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‚ · ¡μÉ¥ ¨¸¸²¥¤ÊÕÉ¸Ö ¤¢  ¶·μÍ¥¸¸  ´¥°É·¨´´μ£μ ·μ¦¤¥´¨Ö Ô²¥±É·μ´-¶μ§¨É·μ´´ÒÌ
¶ · ¢ Ê³¥·¥´´μ ¸¨²Ó´μ³ ³ £´¨É´μ³ ¶μ²¥: νν̄ → e−e+ ¨ ν → νe−e+. �·¨ É ±¨Ì
Ê¸²μ¢¨ÖÌ Ô²¥±É·μ´Ò ¨ ¶μ§¨É·μ´Ò ³μ£ÊÉ ·μ¦¤ ÉÓ¸Ö ¢ ¸μ¸ÉμÖ´¨ÖÌ, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì
¢μ§¡Ê¦¤¥´´Ò³ Ê·μ¢´Ö³ ‹ ´¤ Ê. �μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ³μ£ÊÉ ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´Ò
¶·¨ · ¸Î¥É Ì ÔËË¥±É¨¢´μ¸É¨ ´¥°É·¨´´μ° £¥´¥· Í¨¨ Ô²¥±É·μ´-¶μ§¨É·μ´´μ° ¶² §³Ò ¢
Ê¸²μ¢¨ÖÌ  ±±·¥Í¨μ´´μ£μ ¤¨¸±  ±¥··μ¢¸±μ° Î¥·´μ° ¤Ò·Ò.

The processes of neutrino production of electronÄpositron pairs, νν̄ → e−e+ and
ν → νe−e+, in a magnetic ˇeld of arbitrary strength, where electrons and positrons can
be created in the states corresponding to excited Landau levels, are analyzed. The results
can be applied for calculating the efˇciency of the electronÄpositron plasma production by
neutrinos in the conditions of the Kerr black hole accretion disc.

PACS: 13.15.+g; 95.30.Cq

‚μ ¢´¥Ï´¥³ ³ £´¨É´μ³ ¶μ²¥ ¢μ§³μ¦´Ò ¶·μÍ¥¸¸Ò, § ¶·¥Ð¥´´Ò¥ ¢ ¢ -
±ÊÊ³¥, ´ ¶·¨³¥· ´¥°É·¨´´μ¥ ·μ¦¤¥´¨¥ Ô²¥±É·μ´-¶μ§¨É·μ´´μ° ¶ ·Ò. ‘ÊÐ¥-
¸É¢¥´´Ò³ Ë ±Éμ·μ³ Ö¢²Ö¥É¸Ö É ±¦¥ ¢¥²¨Î¨´  ÔÉμ£μ ¶μ²Ö, μÉ ±μÉμ·μ° § ¢¨¸¨É
É¥Ì´¨±  · ¸Î¥Éμ¢. ‚ ¡μ²ÓÏ¨´¸É¢¥ ¸²ÊÎ ¥¢ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤¢  ¶·¥¤¥²Ó´ÒÌ ¸²Ê-
Î Ö: ¢μ-¶¥·¢ÒÌ, ¶·¨¡²¨¦¥´¨¥ ¸±·¥Ð¥´´μ£μ (μÉ´μ¸¨É¥²Ó´μ ¸² ¡μ£μ) ¶μ²Ö ¨,
¢μ-¢Éμ·ÒÌ, ¶·¥¤¥² ¸¨²Ó´μ£μ ¶μ²Ö, ±μ£¤  μ´μ §´ Î¨É¥²Ó´μ ¶·¥¢ÒÏ ¥É ±·¨É¨-
Î¥¸±μ¥ §´ Î¥´¨¥ Be = m2

e/e � 4,41 · 1013 ƒ¸,   Ô²¥±É·μ´Ò ¨ ¶μ§¨É·μ´Ò ³μ£ÊÉ
§ ¸¥²ÖÉÓ ²¨ÏÓ μ¸´μ¢´μ° Ê·μ¢¥´Ó ‹ ´¤ Ê.

