτ similar to those observed by DELPHI (current PDG value)
• Stat.-dominated measurement → Excellent prospects for LHC Run 3 & beyond
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Summary
• Rich physics programme with UPC at the LHC
• Interesting opportunities to explore photo-nuclear interactions
• Dijet production → potential to constrain nPDFs, small-x gluon tomography

• HI UPC collisions are excellent QED and BSM laboratories
• Tau g-2 constrained using LHC UPC data with precision compatible with LEP (PDG)
• Clean way to search for BSM particles that couple to photons
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Backup
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Measurement of photo-nuclear dijet production in Pb+Pb
ATLAS-CONF-2022-021

• “No-breakup” fraction is measured by comparing 0nXn and XnXn topologies
• Provides valuable input for theory calculations
• Observation of exclusive dijet events (0n0n “no-breakup” topology)
• Likely a mixture of di ractive + photon-photon production mechanisms
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Diffractive photo-nuclear dijets in Pb+Pb
CMS, arXiv:2205.00045

• Azimuthal angular decorrelation of dijets (2nd Fourier harmonic)
• Potentially sensitive to elliptic gluon Wigner distribution

QT is the proxy for recoil momentum of Pb target
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Exclusive dielectron production in Pb+Pb UPC
• Systematic uncertainties
• Dominated by the knowledge of electron reco+identi cation e ciency

ffi

fi

33

aτ parameterisation
• Elementary γγ→τ τ cross section has explicit dependence on photon-τ vertex
function:
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