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a �¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°, „Ê¡´ 
¡ ˆ´¸É¨ÉÊÉ Ë¨§¨±¨ ¢Ò¸µ±¨Ì Ô´¥·£¨°, �·µÉ¢¨´µ

ˆ§  ´ ²¨§  ¤ ´´ÒÌ, ¶µ²ÊÎ¥´´ÒÌ ¢ Ô±¸¶¥·¨³¥´É¥ ´  ®�¥°É·¨´´µ³ ¤¥É¥±Éµ·¥ ˆ”‚�Ä�ˆŸˆ¯,
µ¶·¥¤¥²¥´Ò ´µ¢Ò¥ ¶·¥¤¥²Ò ´  ¶ · ³¥É·Ò ´¥°É·¨´´ÒÌ νe → νe-µ¸Í¨²²ÖÍ¨°. �  90 %-³ Ê·µ¢´¥
¤µ¸Éµ¢¥·´µ¸É¨ ¶·¥¤¥²Ò ¸µ¸É ¢²ÖÕÉ: ∆m2 < 33 Ô‚2 ¶·¨ ³ ±¸¨³ ²Ó´µ³ ¸³¥Ï¨¢ ´¨¨, sin2 2θ < 0,09
¢ µ¡² ¸É¨ ´ ¨¡µ²ÓÏ¥° ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ Ô±¸¶¥·¨³¥´É  (∆m2 ∼ 150 Ô‚2) ¨ sin2 2θ < 0,19 ¶·¨
¡µ²ÓÏ¨Ì ∆m2. �µ²ÊÎ¥´´Ò¥ ¶·¥¤¥²Ò ´   ³¶²¨ÉÊ¤Ê ´¥°É·¨´´ÒÌ νe → νe-µ¸Í¨²²ÖÍ¨° ³µ¦´µ
¨´É¥·¶·¥É¨·µ¢ ÉÓ ± ± µ£· ´¨Î¥´¨Ö ´  sin2 2θ13.

New limits on the νe → νe neutrino oscillation parameters have been obtained from the analysis of
data collected by the IHEPÄJINR Neutrino Detector. At 90% CL these limits are: ∆m2 < 33 eV2 at
maximal mixing, sin2 2θ < 0.09 in the most sensitive region (∆m2 ∼ 150 eV2) and sin2 2θ < 0.19
at large ∆m2. The limits on the amplitude of the νe → νe neutrino oscillations can be interpreted as
limits on sin2 2θ13.

‚‚…„…�ˆ…

�±¸¶¥·¨³¥´É ¶µ ¶µ¨¸±Ê ´¥°É·¨´´ÒÌ νe → νx-µ¸Í¨²²ÖÍ¨° ¡Ò² ¶·µ¢¥¤¥´ ¢ 1993Ä
1994 ££. ´  Ê¸É ´µ¢±¥ ®�¥°É·¨´´Ò° ¤¥É¥±Éµ· ˆ”‚�Ä�ˆŸˆ¯ ¢ ¶ÊÎ±¥ ´¥°É·¨´µ µÉ Ê¸±µ·¨-
É¥²Ö “-70 (ˆ”‚�, �·µÉ¢¨´µ). �·¥¤¢ ·¨É¥²Ó´Ò°  ´ ²¨§ ¤ ´´ÒÌ µ¶Ê¡²¨±µ¢ ´ ¢ · ¡µÉ¥ [1].
‚ ¸¢Ö§¨ ¸ ¢µ§·µ¸Ï¨³ ¨´É¥·¥¸µ³ ± ¶·µ¡²¥³¥ µ¸Í¨²²ÖÍ¨° ´¥°É·¨´µ ³Ò § ´µ¢µ ¶·µ ´ ²¨-
§¨·µ¢ ²¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¨ ¶µ²ÊÎ¨²¨ µ£· ´¨Î¥´¨Ö ´  ¶ · ³¥É·Ò µ¸Í¨²²ÖÍ¨°
νe → νe.
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„¥É ²Ó´ Ö ¨´Ëµ·³ Í¨Ö µ Ëµ·³¨·µ¢ ´¨¨ ´¥°É·¨´´µ£µ ¶ÊÎ±  ´  Ê¸±µ·¨É¥²¥ “-70 ¶·¥¤-
¸É ¢²¥´  ¢ · ¡µÉ¥ [2]. �·µÉµ´´Ò° ¶ÊÎµ± ¸ Ô´¥·£¨¥° 70 ƒÔ‚ ´ ¶· ¢²Ö²¸Ö ´   ²Õ³¨´¨-
¥¢ÊÕ ³¨Ï¥´Ó ¤²¨´µ° 60 ¸³. ‚Éµ·¨Î´Ò¥ Î ¸É¨ÍÒ, ¢Ò²¥É ÕÐ¨¥ ¨§ ³¨Ï¥´¨, · ¸¶ ¤ ²¨¸Ó

1E-mail: nefedov@nusun.jinr.ru
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¢ ±µ´Ê¸µµ¡· §´µ³ · ¸¶ ¤´µ³ ± ´ ²¥ ¤²¨´µ° 12 ³. ‡ ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ § ³¥¤²Ö²¨¸Ó ¨
µ¸É ´ ¢²¨¢ ²¨¸Ó ¢ ¸É ²Ó´µ° § Ð¨É¥, Ê¸É ´µ¢²¥´´µ° §  · ¸¶ ¤´Ò³ ± ´ ²µ³. �¥°É·¨´µ,
µ¡· §µ¢ ´´Ò¥ ¢ µ¸´µ¢´µ³ µÉ · ¸¶ ¤µ¢ π- ¨ K-³¥§µ´µ¢, ·¥£¨¸É·¨·µ¢ ²¨¸Ó ¢ ®�¥°É·¨´-
´µ³ ¤¥É¥±Éµ·¥ ˆ”‚�Ä�ˆŸˆ¯, ±µÉµ·Ò° · ¸¶µ²µ¦¥´ §  § Ð¨Éµ°. � ¸¸ÉµÖ´¨¥ µÉ ¸¥·¥¤¨´Ò
· ¸¶ ¤´µ° ¡ §Ò ¤µ ¤¥É¥±Éµ·  ¸µ¸É ¢²Ö²µ 60 ³. “¸É·µ°¸É¢µ ¤²Ö Ëµ±Ê¸¨·µ¢±¨ ¢Éµ·¨Î´ÒÌ
Î ¸É¨Í ¢ ¤ ´´µ³ Ô±¸¶¥·¨³¥´É¥ ´¥ ¨¸¶µ²Ó§µ¢ ²µ¸Ó. �Éµ µ¡ÑÖ¸´Ö¥É¸Ö É¥³, ÎÉµ ¶·¨³¥´¥-
´¨¥ Ëµ±Ê¸¨·ÊÕÐ¥£µ Ê¸É·µ°¸É¢  ¸´¨¦ ¥É ¤µ²Õ Ô²¥±É·µ´´ÒÌ ´¥°É·¨´µ ¶µ µÉ´µÏ¥´¨Õ ±
³Õµ´´Ò³ ´¥°É·¨´µ, ÎÉµ ¶·¨¢µ¤¨É ± Ê¢¥²¨Î¥´¨Õ Ëµ´  ¨ ± ÊÌÊ¤Ï¥´¨Õ ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨
´ Ï¥£µ Ô±¸¶¥·¨³¥´É . ˆ¸¶µ²Ó§µ¢ ´¨¥ ±µ·µÉ±µ° · ¸¶ ¤´µ° ¡ §Ò (12 ³) ¶µ§¢µ²¨²µ ¶µ-
¢Ò¸¨ÉÓ ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ Ô±¸¶¥·¨³¥´É  §  ¸ÎeÉ Ê¢¥²¨Î¥´¨Ö µÉ´µ¸¨É¥²Ó´µ£µ ¸µ¤¥·¦ ´¨Ö
Ô²¥±É·µ´´ÒÌ ´¥°É·¨´µ ¢ ´¥°É·¨´´µ³ ¶ÊÎ±¥.

‡  ¢·¥³Ö ¤¢ÊÌ ¸¥ ´¸µ¢ ´ ¡µ·  ¤ ´´ÒÌ ¢ 1993 ¨ 1994 ££. ´  ³¨Ï¥´Ó ¡Ò²µ ¸¡·µÏ¥´µ
2,2 · 1018 ¶·µÉµ´µ¢.

®�¥°É·¨´´Ò° ¤¥É¥±Éµ· ˆ”‚�Ä�ˆŸˆ¯ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ± ²µ·¨³¥É·¨Î¥¸±¨° ¤¥É¥±-
Éµ· ¸ Ô²¥±É·µ´´Ò³ ¸Ñ¥³µ³ ¨´Ëµ·³ Í¨¨. „¥É ²Ó´µ¥ µ¶¨¸ ´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´µ° Ê¸É -
´µ¢±¨ ¶·¥¤¸É ¢²¥´µ ¢ ¸É ÉÓ¥ [3].
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‘ÊÐ¥¸É¢Ê¥É ¤¢  ¶µ¤Ìµ¤  ± ¶µ¨¸±Ê ´¥°É·¨´´ÒÌ µ¸Í¨²²ÖÍ¨°. ‚ Ô±¸±²Õ§¨¢´ÒÌ Ô±¸¶¥·¨-
³¥´É Ì (¶µ ®¢µ§´¨±´µ¢¥´¨Õ¯) ¢ ¶ÊÎ±¥ ´¥°É·¨´µ µ¤´µ£µ É¨¶  ¨ÐÊÉ ¶µÖ¢²¥´¨¥ ´¥°É·¨´µ
¤·Ê£µ£µ É¨¶ . ‚ ¨´±²Õ§¨¢´µ° ¶µ¸É ´µ¢±¥ (¶µ ®¨¸Î¥§´µ¢¥´¨Õ¯) ·¥£¨¸É·¨·ÊÕÉ ¢§ ¨³µ¤¥°-
¸É¢¨Ö ´¥°É·¨´µ Éµ£µ ¦¥ É¨¶ . ‚ ¤ ´´µ³ Ô±¸¶¥·¨³¥´É¥ ¨¸¶µ²Ó§µ¢ ² ¸Ó ¨´±²Õ§¨¢´ Ö ¶µ-
¸É ´µ¢± . „²Ö ÔÉµ£µ ¢ ¤¥É¥±Éµ·¥ ·¥£¨¸É·¨·µ¢ ²¨¸Ó ¢§ ¨³µ¤¥°¸É¢¨Ö Ô²¥±É·µ´´ÒÌ ´¥°É·¨´µ
¶µ ± ´ ²Ê § ·Ö¦¥´´µ£µ Éµ±  νeN → e−X (νeCC-¢§ ¨³µ¤¥°¸É¢¨Ö)1 ¨ ¨Ì Î¨¸²µ ¸· ¢´¨¢ -
²µ¸Ó ¸ · ¸Î¥É´Ò³, µ¦¨¤ ¥³Ò³ Î¨¸²µ³ É ±¨Ì ¸µ¡ÒÉ¨°. …¸²¨ Î¨¸²µ νeCC-¢§ ¨³µ¤¥°¸É¢¨°
µ± §Ò¢ ¥É¸Ö ³¥´ÓÏ¥ µ¦¨¤ ¥³µ£µ, ÔÉµ ³µ¦¥É ¡ÒÉÓ ¨´É¥·¶·¥É¨·µ¢ ´µ ± ± ¶¥·¥Ìµ¤ Ô²¥±-
É·µ´´ÒÌ ´¥°É·¨´µ ¢ ± ±µ°-²¨¡µ ¤·Ê£µ° É¨¶ ´¥°É·¨´µ νx (νµ, ντ ¨²¨ ®¸É¥·¨²Ó´µ¥¯ ´¥°-
É·¨´µ).

‚¥·µÖÉ´µ¸ÉÓ ´¥°É·¨´´ÒÌ νe → νe-µ¸Í¨²²ÖÍ¨° (¢ Ê¶·µÐ¥´´µ³ ¶·¥¤¶µ²µ¦¥´¨¨, ÎÉµ
Ô²¥±É·µ´´µ¥ ´¥°É·¨´µ ¥¸ÉÓ ¸Ê¶¥·¶µ§¨Í¨Ö Éµ²Ó±µ ¤¢ÊÌ ¸µ¡¸É¢¥´´ÒÌ ³ ¸¸µ¢ÒÌ ¸µ¸ÉµÖ´¨°)
µ¶¨¸Ò¢ ¥É¸Ö Ëµ·³Ê²µ° (¸³., ´ ¶·¨³¥·, [4]):

Pνe→νe = 1 − sin2 2θ sin2

(
1,27∆m2 L0

Eν

)
, (1)

£¤¥ L0 Å · ¸¸ÉµÖ´¨¥ µÉ ÉµÎ±¨ µ¡· §µ¢ ´¨Ö ´¥°É·¨´µ ¤µ ¢¥·Ï¨´Ò ¢§ ¨³µ¤¥°¸É¢¨Ö (³);
Eν Å Ô´¥·£¨Ö ´¥°É·¨´µ (ŒÔ‚); sin2 2θ Å  ³¶²¨ÉÊ¤  µ¸Í¨²²ÖÍ¨°,   ∆m2 Å ³µ¤Ê²Ó
· §´µ¸É¨ ±¢ ¤· Éµ¢ ³ ¸¸ ¤¢ÊÌ ¸µ¡¸É¢¥´´ÒÌ ³ ¸¸µ¢ÒÌ ¸µ¸ÉµÖ´¨° (Ô‚2).

Œ ² Ö ¶·µÉÖ¦¥´´µ¸ÉÓ · ¸¶ ¤´µ£µ ± ´ ²  ¶µ§¢µ²Ö¥É ¸Î¨É ÉÓ, ÎÉµ ´¥°É·¨´µ µ¡· §ÊÕÉ¸Ö
¢ ´¥³ · ¢´µ¢¥·µÖÉ´µ ¶µ ¤²¨´¥ ¨ ·¥§Ê²ÓÉ¨·ÊÕÐ¥¥ ¢Ò· ¦¥´¨¥ ¤²Ö ¢¥·µÖÉ´µ¸É¨ µ¸Í¨²²Ö-
Í¨° ¶µ²ÊÎ ¥É¸Ö Ê¸·¥¤´¥´¨¥³ Ëµ·³Ê²Ò (1) ¶µ ¤²¨´¥ · ¸¶ ¤´µ£µ ± ´ ² . „µ¶µ²´¨É¥²Ó´ÊÕ

1‹¨¢´¨ µÉ Ô²¥±É·µ´µ¢ ¨ ¶µ§¨É·µ´µ¢ ¢Ò£²Ö¤ÖÉ ¢ ¤¥É¥±Éµ·¥ µ¤¨´ ±µ¢µ. �µÔÉµ³Ê, ¢ ¤ ²Ó´¥°Ï¥³, É¥·³¨´ νeCC-
¢§ ¨³µ¤¥°¸É¢¨¥ µÉ´µ¸¨É¸Ö ± ¢§ ¨³µ¤¥°¸É¢¨Õ ± ± Ô²¥±É·µ´´ÒÌ ´¥°É·¨´µ, É ± ¨  ´É¨´¥°É·¨´µ.
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¨´Ëµ·³ Í¨Õ µ ¶ · ³¥É· Ì µ¸Í¨²²ÖÍ¨° ³µ¦´µ ¶µ²ÊÎ¨ÉÓ, ¨§ÊÎ Ö · ¸¶·¥¤¥²¥´¨¥ ¸µ¡Ò-
É¨° ¶µ ¢¥²¨Î¨´¥ L/Eν , £¤¥ L Å · ¸¸ÉµÖ´¨¥ µÉ ¸¥·¥¤¨´Ò · ¸¶ ¤´µ£µ ± ´ ²  ¤µ ÉµÎ±¨
¢§ ¨³µ¤¥°¸É¢¨Ö ´¥°É·¨´µ.

‚ ¸²ÊÎ ¥, ¥¸²¨ µ¸Í¨²²ÖÍ¨¨ ´¥ µ¡´ ·Ê¦¥´Ò, Í¥²ÓÕ  ´ ²¨§  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´-
´ÒÌ Ö¢²Ö¥É¸Ö µ¶·¥¤¥²¥´¨¥ µ¡² ¸É¨ ¨¸±²ÕÎ¥´´ÒÌ §´ Î¥´¨° ¶ · ³¥É·µ¢ sin2 2θ ¨ ∆m2 ´ 
90 %-³ Ê·µ¢´¥ ¤µ¸Éµ¢¥·´µ¸É¨.

��‘—…’ ‘�…Š’��‚ �…‰’�ˆ��

„²Ö ¶µ¨¸±  ´¥°É·¨´´ÒÌ µ¸Í¨²²ÖÍ¨° ´¥µ¡Ìµ¤¨³µ Ìµ·µÏ¥¥ §´ ´¨¥ ¸¶¥±É·µ¢ ´ ²¥É -
ÕÐ¨Ì ´¥°É·¨´µ. � ¸Î¥É ´¥°É·¨´´ÒÌ ¸¶¥±É·µ¢ ¡Ò² ¢Ò¶µ²´¥´ ¸ ¶µ³µÐÓÕ ¶ ±¥É  ¶·µ-
£· ³³ [2] ´  µ¸´µ¢¥ ¡¨¡²¨µÉ¥±¨ GEANT [5] ¢¥·¸¨¨ 3.15. �·¨ ³µ¤¥²¨·µ¢ ´¨¨ ¶·µÉµ´-
Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ¢ÒÌµ¤Ò ¢Éµ·¨Î´ÒÌ Î ¸É¨Í ±µ··¥±É¨·µ¢ ²¨¸Ó ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³
¨´±²Õ§¨¢´ÒÌ ¸¶¥±É·µ¢ π- ¨ K-³¥§µ´µ¢, ¨§³¥·¥´´ÒÌ ¶·¨ Ô´¥·£¨¨ ´ ²¥É ÕÐ¨Ì ¶·µÉµ´µ¢
Ep = 67 ƒÔ‚ [6]. �Ò²  ÊÎÉ¥´  ¸²µ¦´ Ö £¥µ³¥É·¨Ö ´¥°É·¨´´µ£µ ± ´ ² . �µ²ÊÎ¥´´Ò¥
¸¶¥±É·Ò ´¥°É·¨´µ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 1.

�¨¸. 1. � ¸Î¥É´Ò¥ ¸¶¥±É·Ò ³Õµ´´ÒÌ ¨ Ô²¥±É·µ´´ÒÌ ´¥°É·¨´µ ¨  ´É¨´¥°É·¨´µ. �µÉµ±¨ ´µ·³¨·µ-

¢ ´Ò ´  µ¤¨´ ¸¡·µÏ¥´´Ò° ´  ³¨Ï¥´Ó ¶·µÉµ´ ¨ ¸µµÉ¢¥É¸É¢ÊÕÉ ¶µ¶¥·¥Î´µ³Ê ¸¥Î¥´¨Õ 260× 260 ¸³
´  ¸¥·¥¤¨´¥ ¤²¨´Ò ®�¥°É·¨´´µ£µ ¤¥É¥±Éµ· ¯
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�¥µ¶·¥¤¥²¥´´µ¸ÉÓ ¢ §´ ´¨¨ ¸¶¥±É·µ¢ ´¥°É·¨´µ Ö¢²Ö¥É¸Ö µ¤´¨³ ¨§ ±²ÕÎ¥¢ÒÌ Ë ±Éµ-
·µ¢, µ¶·¥¤¥²ÖÕÐ¨Ì ÉµÎ´µ¸ÉÓ ¶µ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éµ¢ ¶·¨ ¶µ¨¸±¥ νe → νe-µ¸Í¨²²ÖÍ¨°.
�Í¥´±  ÔÉµ° ´¥µ¶·¥¤¥²¥´´µ¸É¨ ¢±²ÕÎ ¥É ¤¢¥ µ¸´µ¢´Ò¥ ¸µ¸É ¢²ÖÕÐ¨¥: ÉµÎ´µ¸ÉÓ ¶·¥¤¸± -
§ ´¨Ö K/π-µÉ´µÏ¥´¨Ö ¢ ¸¶¥±É·¥ ¢Éµ·¨Î´ÒÌ Î ¸É¨Í ¨ ÉµÎ´µ¸ÉÓ · ¸Î¥É  ¢ÒÌµ¤µ¢
K0

L-³¥§µ´µ¢, ¤ ´´Ò¥ µ ·µ¦¤¥´¨¨ ±µÉµ·ÒÌ ¶·¨ Ep ∼ 70 ƒÔ‚ ¶· ±É¨Î¥¸±¨ µÉ¸ÊÉ¸É¢ÊÕÉ.
’µÎ´µ¸ÉÓ ¶µ²ÊÎ¥´´ÒÌ ¸¶¥±É·µ¢ Ô²¥±É·µ´´ÒÌ ´¥°É·¨´µ ¸µ¸É ¢²Ö¥É 10Ä12 % ¶·¨ Ô´¥·-

£¨¨ ´¥°É·¨´µ 4 < Eν < 10 ƒÔ‚ ¨ 4Ä5 % ¢ ¨´É¥·¢ ²¥ Ô´¥·£¨° 10 < Eν < 30 ƒÔ‚. ˆ§-§ 
¡µ²ÓÏ¥£µ ¢±² ¤   ´É¨´¥°É·¨´µ µÉ · ¸¶ ¤µ¢ K0

L-³¥§µ´µ¢ ¢ ¸¶¥±É· Ô²¥±É·µ´´ÒÌ  ´É¨´¥°-
É·¨´µ ÉµÎ´µ¸ÉÓ ¶·¥¤¸± § ´¨Ö ¨Ì ¸¶¥±É·  ÊÌÊ¤Ï ¥É¸Ö: ∼ 20 % ¤²Ö 4 < Eν < 10 ƒÔ‚ ¨
∼ 10 % ¢ ¨´É¥·¢ ²¥ Ô´¥·£¨° 10 < Eν < 30 ƒÔ‚.

‚›„…‹…�ˆ… ‘��›’ˆ‰

ˆ¤¥´É¨Ë¨± Í¨Ö νeCC-¢§ ¨³µ¤¥°¸É¢¨° ¢ ®�¥°É·¨´´µ³ ¤¥É¥±Éµ·¥¯ µ¸´µ¢ ´  ´  ¢Ò-
¤¥²¥´¨¨ Ê§±¨Ì Ô²¥±É·µ³ £´¨É´ÒÌ ²¨¢´¥° ¸ ¶µ¸²¥¤ÊÕÐ¨³ ¢µ¸¸É ´µ¢²¥´¨¥³ ±¨´¥³ É¨±¨
¸µ¡ÒÉ¨Ö. ˜¨·¨´  Ô²¥±É·µ³ £´¨É´µ£µ ²¨¢´Ö ¸µ¸É ¢²Ö¥É ∼ 15 ¸³ ¨ µ¶·¥¤¥²Ö¥É¸Ö, ¢ µ¸´µ¢-
´µ³, ±µµ·¤¨´ É´Ò³ · §·¥Ï¥´¨¥³ ¦¨¤±µ¸É´ÒÌ ¸Í¨´É¨²²ÖÍ¨µ´´ÒÌ ¸Î¥ÉÎ¨±µ¢, ¢ Éµ ¢·¥³Ö
± ± Ï¨·¨´   ¤·µ´´µ£µ ²¨¢´Ö ¸µ¸É ¢²Ö¥É ´¥¸±µ²Ó±µ ¤¥¸ÖÉ±µ¢ ¸ ´É¨³¥É·µ¢ (∼ 60 ¸³).
�·¨ ¢Ò¤¥²¥´¨¨ ¨§µ²¨·µ¢ ´´µ£µ Ô²¥±É·µ³ £´¨É´µ£µ ²¨¢´Ö ÔËË¥±É¨¢´µ¸ÉÓ · §¤¥²¥´¨Ö
 ¤·µ´´ÒÌ ¨ Ô²¥±É·µ³ £´¨É´ÒÌ ²¨¢´¥° επ/εe ¸µ¸É ¢²Ö¥É 4,7 · 10−2 ¶·¨ 90 %-° ÔËË¥±-
É¨¢´µ¸É¨ ¨¤¥´É¨Ë¨± Í¨¨ Ô²¥±É·µ´µ¢ εe [3]. ‚ ¸²ÊÎ ¥ ¢Ò¤¥²¥´¨Ö £²Ê¡µ±µ´¥Ê¶·Ê£¨Ì
νe-¢§ ¨³µ¤¥°¸É¢¨° Ô²¥±É·µ³ £´¨É´Ò° ²¨¢¥´Ó µÉ ²¨¤¨·ÊÕÐ¥£µ Ô²¥±É·µ´  ³µ¦¥É ¶¥·¥-
±·Ò¢ ÉÓ¸Ö ¸  ¤·µ´´Ò³ ²¨¢´¥³, ¨ ¢Ò¤¥²¥´¨¥ É ±¨Ì ¸µ¡ÒÉ¨° § É·Ê¤´¥´µ [7].

�·¨ ¨§ÊÎ¥´¨¨ ÔËË¥±É¨¢´µ¸É¨ ¢Ò¤¥²¥´¨Ö νeCC-¢§ ¨³µ¤¥°¸É¢¨° ¤²Ö ³µ¤¥²¨·µ¢ ´¨Ö
´¥°É·¨´´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ¨¸¶µ²Ó§µ¢ ² ¸Ó ¶·µ£· ³³  CATAS [8]. Œµ¤¥²¨·µ¢ ´¨¥ ¶µ-
± § ²µ, ÎÉµ µ¸´µ¢´Ò³ ¨¸ÉµÎ´¨±µ³ Ëµ´µ¢ÒÌ ¸µ¡ÒÉ¨° Ö¢²ÖÕÉ¸Ö ¢§ ¨³µ¤¥°¸É¢¨Ö νµ ¶µ ± -
´ ²Ê ´¥°É· ²Ó´µ£µ Éµ±  (NC) ¨ νµCC-¢§ ¨³µ¤¥°¸É¢¨Ö ¸ ´¥¨¤¥´É¨Ë¨Í¨·µ¢ ´´Ò³ ³Õµ´µ³,
¢ ±µÉµ·ÒÌ · ¸¶ ¤ π0 ¨³¨É¨·Ê¥É ¸¨£´ ² µÉ ²¨¤¨·ÊÕÐ¥£µ Ô²¥±É·µ´ . ˆ¸¶µ²Ó§µ¢ ´¨¥ ·Ö¤ 
±¨´¥³ É¨Î¥¸±¨Ì ±·¨É¥·¨¥¢ (¸³. [9]) ¶µ§¢µ²¨²µ Ê³¥´ÓÏ¨ÉÓ ¢¥²¨Î¨´Ê Ëµ´  ¤µ §´ Î¥´¨Ö
(1,6 ± 0,1) % ¢ · ¸Î¥É¥ ´  µ¤´µ νµCC-¢§ ¨³µ¤¥°¸É¢¨¥. �·¨ ÔÉµ³ ¶µ²´ Ö ÔËË¥±É¨¢´µ¸ÉÓ
¢Ò¤¥²¥´¨Ö νeCC-¢§ ¨³µ¤¥°¸É¢¨° ¸µ¸É ¢¨²  (22 ± 1) %.

�…‡“‹œ’�’› ���‹ˆ‡�

‚ ·¥§Ê²ÓÉ É¥ µ¡· ¡µÉ±¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¡Ò²µ ¢Ò¤¥²¥´µ 695 ± ´¤¨¤ Éµ¢
´  ¢§ ¨³µ¤¥°¸É¢¨Ö Ô²¥±É·µ´´ÒÌ ´¥°É·¨´µ. �  ·¨¸. 2 ¶·¨¢¥¤¥´µ · ¸¶·¥¤¥²¥´¨¥ ÔÉ¨Ì ¸µ-
¡ÒÉ¨° ¢ § ¢¨¸¨³µ¸É¨ µÉ ¢µ¸¸É ´µ¢²¥´´µ° Ô´¥·£¨¨ ´¥°É·¨´µ Evis, ±µÉµ· Ö µ¶·¥¤¥²Ö¥É¸Ö
± ± ¢¥²¨Î¨´  ¶µ²´µ£µ ¢¨¤¨³µ£µ Ô´¥·£µ¢Ò¤¥²¥´¨Ö ¢ ¤¥É¥±Éµ·¥. �  ·¨¸Ê´±¥ É ±¦¥ ¶µ± -
§ ´Ò ·¥§Ê²ÓÉ ÉÒ ³µ¤¥²¨·µ¢ ´¨Ö νeCC-¢§ ¨³µ¤¥°¸É¢¨° ¸ ÊÎ¥Éµ³ ¢±² ¤  Ëµ´µ¢ÒÌ ¸µ¡ÒÉ¨°
(§ ÏÉ·¨Ìµ¢ ´´ Ö µ¡² ¸ÉÓ). � ¸¶·¥¤¥²¥´¨¥ ¸³µ¤¥²¨·µ¢ ´´ÒÌ ¸µ¡ÒÉ¨° µÉ´µ·³¨·µ¢ ´µ ´ 
¶µ²´µ¥ Î¨¸²µ ¸¡·µÏ¥´´ÒÌ ´  ³¨Ï¥´Ó ¶·µÉµ´µ¢ Å 2,2 · 1018. � ¸Î¥É´Ò¥ Î¨¸²  ¸µ¡Ò-
É¨° ¢ µÉ¸ÊÉ¸É¢¨¥ µ¸Í¨²²ÖÍ¨° ¸µ¸É ¢¨²¨ 359,9 νeCC-¢§ ¨³µ¤¥°¸É¢¨Ö ¨ 300,4 Ëµ´µ¢ÒÌ
¸µ¡ÒÉ¨Ö. ˆ§ ·¨¸. 2 ¢¨¤´µ, ÎÉµ Ô±¸¶¥·¨³¥´É ²Ó´µ¥ · ¸¶·¥¤¥²¥´¨¥ ´ Ìµ¤¨É¸Ö ¢ ¸µ£² ¸¨¨ ¸
µ¦¨¤ ¥³Ò³ ¢ µÉ¸ÊÉ¸É¢¨¥ µ¸Í¨²²ÖÍ¨°.
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�¨¸. 2. �±¸¶¥·¨³¥´É ²Ó´Ò¥ (ÉµÎ±¨ ¸ µÏ¨¡± ³¨) ¨ ¶µ²ÊÎ¥´´Ò¥ ³µ¤¥²¨·µ¢ ´¨¥³ (£¨¸Éµ£· ³³ ) · ¸-

¶·¥¤¥²¥´¨Ö ¢µ¸¸É ´µ¢²¥´´µ° Ô´¥·£¨¨ Ô²¥±É·µ´´ÒÌ ´¥°É·¨´µ. ‡ ÏÉ·¨Ìµ¢ ´´ Ö µ¡² ¸ÉÓ Å µÍ¥´± 
¢±² ¤  Ëµ´µ¢ÒÌ ¸µ¡ÒÉ¨° µÉ νµNC- ¨ νµCC-¢§ ¨³µ¤¥°¸É¢¨° ¸ ´¥¨¤¥´É¨Ë¨Í¨·µ¢ ´´Ò³ ³Õµ´µ³

„ ²Ó´¥°Ï¨°  ´ ²¨§ ¤ ´´ÒÌ ¢Ò¶µ²´¥´ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ · ¸¶·¥¤¥²¥´¨Ö ¶µ ¢¥²¨Î¨´¥
L/Evis. �  ·¨¸. 3 ¶µ± § ´Ò · ¸¶·¥¤¥²¥´¨Ö ÔÉµ° ¢¥²¨Î¨´Ò ¤²Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ
¨ ¤²Ö ¸³µ¤¥²¨·µ¢ ´´ÒÌ ¸µ¡ÒÉ¨° ¢ ¸²ÊÎ ¥ µÉ¸ÊÉ¸É¢¨Ö µ¸Í¨²²ÖÍ¨°,   É ±¦¥ µÉ´µÏ¥´¨¥
ÔÉ¨Ì · ¸¶·¥¤¥²¥´¨°.

„²Ö µÍ¥´±¨ ¶ · ³¥É·µ¢ µ¸Í¨²²ÖÍ¨° ´¥°É·¨´µ ¨¸¶µ²Ó§Ê¥É¸Ö χ2-±·¨É¥·¨°:

χ2 =
∑
ij

(
Di − Mi(∆m2, sin2 2θ)

)
V −1

ij

(
Dj − Mj(∆m2, sin2 2θ)

)
, (2)

£¤¥ Di Å Ô±¸¶¥·¨³¥´É ²Ó´µ ¨§³¥·¥´´µ¥ Î¨¸²µ ¸µ¡ÒÉ¨° ¢ i-³ ± ´ ²¥ · ¸¶·¥¤¥²¥´¨Ö;
Mi Å Î¨¸²µ ¸µ¡ÒÉ¨°, ¶µ²ÊÎ¥´´ÒÌ ¢ ·¥§Ê²ÓÉ É¥ ³µ¤¥²¨·µ¢ ´¨Ö ¸ ¶ · ³¥É· ³¨ µ¸Í¨²-
²ÖÍ¨° ∆m2 ¨ sin2 2θ; Vij Å ±µ¢ ·¨ Í¨µ´´ Ö ³ É·¨Í , ¢±²ÕÎ ÕÐ Ö ¢ ¸¥¡Ö ± ± ¸É É¨-
¸É¨Î¥¸±ÊÕ µÏ¨¡±Ê, ¸¢Ö§ ´´ÊÕ ¸ Î¨¸²µ³ ´ ¡²Õ¤ ¥³ÒÌ ¸µ¡ÒÉ¨°, É ± ¨ ¸¨¸É¥³ É¨Î¥¸±¨¥
´¥µ¶·¥¤¥²¥´´µ¸É¨.

