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LHC as a photon collider

e Boosted nuclel are intense source of EM fields

» Ultraperipheral collisions (UPC)
 b>2R
* Hadronic interactions strongly suppressed

e EM fields

Fermi, Nuovo Cim. 2 (1925) 143

 TJreated as quasi-real photon fluxes
e Small virtuality Q < 1/R ~ 30 MeV
* Proportional to Z2

W

UPC reviews:

Baltz et al., Phys. Rept. 458 (2008) 1-171; Klein & Steinberg, Ann. Rev. Nuclear Part. Sci. 70 (2020) 323
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[see also ATLAS photonuclear jets measurement by Ben Gilbert in the same session]



Experimental considerations

 Rapidity gaps & Exclusive final 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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Characterising photonuclear y+Pb collisions
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Characterising photonuclear y+Pb collisions
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Characterising photonuclear y+Pb collisions
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1<pT> lower in y+Pb than p+Pb

e Theory (3+1D hydrodynamics) predicts both y+Pb and p+Pb should have same
radial flow, therefore same <pT> (in backward rapidity) (zhao. Shen, Schenke, Phys. Rev. Lett. 129, 252302)



Phys. Rev. Lett. 131 (2023) 151802

Exclusive tau-pair production in Pb+Pb UPC

o Study (low-energy) taus for the first time in nuclear collisions
o Strategy: exploit semi-leptonic decays with pT>4 GeV muon

 pe-SR: muon + electron see also related ATLAS ee [JHEP 06 (2023) 182]
and pp [PRC 104 (2021) 024906] measurements

 p1T-SR: muon + 1 track (soft e/p/pion)

« p3T-SR: muon + 3 tracks (3 pions)

Bh Pb

o Exclusivity: T
* Veto extra tracks Pb
* \eto additional calorimeter clusters (u1T-SR and p3T-SR only)

 OnONn ZDC selection to further suppress hadronic
backgrounds (mainly photonuclear production)




Events / 0.5 GeV

Phys. Rev. Lett. 131 (2023) 151802

Exclusive tau-pair production in Pb+Pb UPC
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Phys. Rev. Lett. 131 (2023) 151802

Exclusive tau-pair production in Pb+Pb UPC

o Signal strength extraction
 Simultaneous fit to py1T-SR, y3T1-SR, pe-SR and 2u-CR
 Many systematics correlated between SRs and 2u-CR — get reduced!
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Phys. Rev. Lett. 131 (2023) 151802

Exclusive tau-pair production in Pb+Pb UPC

* atau = (gtau-2)/2 poorly constrained experimentally; can be sensitive to BSM

R.L. Workman et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2022, 083C01 (2022) v T

Mass m = 1776.86 & 0.12 MeV
(m_+ — m__)/Mayerage < 2.8 x107%, CL = 90%
Mean life 7 = (290.3 £+ 0.5) x 107 1° s
I o t— Y IS W V111 B
Magnetlc moment anomaly > 0 052 and < 0 013 CL = 95% 5
“Re(d )= —0.220t0 0.45 x 10" ® ecm, CL = 95% T
Im(d,) = —0.250 to 0.0080 x 1071° ecm, CL = 95% |

a$M =0.00117721 (5)]

11
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Exclusive tau-pair production in Pb+Pb UPC

e Measure ar = (gr — 2)/2 with template fit
 Using muon pT distribution in the three SRs and 2u-CR

 Constraints on a; similar to those observed at LEP
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https://indico.cern.ch/event/1339555/contributions/6040898/

arXiv:2408.11035

Magnetic monopole search in Pb+Pb UPC

* Production via the Schwinger mechanism in strong
magnetic filelds [Gould, Ho, Rajantie, PRD 100, 015041 (2019), PRD 104, 015033 (2021)]

e peak B ~ 1016 T at LHC Pb+Pb collisions

 Advantages over pp searches:

* (Cross-sections calculated using semiclassical techniques
— do not suffer from non-perturbative nature of coupling

« Composite monopoles enhance the cross section

 No exponential suppression (e-4a~ 10-236) for

composite monopole models
[Drukier & Nussinov, Phys. Rev. Lett. 49 (1982) 102]

13



arXiv:2408.11035

Magnetic monopole search in Pb+Pb UPC

Pb

Pb*
e Use 0.262/nb of 2023 Pb+Pb data at 5.36 TeV
* Trigger strategy M

 low-energy MM would loose energy primarily in the innermost Si layers pp

<

Pb*

 L1: coincidence of ZDC A+C signals
+ veto on total transverse energy in calo (Er<10 GeV)

