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• Status of the muon g-2 as of mid 2022 

• New physics (NP) behind the “new g-2 puzzle” ?  

 - Breakdown of the SM contributions 

 - Hadron Vacuum Polarization (HVP) & the “new g-2 puzzle”

[Based on 
LDL, Masiero, Paradisi, Passera 2112.08312]

[Courtesy of M. Passera]

Working assumption: both lattice (BMW) and  data are correct → NP hiding in  data ? e+e− e+e−

aHVP
μe+e− BMW EXP

4.2σ
1.6σ



FNAL confirms BNL

• FNAL aims at  (first 5 runs completed) 16 × 10−11

• Muon g-2 proposal at J-PARC: Phase-1 with similar BNL precision 

WP20 = White Paper  

of  the Muon g-2  

Theory Initiative:  

arXiv:2006.04822 

WP20
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QED contribution
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EW contribution
• One-loop term 

• One-loop plus higher-order terms  
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Hadronic LO contribution
• Hadron Vacuum Polarization (HVP) 

(aHVP
μ )e+e− =

1
4π3 ∫

∞

m2
π

ds K(s) σhad(s) K(s) ≈ m2
μ /3s for s ≫ mμ
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Higher-order HVP contribution
• O(α3) contributions of diagrams containing HVP insertions 

• O(α4) contributions of diagrams containing HVP insertions 
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Hadronic LbL contribution
• Hadronic light-by-light at O(α3)

• Hadronic light-by-light at O(α4)
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Breakdown of SM contributions
•  from WP20 (w/o BMWc lattice result)aμ

[Colangelo EPS-HEP2021 proceeding]
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Breakdown of SM contributions

HVP LO is the bottle-neck of the SM prediction

•  from WP20 (w/o BMWc lattice result)aμ

(  by the E989 Muon g-2 exp. in a few years)δaEXP
μ ≈ 16 × 10−11
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LO HVP from lattice QCD
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LO HVP from lattice QCD
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“old vs. new” muon g-2 puzzle
  (aHVP

μ )EXP = aEXP
μ − aSM, rest

μ

  (aHVP
μ )WP20

e+e− = 6931(40) × 10−11

aHVP
μe+e− EXP

4.2σ
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“old vs. new” muon g-2 puzzle
  (aHVP

μ )EXP = aEXP
μ − aSM, rest

μ −aNP
μ

  (aHVP
μ )WP20

e+e− = 6931(40) × 10−11

aHVP
μe+e− EXP

4.2σ

“old puzzle”: a direct NP contribution to  is required in order to match the EXP value aμ

Δaμ = aEXP
μ − aSM

μ ≡ aNP
μ ≈ (aSM

μ )EW ≈
m2

μ

16π2v2
≈ 200 × 10−11

O(few x 100) papers
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  (aHVP
μ )EXP = aEXP

μ − aSM, rest
μ

  (aHVP
μ )WP20

e+e− = 6931(40) × 10−11

  (aHVP
μ )BMW = 7075(55) × 10−11

“new puzzle”: if BMW is correct, the “old” g-2 discrepancy (4.2σ) would be basically gone

however, this brings in a new tension with  data (2.2σ)e+e−

aHVP
μe+e− BMW EXP

4.2σ
1.6σ

“old vs. new” muon g-2 puzzle
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  (aHVP
μ )WP20

e+e− = 6931(40) × 10−11

  (aHVP
μ )BMW = 7075(55) × 10−11

Here, NP in  such thatσhad(e+e− → hadrons)

aHVP
μe+e− BMW EXP

4.2σ
1.6σ

“old vs. new” muon g-2 puzzle
  (aHVP

μ )EXP = aEXP
μ − aSM, rest

μ

“new puzzle”: if BMW is correct, the “old” g-2 discrepancy (4.2σ) would be basically gone

