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Measuring tau g-2  
using ATLAS Pb+Pb collisions
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 What is g-2?

Charged particles with spin have an intrinsic magnetic moment:

For spin 1/2 particles: 2m2m
μ = g q S

a =
(g − 2)

2
Anomalous magnetic moment: 

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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 Lepton magnetic moments 

 Tested extremely precisely for e and  → μ

Electron g-2: 10-8 precision, -2.5 , +1.6  discrepancy 

Muon g-2: 10-7 precision, up to ~4.2  discrepancy

σ σ

σ

Electron: Odom et at PRL (2006) Bouchendira et al PRL (2011) Aoyama et al PRL (2012) Parker et al Science (2018)  
               Morel et al Nature 2020 

Do photons interact equally with all lepton generations? 

 Short tau lifetime 10-13s 
 Extremely challenging experimentally! 

→
→

What about the tau? 

Muon: BNL PRD (2006) J-PARC PTEP (2019) Muon g-2 theory initiative JPhysRept (2020)  BMW collab Nature (2021)

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.97.030801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.106.080801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.109.111807
https://science.sciencemag.org/content/360/6385/191
https://www.nature.com/articles/s41586-020-2964-7
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.072003
https://academic.oup.com/ptep/article/2019/5/053C02/5506729
https://www.sciencedirect.com/science/article/pii/S0370157320302556?via=ihub
https://www.nature.com/articles/s41586-021-03418-1
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Looking back …  

PDG value: DELPHI 2004

Photo production of tau pairs 

Idea: Measure cross-section, sensitive to aτ

e e

e e

τ

τ

√s ≈ 200 GeV, 650 pb-1  

Constraints also set by L3 & OPAL ( )Z → ττγ

400 pbσ ∼

DELPHI Collaboration EPJC (2004)

 aexp
τ = − 0.018 (17)

atheory
τ = 0.00117721 (5)

Doesn’t test 1-loop QED, Schwinger  = 0.0012 a = α/2π

Limited by experimental uncertainty

Exp: DELPHI Collaboration EPJC (2004) 
Theory: Eidelman & Passera MPLA (2007)  

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
https://www.sciencedirect.com/science/article/pii/S0370269398007369?via=ihub
https://arxiv.org/abs/hep-ex/9803020
https://link.springer.com/article/10.1140/epjc/s2004-01852-y
https://link.springer.com/article/10.1140/epjc/s2004-01852-y
https://www.worldscientific.com/doi/abs/10.1142/S0217732307022694
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Can we beat it? 

Beresford, Liu PRD (2020)

Proposal: Measure tau g-2 using LHC heavy ion data 
Potential to be most precise single-experiment measurement     

Dyndal, Kłusek-Gawenda, Szczurek & Schott 
PLB (2020)

Follow approach outlined in: 

Aguila, Cornet & Illana  PLB (1991) 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.113008
https://www.sciencedirect.com/science/article/pii/S0370269320304858?via=ihub
https://www.sciencedirect.com/science/article/pii/037026939191309J
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 Outline: Experimental realisation 
ATLAS Collaboration 2204.13478  

(accepted PRL) 

 

Physics briefing 

See also CMS Collaboration 2205.05312  

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
https://arxiv.org/abs/2204.13478
https://atlas.cern/updates/briefing/observation-taupair-heavy-ions
https://arxiv.org/abs/2205.05312
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 Our analysis strategy

Photon collisions in Pb+Pb advantages: 

• Z4 cross-section enhancement 

• Super clean with ~0 pile-up 

• Low trigger thresholds  

Use 1.44 nb-1ATLAS Pb+Pb 2018 dataset, √sNN = 5.02 TeV

250 000 nbσ ∼

See Jakub Kremer’s talk  
for ATLAS UPC overview 

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
https://indico.cern.ch/event/1139676/contributions/5049455/
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Head-on  
Pb+Pb collision 

Pb+Pb, 5.02 TeV

Run: 365914

Event: 562492194

2018-11-14 18:05:31 CEST

Ultra-peripheral  
Pb+Pb collision 
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 Our analysis strategy

Additional sensitivity from 
measuring differentially  
in lepton pT 

Reduce uncertainties using 
 control region (2  CR) 

e.g. lumi, photon flux 
γγ → μμ μ

Cross-section sensitive to tau g-2

Also sensitive to tau EDM

Dyndal, Kłusek-Gawenda, Szczurek & Schutt PLB (2020)

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
https://www.sciencedirect.com/science/article/pii/S0370269320304858?via=ihub
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 Tau decays

