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1 � Í¨μ´ ²Ó´Ò° ¨¸¸²¥¤μ¢ É¥²Ó¸±¨° Í¥´É· ®ŠÊ·Î Éμ¢¸±¨° ¨´¸É¨ÉÊÉ¯, Œμ¸±¢ 
2 Œμ¸±μ¢¸±¨° Ë¨§¨±μ-É¥Ì´¨Î¥¸±¨° ¨´¸É¨ÉÊÉ (£μ¸Ê¤ ·¸É¢¥´´Ò° Ê´¨¢¥·¸¨É¥É),

„μ²£μ¶·Ê¤´Ò°, �μ¸¸¨Ö

‚ ³μ¤¥²¨ ¸ É·¥³Ö ¸É¥·¨²Ó´Ò³¨ ´¥°É·¨´μ · ¸¸Î¨É ´Ò ¢¥·μÖÉ´μ¸É¨ ¶¥·¥Ìμ¤μ¢ · §-
²¨Î´ÒÌ É¨¶μ¢ ´¥°É·¨´μ ¤·Ê£ ¢ ¤·Ê£  ¨ ¶μ¸É·μ¥´Ò £· Ë¨±¨ ¢¥·μÖÉ´μ¸É¥°, ¢ Î ¸É´μ¸É¨,
¶μÖ¢²¥´¨Ö Ô²¥±É·μ´´ÒÌ ´¥°É·¨´μ ¨  ´É¨´¥°É·¨´μ ¢ ¶ÊÎ± Ì ³Õμ´´ÒÌ ´¥°É·¨´μ ¨
 ´É¨´¥°É·¨´μ ¢ § ¢¨¸¨³μ¸É¨ μÉ · ¸¸ÉμÖ´¨Ö ¨ μÉ ¤μ¶Ê¸É¨³ÒÌ §´ Î¥´¨° ¶ · ³¥É·μ¢ ³μ-
¤¥²¨ ¶·¨ Ô´¥·£¨ÖÌ ´¥°É·¨´μ, ³¥´ÓÏ¨Ì 50 ŒÔ‚,   É ±¦¥ ¢ § ¢¨¸¨³μ¸É¨ μÉ μÉ´μÏ¥´¨Ö
· ¸¸ÉμÖ´¨Ö ± Ô´¥·£¨¨ ´¥°É·¨´μ. �μ²ÊÎ¥´´Ò¥ É¥μ·¥É¨Î¥¸±¨¥ ·¥§Ê²ÓÉ ÉÒ ³μ£ÊÉ ¡ÒÉÓ
¨¸¶μ²Ó§μ¢ ´Ò ¤²Ö  ´ ²¨§  ´¥°É·¨´´ÒÌ ¤ ´´ÒÌ, μÉ´μ¸ÖÐ¨Ì¸Ö ±  ´μ³ ²¨Ö³ ´  ³ ²ÒÌ
· ¸¸ÉμÖ´¨ÖÌ.

In the framework of the model with three sterile neutrinos, the transition probabilities
for different 	avors of neutrino are calculated. The graphical dependences are obtained, in
particular, for the appearance probability of electron neutrino and antineutrino in the muon
neutrino and antineutrino jets as a function of distance and other model parameters at their
acceptable values and at the neutrino energy less than 50 MeV, as well as a function of a
ratio of distance to the neutrino energy. The theoretical results can be used for analysis of
the neutrino data related to the anomalies at small distances.

