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ˆ´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° �μ¸¸¨°¸±μ°  ± ¤¥³¨¨ ´ Ê±, Œμ¸±¢ 

“¸±μ·¨É¥²Ó´Ò° ´¥°É·¨´´Ò° Ô±¸¶¥·¨³¥´É T2K (Tokai-to-Kamioka) ¢ Ÿ¶μ´¨¨
¢ 2010 £. ´ Î ² ´ ¡μ· ¤ ´´ÒÌ ¢ ´¥°É·¨´´μ° ³μ¤¥,   ¸ 2014 £. ¶¥·¥±²ÕÎ¨²¸Ö ¢  ´É¨-
´¥°É·¨´´ÊÕ ³μ¤Ê. �·¥¤¸É ¢²¥´Ò ¶¥·¢Ò¥ ·¥§Ê²ÓÉ ÉÒ  ´ ²¨§  ¤ ´´ÒÌ  ´É¨´¥°É·¨´´μ°
³μ¤Ò.

The long-baseline accelerator neutrino oscillation experiment T2K (Tokai-to-Kamioka)
in Japan had been running in the neutrino mode since 2010, and in 2014 it switched to the
antineutrino mode. The ˇrst results of the antineutrino mode analysis are presented.
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T2K (Tokai-to-Kamioka) Å ÔÉμ μ¸Í¨²²ÖÍ¨μ´´Ò° ´¥°É·¨´´Ò° Ô±¸¶¥·¨-
³¥´É ¸ ¤²¨´´μ° ¡ §μ°, ¢ ±μÉμ·μ³ ¶μÉμ± ³Õμ´´ÒÌ ( ´É¨)´¥°É·¨´μ, μ¡· §μ-
¢ ´´Ò° ¢ ¶·μÉμ´´μ³ Ê¸±μ·¨É¥²Ó´μ³ ±μ³¶²¥±¸¥ J-PARC (’μ± °), ´ ¶· ¢²Ö-
¥É¸Ö ¢ ¸Éμ·μ´Ê ¤ ²Ó´¥£μ ¤¥É¥±Éμ·  Super-Kamiokande (SK), · ¸¶μ²μ¦¥´´μ£μ ¢
295 ±³ [1]. �¸´μ¢´Ò³¨ § ¤ Î ³¨ Ô±¸¶¥·¨³¥´É  T2K Ö¢²ÖÕÉ¸Ö: μÉ±·ÒÉ¨¥ ¶¥-
·¥Ìμ¤μ¢ νμ → νe, É. ¥. ¶μ¤É¢¥·¦¤¥´¨¥ ´¥´Ê²¥¢μ£μ §´ Î¥´¨Ö Ê£²  ¸³¥Ï¨¢ ´¨Ö
θ13 ¨ ¶·¥Í¨§¨μ´´μ¥ ¨§³¥·¥´¨¥ ¶ · ³¥É·μ¢ μ¸Í¨²²ÖÍ¨° νμ → νμ. ‘ μÉ±·Ò-
É¨¥³ ´¥´Ê²¥¢μ£μ §´ Î¥´¨Ö θ13 ´  ¶¥·¥¤´¨° ¶² ´ ¢Ò¸ÉÊ¶ ¥É § ¤ Î  ¶μ¨¸± 
CP-´ ·ÊÏ¥´¨Ö ¢ ²¥¶Éμ´´μ³ ¸¥±Éμ·¥.

T2K ´ Î ² ´ ¡μ· ¤ ´´ÒÌ ¢ 2010 £. ¢ ´¥°É·¨´´μ° ³μ¤¥,   ¸ 2014 £. ¶¥-
·¥±²ÕÎ¨²¸Ö ¢  ´É¨´¥°É·¨´´ÊÕ ³μ¤Ê. ‚ ¤ ´´μ³ ¤μ±² ¤¥ ¶·¨¢μ¤ÖÉ¸Ö ¶·¥¤¢ -
·¨É¥²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ  ´ ²¨§  ¤ ´´ÒÌ, ¶μ²ÊÎ¥´´ÒÌ ¢  ´É¨´¥°É·¨´´μ° ³μ¤¥,
  É ±¦¥ ´ ¨¡μ²¥¥ §´ Î¨³Ò¥ ·¥§Ê²ÓÉ ÉÒ  ´ ²¨§  ¤ ´´ÒÌ ´¥°É·¨´´μ° ³μ¤Ò.
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�μÉμ± ³Õμ´´ÒÌ ( ´É¨)´¥°É·¨´μ ¢ T2K ¶μ²ÊÎ ¥É¸Ö ¢ ·¥§Ê²ÓÉ É¥ · ¸¶ ¤μ¢
§ ·Ö¦¥´´ÒÌ ³¥§μ´μ¢, μ¡· §μ¢ ¢Ï¨Ì¸Ö ¢ ·¥§Ê²ÓÉ É¥ ¢§ ¨³μ¤¥°¸É¢¨° ¶·μÉμ´μ¢
¸ Ö¤· ³¨ £· Ë¨Éμ¢μ° ³¨Ï¥´¨. ‡ ·Ö¦¥´´Ò¥ ³¥§μ´Ò Ëμ±Ê¸¨·ÊÕÉ¸Ö ¸ ¶μ³μÐÓÕ
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É·¥Ì Ô²¥±É·μ³ £´¨Éμ¢ ¨ ´ ¶· ¢²ÖÕÉ¸Ö ¢ · ¸¶ ¤´ÊÕ §μ´Ê. Œ¥´ÖÖ ´ ¶· ¢²¥-
´¨¥ ¨³¶Ê²Ó¸´μ£μ Éμ±  ¢ Ô²¥±É·μ³ £´¨É Ì, μ±·Ê¦ ÕÐ¨Ì £· Ë¨Éμ¢ÊÕ ³¨Ï¥´Ó,
³μ¦´μ ¶¥·¥±²ÕÎ ÉÓ¸Ö ¨§ ´¥°É·¨´´μ° ¢  ´É¨´¥°É·¨´´ÊÕ ³μ¤Ê.

‚ T2K ¢¶¥·¢Ò¥ ´  ¶· ±É¨±¥ ¨¸¶μ²Ó§Ê¥É¸Ö ³¥Éμ¤ ¢´¥μ¸¥¢μ£μ ¤¥É¥±É¨·μ-
¢ ´¨Ö ´¥°É·¨´μ: μ¤¨´ ¨§ ¡²¨¦´¨Ì ¤¥É¥±Éμ·μ¢ (ND280),   É ±¦¥ ¤ ²Ó´¨° ¤¥-
É¥±Éμ· SK · ¸¶μ²μ¦¥´Ò ¶μ¤ ´¥¡μ²ÓÏ¨³ Ê£²μ³ (2,5◦) ¶μ μÉ´μÏ¥´¨Õ ± μ¸¨
¶ÊÎ± . ‚ ÔÉμ³ ¸²ÊÎ ¥ ¡² £μ¤ ·Ö ±¨´¥³ É¨±¥ · ¸¶ ¤μ¢ § ·Ö¦¥´´ÒÌ ¶¨μ´μ¢
Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ´¥°É·¨´μ ¨³¥¥É ¶μÎÉ¨ ³μ´μ²¨´¨Õ, ¸μμÉ¢¥É¸É¢ÊÕÐÊÕ
μ¸Í¨²²ÖÍ¨μ´´μ³Ê ³ ±¸¨³Ê³Ê (Eν = 600 ŒÔ‚), ¨, ±·μ³¥ Éμ£μ, É¥³ ¸ ³Ò³
¶μ¤ ¢²Ö¥É¸Ö ´¥¦¥² É¥²Ó´Ò° ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±¨° Ëμ´.

�  · ¸¸ÉμÖ´¨¨ 280 ³ μÉ ³¨Ï¥´¨ · ¸¶μ²μ¦¥´Ò ¡²¨¦´¨¥ ¤¥É¥±Éμ·Ò
INGRID ¨ ND280, ±μÉμ·Ò¥ ´¥μ¡Ìμ¤¨³Ò ¤²Ö ¶μ²ÊÎ¥´¨Ö ¤ ´´ÒÌ μ ´¥°É·¨´-
´μ³ ¶ÊÎ±¥ ¤μ μ¸Í¨²²ÖÍ¨°.

‡ ¤ Î  ¤¥É¥±Éμ·  INGRID (Interactive Neutrino GRID), Ê¸É ´μ¢²¥´´μ£μ
´  μ¸¨ ´¥°É·¨´´μ£μ ¶ÊÎ± , § ±²ÕÎ ¥É¸Ö ¢ ³μ´¨Éμ·¨·μ¢ ´¨¨ ´ ¶· ¢²¥´¨Ö ¨
¨´É¥´¸¨¢´μ¸É¨ ´¥°É·¨´´μ£μ ¶ÊÎ±  ¢ ·¥ ²Ó´μ³ ¢·¥³¥´¨ [2].

‚´¥μ¸¥¢μ° ¡²¨¦´¨° ¤¥É¥±Éμ·´Ò° ±μ³¶²¥±¸ ND280 ¸μ¸Éμ¨É ¨§ ³ £´¨É 
UA1, ¢´ÊÉ·¨ ±μÉμ·μ£μ ¶μ³¥Ð¥´ É·¥±¥· ¨ ¤·Ê£¨¥ ¤¥É¥±Éμ·Ò Î ¸É¨Í. Šμ³-
¶²¥±¸ ND280 ¸²Ê¦¨É ¤²Ö μ¶·¥¤¥²¥´¨Ö ¸μ¸É ¢  ´¥°É·¨´´μ£μ ¶ÊÎ± ,   É ±¦¥
¤²Ö μ£· ´¨Î¥´¨Ö ¸¨¸É¥³ É¨Î¥¸±¨Ì ¶μ£·¥Ï´μ¸É¥°, ¸¢Ö§ ´´ÒÌ ¸ ¶μÉμ±μ³ ´¥°-
É·¨´μ ¨ ¸ ¸¥Î¥´¨Ö³¨ ´¥°É·¨´´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨°.

‚ ± Î¥¸É¢¥ ¤ ²Ó´¥£μ ¤¥É¥±Éμ·  T2K ¨¸¶μ²Ó§Ê¥É¸Ö Ìμ·μÏμ ¨§¢¥¸É´Ò° ¤¥-
É¥±Éμ· SK, ¶·¥¤¸É ¢²ÖÕÐ¨° ¸μ¡μ° Í¨²¨´¤·¨Î¥¸±¨° ¡ ± ¸ ¢μ¤μ° (¶μ²´Ò° ¢¥¸
50 ±É), ¸¶μ¸μ¡´Ò° · §²¨Î ÉÓ Î¥·¥´±μ¢¸±¨¥ ±μ²ÓÍ , ¢Ò§¢ ´´Ò¥ ³Õμ´ ³¨ ¨
Ô²¥±É·μ´ ³¨ ¸ ÔËË¥±É¨¢´μ¸ÉÓÕ > 99% [3].

„²Ö ¸¨´Ì·μ´¨§ Í¨¨ · ¡μÉÒ ¡²¨¦´¨Ì ¨ ¤ ²Ó´¥£μ ¤¥É¥±Éμ·μ¢ ¨¸¶μ²Ó§Ê¥É¸Ö
GPS-¸¨¸É¥³  (Global Positioning System).
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�´ ²¨§ ¤ ´´ÒÌ ¢ T2K ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ³´μ£μ¸ÉÊ¶¥´Î ÉÊÕ ¶·μÍ¥¤Ê·Ê,
ÎÉμ μ¡Ê¸²μ¢²¥´μ μÉ¸ÊÉ¸É¢¨¥³ ¶μ²´ÒÌ ¤ ´´ÒÌ μ ´¥°É·¨´´μ³ ¶μÉμ±¥ ¨ ¸¥Î¥´¨ÖÌ
¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°É·¨´μ ¸ ¢¥Ð¥¸É¢μ³.