19%

46%

35%

Leptonic 
 τ± → l±νlντ

3 prong 
 

+  0 neutral ’s 
τ± → π±π∓π±ντ

≥ π

1 prong 
 

+  0 neutral ’s 
τ± → π±ντ
≥ π

 MC: Starlight + Tauola (Photos + Pythia 8 for QED FSR) 
                       Photon flux re-weighted to SuperChic 3 (in , )
γγ → ττ

mμμ |yμμ |

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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 Signature 

Low momentum taus (up to a few 10s GeV) 

Below ATLAS hadronic tau reconstruction threshold  
Use leptons: pT( ) > 4 GeV & tracks: pT(trk) > 100 MeV  e/μ

Signal Regions (SRs) 
 +  
 + 1 track (from  or hadron) 
 + 3 track (from 3-prong  decay)

μ e
μ ℓ
μ τ

Trigger on  
muon 

pT > 4 GeV

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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Signal Regions (SRs) 

 + μ e

 + 1 trackμ  + 3 trackμ
-SRμe

3T-SRμ1T-SRμ

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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Main backgrounds
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μ

μ

Data-driven estimate  Estimate with MC 
 Starlight + Pythia 8 
 Madgraph 5  

γγ → μμ
γγ → μμγ

Photonuclear e.g.

Often leads to nucleus breakup 
 Forward neutrons→

Photon flux re-weighted to SuperChic 3 

Di-muon

See Agnieszka Ogrodnik’s talk  
for ATLAS UPC  &  measurementsee μμ

https://indico.cern.ch/event/1139676/contributions/5049509/
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Reject  (balanced events): 
• require pT( ,trk) > 1 GeV for 1T-SR 

Additional rejection for : 
• Require pT( ,trk, /cluster) > 1 GeV for 1T-SR

γγ → μμ
μ μ

γγ → μμ + γ
μ γ μ

Rejecting background

14

γγ → μμ
μ

μ

γγ → μμ + γ

μ

μ

γ

Exactly 1  + exactly 1  or 1 or 3 tracks separated from μ e μ

ET( ) > 1.5 GeV   
pT(cluster) > 1 GeV ( 2.5), 100 MeV (2.5 4.5) 

γ
|η | < < |η | <
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Rejecting photo-nuclear & other bkgs:  

• Zero Degree Calorimeter Energy (EZDC) < 1 TeV on side A & C (0n0n) 

• No unmatched clusters i.e. not near  or track(s), for  + track(s) SRs 

• m(trks) < 1.7 GeV for 3T-SR

μ μ
μ

Rejecting background

15
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Background estimation: γγ → μμ(γ)

16

MC with Superchic 3 photon flux (+6% overestimate) 
c.f. -13% for Starlight photon flux 
Difference = photon flux uncertainty 

Pre-fit 2 -CRμ

Main background
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Signal region summary

17

Pre-fit distributions  

 + 1 trackμ

• Good modelling  
• Minimal backgrounds

1T-SR: Nobs = 532, Nbkg = 84  19 μ ± 3T-SR: Nobs = 85, Nbkg = 10  3 
 
μ ±

-SR: Nobs = 39, Nbkg = 2.8  0.7 μe ±
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Observing  in Pb+Pbγγ → ττ

18

Extract signal strength and a  using profile likelihood fit  
Fit muon pT distribution in 3 SRs & 2 -CR 

τ
μ

1T-SRμ 2 -CRμ

Clear observation of  at the LHCγγ → ττ



Lydia Beresford

Signal strength 

19

Each SR compatible with unity, 5% precision, stats limited  

 = Observed yield / SM expectation μττ
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Tau g-2 competitive with LEP 

20

ATLAS & CMS set first new constraints on  since 2004aτ

Competitive with DELPHI 
5% precision on g   

Statistical uncertainty dominates
τ

First measurements of  leptons in heavy ion collisions τ
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 Summary

Tau g-2 is interesting & important but poorly constrained 

One of first new constraints on tau g-2 in decades  

Hadron collider constraints competing with LEP 

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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 SR signal MC cutflow 

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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Estimating bkgs: Diffractive photo-nuclear

- Build 2T & 4T templates using events with extra low pT track, allow 0n0n, 0nXn, Xn0n  
- Reduce signal contamination in 1M2T: cuts on mass & acoplanarity 
- Normalise in region with extra unmatched clusters (4-8 clusters)  

μ μ

Data-driven estimate for  + track(s) SRsμ

1T-SR with 
relaxed cluster veto 

μ
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 Post-fit distributions 

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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 BSM Tau g-2 

Re-weight SM signal MC to BSM  values based on PLB (2020) 

3D weighting in , ,  
Calculations based on same parametrisation as LEP 

aτ

mττ |yττ | |Δηττ |

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
https://www.sciencedirect.com/science/article/pii/S0370269320304858?via=ihub
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 Systematic uncertainties

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf

