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μÉ ¨³¥´¨ ±μ²² ¡μ· Í¨¨ WAGASCI
1 ˆ´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° �μ¸¸¨°¸±μ°  ± ¤¥³¨¨ ´ Ê±, Œμ¸±¢ 

2 � Í¨μ´ ²Ó´Ò° ¨¸¸²¥¤μ¢ É¥²Ó¸±¨° Ö¤¥·´Ò° Ê´¨¢¥·¸¨É¥É ®Œˆ”ˆ¯, Œμ¸±¢ 

3 ˆ´¸É¨ÉÊÉ ±μ·¶Ê¸±Ê²Ö·´μ° Ë¨§¨±¨ (IFIC CSIC), ‚ ²¥´¸¨Ö, ˆ¸¶ ´¨Ö

4 Œμ¸±μ¢¸±¨° Ë¨§¨±μ-É¥Ì´¨Î¥¸±¨° ¨´¸É¨ÉÊÉ (£μ¸Ê¤ ·¸É¢¥´´Ò° Ê´¨¢¥·¸¨É¥É),

„μ²£μ¶·Ê¤´Ò°, �μ¸¸¨Ö

�¸´μ¢´μ° Í¥²ÓÕ Ô±¸¶¥·¨³¥´É  ¸ ¤²¨´´μ° ¡ §μ° ’2Š (Tokai-to-Kamioka, Ÿ¶μ´¨Ö)
Ö¢²Ö¥É¸Ö ¨§ÊÎ¥´¨¥ ´¥°É·¨´´ÒÌ μ¸Í¨²²ÖÍ¨° ´  ¨´É¥´¸¨¢´μ³ ¶ÊÎ±¥ ³Õμ´´ÒÌ ´¥°É·¨´μ
¨  ´É¨´¥°É·¨´μ. ˆ§³¥·¥´¨Ö ¸¥Î¥´¨° ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°É·¨´μ ¢ ¡²¨¦´¥³ ¤¥É¥±Éμ·-
´μ³ ±μ³¶²¥±¸¥ (ND280) Ô±¸¶¥·¨³¥´É  ’2Š ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö ´ ¸É·μ°±¨ ¶ · ³¥É·μ¢,
μ¶·¥¤¥²ÖÕÐ¨Ì ³μ¤¥²¨·μ¢ ´¨¥ ¸μ¡ÒÉ¨° ¢ ¤ ²Ó´¥³ ¤¥É¥±Éμ·¥ (Super-Kamiokande), ÎÉμ
¸μ¸É ¢²Ö¥É ±²ÕÎ¥¢ÊÕ ¨¤¥Õ Ô±¸¶¥·¨³¥´É  ¨ ¶μ§¢μ²Ö¥É ¸ÊÐ¥¸É¢¥´´μ Ê¢¥²¨Î¨ÉÓ ÉμÎ´μ¸ÉÓ
μ¸Í¨²²ÖÍ¨μ´´μ£μ  ´ ²¨§ . � §²¨Î¨¥ ¢ ¢¥Ð¥¸É¢¥ ³¨Ï¥´¨ ³¥¦¤Ê ¤ ²Ó´¨³ (¢μ¤ ) ¨ ¡²¨¦-
´¨³ (¸Í¨´É¨²²ÖÉμ·, Ê£²¥¢μ¤μ·μ¤) ¤¥É¥±Éμ· Ì ¢¥¤¥É ± ¶μÖ¢²¥´¨Õ ¸ÊÐ¥¸É¢¥´´μ° ¸¨¸É¥-
³ É¨Î¥¸±μ° ¶μ£·¥Ï´μ¸É¨ ¶·¨  ´ ²¨§¥ μ¸Í¨²²ÖÍ¨°. ‘¨¸É¥³ É¨Î¥¸± Ö ¶μ£·¥Ï´μ¸ÉÓ ³μ-
¦¥É ¡ÒÉÓ Ê³¥´ÓÏ¥´  ¶ÊÉ¥³ ¶·μ¢¥¤¥´¨Ö ¶·Ö³ÒÌ ¨§³¥·¥´¨°. „²Ö ÔÉ¨Ì Í¥²¥° ¶·¥¤²μ¦¥´
´μ¢Ò° ¢μ¤´μ-¸Í¨´É¨²²ÖÍ¨μ´´Ò° ¤¥É¥±Éμ· WAGASCI (WAter Grid And SCIntillator de-
tector). „¥É¥±Éμ· ¡Ê¤¥É · ¡μÉ ÉÓ ´  ´¥°É·¨´´μ³ ¶ÊÎ±¥ Ê¸±μ·¨É¥²Ö J-PARC, ¨¸¶μ²Ó§Ê¥-
³μ³ ¢ T2K, ¨ μ¸´μ¢´μ° Í¥²ÓÕ ¸É ´¥É μ¶·¥¤¥²¥´¨¥ μÉ´μÏ¥´¨Ö ¸¥Î¥´¨° ¢§ ¨³μ¤¥°¸É¢¨Ö
´¥°É·¨´μ Î¥·¥§ § ·Ö¦¥´´Ò¥ Éμ±¨ ´  ¢μ¤¥ ¨ Ê£²¥¢μ¤μ·μ¤¥ ¸ ÉμÎ´μ¸ÉÓÕ, ¤μ¸É¨£ ÕÐ¥°
´¥¸±μ²Ó±¨Ì ¶·μÍ¥´Éμ¢. ‚ ¡Ê¤ÊÐ¥³ ¢ Ë¨§¨Î¥¸±ÊÕ ¶·μ£· ³³Ê Ô±¸¶¥·¨³¥´É  ³μ£ÊÉ ¡ÒÉÓ
¢±²ÕÎ¥´Ò ¶·¥Í¨§¨μ´´Ò¥ ¨§³¥·¥´¨Ö · §²¨Î´ÒÌ § ·Ö¦¥´´ÒÌ ± ´ ²μ¢ ¢§ ¨³μ¤¥°¸É¢¨Ö
´¥°É·¨´μ. ‚ ¤ ´´μ° · ¡μÉ¥ ¶·¥¤¸É ¢²¥´  ±μ´Í¥¶Í¨Ö ¤¥É¥±Éμ·  ¨ ¤¥°¸É¢ÊÕÐ¨° ¶² ´
¶μ ¥£μ Ê¸É ´μ¢±¥.
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The main goal of a long-base experiment T2K (Tokai-to-Kamioka, Japan) is study-
ing of neutrino oscillations with an intense beam of muon neutrinos and antineutrinos.
The crucial idea of T2K experiment lays in the fact that the measurements of neutrino
interactions in the near detector complex (ND280) are used to tune parameters, which de-
termine the expected number of events in the far detector (Super-Kamiokande). It allows
one to signiˇcantly increase the precision of oscillation analysis. The difference in the
target material between the far (water) and near (scintillator, hydrocarbon) detectors leads
to the main noncanceling systematic uncertainty for the oscillation analysis. In order to
reduce the contribution of this error, a recently designed WAter Grid And SCIntillator
detector (WAGASCI) was proposed. The detector will operate at the J-PARC neutrino
beam to measure the ratio of charged-current neutrino cross sections between water and
hydrocarbon with a few percent accuracy. Further physical program may include precise
measurements of various charged channels of neutrino interaction. In this article, the
concept of the detector and current plan for its installation are presented.

PACS: 14.60.Pq; 29.40.Vj; 29.20.Ej

‚‚…„…�ˆ…

�±¸¶¥·¨³¥´É ’2Š (Tokai-to-Kamioka, Ÿ¶μ´¨Ö) Ö¢²Ö¥É¸Ö Ô±¸¶¥·¨³¥´Éμ³
¸ ¤²¨´´μ° ¡ §μ°. �¸´μ¢´ Ö § ¤ Î  ÔÉμ£μ Ô±¸¶¥·¨³¥´É  Å ¨§ÊÎ¥´¨¥ ´¥°É·¨´-
´ÒÌ μ¸Í¨²²ÖÍ¨°. ‚ μ¸Í¨²²ÖÍ¨μ´´μ³  ´ ²¨§¥ Ô±¸¶¥·¨³¥´É  ’2Š ¶μÉμ± ´¥°-
É·¨´μ ¨ ¶ · ³¥É·Ò ³μ¤¥²¨ ¸¥Î¥´¨° ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ μ¸´μ¢´μ³ ¶μ¸É·μ¥´Ò
´  ¨§³¥·¥´¨ÖÌ ¡²¨¦´¥£μ ¤¥É¥±Éμ·  ND280 [1]. ‘¨¸É¥³ É¨Î¥¸±¨¥ ¶μ£·¥Ï-
´μ¸É¨ ¶·¥¤¸± § ´´μ£μ ±μ²¨Î¥¸É¢  ¸¨£´ ²Ó´ÒÌ ¸μ¡ÒÉ¨° ¢ ¤¥É¥±Éμ·¥ Super-
Kamiokande ¤²Ö · §²¨Î´ÒÌ μ¸Í¨²²ÖÍ¨μ´´ÒÌ ± ´ ²μ¢ ¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥ [2].
Š ± ¢¨¤´μ ¨§ É ¡²¨ÍÒ, μ¤´  ¨§ ´ ¨¡μ²ÓÏ¨Ì ¶μ£·¥Ï´μ¸É¥° ¸¢Ö§ ´  ¸ ³μ¤¥-
²ÓÕ ¸¥Î¥´¨° ¢§ ¨³μ¤¥°¸É¢¨° ¨ ¢μ§´¨± ¥É ¨§-§  · §´¨ÍÒ ³¥¦¤Ê ¢¥Ð¥¸É¢ ³¨
³¨Ï¥´¨, ´  ±μÉμ·μ° ¢§ ¨³μ¤¥°¸É¢Ê¥É ´¥°É·¨´μ, ¢ ¡²¨¦´¥³ (Ê£²¥¢μ¤μ·μ¤ ‘�
¢  ±É¨¢´μ° ³¨Ï¥´¨) ¨ ¤ ²Ó´¥³ ¤¥É¥±Éμ·¥ (¢μ¤ ),   É ±¦¥ μ£· ´¨Î¥´´μ¸É¨ Ê£²μ-
¢μ° ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¡²¨¦´¥£μ ¤¥É¥±Éμ·  ¶μ ¸· ¢´¥´¨Õ ¸ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓÕ
¤ ²Ó´¥£μ (Ê£²μ¢μ°  ±¸¥¶É ´¸ Super-Kamiokande Å 4π). „²Ö Ê³¥´ÓÏ¥´¨Ö ÔÉ¨Ì
¸¨¸É¥³ É¨Î¥¸±¨Ì ¶μ£·¥Ï´μ¸É¥° ¶·¥¤²μ¦¥´ ´μ¢Ò° ¢μ¤´μ-¸Í¨´É¨²²ÖÍ¨μ´´Ò°

‘¨¸É¥³ É¨Î¥¸±¨¥ ¶μ£·¥Ï´μ¸É¨ ¶·¥¤¸± § ´´μ£μ ±μ²¨Î¥¸É¢  ¸¨£´ ²Ó´ÒÌ ¸μ¡ÒÉ¨°
¢ ¤¥É¥±Éμ·¥ Super-Kamiokande (1σ, %) ¤²Ö · §²¨Î´ÒÌ μ¸Í¨²²ÖÍ¨μ´´ÒÌ ³μ¤

‘¨¸É¥³ É¨±  νμ → νe νμ → νμ νμ → νμ

�μÉμ± ¨ ¸¥Î¥´¨Ö ¢§ ¨³μ¤¥°¸É¢¨Ö 3,1 2,7 3,4
‡ ¢¨¸¨³μ¸ÉÓ μÉ ¸μ¸É ¢  ³¨Ï¥´¨ 4,7 5,0 10,0
„ ²Ó´¨° ¤¥É¥±Éμ· 2,4 3,0 2,1
Ÿ¤¥·´Ò¥ ¶·μÍ¥¸¸Ò 2,7 4,0 3,8
�¡Ð Ö 6,8 7,7 11,6
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�¨¸. 1 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). �¦¨¤ ¥³Ò° ¶μÉμ± ´¥°É·¨´μ ¤²Ö WAGASCI
(±· ¸´ Ö ²¨´¨Ö) ¨ ¡²¨¦´¥£μ ¤¥É¥±Éμ·  (Î¥·´ Ö ²¨´¨Ö)

¤¥É¥±Éμ· WAGASCI, ¢ ±μÉμ·μ³ ¡Ê¤¥É ¨¸¶μ²Ó§μ¢ ´ ¶μ¤Ìμ¤, · ´¥¥ ¶·¨³¥´Ö¢-
Ï¨°¸Ö ¶·¨ μ¶·¥¤¥²¥´¨¨ μÉ´μÏ¥´¨Ö ¸¥Î¥´¨° ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°É·¨´μ ´  Fe
¨ CH ¸ ¶μ³μÐÓÕ μ¤´μ£μ ¨§ ¤¥É¥±Éμ·μ¢ ¡²¨¦´¥£μ ±μ³¶²¥±¸  INGRID ¨ ®¶·μ-
Éμ´´μ£μ¯ ³μ¤Ê²Ö [3]. �¸´μ¢´Ò³¨ § ¤ Î ³¨ ´μ¢μ£μ Ô±¸¶¥·¨³¥´É  Ö¢²ÖÕÉ¸Ö:

Å μ¶·¥¤¥²¥´¨¥ μÉ´μÏ¥´¨Ö ¸¥Î¥´¨° ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°É·¨´μ Î¥·¥§ § ·Ö-
¦¥´´Ò¥ Éμ±¨ ³¥¦¤Ê ¢μ¤μ° ¨ ¸Í¨´É¨²²ÖÉμ·μ³ ¸ ÉμÎ´μ¸ÉÓÕ 3 %;

Å ¨§³¥·¥´¨¥ · §²¨Î´ÒÌ ± ´ ²μ¢ ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°É·¨´μ Î¥·¥§ § ·Ö-
¦¥´´Ò¥ Éμ±¨ ¸ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ ¨ ¡μ²ÓÏ¨³ Ê£²μ¢Ò³  ±¸¥¶É ´¸μ³.

�μ¢Ò° ¤¥É¥±Éμ· ¡Ê¤¥É · ¸¶μ² £ ÉÓ¸Ö ¢ Ìμ²²¥ ±μ³¶²¥±¸  ¡²¨¦´¨Ì ¤¥É¥±-
Éμ·μ¢ ¨ ¨¸¶μ²Ó§μ¢ ÉÓ ÉμÉ ¦¥, ÎÉμ ¨ ND280, ¶ÊÎμ± Ê¸±μ·¨É¥²Ö J-PARC. ®‚´¥-
μ¸¥¢μ°¯ Ê£μ², ´  ±μÉμ·μ³ ¡Ê¤¥É · ¸¶μ² £ ÉÓ¸Ö ¤¥É¥±Éμ·, · ¢¥´ 1,5◦, ÎÉμ ¤ ¥É
¡²¨§±¨° ± ®¢´¥μ¸¥¢μ³Ê¯ ¶μÉμ±Ê ND280 (2,5◦) ¶μÉμ± ´¥°É·¨´μ ¸μ ¸·¥¤´¨³
§´ Î¥´¨¥³ Ô´¥·£¨¨ μ±μ²μ 0,7 ƒÔ‚, ± ± ¶μ± § ´μ ´  ·¨¸. 1.

1. „…’…Š’�� WAGASCI

�  ·¨¸. 2 ¶μ± § ´  ±μ´¸É·Ê±Í¨Ö ¤¥É¥±Éμ·  WAGASCI. „¥É¥±Éμ· ¸μ¸Éμ¨É
¨§ ¤¢ÊÌ £² ¢´ÒÌ Ô²¥³¥´Éμ¢: Í¥´É· ²Ó´μ° Î ¸É¨, ±μÉμ· Ö Ö¢²Ö¥É¸Ö ³¨Ï¥´ÓÕ
¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°É·¨´μ ¨ ¸μ¤¥·¦¨É ¢μ¤Ê ¨ Ê£²¥¢μ¤μ·μ¤, ¨ ¤¥É¥±Éμ·μ¢ ³Õ-
μ´´μ£μ ¶·μ¡¥£  (MRDs), ±μÉμ·Ò¥ μ±·Ê¦ ÕÉ ³¨Ï¥´Ó. Œ¨Ï¥´Ó ¸μ¸Éμ¨É ¨§
Î¥ÉÒ·¥Ì Î¥·¥¤ÊÕÐ¨Ì¸Ö ³μ¤Ê²¥°, § ¶μ²´¥´´ÒÌ ¢μ¤μ° ¨²¨ ¸Í¨´É¨²²ÖÉμ·μ³. „μ-
Î¥·´¨¥ Î ¸É¨ÍÒ, ·μ¦¤¥´´Ò¥ ¢ ·¥§Ê²ÓÉ É¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°É·¨´μ ¢ ³¨Ï¥´¨,
¤¥É¥±É¨·ÊÕÉ¸Ö ¸ ¶μ³μÐÓÕ 3D-·¥Ï¥ÉÎ Éμ° ¸É·Ê±ÉÊ·Ò, ¸¤¥² ´´μ° ¨§ Éμ´±¨Ì
¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸Î¥ÉÎ¨±μ¢. � §³¥· μ¤´μ£μ ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¸Î¥ÉÎ¨±  Å
1000 × 25 × 3 ³³, ¢ ¸¢μÕ μÎ¥·¥¤Ó, μ¡Ð¨° · §³¥· ³¨Ï¥´¨ Å 1 × 1 × 2 ³.
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�¨¸. 2. Šμ´¸É·Ê±Í¨Ö ¤¥É¥±Éμ·  WAGASCI

‚ ·¥Ï¥ÉÎ Éμ° ¸É·Ê±ÉÊ·¥ ÖÎ¥°±¨ ³¥¦¤Ê  ±É¨¢´Ò³¨ ¸Î¥ÉÎ¨± ³¨ § ¶μ²´¥´Ò
¢¥Ð¥¸É¢μ³ ³¨Ï¥´¨ (¢μ¤μ° ¨²¨ CH). ’ ± Ö ±μ´¸É·Ê±Í¨Ö ¶μ§¢μ²Ö¥É ³ ±¸¨³¨-
§¨·μ¢ ÉÓ ¤μ²Õ ¢¥Ð¥¸É¢  ³¨Ï¥´¨ ¤μ 80 %,   É ±¦¥ μ¡¥¸¶¥Î¨¢ ¥É Ìμ·μÏÊÕ
¸¶μ¸μ¡´μ¸ÉÓ μÉ¸²¥¦¨¢ ÉÓ Î ¸É¨ÍÒ, ÎÉμ, ¢ ¸¢μÕ μÎ¥·¥¤Ó, ¶μ§¢μ²Ö¥É ·¥±μ´¸É·Ê-
¨·μ¢ ÉÓ É·¥±¨, ¢μ§´¨± ÕÐ¨¥ ¶μ¤ ¡μ²ÓÏ¨³¨ Ê£² ³¨ ¶μ μÉ´μÏ¥´¨Õ ± ´ ¶· -
¢²¥´¨Õ ¶ÊÎ±  ν. ˆ¤¥´É¨Ë¨± Í¨Ö ³Õμ´μ¢ ¨ ¨§³¥·¥´¨¥ ¨Ì ¨³¶Ê²Ó¸  μ¡¥¸-
¶¥Î¨¢ ¥É¸Ö ¸ ¶μ³μÐÓÕ ¤¥É¥±Éμ·μ¢ MRD, ¨³¥ÕÐ¨Ì ®¸Ô´¤¢¨Î¯-¸É·Ê±ÉÊ·Ê ¨§
¸²μ¥¢ ¦¥²¥§  ¨ ¸Í¨´É¨²²ÖÉμ· . „²Ö Ê³¥´ÓÏ¥´¨Ö Ëμ´ , ¸¢Ö§ ´´μ£μ ¸ ¢§ ¨³μ-
¤¥°¸É¢¨¥³ ´¥°É·¨´μ ¢ ¤¥É¥±Éμ· Ì MRD ¨ ¸É¥´ Ì ¤¥É¥±Éμ·´μ£μ Ìμ²² , ¡Ê¤¥É
¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¨´Ëμ·³ Í¨Ö μ ¢·¥³¥´¨ ¶·μ²¥É  Î ¸É¨ÍÒ ³¥¦¤Ê ³¨Ï¥´ÓÕ ¨
¤¥É¥±Éμ· ³¨ MRD.

�±É¨¢´Ò³¨ Ô²¥³¥´É ³¨ ± ± ¢ ³¨Ï¥´¨, É ± ¨ ¢ μ±·Ê¦ ÕÐ¨Ì ¥¥ ¤¥É¥±Éμ· Ì
MRD Ö¢²ÖÕÉ¸Ö ¸Í¨´É¨²²ÖÍ¨μ´´Ò¥ ¸Î¥ÉÎ¨±¨. ‘¡μ· ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¸¢¥É 
¶·μ¨§¢μ¤¨É¸Ö ¸ ¶μ³μÐÓÕ ¸¶¥±É·μ¸³¥Ð ÕÐ¥£μ μ¶Éμ¢μ²μ±´ , ¢¸É·μ¥´´μ£μ ¢
¸¶¥Í¨ ²Ó´Ò¥ ± ´ ¢±¨ ¢ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸Î¥ÉÎ¨± Ì, ±μÉμ·μ¥ ¶¥·¥¤ ¥É ¸¢¥É
ËμÉμ¸¥´¸μ· ³. ‚ ± Î¥¸É¢¥ ¶μ¸²¥¤´¨Ì ¨¸¶μ²Ó§Ê¥É¸Ö Hamamatsu MPPCs. „²Ö
Ô±¸¶¥·¨³¥´É  WAGASCI ¡Ò²¨ · §· ¡μÉ ´Ò ËμÉμ¤¥É¥±Éμ·Ò ´μ¢μ£μ ¶μ±μ²¥´¨Ö
MPPC, ¨³¥ÕÐ¨¥ ´¨§±¨° É¥³´μ¢μ° ÏÊ³ ¨ ´¨§±¨° Ê·μ¢¥´Ó ¶μ¸²¥¨³¶Ê²Ó¸μ¢,  
É ±¦¥ Ï¨·μ±¨° ¤¨ ¶ §μ´ · ¡μÎ¥£μ ¶¥·¥´ ¶·Ö¦¥´¨Ö (� 4 ‚, ÎÉμ ¶μ§¢μ²Ö¥É
Ê¢¥²¨Î¨ÉÓ ÔËË¥±É¨¢´μ¸ÉÓ) ¨ ´¨§±¨° ®cross-talk¯ ³¥¦¤Ê ¶¨±¸¥²Ö³¨.