�¤´ ±μ ¢μ§³μ¦´Ò Ê¸²μ¢¨Ö, ¢ ±μÉμ·ÒÌ ´¨ μ¤¨´ ¨§ ÔÉ¨Ì ¶·¥¤¥²μ¢ ´¥ ¶μ¤-
Ìμ¤¨É. � ¶·¨³¥·, ¶·¨ ¨¥· ·Ì¨¨ ¶ · ³¥É·μ¢ p2

⊥ � eB � m2
e Î ¸É¨ÍÒ ³μ£ÊÉ

·μ¦¤ ÉÓ¸Ö ¨ ´  ¢μ§¡Ê¦¤¥´´ÒÌ Ê·μ¢´ÖÌ. �μ¤μ¡´μ¥ ¸μμÉ´μÏ¥´¨¥ ¶ · ³¥É·μ¢
¸μμÉ¢¥É¸É¢Ê¥É Ê¸²μ¢¨Ö³ ¢  ±±·¥Í¨μ´´ÒÌ ¤¨¸± Ì ±¥··μ¢¸±¨Ì Î¥·´ÒÌ ¤Ò·, · ¸-
¸³ É·¨¢ ¥³ÒÌ ¸¶¥Í¨ ²¨¸É ³¨ ¢ ± Î¥¸É¢¥ ´ ¨¡μ²¥¥ ¢¥·μÖÉ´μ£μ ¨¸ÉμÎ´¨±  ±μ-
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·μÉ±μ£μ ±μ¸³μ²μ£¨Î¥¸±μ£μ £ ³³ -¢¸¶²¥¸±  [1]. �Éμ ¶·¨¢μ¤¨É ± ´¥μ¡Ìμ¤¨³μ-
¸É¨ ¨¸¶μ²Ó§μ¢ ÉÓ ¨´ÊÕ ³¥Éμ¤¨±Ê ¢ÒÎ¨¸²¥´¨°, ±μÉμ·ÊÕ ³Ò ´ §Ò¢ ¥³ ¶·¥¤¥²μ³
Ê³¥·¥´´μ ¸¨²Ó´μ£μ ³ £´¨É´μ£μ ¶μ²Ö. � ´¥¥ · ¸Î¥ÉÒ Ì · ±É¥·¨¸É¨± ´¥°É·¨´-
´μ£μ ·μ¦¤¥´¨Ö ¶ · e−e+ ¶·μ¢μ¤¨²¨¸Ó ²¨ÏÓ ¢ ¤¢ÊÌ Ê¶μ³Ö´ÊÉÒÌ ¢ÒÏ¥ ¶·¨¡²¨-
¦¥´¨ÖÌ. �¡§μ· ³¥Éμ¤¨± ¨ ·¥§Ê²ÓÉ Éμ¢ ¢ÒÎ¨¸²¥´¨° ³μ¦´μ ´ °É¨, ´ ¶·¨³¥·,
¢ · ¡μÉ¥ [2].

�¸´μ¢´ Ö Í¥²Ó ¤ ´´μ° · ¡μÉÒ ¸μ¸Éμ¨É ¢ ¨¸¸²¥¤μ¢ ´¨¨ ¶·μÍ¥¸¸μ¢ νν̄ →
e−e+ ¨ ν → νe−e+ ¢ Ë¨§¨Î¥¸±¨Ì Ê¸²μ¢¨ÖÌ, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì Ê³¥·¥´´μ ¸¨²Ó-
´μ³Ê ³ £´¨É´μ³Ê ¶μ²Õ, ¨ ¤ ²Ó´¥°Ï¥³ ¸· ¢´¥´¨¨ ¸ ·¥§Ê²ÓÉ É ³¨, ¶μ²ÊÎ¥´-
´Ò³¨ · ´¥¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¤·Ê£¨Ì ¶·¥¤¥²μ¢.

‚ ¸¨ÉÊ Í¨¨ Ê³¥·¥´´μ ¸¨²Ó´μ£μ ¶μ²Ö ´¥μ¡Ìμ¤¨³μ ÊÎ¨ÉÒ¢ ÉÓ ¢±² ¤ ¢μ§¡Ê-
¦¤¥´´ÒÌ Ê·μ¢´¥° ‹ ´¤ Ê ¶ÊÉ¥³ ¸Ê³³¨·μ¢ ´¨Ö ¶μ ´¨³ ¢¥·μÖÉ´μ¸É¥° ¨ ¸¥Î¥´¨°
¨¸¸²¥¤Ê¥³ÒÌ ¶·μÍ¥¸¸μ¢. 	μ²¥¥ ¶μ¤·μ¡´μ É¥Ì´¨±  · ¸Î¥Éμ¢ μ¶¨¸ ´  ¢ ¸É -
ÉÓ¥ [3]. „²Ö  ¸É·μË¨§¨Î¥¸±¨Ì ¶·¨²μ¦¥´¨° ¢ ¦´Ò³¨ Ì · ±É¥·¨¸É¨± ³¨ Ö¢²Ö-
ÕÉ¸Ö ¸¢Ö§ ´´Ò¥ ¸ ¢¥·μÖÉ´μ¸ÉÓÕ ¸·¥¤´¨¥ ¶μÉ¥·¨ Ô´¥·£¨¨ ¨ ¨³¶Ê²Ó¸  ´¥°É·¨´μ
¶μ¤ ¢²¨Ö´¨¥³ ¢´¥Ï´¥£μ ³ £´¨É´μ£μ ¶μ²Ö. �É¨ ¢¥²¨Î¨´Ò ³μ¦´μ μ¶¨¸ ÉÓ ¶·¨
¶μ³μÐ¨ 4-¢¥±Éμ·  Qα:

Qα = E

∫
qα dW = −E (I,F), (1)

£¤¥ q Å · §´μ¸ÉÓ ¨³¶Ê²Ó¸μ¢ ´ Î ²Ó´μ£μ ¨ ±μ´¥Î´μ£μ ´¥°É·¨´μ; q = P − P ′;
dW Å ¤¨ËË¥·¥´Í¨ ²Ó´ Ö ¢¥·μÖÉ´μ¸ÉÓ ¶·μÍ¥¸¸ . �Ê²¥¢ Ö ±μ³¶μ´¥´É  (1)
¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¸·¥¤´¨¥ ¶μÉ¥·¨ Ô´¥·£¨¨ ´¥°É·¨´μ §  ¥¤¨´¨ÍÊ ¢·¥³¥´¨ ¢
Ìμ¤¥ ¤ ´´μ£μ ¶·μÍ¥¸¸ , I = dE/dt. �·μ¸É· ´¸É¢¥´´ Ö ¸μ¸É ¢²ÖÕÐ Ö 4-¢¥±-
Éμ·  Qα μ¶·¥¤¥²Ö¥É ¸·¥¤´¨¥ ¶μÉ¥·¨ ¨³¶Ê²Ó¸ , F = dP/dt.

‚ ¸É ÉÓ¥ [1] ¨¸¶μ²Ó§μ¢ ´μ ¢Ò· ¦¥´¨¥ ¤²Ö ¢¥²¨Î¨´Ò Q0, ¢ÒÎ¨¸²¥´´μ°
· ´¥¥ ¢ ¶·¥¤¥²¥ ¸±·¥Ð¥´´μ£μ ¶μ²Ö. �¤´ ±μ ¶·¨ Ë¨§¨Î¥¸±¨Ì ¶ · ³¥É· Ì,
¢ ±μÉμ·ÒÌ · ¸¸³ É·¨¢ ²¸Ö ¶·μÍ¥¸¸ (B ¤μ 180Be, Eν ¤μ 25 ŒÔ‚), ¶·¥¤¥²
¸±·¥Ð¥´´μ£μ ¶μ²Ö ´¥¶·¨³¥´¨³, ± ± ¨ ¶·¨¡²¨¦¥´¨¥ ¸¨²Ó´μ£μ ¶μ²Ö, É ± ± ±
¶μ³¨³μ μ¸´μ¢´μ£μ Ê·μ¢´Ö Î ¸É¨ÍÒ ³μ£ÊÉ ·μ¦¤ ÉÓ¸Ö ¨ ´  ¡μ²¥¥ ¢Ò¸μ±¨Ì Ô´¥·-
£¥É¨Î¥¸±¨Ì Ê·μ¢´ÖÌ. ‚Ò· ¦¥´¨¥ ¤²Ö ¢¥²¨Î¨´Ò Q0 ¢ ¸²ÊÎ ¥ Ê³¥·¥´´μ ¸¨²Ó´μ£μ
¶μ²Ö ¢ÒÎ¨¸²¥´μ ¢ · ¡μÉ¥ [3]. �´ ²¨§ ¶μ± § ², ÎÉμ ¶·¥¤¥² ¸±·¥Ð¥´´μ£μ ¶μ²Ö
¤ ¥É ´  ¶μ·Ö¤μ± § ¢ÒÏ¥´´Ò° ·¥§Ê²ÓÉ É.

‹μ± ²Ó´ Ö ¶¥·¥¤ Î  Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¢ ¶·μÍ¥¸¸¥ νν̄ → e−e+ μ¶·¥¤¥²Ö-
¥É¸Ö ¢Ò· ¦¥´¨¥³ [4]

Qα
νν̄ =

∫
d3p

(2π)3
fν(p)

∫
d3p′

(2π)3
fν̄(p′) (pα + p′α)

(pp′)
EE′ σ(νν̄ → e−e+), (2)

£¤¥ σ Å ¸¥Î¥´¨¥ ¶·μÍ¥¸¸ ; p ¨ p′ Å 4-¨³¶Ê²Ó¸Ò ´¥°É·¨´μ ¨  ´É¨´¥°É·¨´μ;
fν(p) ¨ fν̄(p′) Å ²μ± ²Ó´Ò¥ ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö. ‚ μÉ²¨Î¨¥ μÉ ¢ ±ÊÊ³-
´μ£μ ¸¥Î¥´¨Ö, ¢ ±μÉμ·μ¥ ¢Ìμ¤¨É Éμ²Ó±μ ¶¥·¥³¥´´ Ö Œ ´¤¥²Ó¸É ³  S, c¥Î¥´¨¥
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¢ ¶·¨¸ÊÉ¸É¢¨¨ ¶μ²Ö § ¢¨¸¨É μÉ Í¥²μ£μ ·Ö¤  ¶ · ³¥É·μ¢, ´ ¶·¨³¥·, Ô´¥·£¨°
´¥°É·¨´μ ¨  ´É¨´¥°É·¨´μ E, E′, ¤¢ÊÌ ¶μ²Ö·´ÒÌ ¨ μ¤´μ£μ  §¨³ÊÉ ²Ó´μ£μ Ê£²μ¢,
μ¶·¥¤¥²ÖÕÐ¨Ì ´ ¶· ¢²¥´¨Ö ¨³¶Ê²Ó¸μ¢ μÉ´μ¸¨É¥²Ó´μ ¶μ²Ö.

�  ·¨¸. 1 ¨ 2 ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³μ¸ÉÓ μÉ´μÏ¥´¨° ¢ ±ÊÊ³´μ£μ ¨ ¶μ²¥¢μ£μ
¸¥Î¥´¨° ± σ0 = 4G2

F m2
e/π μÉ Ô´¥·£¨¨ E ¤²Ö ¸²ÊÎ Ö, ±μ£¤  E = E′,   ¢¥±Éμ·Ò

¨³¶Ê²Ó¸μ¢ ´ Î ²Ó´ÒÌ Î ¸É¨Í ¨ ´ ¶·Ö¦¥´´μ¸É¨ ³ £´¨É´μ£μ ¶μ²Ö ²¥¦ É ¢ μ¤´μ°
¶²μ¸±μ¸É¨. ‘¥Î¥´¨¥ ¡Ê¤¥É § ¢¨¸¥ÉÓ μÉ ¢¥²¨Î¨´Ò ¶μ²Ö, Ô´¥·£¨¨ E, Ê£²  θ ³¥¦¤Ê
P ¨ P′ ¨ Ê£²  ϕ ³¥¦¤Ê q = P + P′ ¨ B.