„²Ö · ¸Î¥É  μ¦¨¤ ¥³μ£μ Î¨¸²  ¸μ¡ÒÉ¨°,   É ±¦¥ ¸¶¥±É·  ´¥°É·¨´μ ¢ SK
¤ ´´Ò¥ ¸ ¡²¨¦´¨Ì ¤¥É¥±Éμ·μ¢ Ô±¸É· ¶μ²¨·ÊÕÉ¸Ö ¸ ÊÎ¥Éμ³ ·Ö¤  ³μ¤¥²¥°: ¶μ-
Éμ±  ´¥°É·¨´μ, ¸¥Î¥´¨° ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°É·¨´μ,   É ±¦¥ μÉ±²¨±  ¤¥É¥±Éμ-
·μ¢. � · ³¥É·Ò ¶μÉμ±  ¨ ¸¥Î¥´¨° ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°É·¨´μ ¶·¥¤¢ ·¨É¥²Ó´μ
μ¶·¥¤¥²ÖÕÉ¸Ö ¸ ¶μ³μÐÓÕ ¤ ´´ÒÌ ¤·Ê£¨Ì Ô±¸¶¥·¨³¥´Éμ¢,   É ±¦¥ INGRID ¨
³μ´¨Éμ·μ¢ Ê¸±μ·¨É¥²Ó´μ£μ ± ´ ² . ‡ É¥³ ¶·μ¢μ¤¨É¸Ö ´ ¸É·μ°±  ÔÉ¨Ì ¶ · -
³¥É·μ¢ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¤ ´´ÒÌ ¡²¨¦´¥£μ ¤¥É¥±Éμ·  ND280, ´  μ¸´μ¢ ´¨¨
Î¥£μ · ¸¸Î¨ÉÒ¢ ¥É¸Ö μ¦¨¤ ¥³μ¥ Î¨¸²μ ´¥°É·¨´´ÒÌ ¸μ¡ÒÉ¨° ¢ SK-¤¥É¥±Éμ·¥
¢ μÉ¸ÊÉ¸É¢¨¥ μ¸Í¨²²ÖÍ¨°. �μ¸²¥ ÔÉμ£μ μ¦¨¤ ¥³μ¥ Î¨¸²μ ¸μ¡ÒÉ¨° ¸· ¢´¨-
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¢ ¥É¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ SK, ¨ ¢ ·¥§Ê²ÓÉ É¥ ¶·μÍ¥¤Ê·Ò ¶μ¤-
£μ´±¨ ¶μ²ÊÎ ÕÉ¸Ö μ¸Í¨²²ÖÍ¨μ´´Ò¥ ¶ · ³¥É·Ò ( ´É¨)´¥°É·¨´μ. „²Ö μÉ¡μ· 
( ´É¨)´¥°É·¨´´ÒÌ ¸μ¡ÒÉ¨° ¢ SK-¤¥É¥±Éμ·¥ ¶·¨³¥´ÖÕÉ¸Ö ¸¶¥Í¨ ²Ó´Ò¥ ±·¨É¥-
·¨¨, μ¸´μ¢´μ¥ ´ §´ Î¥´¨¥ ±μÉμ·ÒÌ Å ¶μ¤ ¢²¥´¨¥ Ëμ´μ¢ÒÌ ¸μ¡ÒÉ¨°.

‚ ·¥§Ê²ÓÉ É¥  ´ ²¨§  ¤ ´´ÒÌ ´¥°É·¨´´μ° ³μ¤Ò (2010Ä2013), ¸μμÉ¢¥É¸É-
¢ÊÕÐ¨Ì 6,57 · 1020 ¶·μÉμ´  ´  ³¨Ï¥´¨ (POT), ¶μ²ÊÎ¥´μ ´ ¨¡μ²¥¥ ÉμÎ´μ¥
§´ Î¥´¨¥ θ23,   É ±¦¥ μÉ±·ÒÉÒ μ¸Í¨²²ÖÍ¨¨ νμ → νe ´  Ê·μ¢´¥ §´ Î¨³μ-
¸É¨ 7,3σ [4]. Š·μ³¥ Éμ£μ, Ê¤ ²μ¸Ó ¶μ²ÊÎ¨ÉÓ ¶¥·¢μ¥ μ£· ´¨Î¥´¨¥ ´  CP-´ -
·ÊÏ ÕÐÊÕ Ë §Ê δCP ¢ ²¥¶Éμ´´μ³ ¸¥±Éμ·¥ [5].

‚ 2014Ä2015 ££. ¢  ´É¨´¥°É·¨´´μ° ³μ¤¥ ´ ¡· ´  ¸É É¨¸É¨± , ¸μμÉ¢¥É-
¸É¢ÊÕÐ Ö 4,01 · 1020 POT (± ±μ´ÍÊ ³ Ö 2016 £. ´ ¡· ´μ Ê¦¥ ∼ 7,5 · 1020 POT
¢ Éμ° ¦¥ ³μ¤¥).

