
The virtual-Delbruck-scattering potential for light 
muonic atoms

Evgeny Korzinin
D.I.Mendeleyev Institute for Metrology (VNIIM)
St. Petersburg, Russia

International Conference on Precision Physics and Fundamental Physical Constants (FFK-2019), 9-14 June 2019, Hungary 



Outline

1) Three types of light-by-light-scattering diagrams in muonic atoms 

2) The static-muon approximation and its applicability

3) The effective potential for the virtual Delbrück scattering
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• resulting fit

4) small summary

D.I.Mendeleyev Institute for Metrology (VNIIM)



Light-by-light-scattering diagrams in muonic atoms

The Bohr radius in muonic atoms is comparable with the Compton 
wavelength of an electron. So the diagrams with the closed electron 
loops are enhance in QED theory of muonic atoms.
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Light-by-light-scattering diagrams in muonic atoms

Specific type of the diagrams with the closed electron loops is related to
Light-by-light scattering

(1:3) Wichmann-Kroll 
contribution

(2:2) the virtual Delbrück 
scattering contribution

(3:1) without special name 
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Light-by-light-scattering diagrams in muonic atoms

(1:3) Wichmann-Kroll contribution has been studied for a while.

J.Blomkwist (1972) gives analytical representation 
for the WK potential

K.-N. Huang (1976) and E.Borie, G.A. Rinker (1982)
published simple approximations of WK potential 
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Light-by-light-scattering diagrams in muonic atoms

Two other diagrams contains Coulomb Green-function of  the muon, that 
makes it difficult to calculate.

First result for (3:1) was published in 2010 

D.I.Mendeleyev Institute for Metrology (VNIIM)



The static-muon approximation

We reduced the contribution to the case of the static-muon approximation

It gives simple result for the (3:1) contribution
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The effective potential for the virtual Delbrück scattering

(2:2) was presented in the momentum space
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The effective potential for the virtual Delbrück scattering

Fourier transformation gives result 
in the coordinate space

Numerical problems with r→ꝏ and spectral parameters  
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The effective potential for the virtual Delbrück scattering

Asymtotics:

1) Short distances (numerical integration)

2) Large distances (soft photons limit)
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The effective potential for the virtual Delbrück scattering

Original potential

The approximation equation
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Summary

The fit for (2:2) in static-muon approximation

Accuracy of the fit:

10-3 for x<1

 below 1-2 % for 1<x<10
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Thank you 
for your attention!

w
w

w
.v

ni
im

.r
u

ВНИИМ им Д.И. Менделеева


	Страница 1
	Страница 2
	Страница 14

