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ˆ¸¸²¥¤μ¢ ´ ¶·μÍ¥¸¸ · ¤¨ Í¨μ´´μ£μ · ¸¶ ¤  ´¥°É·¨´μ ¸ ³ £´¨É´Ò³ ³μ³¥´Éμ³ ¢
¸¨²Ó´μ³ ³ £´¨É´μ³ ¶μ²¥ ¸ ÊÎ¥Éμ³ ¢±² ¤  ¶μ§¨É·μ´¨Ö ¢ ¤¨¸¶¥·¸¨Õ ËμÉμ´ . ‚±² ¤ ¶μ-
§¨É·μ´¨Ö ¢ ¶μ²Ö·¨§ Í¨μ´´Ò° μ¶¥· Éμ· ËμÉμ´  ¶·¨¢μ¤¨É ± ¸ÊÐ¥¸É¢¥´´μ³Ê ¨§³¥´¥´¨Õ
§ ±μ´  ¤¨¸¶¥·¸¨¨ ËμÉμ´  ¨  ³¶²¨ÉÊ¤Ò ¶·μÍ¥¸¸  · ¤¨ Í¨μ´´μ£μ · ¸¶ ¤  ´¥°É·¨´μ.
�μ± § ´μ, ÎÉμ ÊÎ¥É ¢±² ¤  ¶μ§¨É·μ´¨Ö ¢ ¤¨¸¶¥·¸¨Õ ËμÉμ´  ¸ÊÐ¥¸É¢¥´´μ Ê¢¥²¨Î¨¢ ¥É
¸·¥¤´¨¥ ¶μÉ¥·¨ Ô´¥·£¨¨ ´¥°É·¨´μ, μ¡² ¤ ÕÐ¥£μ ³ £´¨É´Ò³ ³μ³¥´Éμ³.

We study the process of the neutrino radiative decay with a magnetic moment in
strong magnetic ˇeld, taking into account the in	uence of positronium on the photon
dispersion. The positronium contribution into the photon polarization operator leads to
an essential modiˇcation of the photon dispersion law and of the neutrino radiative decay
amplitude. It has been shown that the average energy losses of neutrinos with a magnetic
moment essentially increase under the in	uence of positronium on the photon dispersion.

PACS: 13.35.Hb

”μÉμ´¥°É·¨´´Ò¥ ¶·μÍ¥¸¸Ò, É ±¨¥ ± ± · ¤¨ Í¨μ´´Ò° · ¸¶ ¤ ´¥°É·¨´μ
ν → ν + γ, ´ §Ò¢ ¥³Ò° É ±¦¥ Î¥·¥´±μ¢¸±¨³ ´¥°É·¨´´Ò³ ¶·μÍ¥¸¸μ³, ¢Ò§Ò-
¢ ÕÉ ¡μ²ÓÏμ° ¨´É¥·¥¸ Ê¦¥ ¢ É¥Î¥´¨¥ ¤²¨É¥²Ó´μ£μ ¢·¥³¥´¨. �·μÍ¥¸¸ ν → ν+γ
¢ ³ £´¨É´μ³ ¶μ²¥ ¡Ò² ¨¸¸²¥¤μ¢ ´ ¢ ¸²ÊÎ ÖÌ μÉ´μ¸¨É¥²Ó´μ ¸² ¡μ£μ ¶μ²Ö [1],
¸¨²Ó´μ£μ ¶μ²Ö [2] ¨ ¤²Ö ¶μ²Ö ¶·μ¨§¢μ²Ó´μ° ¨´É¥´¸¨¢´μ¸É¨ [3]. ‚μ ¢¸¥Ì ÔÉ¨Ì
· ¡μÉ Ì · ¸¸³ É·¨¢ ²¨¸Ó ¸¨ÉÊ Í¨¨ ¸ ³ ²Ò³¨ Ô´¥·£¨Ö³¨ ´¥°É·¨´μ ¶μ ¸· ¢´¥-
´¨Õ ¸ ³ ¸¸μ° Ô²¥±É·μ´ . ‚ ¸¢¥É¥ ¢μ§³μ¦´ÒÌ  ¸É·μË¨§¨Î¥¸±¨Ì ¶·¨²μ¦¥´¨°
¨´É¥·¥¸¥´ ¸²ÊÎ ° ¡μ²¥¥ §´ Î¨É¥²Ó´ÒÌ Ô´¥·£¨° ´¥°É·¨´μ. �·¨ ÔÉμ³ ¸É ´μ¢ÖÉ¸Ö
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¸ÊÐ¥¸É¢¥´´Ò³¨ ¡μ²ÓÏ¨¥ · ¤¨ Í¨μ´´Ò¥ ¶μ¶· ¢±¨, ¶·¨¢μ¤ÖÐ¨¥ ± ¶¥·¥´μ·³¨-
·μ¢±¥ ¢μ²´μ¢μ° ËÊ´±Í¨¨ ËμÉμ´ , ¨ §´ Î¨É¥²Ó´μ¥ μÉ±²μ´¥´¨¥ § ±μ´  ¤¨¸¶¥-
·¸¨¨ μÉ ¢ ±ÊÊ³´μ£μ. ‚¶¥·¢Ò¥ ÔÉ¨ Ë ±Éμ·Ò ¡Ò²¨ ÊÎÉ¥´Ò ¢ · ¡μÉ¥ [4]. ˆ ¢ [4],
¨ ¢ ¤·Ê£¨Ì · ¡μÉ Ì ¶·¨ · ¸Î¥É¥ ¶·μÍ¥¸¸  · ¤¨ Í¨μ´´μ£μ · ¸¶ ¤  ´¥°É·¨´μ ¢
¶μ²Ö·¨§ Í¨μ´´μ³ μ¶¥· Éμ·¥ ËμÉμ´  ÊÎ¨ÉÒ¢ ²¸Ö Éμ²Ó±μ ¶¥É²¥¢μ° ¢±² ¤ ¸¢μ-
¡μ¤´ÒÌ Ô²¥±É·μ´μ¢ ¨ ¶μ§¨É·μ´μ¢. �·¨ · ¸Î¥É Ì É ±¦¥ ´¥ ÊÎ¨ÉÒ¢ ²¸Ö ÉμÉ
Ë ±É, ÎÉμ ´¥°É·¨´μ ³μ¦¥É μ¡² ¤ ÉÓ ³ £´¨É´Ò³ ³μ³¥´Éμ³. ‚²¨Ö´¨¥ ¸¢Ö§ ´-
´μ° Ô²¥±É·μ´-¶μ§¨É·μ´´μ° ¶ ·Ò ¡Ò²μ ÊÎÉ¥´μ ¢ · ¡μÉ¥ [5]. ‚ ¤ ´´μ° · ¡μÉ¥
¨¸¸²¥¤Ê¥É¸Ö ¶·μÍ¥¸¸ · ¤¨ Í¨μ´´μ£μ · ¸¶ ¤  ´¥°É·¨´μ ν → ν + γ, μ¡² ¤ Õ-
Ð¥£μ ³ £´¨É´Ò³ ³μ³¥´Éμ³, ¸ ÊÎ¥Éμ³ ¢±² ¤  ¶μ§¨É·μ´¨Ö ¢ ¶μ²Ö·¨§ Í¨μ´´Ò°
μ¶¥· Éμ· ËμÉμ´ .

‹ £· ´¦¨ ´ ¢§ ¨³μ¤¥°¸É¢¨Ö, ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¶·μÍ¥¸¸Ê ν → ν + γ, ¶·¨
ÊÎ¥É¥, ÎÉμ ´¥°É·¨´μ μ¡² ¤ ¥É ³ £´¨É´Ò³ ³μ³¥´Éμ³, ¨³¥¥É ¢¨¤

L = − iμν

2
(
ν̄(x)σαβν(x)

)
Fαβ, (1)

£¤¥ σαβ = (1/2)(γαγβ − γβγα), Fαβ = ∂αAβ − ∂βAα, μν Å ³ £´¨É´Ò°
³μ³¥´É ´¥°É·¨´μ.

