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muon anomalous magnetic moment: 
receives contributions from QED, EW, and QCD corrections.  
QED + EW correction are known precisely:  

QCD corrections are the dominant source of error in the SM prediction:  

aµ = F2(0)

aQED
µ ⇥ 1011 = 116584718.853± 0.036

aEW
µ ⇥ 1011 = 153.6± 1.0

(Davier et al. 2011, Hagiwara et al 2011, Kurz et al 2014, Prades et al 2009, Colangelo et al 2014, 
Jegerlehner 2015, Benayoun et al 2015,…)
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T. Blum et al. (arXiv:1311.2198) 

Experiment vs SM theory

Fermilab g-2 experiment: 
reduce exp. error by a factor of 4 
first measurement with “Brookhaven 
level” uncertainty expected in 2018. 
Commissioning of beam has just 
started.  

J-PARC experiment: 
complementary experiment 
expect measurement at 0.4 ppm level 

Need to reduce and better control theory error for the hadronic corrections.
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use dispersion relation + experimental data for 
current uncertainty ~0.6% 
can be improved with more precise experimental data  
new experimental measurements expected/ongoing at BES-III, VEPP-2000, 
Belle/Belle-II, …. 

  

lattice QCD:  
for (sub)percent precision, calculations of HVP correction need to include 
• physical mass ensembles  
• disconnected contributions 
• QED and strong isospin breaking corrections 
• Finite volume corrections 

 Hybrid method: combine LQCD with experimental data to reduce errors 
  (Lehner @ Lattice 2016)

e+e� ! hadrons
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Hartmut	Wittig Hadronic	contributions	to	(g–2) 43

Summary	on aµ
hvp

a(s) hvp
µ · 1010

a(c) hvp
µ · 1010

light	(u,d) ≈	90%
strange	(s) 	≈		8%
charm	(c) 	≈		2%

Individual	flavour	contribu6ons:

ahvp
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H. Wittig review @ Lattice 2016
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Hadronic light-by-light: 
current estimate “Glasgow consensus” based on different QCD models 
theory error not well known 
  

dispersion relations:  more complicated than for HVP  
(Colangelo et al, arXiv:1702.07347) 
combine with exp. data and/or LQCD calculations 

  

Direct lattice QCD calculations: 
QCD + stochastic QED 
(Jin et al, arXiv:1610.04603, 2016 PRL) 
QCD + exact QED kernel  
(Asmussen@ Lattice 2016; Green et al, arXiv:PRL 2015) 
dominant exclusive contributions (transition form factors)  
(Gerardin et al, arXiv:1607.08174, 2016 PRD, Lattice 2016)
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RBC/UKQCD:  

HVP QED corrections 

34.5 M Jpsi; storage: 76 TB disk  

Aubin, Blum, Golterman, Peris: 
LO HVP, focus on FV corrections 
63 M Jpsi CPU;  storage: 96 TB disk + 96 TB tape   

FNAL/MILC/HPQCD: 

HVP connected + disconnected, QED + IB corrections 

18 M Jpsi CPU; 421K GPU (BNL); 15% Mira ZPT, 

storage: 34 TB tape



8

https://indico.fnal.gov/conferenceDisplay.py?confId=13795