PACS: 14.60.Pq; 14.60.St; 12.10.Kt; 12.90.+b

�±ÉÊ ²Ó´μ° ¶·μ¡²¥³μ° ´¥°É·¨´´μ° Ë¨§¨±¨ Ö¢²Ö¥É¸Ö ¶·μ¡²¥³  ²¥£±¨Ì
¸É¥·¨²Ó´ÒÌ ´¥°É·¨´μ, ±μÉμ· Ö ¢μ§´¨±²  ¢ ¸¢Ö§¨ ¸  ´μ³ ²¨Ö³¨ ¢¥²¨Î¨´ ¶μÉμ-
±μ¢ ´¥°É·¨´μ ¨  ´É¨´¥°É·¨´μ ´  ³ ²ÒÌ · ¸¸ÉμÖ´¨ÖÌ ¢ ·Ö¤¥ ´ §¥³´ÒÌ Ô±¸¶¥-
·¨³¥´Éμ¢ [1]. � ²¨Î¨¥ É ±¨Ì  ´μ³ ²¨° ¢ÒÌμ¤¨É §  · ³±¨ ‘É ´¤ ·É´μ° ³μ-
¤¥²¨ (‘Œ) ¨ ³¨´¨³ ²Ó´μ · ¸Ï¨·¥´´μ° ‘Œ ¸ É·¥³Ö  ±É¨¢´Ò³¨ ³ ¸¸¨¢´Ò³¨
´¥°É·¨´μ. „²Ö ¨Ì μ¡ÑÖ¸´¥´¨Ö É·¥¡Ê¥É¸Ö ´μ¢Ò° É¨¶ ´¥°É·¨´μ Å ¸É¥·¨²Ó´Ò¥
´¥°É·¨´μ Å ¸ ³ ¸ÏÉ ¡μ³ ³ ¸¸ ¶μ·Ö¤±  1 Ô‚. ‹¥£±¨¥ ¸É¥·¨²Ó´Ò¥ ´¥°É·¨´μ
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(‘�) ¶·¨¢²¥± ÕÉ¸Ö ¤²Ö μ¡ÑÖ¸´¥´¨Ö Ê¸±μ·¨É¥²Ó´μ°  ´μ³ ²¨¨ (“�) [2Ä4], ·¥-
 ±Éμ·´μ°  ´μ³ ²¨¨ (��) [5, 6] ¨ £ ²²¨¥¢μ°  ´μ³ ²¨¨ (ƒ�) [7, 8],   É ±¦¥
´¥±μÉμ·ÒÌ  ¸É·μË¨§¨Î¥¸±¨Ì ¤ ´´ÒÌ [9]. 
Ò²¨ ¶·¥¤²μ¦¥´Ò Ë¥´μ³¥´μ²μ-
£¨Î¥¸±¨¥ ³μ¤¥²¨ ¸ μ¤´¨³, ¤¢Ê³Ö ¨ É·¥³Ö ‘� [1, 10, 11]. …¸²¨ ¶·¨´ÖÉÓ ¢μ
¢´¨³ ´¨¥ ¢μ§³μ¦´ÊÕ ²¥¢μ-¶· ¢ÊÕ ¸¨³³¥É·¨Õ ¸² ¡ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° ¨ ¸μ-
¶μ¸É ¢¨ÉÓ ‘� ¸ ¶· ¢Ò³¨ ´¥°É·¨´μ, Éμ ´ ¤μ · ¸¸³ É·¨¢ ÉÓ (3 + 3)-³μ¤¥²¨ ¸
É·¥³Ö  ±É¨¢´Ò³¨ ´¥°É·¨´μ (��) ¨ É·¥³Ö ‘� [10,11]. �¤´μ° ¨§ É ±¨Ì ³μ¤¥²¥°
Ö¢²Ö¥É¸Ö (3+2+1)-³μ¤¥²Ó [12,13], ±μÉμ· Ö ¸μ¤¥·¦¨É É·¨ ‘�, ¤¢  ¨§ ±μÉμ·ÒÌ
¶·¨¡²¨§¨É¥²Ó´μ ¢Ò·μ¦¤¥´Ò ¶μ ³ ¸¸¥, Éμ£¤  ± ± ³ ¸¸  É·¥ÉÓ¥£μ §´ Î¨É¥²Ó´μ
μÉ²¨Î ¥É¸Ö μÉ ³ ¸¸ ¤¢ÊÌ ¤·Ê£¨Ì. ‚ · ³± Ì ÔÉμ° ³μ¤¥²¨ ¶μ²ÊÎ¥´Ò μÍ¥´±¨
³ ¸¸μ¢ÒÌ Ì · ±É¥·¨¸É¨± �� ¨ ‘� [12], · ¸¸Î¨É ´Ò ¢¥·μÖÉ´μ¸É¨ ¶μÖ¢²¥´¨Ö
¨ ¸μÌ· ´¥´¨Ö �� ¨ ‘� ¢ ‘μ²´Í¥ [13] ¨ · ¸¸³μÉ·¥´Ò · §²¨Î´Ò¥ ¢ ·¨ ´ÉÒ
³ É·¨ÍÒ ¸³¥Ï¨¢ ´¨Ö ¤²Ö μ¡ÑÖ¸´¥´¨Ö ´¥°É·¨´´ÒÌ  ´μ³ ²¨° ´  ³ ²ÒÌ · ¸¸Éμ-
Ö´¨ÖÌ [14]. ‚ · ¡μÉ¥ [15] · ¸¸³μÉ·¥´μ Ê¸¨²¥´¨¥ ¢ÒÌμ¤  É·¥Ì ‘� ¢ ¸·¥¤ Ì ¸
¡μ²ÓÏμ° ¶²μÉ´μ¸ÉÓÕ ¶·¨ ¶·¨¡²¨¦¥´¨¨ μÉ´μÏ¥´¨Ö Î¨¸²  ´¥°É·μ´μ¢ ± Î¨¸²Ê
¶·μÉμ´μ¢ ± ¤¢Ê³, ÎÉμ ³μ¦¥É μ± § ÉÓ ¢²¨Ö´¨¥ ´  Ëμ·³¨·μ¢ ´¨¥ ´¥°É·¨´´ÒÌ
¶μÉμ±μ¢ ¢ ¸¢¥·Ì´μ¢ÒÌ §¢¥§¤ Ì.