1.  (aHVP
μ )WP20

e+e− ≈ (aHVP
μ )EXP

2.  the approximate agreement between BMW and EXP is not spoiled

3.  w/o a direct contribution  (i.e. NP not in muons) aNP
μ

[LDL, Masiero, Paradisi, Passera 2112.08312]

however, this brings in a new tension with  data (2.2σ)e+e−
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Muon g-2 ⇄ Δ𝛼 connection
• Can  be due to a missing contribution in  ?Δaμ σhad

[Marciano, Passera, Sirlin 0804.1142 & 1001.4528; Crivellin, Hoferichter, Manzari, Montull 2003.04886; 
Keshavarzi, Marciano, Passera, Sirlin 2006.12666; de Rafael 2006.13880; Malaescu, Schott 2008.08107; 
Colangelo, Hoferichter, Stoffer 2010.07943]
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Muon g-2 ⇄ Δ𝛼 connection
• Can  be due to a missing contribution in  ?Δaμ σhad

an upward shift of  induces an increase of σhad Δα (5)
had(MZ)

α(MZ) =
α

1 − Δαlep(MZ) − Δα (5)
had(MZ) − Δαtop(MZ)

selects light NP inducing a sub-GeV modification of σhad

• disfavoured by the EW fit (at about 2σ), if the shift happens at s ≳ 1 GeV
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A closer look at HVP LO
• dominated by  channel (70% of the full hadronic)e+e− → π+π−

(aHVP
μ )e+e− =

α
π2 ∫

∞

m2
π0

ds
s

K(s) Im Πhad(s) =
1

4π3 ∫
∞

m2
π0

ds K(s)σhad(s)

K(s) ≈ m2
μ /3s for s ≫ mμ

dispersion relations optical theorem
kernel function

 L. Di Luzio (U. of Padova & INFN) - The new muon g-2 puzzle                                                                                    12/17



A closer look at HVP LO
• dominated by  channel (70% of the full hadronic)e+e− → π+π−

(aHVP
μ )e+e− =

α
π2 ∫

∞

m2
π0

ds
s

K(s) Im Πhad(s) =
1

4π3 ∫
∞

m2
π0

ds K(s)σhad(s)

• what is  ? σhad(s)

 - Includes Final State Radiation (FSR)

(aHVP
μ )FSR

e+e− ≈ 50 × 10−11
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 - Initial State Radiation (ISR) and Vacuum Polarization 
   are subtracted



1. NP coupled only to electrons              severe bounds / ISR should not be included into   σhad(s)

Light NP in σhad
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[See however Darmé, Grilli di Cortona, Nardi 2112.09139
can NP in Bhabha scattering affect KLOE luminosity ? → backup slides]

[Darmé ICHEP 2022]



2. NP coupled only to hadrons       

FSR effects due to NP should be included into , not easy to be accounted for… 
(depend on exp. cuts and mass of NP)   

σhad(s)

(aHVP
μ )FSR

e+e− ≈ 50 × 10−11

however, we know that in the QED case 

| (aHVP
μ )BMW − (aHVP

μ )WP20
e+e− | ≈ 150 × 10−11

and, moreover, we expect an extra  suppression(gNP/e)2 ≪ 1

Light NP in σhad
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3. NP coupled both to hadrons and electrons       

σhad = σSM
had + ΔσNP

had(aHVP
μ )e+e− =

α
π2 ∫

∞

m2
π0

ds
s

K(s) Im Πhad(s) =
1

4π3 ∫
∞

m2
π0

ds K(s)σhad(s)

optical theorem experimental x-section

Light NP in σhad
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σhad = σSM
had + ΔσNP

had(aHVP
μ )e+e− =

α
π2 ∫

∞

m2
π0

ds
s

K(s) Im Πhad(s) =
1

4π3 ∫
∞

m2
π0

ds K(s)σhad(s)

σhad − ΔσNP
had

aHVP
μe+e− BMW EXP

4.2σ
1.6σ

a positive sift on  requires  (negative interference)(aHVP
μ )e+e− ΔσNP

had < 0

should be “subtracted” by NP, 
since NP does not contribute to HVP at the LO
(but it contributes at the LO to the x-section)