Œ É·¨Í  Vij , ¨¸¶µ²Ó§Ê¥³ Ö ¢ ¢Ò· ¦¥´¨¨ (2), ´¥ § ¢¨¸¨É µÉ ¶ · ³¥É·µ¢ µ¸Í¨²²ÖÍ¨° ¨
¸É·µ¨É¸Ö ± ± ¸Ê³³  ±µ¢ ·¨ Í¨µ´´ÒÌ ³ É·¨Í µÉ · §²¨Î´ÒÌ ¨¸ÉµÎ´¨±µ¢ µÏ¨¡µ±. „²Ö ¸É -
É¨¸É¨Î¥¸±µ° µÏ¨¡±¨ ÔÉ  ³ É·¨Í  Ö¢²Ö¥É¸Ö ¤¨ £µ´ ²Ó´µ° ¸ Ô²¥³¥´É ³¨, · ¢´Ò³¨ ±¢ ¤· ÉÊ
¸É ´¤ ·É´µ° µÏ¨¡±¨ ¢ ± ¦¤µ³ ± ´ ²¥ £¨¸Éµ£· ³³Ò. �Ï¨¡±¨, ¸¢Ö§ ´´Ò¥ ¸ ¸¨¸É¥³ É¨Î¥-
¸±¨³¨ ´¥µ¶·¥¤¥²¥´´µ¸ÉÖ³¨, ¤¥²ÖÉ¸Ö ´  ´¥¸±µ²Ó±µ ± É¥£µ·¨°:

• �µ£·¥Ï´µ¸ÉÓ ¢ µ¶·¥¤¥²¥´¨¨ ÔËË¥±É¨¢´µ¸É¨ µÉ¡µ·  νeCC-¢§ ¨³µ¤¥°¸É¢¨°: 5 %.
• �µ£·¥Ï´µ¸ÉÓ ¢ ¶·¥¤¸± § ´¨¨ Ëµ´  µÉ · ¸¶ ¤  π0-³¥§µ´µ¢: 6 %.
• �¥µ¶·¥¤¥²¥´´µ¸É¨ ¢ ¸¶¥±É· Ì Ô²¥±É·µ´´ÒÌ ´¥°É·¨´µ ¨  ´É¨´¥°É·¨´µ. ‚ µÉ²¨Î¨¥

µÉ ¶·¥¤Ò¤ÊÐ¨Ì µÏ¨¡µ± µ´¨ § ¢¨¸ÖÉ µÉ Ô´¥·£¨¨ ´¥°É·¨´µ:

Eν < 10 ƒÔ‚ Eν > 10 ƒÔ‚
νe 10 % 5 %
ν̄e 20 % 10 %

Šµ¢ ·¨ Í¨µ´´ Ö ³ É·¨Í , µ¶¨¸Ò¢ ÕÐ Ö ± ±ÊÕ-²¨¡µ ¨§ Ê± § ´´ÒÌ ¢ÒÏ¥ ´¥µ¶·¥¤¥²¥´-
´µ¸É¥°, ¸É·µ¨É¸Ö É ±¨³ µ¡· §µ³, ÎÉµ ¶µ ¤¨ £µ´ ²¨ · ¸¶µ² £ ÕÉ¸Ö ±¢ ¤· ÉÒ µÏ¨¡µ±,   ¢´¥
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¤¨ £µ´ ²¨ Ô²¥³¥´ÉÒ É ±µ¢Ò, ÎÉµ ±µ··¥²ÖÍ¨Ö ³¥¦¤Ê ²Õ¡µ° ¶ ·µ° Ô²¥³¥´Éµ¢ ¸µ¸É ¢²Ö¥É

100 %: Vij =
√

Vii ·
√

Vjj .
Š ± ¢¨¤´µ ¨§ ·¨¸. 3, ¤ ´´Ò¥ Ìµ·µÏµ ¸µ£² ¸ÊÕÉ¸Ö ¸ £¨¶µÉ¥§µ° µÉ¸ÊÉ¸É¢¨Ö µ¸Í¨²²ÖÍ¨°:

¤²Ö ¢Ò¡· ´´ÒÌ ¢µ¸Ó³¨ ¨´É¥·¢ ²µ¢ ¢ · ¸¶·¥¤¥²¥´¨¨ ¶µ L/Evis ¢¥²¨Î¨´  χ2
data = 11,3 ´ 

¢µ¸¥³Ó ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò. ‡´ Î¥´¨Ö ¶ · ³¥É·µ¢ µ¸Í¨²²ÖÍ¨°, ¶·¨ ±µÉµ·ÒÌ ¤µ¸É¨£ ¥É¸Ö
´ ¨³¥´ÓÏ¨° χ2 (χ2

min = 11,2 ´  Ï¥¸ÉÓ ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò): ∆m2 = 12 Ô‚2 ¨ sin2 2θ = 1.
�²¨§±¨¥ §´ Î¥´¨Ö χ2

data ¨ χ2
min Ê± §Ò¢ ÕÉ ´  Ìµ·µÏÊÕ ¸µ¢³¥¸É¨³µ¸ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ

¤ ´´ÒÌ ¸ £¨¶µÉ¥§µ° µÉ¸ÊÉ¸É¢¨Ö µ¸Í¨²²ÖÍ¨°.