‚ · ³± Ì (3+2+1)-³μ¤¥²¨ [12Ä15] ¸ÊÐ¥¸É¢Ê¥É ¢μ§³μ¦´μ¸ÉÓ μ¡ÑÖ¸´¥´¨Ö
 ´μ³ ²¨° ´¥°É·¨´´ÒÌ ¤ ´´ÒÌ. �¸´μ¢´ÊÕ É·Ê¤´μ¸ÉÓ ¶·¥¤¸É ¢²Ö¥É μ¶¨¸ ´¨¥
“� [16]. ‡ ³¥É¨³, ÎÉμ μ¶¨¸ ´¨¥  ´μ³ ²¨° ´¥°É·¨´´ÒÌ ¤ ´´ÒÌ É¨¶  ��
¨ ƒ�, ±μÉμ·Ò¥ ¸¢Ö§ ´Ò ¸ ¨¸Î¥§´μ¢¥´¨¥³ νe ¨ ν̄e, ¢ · ³± Ì (3 + 2 + 1)-³μ¤¥²¨
³μ¦¥É ¡ÒÉÓ μ¸ÊÐ¥¸É¢²¥´μ ¸ ¶μ³μÐÓÕ ¶μ¤¡μ·  ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ §´ Î¥´¨Ö
¶ · ³¥É· , μÉ¢¥É¸É¢¥´´μ£μ §  ´μ·³¨·μ¢±Ê ¸μ¸ÉμÖ´¨° �� ¨ ‘�.

‚ (3+2+1)-³μ¤¥²¨ 6×6-³ É·¨ÍÊ ¸³¥Ï¨¢ ´¨Ö Ũ  ±É¨¢´ÒÌ ¨ ¸É¥·¨²Ó´ÒÌ
´¥°É·¨´μ ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¸ ¶μ³μÐÓÕ 3 × 3-³ É·¨Í S, T , V ¨ W ± ±(

νa

νs

)
= Ũ

(
νi

νi′

)
≡

(
S T
V W

) (
νi

νi′

)
. (1)

�£· ´¨Î¨³¸Ö ¶·¨ ÔÉμ³ ¤¨ £μ´ ²Ó´μ° ³ É·¨Í¥° ¢¨¤  W = κ̃I , £¤¥ I Å ¥¤¨-
´¨Î´ Ö ³ É·¨Í  ¨ κ̃ = κ eiφ. Œ É·¨ÍÊ S ¶·¥¤¸É ¢¨³ ¢ ¢¨¤¥ S = UPMNS +
ΔUPMNS, ¶·¨Î¥³ ³ É·¨ÍÒ ΔUPMNS, T ¨ V ³ ²Ò ¶μ ¸· ¢´¥´¨Õ ¸ UPMNS.
Œ É·¨ÍÒ T ¨ V ¸μ¤¥·¦ É ´μ¢Ò¥ ¶ · ³¥É·Ò ¸³¥Ï¨¢ ´¨Ö ³¥¦¤Ê �� ¨ ‘�, ¢
Î ¸É´μ¸É¨ Ê£μ² η2, ¨ ¸¢Ö§ ´Ò ³¥¦¤Ê ¸μ¡μ° Î¥·¥§ Ê¸²μ¢¨¥ Ê´¨É ·´μ¸É¨ ¤²Ö Ũ
(¤¥É ²Ó´μ ¸³. [14]). „²Ö Ê¤μ¡¸É¢  μÍ¥´μ± ¢¥²¨Î¨´Ò ¸³¥Ï¨¢ ´¨Ö ³¥¦¤Ê ��
¨ ‘� ¡Ê¤¥³ ¸Î¨É ÉÓ, ÎÉμ ΔUPMNS = −εUPMNS, £¤¥ ε Å ³ ² Ö ¢¥²¨Î¨´ ,
¶·¨Î¥³ ε = 1 − κ. ’μ£¤  ³ É·¨Í  S ¨³¥¥É ¢¨¤ S = κUPMNS, £¤¥ UPMNS Å
¨§¢¥¸É´ Ö Ê´¨É ·´ Ö 3×3-³ É·¨Í  ¸³¥Ï¨¢ ´¨Ö �μ´É¥±μ·¢μÄŒ ±¨Ä� ± £ ¢ÒÄ
‘ ± ÉÒ ¤²Ö �� (UPMNS U+

PMNS = I), T =
√

1 − κ
2a2, V = −eiφ T +UPMNS.