‡ ±μ´ ¸μÌ· ´¥´¨Ö 4-¨³¶Ê²Ó¸  ¤²Ö ¤ ´´μ£μ ¶·μÍ¥¸¸  ¨³¥¥É ¢¨¤ p = p′ + q.
�μ²Ö·¨§ Í¨μ´´Ò° μ¶¥· Éμ· ËμÉμ´  ¢ ³ £´¨É´μ³ ¶μ²¥ ¨³¥¥É Î¥ÉÒ·¥ ¸μ¡¸É¢¥´-
´ÒÌ ¢¥±Éμ· , Éμ²Ó±μ ¤¢  ¨§ ±μÉμ·ÒÌ ¸μμÉ¢¥É¸É¢ÊÕÉ ¢¥±Éμ· ³ ¶μ²Ö·¨§ Í¨¨
Ë¨§¨Î¥¸±¨Ì ËμÉμ´μ¢ [6]. ˆ§¢¥¸É´μ, ÎÉμ ¢ ¶·¥¤¥²¥ ¸¨²Ó´μ£μ ³ £´¨É´μ£μ ¶μ²Ö
¢ ¶·μÍ¥¸¸¥ · ¤¨ Í¨μ´´μ£μ · ¸¶ ¤  ´¥°É·¨´μ ³μ£ÊÉ ·μ¦¤ ÉÓ¸Ö Éμ²Ó±μ ËμÉμ´Ò
¢Éμ·μ° ³μ¤Ò. ‚¥±Éμ· ¶μ²Ö·¨§ Í¨¨ ËμÉμ´  ¢Éμ·μ° ³μ¤Ò ¨³¥¥É ¢¨¤

ε(2)
α =

√
Z

(qϕ̃)α√
q2
‖

. (2)

‡¤¥¸Ó ³´μ¦¨É¥²Ó Z =
(
1 − ∂Π/∂q2

‖

)−1

ÊÎ¨ÉÒ¢ ¥É ÔËË¥±É ¶¥·¥´μ·³¨·μ¢±¨

¢μ²´μ¢μ° ËÊ´±Í¨¨ ËμÉμ´ , £¤¥ Π Å ¸μ¡¸É¢¥´´μ¥ §´ Î¥´¨¥ ¶μ²Ö·¨§ Í¨μ´´μ£μ
μ¶¥· Éμ·  ËμÉμ´  ¢Éμ·μ° ³μ¤Ò, ϕαβ = Fαβ/B Å μ¡¥§· §³¥·¥´´Ò° É¥´§μ·
¢´¥Ï´¥£μ Ô²¥±É·μ³ £´¨É´μ£μ ¶μ²Ö, ϕ̃αβ = (1/2)εαβμνϕμν Å ¤Ê ²Ó´Ò° ¥³Ê
É¥´§μ·. „²Ö ¶·μ¢¥¤¥´¨Ö ¤ ²Ó´¥°Ï¨Ì ¢ÒÎ¨¸²¥´¨° 4-¨³¶Ê²Ó¸ ËμÉμ´  Ê¤μ¡´μ
· §¡¨ÉÓ ´  ¤¢¥ ±μ³¶μ´¥´ÉÒ. ‚ ¸²ÊÎ ¥, ±μ£¤  μ¸Ó z ´ ¶· ¢²¥´  ¢¤μ²Ó ¢´¥Ï-
´¥£μ ³ £´¨É´μ£μ ¶μ²Ö, ÔÉμ ¡Ê¤¥É ¢¥±Éμ· ¢ ¶μ¤¶·μ¸É· ´¸É¢¥ Œ¨´±μ¢¸±μ£μ (0; 3):
qα
‖ = (ω; 0; 0; k3) ¨ ¢¥±Éμ· ¢ ¶²μ¸±μ¸É¨, ¶¥·¶¥´¤¨±Ê²Ö·´μ° ¢´¥Ï´¥³Ê ³ £´¨É-

´μ³Ê ¶μ²Õ (1; 2): qα
⊥ = (0; k1; k2; 0).

‘·¥¤´ÖÖ ¶μÉ¥·Ö Ô´¥·£¨¨ ¨ ¨³¶Ê²Ó¸  ´¥°É·¨´μ μ¶·¥¤¥²Ö¥É¸Ö 4-¢¥±Éμ·μ³
(¸³., ´ ¶·¨³¥·, [7]):

Qα = E

∫
qαdW, (3)
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£¤¥ E Å Ô´¥·£¨Ö ´ Î ²Ó´μ£μ ´¥°É·¨´μ; q Å 4-¨³¶Ê²Ó¸ ËμÉμ´ ; dW Å ¤¨Ë-
Ë¥·¥´Í¨ ²Ó´ Ö ¢¥·μÖÉ´μ¸ÉÓ · ¤¨ Í¨μ´´μ£μ · ¸¶ ¤  ´¥°É·¨´μ ¸ ³ £´¨É´Ò³
³μ³¥´Éμ³ ¢ ¸¨²Ó´μ³ ³ £´¨É´μ³ ¶μ²¥.