‘¥Î¥´¨¥ ¢ ³ £´¨É´μ³ ¶μ²¥ ¨³¥¥É Ì · ±É¥·´Ò° ¶¨²μμ¡· §´Ò° ¶·μË¨²Ó,
μ¡Ê¸²μ¢²¥´´Ò° ±μ·´¥¢Ò³¨ ¸¨´£Ê²Ö·´μ¸ÉÖ³¨ [5]. ‚¨¤´μ, ÎÉμ ¶μ²¥ ¸¶μ¸μ¡´μ
± ± Ê¸¨²¨¢ ÉÓ ·¥ ±Í¨Õ, É ± ¨ ¸ÊÐ¥¸É¢¥´´μ ¶μ¤ ¢²ÖÉÓ ¥¥, ¨ ¶·¥¤¢ ·¨É¥²Ó´Ò°
¢Ò¢μ¤ μ ¥£μ ¸² ¡μ³ ¢²¨Ö´¨¨ ´  ·¥ ±Í¨Õ, ¸¤¥² ´´Ò° ¢ ¸É ÉÓ¥ [6], μ± § ²¸Ö
´¥ÉμÎ´Ò³.
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�¨¸. 1. ‡ ¢¨¸¨³μ¸ÉÓ ¢ ±ÊÊ³´μ£μ (ÏÉ·¨Ìμ¢ Ö ²¨´¨Ö) ¨ ¶μ²¥¢μ£μ (¸¶²μÏ´ Ö) ¸¥Î¥´¨° μÉ
Ô´¥·£¨¨ E ¶·¨ B = 180Be ¨ §´ Î¥´¨ÖÌ Ê£²μ¢ θ = π/3, ϕ = π/8
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�¨¸. 2. ’μ ¦¥, ÎÉμ ¨ ´  ·¨¸. 1, ¶·¨ §´ Î¥´¨ÖÌ Ê£²μ¢ θ = π/10, ϕ = 3π/2
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’ ±¨³ μ¡· §μ³, ¢ Ê¸²μ¢¨ÖÌ  ±±·¥Í¨μ´´μ£μ ¤¨¸±  Î¥·´μ° ¤Ò·Ò ¶·¥¤¥²Ò
¸±·¥Ð¥´´μ£μ ¨ ¸¨²Ó´μ£μ ¶μ²¥° ¤ ÕÉ ¤²Ö ¶·μÍ¥¸¸  ν → νe−e+ ´¥Ê¤μ¢²¥-
É¢μ·¨É¥²Ó´Ò° ·¥§Ê²ÓÉ É, μÉ²¨Î´Ò° μÉ ¸²ÊÎ Ö Ê³¥·¥´´μ ¸¨²Ó´μ£μ ¶μ²Ö, ±μ£¤ 
¸Ê³³¨·ÊÕÉ¸Ö ´¥¸±μ²Ó±μ ¢μ§¡Ê¦¤¥´´ÒÌ Ê·μ¢´¥° ‹ ´¤ Ê. ˆ´¢ ·¨ ´É´μ¥ ¸¥Î¥-
´¨¥ ¶·μÍ¥¸¸  νν̄ → e−e+ § ¢¨¸¨É μÉ ´ ¶· ¢²¥´¨Ö ¨³¶Ê²Ó¸μ¢ ¸É ²±¨¢ ÕÐ¨Ì¸Ö
Î ¸É¨Í ¨ ³ £´¨É´μ£μ ¶μ²Ö, ±μÉμ·μ¥ ¶·¨ μ¶·¥¤¥²¥´´ÒÌ Ê¸²μ¢¨ÖÌ ³μ¦¥É ¤¥² ÉÓ
ÔÉμ ¸¥Î¥´¨¥ §´ Î¨É¥²Ó´μ μÉ²¨Î ÕÐ¨³¸Ö μÉ ¢ ±ÊÊ³´μ£μ §´ Î¥´¨Ö.

� ¡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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