Light NP in σhad

3. NP coupled both to hadrons and electrons       
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Basically, a unique scenario
• Requirements: 

1.   modified at  (mostly  channel)σhad s ≲ 1 GeV π+π−

2.  A sizeable negative interference with the SM 

sub-GeV mediator

couples to u, d quarks (and electrons)

tree-level mediator
couples via a vector current

a light spin-1 mediator with vector couplings to first generation SM fermions
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Z’ shift on (aHVP
μ )e+e−

• Neglecting iso-spin breaking corrections due to NP 

• Requiring that the shift in the x-section saturates the g-2 discrepancy 

 
for  channel

sexp ≈ 0.3 GeV
π+π−
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Z’ shift on (aHVP
μ )e+e−

• Typical benchmarks solving the g-2 discrepancy

 
for  channel

sexp ≈ 0.3 GeV
π+π−
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1.  Semi-leptonic processes 

Z’ constraints

  has been measured with per-cent accuracy at LEP-IIe+e− → qq̄

(                     )
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1.  Semi-leptonic processes 

Z’ constraints

2.  Leptonic processes 

  @ BaBar e+e− → γ Z′ 

• for  (  is the main decay mode)mZ′ ≲ 0.3 GeV Z′ → e+e−

• for mZ′ ≳ MeV

electron g-2
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1.  Semi-leptonic processes 

Z’ constraints

2.  Leptonic processes 

3.  Iso-spin breaking observables 

charged vs. neutral pion mass^2 difference Δm2 = m2
π+ − m2

π0

(                  )

[Rescaling lattice QCD calculation of Frezzotti et al 2112.01066]
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Z’ constraints

at least two independent bounds preventing to solve the “new muon g-2 puzzle”

sexp ≈ 0.3 GeV
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Conclusions
• Fermilab’s Muon g-2 experiment confirms BNL's result  

• The BMWc lattice result weakens the exp-SM discrepancy, but brings in a tension with  datae+e−

aHVP
μe+e− BMW EXP

4.2σ
1.6σ

“new muon g-2 puzzle”
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“new muon g-2 puzzle”

• Here, we considered the possibility this is due to NP (not in muons) that modifies σhad

excluded by a number of exp. constraints 
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Conclusions
• Fermilab’s Muon g-2 experiment confirms BNL's result  

• The BMWc lattice result weakens the exp-SM discrepancy, but brings in a tension with  datae+e−

aHVP
μe+e− BMW EXP

4.2σ
1.6σ

“new muon g-2 puzzle”

• Here, we considered the possibility this is due to NP (not in muons) that modifies σhad

excluded by a number of exp. constraints 

other ways in which NP can address this puzzle ?                                              [Darmé, Grilli di Cortona, Nardi 2112.09139
NP in Bhabha scattering ? → backup slides]

• Alternative confirmations of HVP contribution will be crucial (lattice, MUonE, …)
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Backup slides

Thank you for your attention ! 
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: theory vs exp. regionσhad

[Keshavarzi, Marciano, Passera, Sirlin 2006.12666]
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 dataσhad

[WP20, 2006.04822]
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 dataσhad
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Pion matrix element

 Using iso-spin and C invariance 

 we can cast the matrix element of the Z’ quark current in terms of the VFF

• Vector form factor (VFF) defined via 
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Z’ shift on (aHVP
μ )e+e−

• Typical benchmarks solving the g-2 discrepancy

|ϵ | ≳ 10−2 |ϵ | ≳ 10−2 |γ | ≳ 10−3

sexp ≈ 0.3 GeV

 L. Di Luzio (U. of Padova & INFN) - The new muon g-2 puzzle                                                                                    



NP in Bhabha scattering ? 
[Darmé, Grilli di Cortona, 
Nardi 2112.09139]• What if the measurement of the KLOE luminosity is affected by NP ? 
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