Measurement of a, in ultraperipheral collisions with ALICE at the
LHC

Paul Bihler

Stefan Meyer Institute (SMI), Austrian Academy of Sciences, Vienna

On behalf of the ALICE collaboration

— ALICE

P. Biihler (SMI) 06.12.2023 1/16



Anomalous magnetic moment - sensor for BSM physics

O =9 5,"S lepton | = e, j1, T
fu; magnetic moment

gi: g-factor

my: lepton mass

S: spin angular momentum

@ Dirac (1928): g/ =2
@ Anomalous magnetic moment of /
@ Schwinger (1948): a; = 5 ~ 0.00116
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Anomalous magnetic moment - sensor for BSM physics

@ Dirac (1928): g/ =2
@ Anomalous magnetic moment of /

@ Schwinger (1948): a; = § ~ 0.00116

@ Further corrections due to QED, Electro-Weak, and Hadron loops

H
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Anomalous magnetic moment - sensor for BSM physics

@ Dirac (1928): g/ =2
@ Anomalous magnetic moment of /

@ Schwinger (1948): a; = § ~ 0.00116

@ Further corrections due to QED, Electro-Weak, and Hadron loops + New Physics
contributions

+ BSM physics

H
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Anomalous magnetic moment - sensor for BSM physics
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https://doi.org/10.1142/S0217732307022694

Anomalous magnetic moment - sensor for BSM physics
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Anomalous magnetic moment - sensor for BSM physics

@ Deviation of aj ey, from a; s, indicates:

» compositeness of /
» New Physics (NP)

2
@ NP contributions are expected to scale with (%)
ma mass scale of NP

Sensitivity of g, to BSM scales with m?

uw.e oc 42750 :1
T o 280:1

— a, highly sensitive to BSM physics
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Measurement of a-

@ a:
» Can not be stored
» Mean life time t, ~2.903 x 10~ ® s

» Exploit the fact that the cross section oy~~~ depends on a-

* SM: o~—++ can be calculated to high accuracy
* BSM: contributions alter the cross section

» photon-lepton vertex function - element of the = production cross section

. , y i y
ir(q) = —ie | vuFi(q°) + 5—0uwq Fo(qP) + 57 0w q" Fs(q°)

2m. 2m
atg® ~ 0
F1: Dirac form factor F1(0) =1
F2: Pauli form factor F2(0) = a
F3: electric dipole form factor F3(0) x d
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Measurement of a-

— — 102 —T —T
g g E a, = +0.1 '
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Dyndal et al., PLB, 809 (2020) 135682
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https://doi.org/10.1016/j.physletb.2020.135682

Ultra-peripheral Collisions (UPCs) - source of colliding photons

£ (w, b) o Z2
f~ (w, b) from calculations
"equivalent photon approximation”

@LHC- ¢~ 0

Y

b>2R
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photoproduction

Pb Pb

Y posJ/ b,

Pb Pb

Production of vector mesons
Study gluon-density distributions

lepton-pairs

" Pb Pb

7 anomalous magnetic
moment

light-by-light

Pb

Pb

Pb

Pb

Physics beyond the SM

e.g. axions

06.12.2023

8/16



Measurement of PbPb — PbPb 11~

PbPb — PbPbr+7~

Further reading:

F. del Aguila et al, PLB 271 (1991) 256
L. Beresford, J. Liu, PRD 102 (2020) 113008
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https://doi.org/10.1016/j.physletb.2020.135682
https://www.sciencedirect.com/science/article/abs/pii/037026939191309J
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.113008

Measurement of PbPb — PbPb 71~

General Hl collision
@ Up to several hundered tracks
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Measurement of PbPb — PbPb 77~

Example UPC
@ Few tracks (clean environment)
@ Allows selection with little background

General Hl collision
@ Up to several hundered tracks
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Measurement of PbPb — PbPb 11~

<

BR(7F w et +v.+v,) = 17.8%
BR(7% — pu* + vp+vy) = 17.4% T
BR(7E = 7t +nr’ +1,) = 456% a e, u,d
BR(7* — 3 prong) ~ 20% Ver Ve u

Analysis strategy

@ 1 lepton + 1 charged particles
@ 1 lepton + 3 charged particles

combination of central and forward
trackers
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ALICE detector in Run 3

dE/dx (arb. units)

Inner barrel
ITS + TPC + TOF

PID down to pr > 0.1 GeV/c

Upgrade: Frontend
readout of various
detectors

(1 1]

New: Online data processing (02

New: Fast
Interaction Trigger
(FIT)

VY

Upgrade: TPC
readout based on
GEM stacks

@ Online/Offline (O2) data processing

@ Fast Interaction Trigger (FIT) system

@ Veto on activity atn > 1.5
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@ Continuous readout
@ Event selection applied offline
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Perspectives with Run 3 data - ALICE

@ Pb-Pb collisions at /sy, =.5.5TeV
AR 5-5Te 3 Luminosity of > 2.7 nb™~" wil

@ Integrated luminosity of 2.7 nb~" (= Run 3 2022) be reached in 2024

@ 36000 reconstructed events with one electron in the barrel

@ 2000 reconstructed events with one muon in the muon arm

= 10°

R PbPb — PbPber, Sy = 5.5 TeV
%'; STARLIGHT, o, = 925 ub
ALICE Run 3 8 sl
@ select 2-prong events i
@ central: e and 7/u in central i
barrel E
@ semiforward: forward p and barrel [ comiforward T central
track 1
EHM..\JHI L 1 i |
-4 -3 -2 -1 0 1 2 3 4
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Perspectives with Run 3 data - ALICE

@ Strategies to eliminate background described e.g. in
Beresford & Liu, PRD 102 (2020) 113008

@ In addition to total cross-section use pr-differential information
@ slope of pr ¢,., depends on a,

= S 1f

F PbPb — PbPb+1r, 5 TeV, 2.7 nb™! 3 C
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.113008
https://doi.org/10.1016/j.cpc.2022.108388

Perspectives with Run 3 data - ALICE

@ Significant improvement of a, limits expected with Run 3 datal
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https://doi.org/10.1016/j.cpc.2022.108388

Summary

@ At LHC UPCs are suited to study the magnetic moment of the 7-lepton and set new
limits on a,

@ The PID capabilities down to low momenta enhance the sensitivity of ALICE
@ The precision of the a, measurement is limited by systematic uncertainties

@ The limits on a, we can expect from Run 3 data is at least 2 x better compared to
the limits listed in PDG and measured by DELPHI in 2004
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