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Introduction to g – 2
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Dirac 1928 Schwinger 1948 New physics?
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Electron g – 2: first measured in New York 1948 

Phys. Rev. 74 (1948) 250 

Amid watershed 1947 Shelter Island Conference at birth of QED
Quantum field theory revolution: vacuum NOT static or empty!

“Why measure to 3rd decimal place when theory predicts nothing?

https://journals.aps.org/pr/abstract/10.1103/PhysRev.74.250
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BNL 2006: Muon g – 2 passes parts-per-million landmark

hep-ex/0602035 

Magnet leaving Brookhaven for Fermilab…
FNAL/BNL 

https://arxiv.org/abs/hep-ex/0602035
https://muon-g-2.fnal.gov/key-contribution-from-brookhaven.html
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Muon: 10 decimal places
“THEORY IGNORANCE OR NEW PHYSICS?

Electron: 13 decimal places
“TRIUMPH OF MODERN PHYSICS!”

 

State of the art 

   aµ (exp) = 0.001 165 920 72 (15) 
aµ (pred) = 0.001 165 920 33 (62)

3.9𝜎2.1𝜎

2–4𝜎 tensions?

Definition: a = (g–2)/2

FNAL Muon g–2 
PRL 135 (2025) 101802
Theory White Paper 2025
Phys. Rept. 1143 (2025) 1-158 

← Fan et al PRL 2023
↓ Morel et al Nature 2022 

Parker et al Science 2018 ↑ ↑ Aoyama et al PRL 2012

0–5𝜎 tensions?

https://journals.aps.org/prl/abstract/10.1103/7clf-sm2v
https://doi.org/10.1016/j.physrep.2025.08.002
https://arxiv.org/abs/2209.13084
https://www.nature.com/articles/s41586-020-2964-7
https://science.sciencemag.org/content/360/6385/191
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.109.111807
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.109.111807


What about tau g – 2? 
SHOCKING EXPERIMENTAL IGNORANCE!
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Pressing problem: PDG value from 2004

Not even testing 78 year old 1-loop QED 😱
aexp: DELPHI [EPJC 35 (2004) 159], aSM pred: Eidelman, Passera [MPLA 22 (2007) 159]

Phys. Rev. 73 (1948) 416

Much room for new physics beyond SM

Martin & Wells [PRD 64 (2001) 035003]

https://arxiv.org/abs/hep-ex/0406010
https://arxiv.org/abs/hep-ph/0701260
https://journals.aps.org/pr/abstract/10.1103/PhysRev.73.416
https://arxiv.org/abs/hep-ph/0103067
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“It would be very nice to measure µ𝜏 with enough 
precision to check [the Schwinger term]... 

At present such precision is a dream” 
– Martin Perl in 1998 (Nobel Prize 1995, NYU Tandon alumnus) 

50 years after tau-lepton discovery
No evidence for 1-loop tau-photon coupling 

PRL 35 (1975) 1489 

?

https://arxiv.org/abs/hep-ph/9812400
https://www.nobelprize.org/prizes/physics/1995/perl/facts/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.35.1489
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Pioneer ATLAS & CMS results 
First tau g – 2 measurement in 2 decades

ATLAS (JL Editor) & CMS PRL 131 (2023) 151802 & 03 
Joint PRL Editorsʼ Suggestion, The Conversation feature

Invent new analysis
Initiate LHC tau g – 2 renaissance

Beresford & JL PRD 102 (2020) 113008
ParticleBites coverage

Creative pheno+analysis upended status quo
Tau g – 2 measurable without lepton collider
Foundational (B)SM tests hidden in LHC data

“Crazy idea” launches new LHC program

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151803
https://journals.aps.org/prl/highlights
https://theconversation.com/new-technique-uses-near-miss-particle-physics-to-peer-into-quantum-world-two-physicists-explain-how-they-are-measuring-wobbling-tau-particles-205628
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.113008
https://www.particlebites.com/?p=9145
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 ↑ “All charged-particle tracks above 100 MeV are shown”

Observation of ɣɣ → 𝜏𝜏  at hadron colliders

With Stony Brook + BNL collaborators | 0.01% pileup vs pp | pT(µ) > 4 GeV trigger
 ATLAS (JL Editor) PRL 131 (2023)151802 

Pb

Pb

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151802
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ATLAS (JL Editor) PRL 131 (2023)151802, 
See also CMS PRL 131 (2023) 151803 used 2015 data

>10𝜎 observation of 
taus in heavy-ion data

Groundbreaking results competitive with LEP
>10𝜎 signal in existing data because we were not looking!