�μ¸²¥ ¶μ¤¸É ´μ¢±¨ ¢Ò· ¦¥´¨Ö ¤²Ö dW ¢ Ëμ·³Ê²Ê (3) ¨ ¢Ò¶μ²´¥´¨Ö ¨´-
É¥£·¨·μ¢ ´¨Ö ¸ ÊÎ¥Éμ³ § ±μ´  ¸μÌ· ´¥´¨Ö Ô´¥·£¨¨ ¨ ¨³¶Ê²Ó¸  ¢Ò· ¦¥´¨¥ ¤²Ö
¸·¥¤´¥° ¶μÉ¥·¨ Ô´¥·£¨¨ ´¥°É·¨´μ ³μ¦´μ ¸¢¥¸É¨ ± μ¤´μ±· É´μ³Ê ¨´É¥£· ²Ê:

Q0 =
μ2

νE5

π2m2
e

1∫
0

x3(−Π)
1 − ∂Π/∂q2

‖

(
(1 + 2x2) arccosx − 3x

√
1 − x2

)
dx, (4)

£¤¥ x = |q⊥|/(2E). ‘μ¡¸É¢¥´´μ¥ §´ Î¥´¨¥ ¶μ²Ö·¨§ Í¨μ´´μ£μ μ¶¥· Éμ·  ¨
¥£μ ¶·μ¨§¢μ¤´ Ö § ¢¨¸ÖÉ μÉ q2

⊥ ¨ q2
‖, ±μÉμ·Ò¥ ¸¢Ö§ ´Ò ³¥¦¤Ê ¸μ¡μ° § ±μ´μ³

¤¨¸¶¥·¸¨¨:
q2
‖ − q2

⊥ = Π(q2
⊥, q2

‖). (5)

„²Ö ¤ ²Ó´¥°Ï¥£μ ¨´É¥£·¨·μ¢ ´¨Ö ´¥μ¡Ìμ¤¨³μ ¸μ¡¸É¢¥´´μ¥ §´ Î¥´¨¥ ¶μ²Ö·¨-
§ Í¨μ´´μ£μ μ¶¥· Éμ·  ¨ ¥£μ ¶·μ¨§¢μ¤´ÊÕ ¢Ò· §¨ÉÓ Î¥·¥§ q2

⊥.
�μ²Ö·¨§ Í¨μ´´Ò° μ¶¥· Éμ· ËμÉμ´  ¸ ÊÎ¥Éμ³ ¢±² ¤  ¶μ§¨É·μ´¨Ö ³μ¦´μ

¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥

Π = −2α(eB) exp
(
− q2

⊥
2eB

) [
1
π

H(z) +
λz

1 − λ2 − z

]
, (6)

£¤¥ H(z) =
1∫
0

dx/[1− z(1− x2)− i0]− 1, z = q2
‖/(4m2

e), λ = α/(2ν), α Å ¶μ-

¸ÉμÖ´´ Ö Éμ´±μ° ¸É·Ê±ÉÊ·Ò, ¶ · ³¥É· ν μ¶·¥¤¥²Ö¥É Ê·μ¢´¨ Ô´¥·£¨¨ ¶μ§¨É·μ-
´¨Ö ¢ ¸¨²Ó´μ³ ³ £´¨É´μ³ ¶μ²¥: ε = α2me/(4ν2).

�  ·¨¸Ê´±¥ ¶μ± § ´  § ¢¨¸¨³μ¸ÉÓ ¸·¥¤´¥° ¶μÉ¥·¨ Ô´¥·£¨¨ ´¥°É·¨´μ ¸
³ £´¨É´Ò³ ³μ³¥´Éμ³ μÉ ¶μ²¥¢μ£μ ¶ · ³¥É· . �¨¦´ÖÖ ±·¨¢ Ö ¸μμÉ¢¥É¸É¢Ê¥É
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¢¥·μÖÉ´μ¸É¨ · ¸¶ ¤  ¡¥§ ÊÎ¥É  ¢±² ¤  ¶μ§¨É·μ´¨Ö, ¢¥·Ì´ÖÖ Å ¸ ÊÎ¥Éμ³ ¢±² ¤ 
¶μ§¨É·μ´¨Ö, £¤¥ ξ = E2/(eB), β = B/Be, Be = 4,41 · 1013 ƒ¸, W0 =
2αβ5/2μ2

νm3
e/π2.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ �μ¸¸¨°¸±μ£μ Ëμ´¤  ËÊ´-
¤ ³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨° (¶·μ¥±É º 14-02-00233-a).
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