“´¨É ·´ Ö ³ É·¨Í  a2 ³μ¦¥É ¡ÒÉÓ ¢Ò¡· ´  ¢ ¢¨¤¥

a2 =

⎛
⎝ cos η2 sin η2 0

− sin η2 cos η2 0
0 0 e−iχ2

⎞
⎠ , (2)
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¤²Ö ±μÉμ·μ£μ ¨ μ± §Ò¢ ¥É¸Ö ¢μ§³μ¦´Ò³ μ¶¨¸ ´¨¥  ´μ³ ²¨° ´¥°É·¨´´ÒÌ
¤ ´´ÒÌ.

‚μ¸¶μ²Ó§Ê¥³¸Ö ·¥§Ê²ÓÉ É ³¨ · ¡μÉ [12,13], μÉ´μ¸ÖÐ¨³¨¸Ö ± μÍ¥´± ³  ¡-
¸μ²ÕÉ´ÒÌ §´ Î¥´¨° ³ ¸¸ mi (i = 1, 2, 3) �� ¤²Ö ¸²ÊÎ Ö ´μ·³ ²Ó´μ° ¨¥· ·Ì¨¨
¢ Ô²¥±É·μ´¢μ²ÓÉ Ì: m1 ≈ 0,0016, m2 ≈ 0,0088, m3 ≈ 0,0497. Œ ¸¸Ò m3′

¨ m2′ ¤¢ÊÌ ‘� ¢ μ¡² ¸É¨ ¶μ·Ö¤±  ∼ 1 Ô‚ ¢Ò¡¨· ¥³ ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ ·¥-
§Ê²ÓÉ Éμ³ · ¡μÉÒ [17] ¤²Ö ´ ¨²ÊÎÏ¨Ì §´ Î¥´¨° ³ ¸¸ ‘� ¢ (3 + 2)-³μ¤¥²¨,
É. ¥. m3′ ≈ 0,69 Ô‚ ¨ m2′ ≈ 0,93 Ô‚. „²Ö §´ Î¥´¨Ö ³ ¸¸Ò É·¥ÉÓ¥£μ ‘� m1′

¢μ¸¶μ²Ó§Ê¥³¸Ö §´ Î¥´¨¥³ ³ ¸¸Ò ¢μ§³μ¦´μ° Î ¸É¨ÍÒ É¥³´μ° ³ É¥·¨¨ [18Ä20],
É. ¥. m1′ ≈ 7100 Ô‚. �É³¥É¨³, ÎÉμ (3 + 2 + 1)-³μ¤¥²Ó ¢ ¶·¨´Í¨¶¥ ³μ¦¥É ¨³¨-
É¨·μ¢ ÉÓ (3+1)- ¨ (3+2)-³μ¤¥²¨ ¶·¨ Ê³¥´ÓÏ¥´¨¨ ·μ²¨ μ¤´μ£μ ¨²¨ ¤¢ÊÌ ‘�,
´ ¶·¨³¥·, ¶·¨ §´ Î¨É¥²Ó´μ³ Ê¢¥²¨Î¥´¨¨ ¨Ì ³ ¸¸ ¨²¨ ¶·¨ ¸¶¥Í¨ ²Ó´μ³ ¢Ò-
¡μ·¥ Ê£²μ¢ ¸³¥Ï¨¢ ´¨Ö.