�¨¸. 3. a) P ¸¶·¥¤¥²¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ (ÉµÎ±¨ ¸ µÏ¨¡± ³¨) ¨ ¸³µ¤¥²¨·µ¢ ´´ÒÌ (£¨¸Éµ-

£· ³³ ) ¸µ¡ÒÉ¨° ¶µ ¶¥·¥³¥´´µ° L/Evis; § ÏÉ·¨Ìµ¢ ´´ Ö µ¡² ¸ÉÓ Å µÍ¥´±  ¢±² ¤  µÉ Ëµ´µ¢ÒÌ
¸µ¡ÒÉ¨°. ¡) OÉ´µÏ¥´¨¥ ¤ ´´ÒÌ ± ¶·¥¤¸± § ´¨Õ (R); ¶µ± § ´  Éµ²Ó±µ ¸É É¨¸É¨Î¥¸± Ö µÏ¨¡± 

��…„…‹› �� ����Œ…’�› �‘–ˆ‹‹Ÿ–ˆ‰

„²Ö ¢ÒÎ¨¸²¥´¨Ö µ¡² ¸É¨ ¨¸±²ÕÎ¥´´ÒÌ ¶ · ³¥É·µ¢ ∆m2 ¨ sin2 2θ ¨¸¶µ²Ó§Ê¥É¸Ö É ±
´ §Ò¢ ¥³Ò° ³¥Éµ¤ ®raster scan¯, µ¶¨¸ ´¨¥ ±µÉµ·µ£µ ¸µ¤¥·¦¨É¸Ö, ´ ¶·¨³¥·, ¢ · ¡µÉ¥ [10].
„²Ö 90 %-£µ Ê·µ¢´Ö ¤µ¸Éµ¢¥·´µ¸É¨ ¶·¥¤¥²Ò ¶µ± § ´Ò ´  ·¨¸. 4. ‚ µ¡² ¸É¨ ´ ¨¡µ²ÓÏ¥°
ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ Ô±¸¶¥·¨³¥´É  (∆m2 ∼ 150 Ô‚2) ¶·¥¤¥² ´  ¶ · ³¥É· sin2 2θ ¸µ¸É ¢²Ö¥É
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0,09, Éµ£¤  ± ± ¤²Ö ¡µ²ÓÏ¨Ì ∆m2 µ´ · ¢¥´ 0,19. ‡¤¥¸Ó ¦¥ ¶·¨¢¥¤¥´  ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ
Ô±¸¶¥·¨³¥´É , ¶µ²ÊÎ¥´´ Ö ¢ ¶·¥¤¶µ²µ¦¥´¨¨, ÎÉµ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥  ¡¸µ²ÕÉ´µ

�¨¸. 4. —Ê¢¸É¢¨É¥²Ó´µ¸ÉÓ Ô±¸¶¥·¨³¥´É 

(¶µ± § ´  ÉµÎ± ³¨) ¨ µ¡² ¸ÉÓ ¶ · ³¥É·µ¢
µ¸Í¨²²ÖÍ¨° νe → νe (¸¶· ¢  µÉ ´¥¶·¥-

·Ò¢´µ° ±·¨¢µ°), ¨¸±²ÕÎ¥´´ Ö ´  90 %-³
Ê·µ¢´¥ ¤µ¸Éµ¢¥·´µ¸É¨

ÉµÎ´µ ¸µ¢¶ ¤ ÕÉ ¸ ³µ¤¥²¨·µ¢ ´´Ò³¨ ¸µ¡ÒÉ¨-
Ö³¨. �£· ´¨Î¥´¨Ö, ¶µ²ÊÎ¥´´Ò¥ ¢ Ô±¸¶¥·¨³¥´É¥,
Ìµ·µÏµ ¸µ£² ¸ÊÕÉ¸Ö ¸ ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓÕ ¢ µ¡² -
¸É¨ ³ ²ÒÌ ∆m2 ¨ ¸É ´µ¢ÖÉ¸Ö ¡µ²¥¥ ¸É·µ£¨³¨ ¤²Ö
¡µ²ÓÏ¨Ì ∆m2. ’ ±µ¥ ¶µ¢¥¤¥´¨¥ µ¡ÑÖ¸´Ö¥É¸Ö
É¥³, ÎÉµ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ÉµÎ±¨ (·¨¸. 3) ²¥¦ É
´¥¸±µ²Ó±µ ¢ÒÏ¥ ¶·¥¤¸± § ´ÒÌ ³¥Éµ¤µ³ Œµ´É¥-
Š ·²µ. �¤´ ±µ ´ ¡²Õ¤ ¥³µ¥ µÉ±²µ´¥´¨¥ ¢¶µ²´¥
Ê±² ¤Ò¢ ¥É¸Ö ¢ · ³±¨ ¸É É¨¸É¨Î¥¸±¨Ì Ë²Ê±ÉÊ -
Í¨°.

�¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´É  ´¥ ¶µ¤É¢¥·¤¨²¨
¶·¥¤¶µ²µ¦¥´¨Ö µ ¸ÊÐ¥¸É¢µ¢ ´¨¨ µ¸Í¨²²ÖÍ¨°
νe → νx ¸ ¶ · ³¥É· ³¨ ∆m2 = (377 ± 27) Ô‚2

¨ sin2 2θ = 0,48 ± 0,10 (¸³. ·¨¸. 5), Ê± § ´¨¥ ´ 
¢µ§³µ¦´µ¥ ¸ÊÐ¥¸É¢µ¢ ´¨¥ ±µÉµ·ÒÌ ¡Ò²µ ¶µ²Ê-
Î¥´µ ¢ ·¥§Ê²ÓÉ É¥  ´ ²¨§  ¤ ´´ÒÌ Ô±¸¶¥·¨³¥´É 
¶µ ¶µ²´µ³Ê ¶µ£²µÐ¥´¨Õ ¶·µÉµ´´µ£µ ¶ÊÎ±  ¢
–…�� [11].

‚ ¶·¥¤¶µ²µ¦¥´¨¨ ¸¶· ¢¥¤²¨¢µ¸É¨ ¨¥· ·Ì¨¨
³ ¸¸ ´¥°É·¨´µ (m1 � m2 � m3) ¶µ²ÊÎ¥´´Ò¥
µ£· ´¨Î¥´¨Ö ´   ³¶²¨ÉÊ¤Ê ´¥°É·¨´´ÒÌ µ¸Í¨²²Ö-
Í¨° ³µ¦´µ ¨´É¥·¶·¥É¨·µ¢ ÉÓ ± ± µ£· ´¨Î¥´¨Ö
´  sin2 2θ13. „¥°¸É¢¨É¥²Ó´µ, ¢ ¸²ÊÎ ¥ É·¥Ì É¨-

¶µ¢ ´¥°É·¨´µ ¨ ¢ ¶·¥¤¶µ²µ¦¥´¨¨ ∆m2
12 � ∆m2

23 ≈ ∆m2
13 Ëµ·³Ê²  ¤²Ö ¢¥·µÖÉ´µ¸É¨

¶¥·¥Ìµ¤  νe → νe ¢Ò£²Ö¤¨É ¸²¥¤ÊÕÐ¨³ µ¡· §µ³ [12]:

Pνe→νe = 1 − sin2 (2θ13) sin2 (1,27∆m2
23L/E),

£¤¥ sin2 (2θ13) = 4|Ue3|2(1 − |Ue3|2); Ue3 Å Ô²¥³¥´É ³ É·¨ÍÒ ¸³¥Ï¨¢ ´¨Ö �µ´É¥±µ·¢µÄ
Œ ±¨Ä� ± £ ¢ Ä‘ ± É  [13].