 HLT: > 100 Pixel clusters w/o any specific tracking selection

e Event selection

* Nutracks < 1, Niopoclusters < 1 = removes collision background

IBL PI1X1 PIX2 P1X3

* Npixelclusters >190, Including NigLciusters > 90
— suppress beam-induced background (BIB)

* Fraction of Pixel clusters from a single module,

fleading-module<0.9 — t0 suppress events from noisy modules \\'“-Si'r-n(trjr!elt;g(g/lel\\/l/ ';’fT‘ig’g"g;@“’”

14



* Final signal region (SR) selection: T>0.95

 Background estimate fully data-driven:
 CR1 for events having T<0.87

« CR2 from ZDC_XOR-triggered events with
1-3 (soft) calorimeter clusters,
incl. at least one out-of time (t<-10 ns)

« CR1 and CR2 sample is enriched with BIB

and so: ORI
NSR — NCR2
bkg NCRz T7>0.95
T<0.87

SR bkg estimate: 4 = 4 events expected

Events / bin

Data / Bkg.
OO —_—

Magnetic monopole search in Pb+Pb UPC

arXiv:2408.11035
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7 BKg. uncertainty
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e 3 events in SR, consistent with
background estimate (4 + 4)

e Cross-section upper limits
assuming non-perturbative

g=1gp FPA model
[Gould et al., PRD 104 (2021) 015033]

o Significantly better sensitivity

compared to MoEDAL
[Nature 602 (2022) 63]

* Introducing new approach in

detecting highly-ionising particles

at the LHC

10
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Magnetic monopole search in Pb+Pb UPC

arXiv:2408.11035
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Counts [a.u.]

Future ATLAS UPC measurements

e« ~1.7/nb of 5.36 TeV data recorded in 2023 by ATLAS

 Thanks to the offline and ATLAS TRT “Fast-OR” L1 trigger improvements,
we can reach much lower transverse momenta in Run3!
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Summary

* Rich physics programme of HI UPC at the LHC with ATLAS

* Crucial role of ZDC detectors in disentangling various ion-breakup classes (OnXn, OnOn, XnXn)

 Photonuclear events provide unigque insight into small collision systems
phenomena

 UPC yy collisions are excellent QED (and BSM) laboratories

 |LHC Run 3 data provides new opportunities (with L1 track-sensitive trigger,
offline improvements etc.)

* Research project partly supported by program ,,Excellence initiative — research university” for the AGH University of Krakow
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* Measure ar = (gr — 2)/2 with template fit

* Using pT(p) distribution in the three SRs and 2u-CR
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Exclusive tau-pair production in Pb+Pb UPC

* Measure ar = (gr — 2)/2 with template fit

* Using pT(p) distribution in the three SRs and 2u-CR
e ar templates: reweighting signal MC [weights from PLB 809 (2020) 135682] + morphing
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Exclusive tau-pair production in Pb+Pb UPC
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o Signal strength extraction

 Simultaneous fit to py1T-SR, y3T1-SR, pe-SR and 2u-CR
 Many systematics correlated between SRs and 2u-CR — get reduced!
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Exclusive tau-pair production in Pb+Pb UPC

Post-fit impact

u, trk
A¢

Uncertainty Impact on p, [%]
muon Level-1 trigger (sys) 1.0
T decay modeling 1.0
tracking eff. (overall ID material) 0.9
muon Level-1 trigger (stat) 0.7
topocluster reco. eff. 0.6
muon reco. eff. (stat) 0.6
tracking eff. (PPO material) 0.6
topocluster energy calib. 0.5
muon reco. eff. (sys) 0.5
photonuclear template var. (u1T-SR) 0.5
Total systematic 2.6
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ar parameterisation

 Elementary yy—T T cross section has explicit dependence on photon-T vertex
function:

=ar (q2=0) =d*2m+/e (g2=0)

24



Ratio

Magnetic monopole search in Pb+Pb UPC

* Signal model has no EM breakup embedded — correcting signal MC for XnXn requirement applied in data

* Breakup model based on SuperChic 4.2 MC for yy — |+|- process is used
* Full model also takes into account:
 EM pileup (outflow of events primarily from OnXn class to XnXn)

 Run-2 UPC yy — [+l- data/MC comparison

* possible incoherent contribution to the signal

Model validated against yy — ee (py) Run-3 data
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