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June 3, 2025:   Final resul of the Muon g-2 Coll. measuring (g-2)μ to 127 ppb

(g-2)μ measuments at FNAL have improved the precision on the world average
by over of factor of four→ uncertainty of the WA to 125 ppb!



The 4 classes of SM contributions to the muon g-2
uncertainty largely dominated by the hadronic contributions in Vacuum Polarization (HVP)



HVP: the major source of uncertainty in the muon g-2 SM computation 



e+e-
→ π+π- dominance of the low-energy hadronic cross-section 



The “old” (2020) muon g-2 problem   

2020!



BMWc20: S. Borsanyi et al. 2002.12347, published on Nature, April 7, 2021
first published lattice result with sub-percent precision! 

0.8% precision!

2-2.5σ tension between the 
BMWc lattice result and 
the dispersive evaluations



Colangelo, El-Khadra, Hoferichter, Keshavarzi, Lehner, 
Stoffer, Teubner, arXiv:2205.12963v2 (2022)



New result on R(s) from CMD3 (VEPP 

– 2000 Novosibirsk)      PRL June 2024



Zhiqing Zhang, LP 2025

The “NEW” (2025) muon g-2 problem   





→ NO, NP cannot spoil the 
validity of such extraction



Carloni Calame, Passera, Trentadue, 
Venanzoni, PLB 2015



6.1σ tension   

compilation by the 
KNT coll. in 2019 

without the CMD-3 data

The KNT19 data replaced by 
the CDM3 data only in its 
available energy range

the Electron g-2 (ae)
the Muonium HyperFine Splitting (HFS)
the Tau g-2   (aτ)
the low-energy weak mixing angle sin2θW(0)
the running of ⍺em

Observables to consider 

at large energy, s>ml  → Kl ~ ml
2

Model independent tests of the HVP contribution to the muon g-2

Di Luzio, Keshavarzi, A.M. , Paradisi  PRL 134 (2025) 1



which exp. and th. accuracy should be reached for the above observables to probe δaμ
HVP

• the Electron g-2 (ae)

• the Muonium HyperFine Splitting (HFS)

• the Tau g-2   (aτ)

• the low-energy weak mixing angle sin2θW(0)

• the running of ⍺em

Sensitivity of other physical observables to 
[δaμ

HVP]NP = [aμ
HVP]LQCD,CDM3 – [aμ

HVP]DR,WP20

Leptonic g-2 sin2θW and 

running of ⍺em

Muonium   HFS



In 2008 Gabrielse et al. had 
obtained δae

EXP = 2.8 × 10-13



in good agreement with the numerical results  

If the experimental resolution on ⍺em and 
ae

exp  improve by ~ one order of magnitude  
→ uncertainties on Δae ~ O(10-14)→
sensitivity to the increase of aμ

HVPdue to 
CMD-3 (and BMWc)

Electron g-2



P. Strasser, Workshop of the Muon g-2 TI , 
Bern, Sept. 2023 

The Muonium HyperFine Splitting (HFS)

Muonium HFS of the 1S ground state

for s >> mμ
2

5.9σ discrepancy in the comparison! 



Muonium HFS one of the most sensitive probes of δaμ
CMD3

→ to be sensitive to this shift needs a precision 
of O(1) Hz
Current measurement   νHFS

exp =   (4 463 302 776 ± 51) 𝐻𝑧
MuSEUM at J-PARC plans to reduce
the uncertainties by ~ one order of magnitude,
hence going well  below the shift

Other sources of uncertainty:
i) uncertainty on νF fully dominated by me / mμ→ induced error on νF ~  4 x 103 Hz 
Mu-MASS at PSI to improve the precision on the measurement of ν1S—2S  (from which me / mμ is extracted)                        
by 3 orders of magnitude (P. Crivelli Hyperfine Interact. 2018);
ii) Theory uncertainty in νHFS from unknown 3-loop QED contributions to δHFS

