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Contributions to the muon g-2:
QED
Weak
Hadronic

Other effects?
Relation to other observables 

Vacuum polarization
Light-by-light scattering



 

The puzzle of the muon magnetic moment

The 3.6 sigma discrepancy persists,

PRD 
86, 
095
009 
(201
2)

PRD 86, 095009 (2012)

This is rather large when compared with other bounds on New Physics:

Muon MDM 

Electron EDM

Muon-electron transition moment

ACME 2013

MEG 2013

Will be probed by Mu2e and COMET (at this meeting: Hai-Bo Li)



 

How can gµ-2 be checked?

New experiments at Fermilab

and J-PARC (new concept!) 

Can we use ge-2?

talk by SeungCheon Kim
Also at this meeting:
B. Lee Roberts

talk by Boris Shwartz

16e-11



 

QED contribution

One-loop: universal for all leptons

Two- and three-loop: known analytically
Four- and five-loop: about 13k diagrams;

Recent: partial analytical four-loop results!

Aoyama, Hayakawa, Kinoshita, Nio: PRL 109, 11808 (2012)

Kurz, Liu, Marquard, Smirnov, Smirnov, Steinhauser,  arXiv:1508.00901 



 

QED contributions

Enhancement specific to the muon g-2, absent for the electron g-2:



 

Weak contributions to the muon g-2

After LHC discovery, mH used by
Gnendinger, Stockinger, Stockinger-Kim
PRD 88 (2013) 053005



 

Large, universal two-loop electroweak correction

A record QED
correction!
Also affects
mu -> e gamma

AC and Jankowski, hep-ph/0106237, PRD65 (2002) 113004 



 

Hadronic vacuum polarization

Great importance of the φ to ψ region! 

From
 Jeg erlehner a nd N

yffe ler, Phys.  Rep. 477  (2009) h

Contributions

Errors



 

Discrepancy of the prediction and the result 

Hagiwara, Liao, Martin, Nomura, Teubner 2011

from Davier



 

Reconciling e+e- with τ: isospin breaking

In order to correctly use tau data,
isospin-breaking effects must be
included: especially gamma-rho mixing 
Jegerlehner & Szafron 2011



 

Reconciling e+e- with τ: isospin breaking

In order to correctly use tau data,
isospin-breaking effects must be
included: especially gamma-rho mixing 
Jegerlehner & Szafron 2011

Note the KLOE-BABAR discrepancy; can BESIII resolve it?



 

rho-gamma mixing

Interference in the neutral channel;
suppressed by MW in charged;

Tau data must be corrected for 
the mixing effect.



 

Other approaches to the vacuum polarization

Effective lagrangians & global fits

Future possibility: lattice

Extraction from Bhabha?

Benayoun, David, DelBuono, Jegerlehner

First results: ETM Collaboration '13

Uncertainties don't seem to be 
under full control yet

from Nucl.Phys.Proc.Suppl. 218 (2011) 225, Teubner et al. 

talk by Carlo Carloni Calame 



 

Hadronic light-by-light

For now, cannot be computed from first principles or 
connected to measurements. 

New dispersive approach, model-independent!
Colangelo, Hoferichter, Procura and Stoffer 2014

see talks by Alexey Zhevlakov
and Rafael Escribano

experimental input: talks by 
Paolo Gauzzi, Qingnian Xu,
Christoph Redmer 



 

How do we actually determine g-2?

Measured by E821

From muonium

Measure

B from NMR

from

Master formula



 

Muonium spectrum determines µµ/µp

Measured to relative 120ppb  (like 15•10-11 in aµ)
Will need improvement for the new g-2 results

Liu et a l., PRL 82, 711  (1999 )
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How is the muon magnetic moment extracted?
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Caveat: the magnetic moment in muonium differs from that of a free muon
(slightly). Theory input needed!



 

Binding corrections to g-2

Pachucki,
AC
Jentschura,
Yerokhin
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How to use ge-2 to check gµ-2?

The second best determination of alpha: 
from atomic spectroscopy

NEW Nature 2014
Sturm et al

for Rb
(better for He)

improvement
needed by
factor ~10

(but is it
for sure?)

Nature 442, 516 (2006)
PRA 89, 052118 (2014)

gives h/m

PRL 106, 080801 (2011)

Needed precision:

Also at this meeting:
Massimo Passera



 

How the binding corrections enter muon g-2

µ+

e _



 

Conclusions

QED part well-known. Anticipating analytical 
results: will improve confidence (even more 
important for the electron g-2 and alpha)

Hadronic VP:

LbL poorly known; may soon dominate the error; 
model-independent evaluations needed.

The “other part” of g-2 should be scrutinized.

New data needed to reduce errors

Tau data now agree with e+e-

Lattice: part of the future solution?
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