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Introduction to aτ

Charged particles with spin have an intrinsic magnetic moment:

µ⃗ = g q
2ms⃗ for spin 1

2 particles, (1)

where:

• s⃗ - spin angular momentum,
• g = 2+ α

π + . . .

Anomalous magnetic moment:
a =

g− 2
2 (2)
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Lepton magnetic moments

• ae, aµ are precisely measured observables in Nature:

Electron g-2: 10−8 precision, −2.5σ,+1.6σ discrepancy
Muon g-2: 10−7 precision, up to ∼ 4.2σ discrepancy

Phys. Rev. Lett. 97 (2006) 030801, Phys. Rev. Lett. 126 (2021) 141801

• aτ is much less constrained:

Tau g-2: 0.052 < aτ < 0.013 (95% CL)
DELPHI, EPJC 35 (2004) 159

• Tau is extremely hard to measure (lifetime 10−13 s)
• aτ is more sensitive to some BSM effects
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.97.030801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.141801
https://link.springer.com/article/10.1140/epjc/s2004-01852-y


Proposal: Measure aτ in Pb+Pb collisions

• Ultraperipheral heavy-ion collisions (UPC):
• UPC occurs when the impact parameter is larger
than twice the radius of the ions (b > 2R)

• Photon-photon interactions can be observed.

• Advantages of UPC Pb+Pb over pp collisions
• huge photon fluxes→ Z4 cross-section enhancement
• ∼ no hadronic pile-up→ exclusivity selections
• low pT thresholds in trigger and offline
reconstruction

Detailed theoretical framework: PRD 102 (2020) 113008, PLB 809 (2020) 135682
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https://doi.org/10.1103/PhysRevD.102.113008
https://www.sciencedirect.com/science/article/pii/S0370269320304858


Tau decays

Weronika Stanek-Maslouska • New Frontiers in Lepton Flavor 2023 | • 4/11



Experimental realisation

CERN-EP-2022-079
• Measurement uses 1.44 nb−1 of 2018
UPC data, √sNN = 5.02 TeV

Signal candidates are selected using
muonic τ decays and categorised using
electrons or low-pT tracks:
• µ1T-SR - muon + 1 track
• µ3T-SR - muon + 3 tracks
• µe-SR - muon + electron

Feynman diagrams

Lydia Beresford1, ⇤ and Jesse Liu2, †

1Department of Physics, University of Oxford, Oxford OX1 3RH, UK
2Department of Physics, University of Chicago, Chicago, IL 60637, USA

(Dated: February 17, 2022)

Some Feynman diagrams made using feynmp for use.

I. INTRODUCTION

Precision measurements of electromagnetic couplings are fundamental tests of quantum electrodynamics (QED)
and powerful probes of new physics beyond the Standard Model (BSM). The electron anomalous magnetic moment
ae = 1

2 (ge � 2) is among the most precisely measured observables in nature [1, 2]. The muon counterpart aµ is
measured to 1 part in 107 [3] and reports a longstanding 3 � 4� deviation from the SM prediction, which may be a
harbinger of new physics.
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FIG. 1. 1 muon 1 electron
see Lydia Beresford’s talk

see also CMS result
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https://arxiv.org/abs/2204.13478v3
https://cds.cern.ch/record/2834319/files/ATL-PHYS-SLIDE-2022-501.pdf
https://arxiv.org/pdf/2206.05192.pdf
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Analysis strategy

• Exploit γγ → ττ cross-section to set limits on aτ
• Reduce uncertainties using γγ → µµ control region
(2µCR)

• Fit muon pT in signal regions + di-muon control
region to extract aτ
Experimental challenges:

• hadronic backgrounds PLB 809 (2020) 135682

• neutrinos in the final state

τ leptons never directly targeted in measurements using nucleus-nucleus data
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https://www.sciencedirect.com/science/article/pii/S0370269320304858


Main backgrounds

Di-muon
Estimated with MC:

γγ → µµ: Starlight+Pythia8
γγ → µµγ: Madgraph5

Photonuclear
Data-driven estimation:

Built CR requiring an additional low-pT
track

see Jakub Kremer’s talk CERN-EP-2022-079
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https://indico.cern.ch/event/895086/contributions/4716151/attachments/2423143/4147806/QM2022-ATLAS-yytautau.pdf
https://arxiv.org/abs/2204.13478v3


Observation of the γγ → ττ in Pb+Pb: Fit setup

Extract signal strength and aτ using
profile likelihood fit:
• Build templates for different aτ
values: aτ =

[0,±0.01,±0.02,±0.03,±0.04,±0.05,±0.06,±0.1]

• Pre-fit distribution of pµT in the
µ1T-SR:
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https://arxiv.org/abs/2204.13478v3


Post-fit distributions
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• uncertainties decrease in post-fit distributions
• differences between SM and BSM values of aτ increase with muon pT

CERN-EP-2022-079
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https://arxiv.org/abs/2204.13478v3


Observation of the γγ → ττ in Pb+Pb: Signal strength
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• Result for each signal region compatible with unity
• Combined fit reaches 5% precision
• limited by statistical uncertainties

µττ = observed yield
SM prediction

CERN-EP-2022-079
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Observation of the γγ → ττ in Pb+Pb: aτ
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• Expected 95% CL limits from combined fit: -0.039 < aτ < 0.020
• Observed 95% CL limits: -0.057 < aτ < 0.024
• Result competitive with electron-collider studies

CERN-EP-2022-079
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Summary and outlook
• Hadron-collider studies may be used to measure electromagnetic
τ properties

• New constraints on aτ competitive with electron-collider results
• Results limited by statistical uncertainties: inclusion of 2015 data in
progress + future plans for run 3 heavy-ion data

THANK YOU
QUESTIONS?
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BACKUP
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Systematic uncertainties

Uncertainty Impact on `𝜏𝜏 [%]

muon Level-1 trigger (sys) 1.0
𝜏 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. (PP0 material) 0.6
topocluster energy calib. 0.5
muon reco. eff. (sys) 0.5
photonuclear template var. (`1T-SR) 0.5

Total systematic 2.6
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ATLAS
1− = 5.02 TeV, 1.44 nb
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Event yields
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BSM Tau g-2
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• Re-weight SM signal MC to BSM values of aτ
• 3D weighting in |mττ |, |yττ |, |∆ηττ |
• same parametrisation as LEP
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Pre-fit distributions
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	Appendix