QED amounting to ~ 70 Hz → need 
for a complete 3-loop QED calculation  (Eides and Shelyuto Int. J. Mod. Phys A 2016; Eides PLB 2019)

(Strasser et al.  Hyperfine Interact. 2016)



Model independent tests of the HVP contribution to the muon g-2 

Di Luzio, Keshavarzi, A.M. , Paradisi  PRL 134 (2025) 1



BACK-UP SLIDES





NEW LATTICE result 













Independent muon g-2 determination from 
MUONIUM SPECTROSCOPY

P. Strasser, Workshop of the Muon g-2 TI , Bern, Sept. 2023 



P. Strasser, Workshop of the Muon g-2 TI , Bern, Sept. 2023 

Also Laporta is computing the full 3-loop 
QED contribution



Keshavarzi, Nomura, Teubner PRD 2020; Eides PLB 2019

Dominated by the π+π- channel  

Ongoing indicates the milestones set by the Mu-MASS (MuoniuM lAser SpectroScopy) exp. 
at PSI and MuSEUM (Muonium Spectroscopy Experiment Using Microwave) at J-
PARC

Delaunay, Ohayon, Soreq PRL 2021  



To start testing the NP in the mentioned aμ
HVP discrepancy:  

[δaμ
HVP]NP = [aμ

HVP]LQCD&DR,CDM3 – [aμ
HVP]DR,WP202 (~3% shift) 

→probably we need to reach for Δνμ
exp and Δνμ

SM to precisions of O(few – 10) Hz 
→/

Delaunay, Ohayon, Soreq PRL 2021  



The running of  ⍺em

Hadronic effects to the running QED coupling at the Z –boson mass (a main component of the elw. precision fit

Magnitude of the shift comparable with the current

uncertainty on ⍺em (MZ
2)  → very diffcult for 

At future e+e- colliders , e.g., FCC-ee, expected to reach the unprecedented 
precision on ⍺em (MZ

2) of O(10-5) which would provide sensitivity to the shft



The running of  sin2 θW

sin2 θW (0) can be connected with sin2 θW (MZ) by including the 𝛾 – Z mixing   (Erler and Ferro-Hernández JHEP 2018) 
(Keshavarzi, Marciano, Passera, Sirlin PRD 2020)

The shift from the CDM-3 data can be estimated via: 

To make use of sin2 θW (0) to probe the HVP contribution would 
require a precision on sin2 θW (0) and sin2 θW (MZ) at the ~ 10-5 level 

Future HE e+e- colliders aim at resolutions on sin2 θW (MZ) much better than O(10-5), but 
achievable precision on sin2 θW (0) in future low-energy experiments at MESA (P2) in 
Mainz and Jlab (Möller) should be only ~ O(10-4) 



Tau  g-2

Assuming dominant effects at  the ρ-peak

m𝜏 >> mμ , me → increased weight of the hadronic contributions to higher energies → influence of 

π+π- and ρ-resonance contrtibutions is reduced in tau g-2  → degree of correlation between scenario 

KNT19  and scenario CMD-3 increases (ρ ~ 55%) w.r.t. the electron (ρ ~ 26%) and muon (ρ ~ 28%) 

cases  →

SIGNIFICANCE of  δa𝜏
CDM3 is 4.2σ compared to > 6σ for the ae

CDM3 aμ
CDM3



While relatively small in size and cost compared to their energy 
frontiers cousins, they are large in reach and discovery potential

SYNERGY between small/mid-scale & large-scale experiments →
casting a wider and tighter net for possible effects of BSM physics 
Synergy among the various communities operating in precision 
physics in  (very) different experimental, technological and 
theoretical environments

The experimental and theoretical precision physics community 
has entered an era of unprecedented precision experiments

Report of the 2023 P5 (Particle Physics Project Prioritization Panel)

These experiments are key to paradigm-shifting discoveries, both in their own right

and as incubators for new technologies and physics directions

some final thoughts …
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