First hadron-collider tau g – 2 
& first constraints in 2 decades

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151803


Photon collisions first calculated at NYU 91 years ago
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Phys. Rev. 46 (1934) 1087    

https://journals.aps.org/pr/abstract/10.1103/PhysRev.46.1087
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PRD 110 (2024) 092016 

↑ Savannah Clawson / JL / Lydia Beresford

Next milestone: high-mass ɣɣ → 𝜏𝜏  in pp

https://arxiv.org/abs/2403.06336
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Central idea: collide light to measure tau g – 2 

Tau wobbles 
in magnetic 

field via S · B

Proton EM fields 
source photons

p

p
p

B S

𝜏

Beresford, Clawson & JL PRD 102 (2020) 113008

Turn LHC into a 
photon collider

150 pb = 60 million events @ 400/fb

Protons 
stay 
intact

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.113008
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Unconventional signature: no proton breakup

Innovative “soft tracking” to reconstruct ɣɣ → 𝜏𝜏  → e𝜈𝜈µ𝜈𝜈  
ATLAS PLB 816 (2021) 136190 

Δzmin 

https://www.sciencedirect.com/science/article/pii/S0370269321001301
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Sensitivity: 4⨉ to 8⨉ improvement via eµ alone

Beresford, Clawson & JL 
PRD 110 (2024) 092016 

4⨉ LEP

8⨉ LEP

𝜀UE = background “underlying event” efficiency
𝜀PU = global signal & bkg “pileup” efficiency 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.092016


 16 | Jesse Liu (NYU) | Brookhaven 2025 | 23 Oct 2025

CMS observation of ɣɣ → 𝜏𝜏  in pp 

ɣɣ → 𝝉𝝉  in pp: 5.3𝜎 (6.5) obs (exp) Tau g – 2: 5x improvement vs LEP

Nearing per-mille & stats limited:

RPP (2024) 87 107801

https://iopscience.iop.org/article/10.1088/1361-6633/ad6fcb
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New York: long history unraveling quantum vacuum

1948: electron g – 2 
Kusch & Foley @ Columbia 

1934: ɣɣ → ee
Breit & Wheeler @ NYU 

2025+: tau g–2 ɣɣ → 𝝉𝝉
JL̓ s new group @ NYU 

1947: 1-loop QED 
Shelter Island conference

2006: muon g – 2 
BNL ppm milestone 

2022: ɣɣ → 𝝉𝝉  @ PbPb 
JL with Stony Brook+BNL

2025+: proton EDM 
BNL storage ring R&D



Pheno model building 
innovation needed
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Tau g – 2 
precision

Time

Experimental 
innovation 
needed

15x QED
DELPHI 2004 
hep-ex/0406010 

10x QED
ATLAS 2022

2204.13478 

3x QED
CMS 2024
2406.03975 

LHC Run 2+3 goal?1-loop QED
Schwinger 1948

𝛼/2𝜋 ≃ 10–3

≃ 10–8

SM uncertainty
Eidelman, Passera hep-ph/0701260

Observed 68% CL 

Beresford & JL 
1908.05180 

ROADMAP

Beresford, Clawson & JL 
This talk
2403.06336 

2004–22: Tau g–2 ʻwinterʼ 2022+: LHC renaissance

https://arxiv.org/abs/hep-ex/0406010
https://arxiv.org/abs/2204.13478
https://arxiv.org/abs/2406.03975
https://journals.aps.org/pr/abstract/10.1103/PhysRev.73.416
https://arxiv.org/abs/hep-ph/0701260
https://arxiv.org/abs/1908.05180
https://arxiv.org/abs/2403.06336
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e µ

ELECTRON
Quantum

Atomic

MUON
Precision 

Lattice

Vision: Coordinated US “Dipoles for Discovery” Program?

𝜏
TAU-LEPTON

Collider
Electroweak

PROTON 
pEDM

Storage Ring

p n
NEUTRON 
Spallation 
Neutrons

𝝂
NEUTRINO 

Nuclear 
Intensity

Communities rarely converse despite same fundamental physics goals

Currently disjoint AMO/HEP/NP experimental techniques, funding & communities

c.f. US Dark Sectors: “low cost” but must cross disciplines in & outside HEP

Right-handed neutrino NR
Dark photons Aʼ
Scalar leptons 𝜏
Axion a   Higgs h

Dark matter 𝜒

Cass/UColorado FNAL/BNL ATLAS/CMS Borexino/INFN pEDM/BNL nEDM/ORNL 

https://physicsworld.com/a/physicists-measure-the-electron-electric-dipole-moment-to-unprecedented-precision/
https://muon-g-2.fnal.gov/key-contribution-from-brookhaven.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151802
https://borex.lngs.infn.it/
https://arxiv.org/abs/2504.12797
https://nedm.ornl.gov/

