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• Status of the Anomalous Magnetic Moment of 

the Muon

• Hadronic Vacuum polarization and Electro Weak 

Fit

•Explaining the anomalous magnetic moment of 

the muon with new physics

•aµ and consequences for future measurements

• Correlations with the electron AMM and 

implications for the muon EDM

• Further Flavour anomalies and future prospects

Outline
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• Single measurement from BNL

• New Fermilab experiment aims at an reduction 

of the error by a factor 4

• Planned J-PARK experiment with completely 

different systematics 

• SM prediction had three components

• QED

• Hadronic

• EW

Muon Anomalous Magnetic Moment
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• QED 5-loop contribution

• EW 2-loop effect

SM Theory Prediction: EW and QED

QED and EW well under control
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T. Aoyama, T. Kinoshita, M. Nio, PRD, 2018

    11116584718.951 0.080 10a QED

 

    11153.6 1.0 10a EW

 

C. Gnendiger, D. Stöckinger, H. Stöckinger-Kim, 

PRD (2013)



SM Theory: Hadronic Effects

Leading uncertainties from hadronic effects 
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• Hadronic light-by-light scattering

• Dispersive approach works well

• Hadronic vacuum polarization 

G. Colangelo, M. Hoferichter, M. Procura, P. Stoffer, JHEP (2015)



Hadronic Vacuum Polarization

BMWc result in tension with e+e-; would solve g-2
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• Dispersive approach

• New BMWc lattice result

(energy dependence not know) 
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M. Davier, A. Hoecker, B. Malaescu, 

Z. Zhang, EPJC (2020)

A. Keshavarzi, D. Nomura, T. Teubner, 

PRD (2020)

S. Borsanyi et al., [arXiv:2002.12347 [hep-lat]]. 
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HVP enters EW fit

BMWc result leads to significant tension
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A.C., M. Hoferichter, C.A. 

Manzari and M. Montull, 

2020

EW fit

e+e- fit

BMWc fit



Tensions in the EW fit

Tensions call for (different) NP
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A.C., M. 

Hoferichter, C.A. 

Manzari and M. 

Montull, 2020



Explaining the 
AMM of the 

muon
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Dipoles in the EFT
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Processes intrinsically connected

• Effective Hamiltonian

• Anomalous magnetic moment

• Electric Dipole moment

• Radiative Lepton decays

https://www.google.de/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjDyfKcyv_gAhVSDOwKHfmcAqQQjRx6BAgBEAU&url=https://de.wikipedia.org/wiki/Datei:Universit%C3%A4t_Z%C3%BCrich_logo.svg&psig=AOvVaw0mGnqwg7i1FQzPvymXZvWV&ust=1552581890306287
https://www.google.de/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjDyfKcyv_gAhVSDOwKHfmcAqQQjRx6BAgBEAU&url=https://de.wikipedia.org/wiki/Datei:Universit%C3%A4t_Z%C3%BCrich_logo.svg&psig=AOvVaw0mGnqwg7i1FQzPvymXZvWV&ust=1552581890306287


• Effect of the order of the EW-SM contribution 

needed 

enhancement necessary

• Light particles

• Neutral scalars

• Neutral vector (Z’ Dark Photon)

• ALP (axion like particle)

• Chiral enhancement: Chirality flip does 

not come from the muon mass but rather 

from a NP mass inside the loop

Explaining the Muon AMM

Light particles or/and chiral enhancement
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Huge
literature
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aμ: MSSM

tan(ß) enhanced slepton and sneutrino loops
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e.g. D. Stockinger, 
hep-ph/0609168
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 Chirally enhanced effects via top-loops

8

Leptoquarks in aμ

Z→μμ at future colliders
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E. Leskow, A.C., G. D'Ambrosio, D. Müller
arXiv:1612.06858

P. Arnan, D. Becirevic, F. Mescia, O. Sumensari,
arXiv:1901.06315 [hep-ph]

,L R



Left-, right-
handed 
muons-top
coupling



 Chirally enhancement of mτ/mµ

8

2HDMs

Unavoidable constraints from h→τμ
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AC, D. Müller, C. Wiegand
arXiv:1903.10440

Y. Abe, T. Toma, K. Tsumura
arXiv:1904.10908
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Future Implications of aµ

aµ
Z,h→µµ dμ

Andreas Crivellin

τ→µγ

µ→eγ
µ→eee

τ→µγ
h→ τµ



Correlations with the 
AMM of the electron

AC, M. Hoferichter, P. Schmidt-Wellenburg, arXiv:1807.11484

See also

H. Davoudiasl, W. J. Marciano, arXiv:1806.10252

Jia Liu, Carlos E.M. Wagner, Xiao-Ping Wang, arXiv:1810.11028

…
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• AMM usually used to determine α

• With now best determination of α from Cs atoms

• Compared to the electron AMM measurement

• Normalized to the lepton mass

Electron AMM

2.5 σ deviation with opposite sign than aμ
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• Opposite sign: no single light mediator 

• No Minimal Flavour Violation:

generic flavour structure

• New physics with common couplings to µ and e

8 orders of magnitude too large 

Common explanation of aμ and ae
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Muon and electron sector must be decoupled

2 2

e ea a m m   
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Works for ae but tension with aμ

Model with new vector-like leptons



Future experimental sensitivity
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Fermilab/J-PARC

PSI (frozen spin)

Dedicated experiment needed?



Implications for Muon EDM

MFV
aμ>0 

small ae>0 small dμ

Generic 
chiral 

enhance
-ment

Andreas Crivellin

ε'/ε dμ un-
constrained

Light
particles zero dμ

aμ>0

ae>0

aμ>0 

ae<0
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Future directions

aµ
Z,h→µµ dμ

Andreas Crivellin

R(K(*))

τ→µγ
h→ τµ

µ→eγ

R(D(*))
ɛ´/ ɛ

B→Kπ

ae
µ→eγ

µ→eee
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Backup



aµ and further hints for New Physics
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Lepton 
Flavour 

Universality 
Violation

(LFUV)

ae

>2σ

b→sµµ
>5σ

b→dµµ
b→uτν

1-2σ

b→cτν
>3σ

aµ

>3σ

τ→Kπν
>2σ

Probability 
for 

statistical 
fluctuation 
< 0.0001% 

ε‘/ε

≈3σ

B→Kπ

>2σ




