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Experimental status

• April 7th 2021: Muon g − 2 experiment at FNAL confirms BNL!
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Muon g-2: FNAL confirms BNL μ

aμEXP = (116592089 ± 63) x 10-11 [0.54ppm]  BNL E821 

aμEXP = (116592040 ± 54) x 10-11 [0.46ppm]  FNAL E989 Run 1 

aμEXP = (116592061 ± 41) x 10-11 [0.35ppm]  WA 

FNAL aims at 16 x 10-11. First 3 runs completed, 4th in progress. 

Muon g-2 proposal at J-PARC: Phase-1 with ~ BNL precision.

4.2 σ

3.7 σ

3.3 σ

• FNAL aims at 16× 10−11. First 4 runs completed, 5th in progress.
• Muon g − 2 proposal at J-PARC: Phase-1 with similar BNL precision.
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“Old muon g-2 puzzle”

• Status of aµ ≡ gµ−2
2 as of April 7th 2021 (with aSM

µ based on aHLO
µ, e+e− )

aEXP
µ = 116592061(41)× 10−11 [BNL + FNAL]

aSM
µ = 116591810(43)× 10−11 [WP20]

∆aµ = aEXP
µ − aSM

µ ≡ aNP
µ = 251 (59)× 10−11 (4.2σ discrepancy!)

(0.1)QED , (1)EW , (18)HLbL , (40)HVP ,︸ ︷︷ ︸
(43)TH

(41)δaEXP
µ

.

I Hadronic uncertainties (HLbL & HVP) are very hard to improve.

I δaEXP
µ ≈ 16×10−11 by the E989 Muon g−2 exp. in a few years.

• Low-energy determinations of ∆aµ assume that systematic and hadronic
uncertainties are under control at the outstanding level of ∆aµ < 10−9!
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“Old muon g-2 puzzle”

New Physics for the muon g − 2: at which scale?

• ∆aµ discrepancy at ∼ 4.2σ level:

∆aµ = aEXP
µ − aSM

µ ≡ aNP
µ = (2.51± 0.59)× 10−9

∆aµ ≡ aNP
µ ≈ (aSM

µ )weak ≈
m2
µ

16π2v2 ≈ 2× 10−9

I NP is at the weak scale (Λ ≈ v ) and weakly coupled to SM particles.*

I NP is very light (Λ . 1 GeV) and feebly coupled to SM particles.

I NP is very heavy (Λ� v ) and strongly coupled to SM particles.

*Favoured by the hierarchy problem and by a WIMP DM candidate but disfavoured
by the LEP and LHC bounds (supersymmetry being the most prominent example).
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HLO contribution from e+e− → hadrons

Hadronic vacuum polarization

aHVP
µ =

µ µ

Optical theorem (from unitarity; conservation of probability) for hadronic contribution

! dispersion relation:

Im ⇠
2

⇠ �(e+e� ! �⇤ ! hadrons)

aHVP
µ =

1

3

⇣↵
⇡

⌘2
Z 1

0

ds

s
K(s) R(s), R(s)=

�(e+e� ! �⇤ ! hadrons)

�(e+e� ! �⇤ ! µ+µ�)

[Bouchiat, Michel ’61; Durand ’62; Brodsky, de Rafael ’68; Gourdin, de Rafael ’69]

K(s) slowly varying, positive function ) aHVP
µ positive. Data for hadronic cross section

� at low center-of-mass energies
p

s important due to factor 1/s: ⇠ 70% from

⇡⇡ [⇢(770)] channel, ⇠ 90% from energy region below 1.8 GeV.

Other method instead of energy scan: “Radiative return”

at colliders with fixed center-of-mass energy (DA�NE, B-

Factories, BEPC) [Binner et al. ’99; Czyż et al. ’00-’03]

Hadrons

γ

γ

e−

e+

aHLO
µ,e+e− = 6931(40)× 10−11(0.6%) [WP20]
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HLO contribution from lattice QCD
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“New muon g-2 puzzle”
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Consequences of the BMW result

• Can ∆aµ be due to missing contributions in σ(e+e− → had)?

