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A radiative energy shift and an induced magnetic moment of a relativistic
massive Dirac neutrino in a hot electron-positron plasma and in a degenerate
electron gas in an external unquantizing magnetic field have been calculated.

Investigation of radiative effects that accompany neutrino propagation at finite temperature and matter
density in the presence of a constant external magnetic field is of indisputable astrophysical interest. It is
sufficient to mention the so-called solar neutrino problem [1], whose solution according to the Okun'Voloshin-Vysotsky hypothesis [2] is only possible if the neutrino has electromagnetic moments of order
~ 10- 10 /tB, where l'B = e/2m is the Bohr magneton (we use the system of units with Ii = c = 1).
The value required is nine orders greater than the known value of the anomalous magnetic moment of
the massive Dirac neutrino in vacuum, which was obtained in the framework of the Standard Model of
electroweak interaction of Salam and Weinberg (see [1]),
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is the Fermi constant, Mw is the W-boson mass, mv is the mass of an electron neutrino
8Mw
whose value is subject to the stringent experimental upper bound: mv :::; 15 eV [3].
The use of extended modifications of the electroweak model [4] yielded better results (the value of
the neutrino magnetic moment was µ 11 ,...._, 10- 13µB)· However, before giving preference to the alternative
theories, one should perform an intense study of the question in the framework of the Standard Model. In
particular, it might be well to estimate the effective corrections to the vacuum magnetic moment of an
electron neutrino at the sacrifice of its interaction with particles of the external medium together with a
strong external magnetic field.
In the present work we determine the radiative shift of the energy bi.Ev and the induced magnetic
moment 6µ 11 of a massive Dirac neutrino in a magnetized electron-positron gas with a chemical potential
µat finite temperature T. The calculation is performed in the 1-loop approximation (only the contribution
of the charged current is accounted for). This problem has already been considered in paper [5], where
the use was made of the real time representation for the electron propagator in an external magnetic field
H tt Oz at finite temperature. In the real time representation the contribution of interest made by the
effects of a hot and dense medium to the radiative shift of the neutrino energy is automatically separated
from the pure vacuum part [6]. The expression for the temperature term b.Ev(T, µ, H) found in paper [5]
with no restriction on the values of the parameters T, JL, and H was also used there for estimations in
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the case of a degenerate (T --+ 0) electron ga.s. We have obtained the general formula for flEv(T, µ, H)
which is equivalent to the main result of (5] but is more suitable for particular calculations at high values
of the occupation numbers of the Landau levels n of an electron gas both in a completely degenerate case
and at finite temperature. In the new expression integration is performed over the discrete numbers n,
an integral over the variable u appeared instead of the sum which has the meaning of the square of the
transverse momentum of an electron with the energy E = y'u + P5 + m~, the mass me and the momentum
component p3 along the field direction. The result has the following form:

where the following notation has been made

-e is the electron charge, (E,,,, q) is the neutrino 4-momentum, and (,., = ±1 determines the neutrino spin
orientation along and contrary to the field direction respectively.
Let an ultrarelativistic neutrino move in the direction perpendicular to the magnetic field with intensity
H
Mi(, /e 3" 1024 Gs. Let us consider two limiting cases that are interesting for astrophysical applications:
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is the case of a hot electron-positron plasma in a weak magnetic field, which was not considered in [5], and
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is the case of a completely de enerate electron gas in an unquantizing magnetic field, then the chemical
potential µ ::=: m~ + (37r 2 ne) 3 12 , where ne is the electron concentration.
General expression (2) for the contribution to the radiative shift of the neutrino energy arising due to
the effects of finite values of temperature and the medium density has the following asymptotics in the two
mentioned cases:
7 rr2
T•
flEv(T, H)
30 ,/2GF Mi(, Ev - (vH flµv(T)

=-

when conditions (3) are fulfilled and

flEv(n,, H) = ../2n,Gp - (vH flµv(n,)
when conditions (4) are fulfilled. Here flµv(T) and Ll.J•v(n,) are the corrections to the magnitude of the
neutrino magnetic moment, which are due to the medium contributions

(5)

(6)
We note that in papers (5, 7] the induced neutrino magnetic moment is determined for a neutrino at rest,
i.e., according to the formula
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In this case one should assume Ev = mv in (6), then the corresponding contribution to the magnetic moment
proves to be significant [5, 7]. For a relativistic neutrino numerical estimates (5) and (6) demonstrate that
the correction to the magnitude of the neutrino magnetic moment which is due to its interaction with
medium particles is small as compared to (1) (this follows from inequalities (3) and (4) respectively) and
has different signs in the limiting cases considered.
The authors are deeply grateful to V.Ch. Zhukovskii and A.V. Borisov for the discussion of the results
of this work.

REFERENCES

1.
2.
3.
4.
5.
6.
7.

F. Bohm and P. Vogel, Physics of Massive Neutrino, Moscow, 1990.
M.B. Voloshin, M.I. Vysotskii, and L.B. Okun', Zh. Eksp. Teor. Fiz., vol. 91, no. 3, p. 754, 1986.
R.M. Barnett et al., "Particle Data Group," Phys. Rev., vol. 54, no. 1 (part 1), p. 1, 1096.
M. Fukugita and T. Yanagida, Phys. Rev. Lett., vol. 58, p. 1807, 1987.
V.Ch. Zhukovskii, T.L. Shoniya, and P.A. Eminov, Zh. Eksp. Teor. Fiz., vol. 104, p. 3269, 1993.
A.V. Borisov, V.Ch. Zhukovskii, A.V. Kurilin, and A.I. Ternov, Yad. Fiz., vol. 41, no. 3, p. 743, 1985.
V.N. Oraevskii, V.B. Semikoz, Ya.A. Smorodinskii, Elem. Chast. At. Yad., vol. 25, no. 2, p. 313,
1994; V.B. Semikoz, Yad. Fiz., vol. 46, no. 5, p. 1592, 1987.
Department of Theoretical Physics

4 November 1996

88