�μ²ÊÎ¥´´Ò¥ ´ ³¨ ·¥§Ê²ÓÉ ÉÒ ³μ£ÊÉ μ¡ÑÖ¸´¨ÉÓ ¶μÖ¢²¥´¨¥ “� ¢ Ô±¸¶¥·¨-
³¥´É¥ LSND ¶·¨ Ô´¥·£¨¨ ∼ 40 ŒÔ‚ ¨ · ¸¸ÉμÖ´¨¨ ∼ 30 ³. ‚ ¦´Ò³ ·¥§Ê²ÓÉ -
Éμ³, ± ± ¢¨¤´μ ¨§ ·¨¸Ê´± , Ö¢²Ö¥É¸Ö ¨§³¥´¥´¨¥ §´ ±  · §´μ¸É¨ ¢¥·μÖÉ´μ¸É¥°
¶μÖ¢²¥´¨Ö νe ¨ ν̄e ( ¸¨³³¥É·¨Ö) ¶·¨ §´ Î¥´¨ÖÌ ¶ · ³¥É·  L/Eν(ν̄) ≈ 2, É ±
ÎÉμ ¶·¨ ³ ²ÒÌ · ¸¸ÉμÖ´¨ÖÌ (³¥´ÓÏ¨Ì 60 ³, ¤²Ö Ô´¥·£¨¨ Eν(ν̄) = 30 ŒÔ‚)
¢ ´ Ï¥° ³μ¤¥²¨ ¨³¥¥É ³¥¸Éμ ¶·¥¢ÒÏ¥´¨¥ ¢ÒÌμ¤  ν̄e ´ ¤ ¢ÒÌμ¤μ³ νe, ¥¸²¨
η2 = +π/6,   ¶·¨ ¤μ¸É ÉμÎ´μ ¡μ²ÓÏ¨Ì · ¸¸ÉμÖ´¨ÖÌ ¤μ²¦´μ ¨³¥ÉÓ ³¥¸Éμ
¶·¥¢ÒÏ¥´¨¥ ¢ÒÌμ¤  νe ´ ¤ ¢ÒÌμ¤μ³ ν̄e. �¡· É´ Ö ¸¨ÉÊ Í¨Ö ¨³¥¥É ³¥¸Éμ,
¥¸²¨ η2 = −π/6. �  ²¥¢μ° ¶ ´¥²¨ ·¨¸Ê´±  ·¥§Ê²ÓÉ ÉÒ ¤²Ö P (νμ → νe) ¨
P (ν̄μ → ν̄e) ¶·¥¤¸É ¢²¥´Ò ¢ Éμ° ¦¥ Ëμ·³¥ ¨ ¢ § ¢¨¸¨³μ¸É¨ μÉ μÉ´μÏ¥´¨Ö
L/Eν(ν̄), ± ± ¨ ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´Éμ¢ LSND ¨ MiniBooNE (¸³. ·¨¸. 3
¢ · ¡μÉ¥ [21]). �μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ Ö¢²ÖÕÉ¸Ö Ì · ±É¥·´μ° μ¸μ¡¥´´μ¸ÉÓÕ
¤ ´´μ° ³μ¤¥²¨ �� ¨ ‘� ¨ ³μ£ÊÉ ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´Ò ¶·¨ ¨´É¥·¶·¥É Í¨¨
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¨ ¤²Ö ¶·¥¤¸± § ´¨Ö ´μ¢ÒÌ. ‚ ¡²¨¦ °Ï¨¥ £μ¤Ò
§ ¶² ´¨·μ¢ ´μ ¶·μ¢¥¤¥´¨¥ ·Ö¤  Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¶μ¨¸±Ê ²¥£±¨Ì ‘�. �·¥¤-
²μ¦¥´Ò Ô±¸¶¥·¨³¥´ÉÒ ¶μ ¶μ¨¸±Ê ‘� ¸ ¡μ²ÓÏ¨³¨ ¶μÉμ± ³¨ Ô²¥±É·μ´´ÒÌ
 ´É¨´¥°É·¨´μ, ¢μ§´¨± ÕÐ¨³¨ ¶·¨ β-· ¸¶ ¤¥ ¡μ²ÓÏμ£μ Î¨¸²  Ö¤¥· 8Li [22].
ƒμÉμ¢¨É¸Ö ¶·μ¢¥¤¥´¨¥ Ê¸±μ·¨É¥²Ó´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢, ·¥§Ê²ÓÉ ÉÒ ±μÉμ·ÒÌ ¶μ-
§¢μ²¨²¨ ¡Ò ¸ ¡μ²ÓÏμ° ¤μ¸Éμ¢¥·´μ¸ÉÓÕ · §·¥Ï¨ÉÓ § £ ¤±Ê LSND- ´μ³ ²¨¨,
  ¨³¥´´μ OscSNS ¢ ‘˜� [23] ¨ J-PARC MLF ¢ Ÿ¶μ´¨¨ [24] ¶·¨ Ô´¥·£¨ÖÌ
´¥°É·¨´μ ∼ 40 ŒÔ‚ ¸ ¤¥É¥±Éμ· ³¨ ´  · ¸¸ÉμÖ´¨ÖÌ μÉ 10 ¤μ 100 ³ μÉ ¨¸ÉμÎ-
´¨±μ¢ ´¥°É·¨´μ.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Î ¸É¨Î´μ° Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ �μ¸¸¨°¸±μ£μ
Ëμ´¤  ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¢ · ³± Ì ´ ÊÎ´μ£μ ¶·μ¥±É 
º14-22-03040 ±μ¤ ®μË¨-³¯.
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