„²Ö ¸· ¢´¥´¨Ö ¶·¥¤¥² ´  sin2 2θ13 ´  90 %-³ Ê·µ¢´¥ ¤µ¸Éµ¢¥·´µ¸É¨ ¨§  ´ ²¨§  ¶¥·¥Ìµ-
¤µ¢ ν̄e → ν̄e ¢ ·¥ ±Éµ·´µ³ Ô±¸¶¥·¨³¥´É¥ CHOOZ ¶·¨ ±µ··¥±É´µ³ ÊÎ¥É¥ ¸¨¸É¥³ É¨Î¥¸±¨Ì
µÏ¨¡µ± [14] ¸µ¸É ¢²Ö¥É 0,17 ¶·¨ ¡µ²ÓÏ¨Ì ∆m2. „·Ê£µ° ·¥ ±Éµ·´Ò° Ô±¸¶¥·¨³¥´É Palo
Verde É ±¦¥ ¶µ²ÊÎ¨² ¶·¥¤¥² ´  sin2 2θ13, · ¢´Ò° 0,17 ¶·¨ ¡µ²ÓÏ¨Ì ∆m2 [15]. ‘²¥¤Ê¥É
µÉ³¥É¨ÉÓ, ÎÉµ ²ÊÎÏ¨° ¶·¥¤¥² ´  sin2 2θ13 ¶·¨ ¡µ²ÓÏ¨Ì ∆m2 ¢ ¶ÊÎ± Ì νe ¡Ò² ¶µ²ÊÎ¥´
¢ Ô±¸¶¥·¨³¥´É¥ NOMAD ´  Ê¸±µ·¨É¥²¥ SPS (–…��) ¨§  ´ ²¨§  ¢¥·µÖÉ´µ¸É¨ ¶¥·¥Ìµ¤ 
νe → ντ [16]. ‚ ¸²ÊÎ ¥ É·¥Ì É¨¶µ¢ ´¥°É·¨´µ ¨ ¢ ¶·¥¤¶µ²µ¦¥´¨¨ ∆m2

12 → 0 [12]:

Pνe→ντ = sin2 (2θ13) cos2 θ23 sin2 (1,27∆m2
23L/E).

ˆ§ Ô±¸¶¥·¨³¥´Éµ¢ ¸  É³µ¸Ë¥·´Ò³¨ ´¥°É·¨´µ ¸²¥¤Ê¥É, ÎÉµ θ23 ≈ 45◦ [17]. Šµ²² ¡µ· Í¨Ö
NOMAD Ê¸É ´µ¢¨²  ¶·¥¤¥² ´  ¢¥·µÖÉ´µ¸ÉÓ ¶¥·¥Ìµ¤  νe → ντ ´  90 %-³ Ê·µ¢´¥ ¤µ¸Éµ-
¢¥·´µ¸É¨ Pνe→ντ < 0,74 · 10−2 [16], ÎÉµ ¸µµÉ¢¥É¸É¢Ê¥É ¶·¥¤¥²Ê ´  sin2 2θ13 < 0,03 ¶·¨
¡µ²ÓÏ¨Ì ∆m2.
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�±¸¶¥·¨³¥´É ¶µ ¶µ¨¸±Ê νe → νe-µ¸Í¨²²ÖÍ¨° ¡Ò² ¢Ò¶µ²´¥´ ´  Ê¸É ´µ¢±¥ ®�¥°É·¨´-
´Ò° ¤¥É¥±Éµ· ˆ”‚�Ä�ˆŸˆ¯ ¢ ¶ÊÎ±¥ ´¥°É·¨´µ µÉ Ê¸±µ·¨É¥²Ö “-70. ˆ¸¶µ²Ó§µ¢ ´¨¥ ±µ-
·µÉ±µ° · ¸¶ ¤´µ° ¡ §Ò ¶µ§¢µ²¨²µ Ê¢¥²¨Î¨ÉÓ ¤µ²Õ Ô²¥±É·µ´´ÒÌ ´¥°É·¨´µ ¢ ´¥°É·¨´´µ³
¶ÊÎ±¥ ¨ ¶µ¢Ò¸¨ÉÓ ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ Ô±¸¶¥·¨³¥´É .

�¨¸. 5. �¡² ¸ÉÓ ¶ · ³¥É·µ¢ µ¸Í¨²²ÖÍ¨° νe → νe (¸¶· ¢  µÉ ±·¨¢µ°), ¨¸±²ÕÎ¥´´ Ö ´  90 %-³ Ê·µ¢´¥
¤µ¸Éµ¢¥·´µ¸É¨. ’µÎ±  ¸ µÏ¨¡±µ° ¸µµÉ¢¥É¸É¢Ê¥É ¢µ§³µ¦´Ò³ §´ Î¥´¨Ö³ ¶ · ³¥É·µ¢ ´¥°É·¨´´ÒÌ

µ¸Í¨²²ÖÍ¨° ¨§ · ¡µÉÒ [11]

‚ ¶·¥¤¸É ¢²¥´´µ° · ¡µÉ¥ ¢Ò¶µ²´¥´ ´µ¢Ò°  ´ ²¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ. �·¨
ÔÉµ³ ¢  ´ ²¨§¥ ¡Ò²¨ ¡µ²¥¥ ¶µ²´µ ÊÎÉ¥´Ò ¸¨¸É¥³ É¨Î¥¸±¨¥ ´¥µ¶·¥¤¥²¥´´µ¸É¨, ¨¸¶µ²Ó§µ-
¢ ´ ´µ¢Ò° ³¥Éµ¤ ¢ÒÎ¨¸²¥´¨Ö ¤µ¢¥·¨É¥²Ó´µ° µ¡² ¸É¨ ¨ ¶µ²ÊÎ¥´Ò ¶·¥¤¥²Ò ´  ¶ · ³¥É·Ò
¶¥·¥Ìµ¤  νe → νe ¢ ¶·¥¤¶µ²µ¦¥´¨¨ ¸³¥Ï¨¢ ´¨Ö É·¥Ì É¨¶µ¢ ´¥°É·¨´µ. �·¥¤¥²Ò ´   ³¶²¨-
ÉÊ¤Ê ´¥°É·¨´´ÒÌ νe → νe-µ¸Í¨²²ÖÍ¨° (·¨¸. 5) ³µ¦´µ ¨´É¥·¶·¥É¨·µ¢ ÉÓ ± ± µ£· ´¨Î¥´¨Ö
´  sin2 2θ13: ´  90 %-³ Ê·µ¢´¥ ¤µ¸Éµ¢¥·´µ¸É¨ sin2 2θ13 < 0,09 ¢ µ¡² ¸É¨ ´ ¨¡µ²ÓÏ¥°
ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ Ô±¸¶¥·¨³¥´É  (∆m2 ∼ 150 Ô‚2) ¨ sin2 2θ13 < 0,19 ¶·¨ ¡µ²ÓÏ¨Ì ∆m2

(∆m2 > 300 Ô‚2).
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