‚ ·¥§Ê²ÓÉ É¥  ´ ²¨§  ¤ ´´ÒÌ ν̄μ → ν̄μ (2014Ä2015) μÉμ¡· ´μ 34 ± ´-
¤¨¤ É  ν̄μ-¸μ¡ÒÉ¨° ¢ SK-¤¥É¥±Éμ·¥, ¸¶¥±É· ¢μ¸¸É ´μ¢²¥´´μ° Ô´¥·£¨¨ ±μÉμ-
·ÒÌ, ¸μ¢³¥Ð¥´´Ò° ¸ · ¸¸Î¨É ´´Ò³ ¸¶¥±É·μ³, ¶μ± § ´ ´  ·¨¸Ê´±¥. � ¨²ÊÎ-
Ï Ö ¶μ¤£μ´±  ¶ · ³¥É·μ¢ ¸³¥Ï¨¢ ´¨Ö  ´É¨´¥°É·¨´μ (sin2(θ̄23), |Δm2

32|) ¤ ¥É
·¥§Ê²ÓÉ ÉÒ, ¸μ£² ¸ÊÕÐ¨¥¸Ö ¸ ·¥§Ê²ÓÉ É ³¨, ¶μ²ÊÎ¥´´Ò³¨ ¢ ´¥°É·¨´´μ° ³μ¤¥:
sin2(θ̄23) = 0,45+0,29

−0,12 ¨ |Δm2
32| = 2,51 ± 0,28 · 10−3 (Ô‚2) [6].

‚ ·¥§Ê²ÓÉ É¥  ´ ²¨§  ¤ ´´ÒÌ ®´  ¶μÖ¢²¥´¨¥¯ μÉμ¡· ´μ É·¨ ± ´¤¨¤ É  ν̄e-
¸μ¡ÒÉ¨°, ÎÉμ ¶μ±  ´¥ ¶μ§¢μ²Ö¥É μ¤´μ§´ Î´μ ´¨ ¶μ¤É¢¥·¤¨ÉÓ, ´¨ μ¶·μ¢¥·£´ÊÉÓ
´ ¡²Õ¤¥´¨¥ ¶¥·¥Ìμ¤μ¢ ν̄μ → ν̄e.

a) �±¸¶¥·¨³¥´É ²Ó´Ò° ¨ · ¸¸Î¨É ´´Ò° ¸¶¥±É·Ò ¢μ¸¸É ´μ¢²¥´´μ° Ô´¥·£¨¨ 34 ± ´-
¤¨¤ Éμ¢ ν̄μ-¸μ¡ÒÉ¨° ¢ ¤ ²Ó´¥³ ¤¥É¥±Éμ·¥ (ÉμÎ±¨); ¡) μÉ´μÏ¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ
¸¶¥±É·  ± ¸¶¥±É·Ê, ¢ÒÎ¨¸²¥´´μ³Ê ¢ ¶·¥¤¶μ²μ¦¥´¨¨ μÉ¸ÊÉ¸É¢¨Ö μ¸Í¨²²ÖÍ¨°
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‚ ¤ ²Ó´¥°Ï¥³ ¡Ê¤¥É μ¸ÊÐ¥¸É¢²¥´ ±μ³¡¨´¨·μ¢ ´´Ò°  ´ ²¨§ ¤ ´´ÒÌ μ¡¥¨Ì
³μ¤ (´¥°É·¨´´μ° ¨  ´É¨´¥°É·¨´´μ°) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢¸¥° ´ ¡· ´´μ° ¸É É¨-
¸É¨±¨ ¸ ¢ ·Ó¨·μ¢ ´¨¥³ ¶ · ³¥É·μ¢ ± ± ¤²Ö ´¥°É·¨´μ, É ± ¨ ¤²Ö  ´É¨´¥°É·¨´μ,
  É ±¦¥ CP-Ë §Ò (θ23, θ̄23, θ13, θ̄13, |Δm2

32|, |Δm2
32|, δCP).

� ¡μÉ  ¶μ¤¤¥·¦ ´  �μ¸¸¨°¸±¨³ Ëμ´¤μ³ ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨°
(£· ´É �””ˆ º15-52-50015).
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