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The amplitude of the process v — v +  in a strong

magnetic field
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Figure: Photon decay
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The invariant amplitude for the process v — v + + has the form

M= ¢ / d*Xd*YSp[é(k)S(Y)E(K")S(—X — Y)&(K')S(X)]
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where X =z —x, Y =x—y, S(X) — the exact electronic
propagator.
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Further calculations are conveniently carried out by passing to
partial amplitudes:

Myyyr = M(eM(k),ePV(K),eAV(K")), AN, N =1,2.
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The spitting probability of a photon in a strong magnetic

field

The splitting probability of a photon in a strong magnetic field has
the form:
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polarization operator.

Mosichkin A.F. The splitting of a photon in a strong magnetic field with tak



Photon polarization operator with the positronium

contribution taken into account

1) The probability of a photon decay into a free e™ e -pair

Im(ne+e—) =—w W'yae*'e— = = G(q” - 4m2)

2) The probability of a photon decay into the bounded e™e™-pair
(positronium)
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q
Im(Mps) = ~wW, s = —4raM(eB)|x(0)Pe %5 5(q — M?)

M = 2m, — € is the mass of the positronium, € is the binding
energy, x(z) is the wave function of a positronium in a strong
magnetic field.
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The positronium contribution to the photon polarization operator:
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The expression for the polarization operator can be written as:
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The binding energy and wave function of a positronium in a

strong magnetic field

The wave function x(z) satisfies the Schrodinger equation:
1 2
(= 3902 + Ver(2) + €)x(2) =0

= me/2 is the reduced mass
The “effective” potential energy Ueg has the form:
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P, is the component of the positronium momentum transversal to
the magnetic field.

Mosichkin A.F. The splitting of a photon in a strong magnetic field with tak



The solution of the Schrédinger equation has the form:

W, 3 (2|
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where W, 1(x) is the Whittaker function. The binding energy has
2
the form:
a’me 1

4 12

The v parameter can be found from the equation:

€E =

1 2b
= —2lnv+2p(l—v)=In= —Inp+ E(—p) — 4ve
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2
b= p 233, Be ~ 4,41 - 103G is the critical magnetic field.

Y(x ) r is the logarithmic derivative of the gamma function,
E =

X

0.5772... is the Euler constant,
E,'(—X)

X
= [/ e—:dt is the integral exponent. The value |x(0)|? can
— 00
be found from the normalization condition:

In the approximation v < 1 we obtain:
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Ix(0)]? ~ (1-2v+..)
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Photon dispersion with taking account of the positronium

influence
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Conclusions

@ We have calculated the decay probability of a photon to the
free and the bounded eTe~-pair.

@ We have found the energy levels and the wave functions of a
positronium in a strong magnetic field.

@ We have obtained the expression for the photon polarization
operator with taking account of the positronium.

@ We have investigated the photon dispersion in a strong
magnetic field with taking account of the positronium.
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