I An upward shift of σ(s) also induces an increase of ∆α
(5)
had(MZ ) defined by:

α(MZ ) =
α

1−∆α(MZ )−∆α
(5)
had(MZ )−∆αtop(MZ )

aHLO
µ ' m2

µ

12π3

∫ ∞

4m2
π

ds
σ(s)

s
, ∆α

(5)
had =

M2
Z

4πα2

∫ ∞

4m2
π

ds
σ(s)

M2
Z − s

Hadronic vacuum polarization

aHVP
µ =

µ µ

Optical theorem (from unitarity; conservation of probability) for hadronic contribution

! dispersion relation:

Im ⇠
2

⇠ �(e+e� ! �⇤ ! hadrons)

aHVP
µ =

1

3

⇣↵
⇡

⌘2
Z 1

0

ds

s
K(s) R(s), R(s)=

�(e+e� ! �⇤ ! hadrons)

�(e+e� ! �⇤ ! µ+µ�)

[Bouchiat, Michel ’61; Durand ’62; Brodsky, de Rafael ’68; Gourdin, de Rafael ’69]

K(s) slowly varying, positive function ) aHVP
µ positive. Data for hadronic cross section

� at low center-of-mass energies
p

s important due to factor 1/s: ⇠ 70% from

⇡⇡ [⇢(770)] channel, ⇠ 90% from energy region below 1.8 GeV.

Other method instead of energy scan: “Radiative return”

at colliders with fixed center-of-mass energy (DA�NE, B-

Factories, BEPC) [Binner et al. ’99; Czyż et al. ’00-’03]

Hadrons

γ

γ

e−

e+

• A change in σ(e+e− → had) is strongly disfavoured by:

I EW-fit for
√

s & 1 GeV [Marciano, Passera, Sirlin, ’08, Keshavarzi, Marciano, Passera, Sirlin, ’20,
Crivellin, Hoferichter, Manzari, Montull, ’20]. A shift of σ(e+e− → had) to accomodate the
∆aµ anomaly would necessarely require new physics to show up in the EW-fit!

• A check of the BMW results by other lattice QCD (LQCD) coll. is worth.

• LQCD coll. should provide ∆αLQCD
had to be compared with ∆αe+e−

had .
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Light New Physics in σhad

• Light new physics inducing a sub-GeV modification of σhad is the only possibility
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Light New Physics in σhad
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A new light Z ′ vector boson

Paride Paradisi (University of Padova and INFN) New physics behind the new muon g-2 puzzle? ICHEP2022 Bologna, July 2022 11 / 15



A new light Z ′ vector boson
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At least two independent bounds prevent to solve the “new muon g-2 puzzle”!
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MUonE: a new determination of ∆αhad
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  Δαhad(t) can be measured via the elastic scattering μ e ➞ μ e. 

  We propose to scatter a 150 GeV muon beam, available at CERN’s  
North Area, on a fixed electron target (Beryllium). Modular 
apparatus: each station has one layer of  Beryllium (target) followed 
by several thin Silicon strip detectors.

//
μ μ

e

ECAL
Be

Si Si Si

Abbiendi, Carloni Calame, Marconi, Matteuzzi, Montagna,  

Nicrosini, MP, Piccinini, Tenchini, Trentadue, Venanzoni 

EPJC 2017 - arXiv:1609.08987 

MUonE: Muon-electron scattering @ CERN

[Courtesy by M. Passera]

• Letter of Intent submitted to CERN SPSC in 2019: Test run approved for 2022
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MUonE: a new determination of ∆αhad
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Δαhad(t) is the hadronic contribution to the running of  α in the 
spacelike region: aμHLO can be extracted from scattering data! 

  The leading hadronic contribution aμHLO computed via  
     the timelike formula:

aHLO

µ =
1

4⇡3

Z 1

4m2
⇡

ds K(s)�0
had(s)

K(s) =

Z 1

0

dx
x2 (1 � x)

x2 + (1 � x)
�
s/m2

µ

�

  Alternatively, simply exchanging the x and s integrations:

aHLO

µ =
↵

⇡

Z 1

0

dx (1 � x)�↵had[t(x)]

t(x) =
x2m2

µ

x � 1
< 0

Hadronst

 Lautrup, Peterman, de Rafael, 1972

Carloni Calame, MP, Trentadue, Venanzoni, 2015

Spacelike proposal for aμHLO

• The extraction of ∆αhad is not contaminated by NP! [Masiero, PP, Passera, 2020]
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Outlook
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