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Introduction 

Cosmology tell us that 95% of matter is not described in text-books yet. 

Dark Matter surrounds us!               Where it is ?   

Two search strategies: 

1) High energy physics to excite heavy degrees of freedom.  

No any evidence till now.  We live in LHC era! 

 

2) Low energy physics to produce Rare processes in view of huge  

statistics. 

 

There are some rough edges of SM.   

Anomalous Magnetic Moment of the Muon (g-2)m   

is most famous and stable (for many years) example  

  

That’s intriguing  



Dirac Equation Predicts for free 

point-like spin ½ charged particle:  

g=2,     a=(g-2)/2=0 (no anomaly) 

a becomes nonzero due to interactions  

resulting in fermion substructure 



Schwinger, 1948 

The lowest order radiative correction (QED) 
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m  exp 0.00119 0.00005a Kush, Foley, 1948 



exp -12

ea  1 159 652 180.73(0.28)  · 10  [0.24 ppb] Harvar d 2008

-1   137.035 999 1727(341) [0.25 ppb] 

Electron AMM 

QED is at the level of the best theory ever built 

to describe nature 
 

To measurable level ae arises entirely from virtual electrons and photons 

 

The theoretical error is dominated by the  

uncertainty in the input value of the QED coupling α ≡ e2/(4π) 
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Muon AMM: BNL result vs SM 

 BNL 10(6.3)11 659 208.0 10  0.54 ppm  am



From BNL E821 g-2 experiment (1999-2006)  

In Theory   
SM

QED EW Strong ???a a a am m m m   

SM 1011 659 180 (4.9).2 10  am



 exp SM 1027.8(8.0) 10 3.6 ! a a am m m    

New Prop.  

E989 at Fermilab 

0.14 ppm 

KEK/JParc 

From Standard Model  



QED 10a = 11 658 471.8 (0.0080951 1) 0m



plus 
EW 10(0.10)a = 15.36 10m



plus 

the Hadronic Contribution estimated as 

Strong 10a = 693.0 1(4.9) ( 1% accur0 ac !) ym

 

The main question how to get such accuracy from theory. 

Kinoshita&Nio  2014 

Czarnetski&Marciano&Vainshtein 2003 

Gnendiger, Stockinger 2014 

M. Davier, A. Hoecker, B. Malaescu, Z. Zhang 2010;  

F. Jegerlehner, R. Szafron 2011 
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 HVP 10692.3 4.2 10am

    LbL 1010.5 2.6 10am

  

LbL to g-2 
Strong contributions to Muon AMMM 

Hadronic Vacuum polarization 

(Davier, Hoecker, Malaescu,Zhang 2011; 

Hagiwara, Martin, Teubner 2011) 

Hadronic Light-by-Light Scattering 

(AED, A.Radzhabov, A.Zhevlakov  11-14; 

C.Fischer, T. Goecke, R.Williams 11-13) 

Hadronic Vacuum Polarization  

contributes 99%  

and half of error 

Fixed by Experiment 

Light-by-light process 

contributes 1% 

and half of error 

 

Model Dependent 
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Dispersion relation, uses  

unitarity (optical theorem)  

and analyticity  

(Bouchiat and Michel, 1961) 

II. Leading Order Hadronic contributions 
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Structure of hadronic LbL contribution 

Hierarchy in  

a) 1/Nc 

b) Mm /(4  f   



Effective Model Approach 
AED, W. Broniowski  PRD (08’), 

AED, A. Radzhabov, A. Zhevlakov (11’—14’) 

Leading 1/Nc contribution 



Nonperturbative QCD is simulated by  
Nonlocal  Chiral Quark model 
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Quark Propagator
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ark -Photon Vertex
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 The vertex F is equivalent  
of the light-cone pion WF 

   2 2

We use for the Dynamical Quark Mass

exp 2qm k M k 

     2
2 2 is related to  and t us hnonlocal quark condensate

a
C k

qm k m k M e
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A) Meson exchange LbL contribution – “Goat” diagram 

Phenomenological and QCD 

Constraints are used to reduce 

Model Dependence 

 2 2 2

1 2; ,MF p q q



Sum of PS(,,’) and S(,a0(980),f0(980))  

exchange contributions to a m 

AED, AE Radzhabov, AS Zhevlakov (11’—14’) 

 LbL,PS 106.19 0.95 10Sam

   



B) Contribution of Dynamical Quark Box to a m 

𝑎𝐵𝑜𝑥 = 𝑑𝑄1𝑑𝑄2ρ(𝑄1, 𝑄2)

∞

0

 

𝑄4 → 0, 
 

Q3= – Q2 –Q1 



Estimates of Hadronic Contributions in different Approaches 



Our results indicate that the LbL is underestimated 

And discrepancy may be less than 3 sigma  

10 exp SM10 27.8(8.0) 23a a am m m

    





Precise measurment of muon g-2/EDM at JPARC 



Summary 

1) Study of Electron AMM provides very precise value for the QED 

coupling  

 

2) Study of Muon AMM is sensitive to effects of SM and NP 

 

3) At present there is 3.4 disagreement between SM and  

BNL experiment. New experiments at FNAL and Jparc are promising 

 

4) New experiments at VEPP2000, KLOE2, BESS III on cross section will 

further diminish the error for HVP contribution 

 

 5) The account of full kinematic dependence of meson-two-photon vertex 

reduces the value for the meson exchange LbL contribution 

 

 6) Dynamical quark box contribution make total result bigger than in 

previous estimates 



Anomalous Magnetic Moment in SM and beyond 

QED Hadronic Weak SUSY... ... or other new 

physics ? 

Basic of Standard Model 



Results on PS meson exchange LbL contribution 

Our results are systematically lower! 

 

Why? 

 

Because we use full kinematical 

Dependence of the photon-meson vertices! 

 

AED, AE Radzhabov, AS Zhevlakov, EPJC (2011) 