�μ²ÊÎ¥´¨¥ ¢Ò¸μ±μ° ÔËË¥±É¨¢´μ¸É¨ ¤¥É¥±É¨·μ¢ ´¨Ö ¸ ¶μ³μÐÓÕ Éμ´±¨Ì
¸Í¨´É¨²²ÖÉμ·μ¢ ¢ Í¥´É· ²Ó´μ³ ¤¥É¥±Éμ·¥ ¨³¥¥É ·¥Ï ÕÐÊÕ ·μ²Ó ¤²Ö ¢Ò¶μ²-
´¥´¨Ö Ë¨§¨Î¥¸±μ° § ¤ Î¨. ‘ ÔÉμ° Í¥²ÓÕ Ô±¸¶²Ê É Í¨μ´´Ò¥ ± Î¥¸É¢  ¶² -
¸É¨±μ¢ÒÌ ¸Í¨´É¨²²ÖÉμ·μ¢ ¡Ò²¨ ¨§³¥·¥´Ò ´  ¶μ§¨É·μ´´μ³ ¶ÊÎ±¥ ¸ Ô´¥·£¨¥°
600 ŒÔ‚. ‘·¥¤´¨° ¸¢¥Éμ¢ÒÌμ¤ ´ Ìμ¤¨É¸Ö ¢ ¶·¥¤¥² Ì 10Ä18 ËμÉμÔ²¥±É·μ´μ¢,
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  ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ μ¦¨¤ ¥É¸Ö ²ÊÎÏ¥ Î¥³ 99 % ¤²Ö ¶μ·μ£  ·¥£¨-
¸É· Í¨¨ 1,5 ËμÉμÔ²¥±É·μ´ .

„¥É¥±Éμ· WAGASCI ¡Ê¤¥É · ¡μÉ ÉÓ ¶·¨ μ¡¥¨Ì ¶μ²Ö·´μ¸ÉÖÌ ³ £´¨É´μ°
Ëμ±Ê¸¨·ÊÕÐ¥° ¸¨¸É¥³Ò ’2Š. �·¨ Ô±¸¶²Ê É Í¨¨ ¤¥É¥±Éμ·  ¸ μÉ·¨Í É¥²Ó-
´μ° ¶μ²Ö·´μ¸ÉÓÕ ( ´É¨´¥°É·¨´´Ò³ ¶ÊÎ±μ³) É·¥¡Ê¥É¸Ö Ê³¥´ÓÏ¥´¨¥ ´¥°É·¨´-
´μ£μ Ëμ´ , ±μÉμ·Ò° ¢ ÔÉμ³ ¸²ÊÎ ¥ ´ Ìμ¤¨É¸Ö ´  Ê·μ¢´¥ 30 %. „²Ö Éμ£μ,
ÎÉμ¡Ò μ¡¥¸¶¥Î¨ÉÓ § ·Ö¤μ¢ÊÕ ¤¨¸±·¨³¨´ Í¨Õ ¤μÎ¥·´¨Ì Î ¸É¨Í, ¡Ò²μ ¶·¥¤²μ-
¦¥´μ ¨¸¶μ²Ó§μ¢ ÉÓ ³ £´¥É¨§¨·μ¢ ´´Ò° ¤¥É¥±Éμ· MIND (Magnetized IroN De-
tector) [4], · ¸¶μ² £ ÕÐ¨°¸Ö ¶μ§ ¤¨ ³¨Ï¥´¨ ¶μ μÉ´μÏ¥´¨Õ ± ´ ¶· ¢²¥´¨Õ
¶ÊÎ±  (¢³¥¸Éμ ¤¥É¥±Éμ·μ¢ MRD, · ¸¶μ²μ¦¥´´ÒÌ ¢ ÔÉμ° Î ¸É¨). ‘É·Ê±ÉÊ· 
MIND ¸μ¸Éμ¨É ¨§ Î¥·¥¤ÊÕÐ¨Ì¸Ö ¸²μ¥¢ ¸Í¨´É¨²²ÖÉμ·  ¨ ¦¥²¥§´ÒÌ ¶² ¸É¨´,
´ ³ £´¨Î¥´´ÒÌ ¸ ¶μ³μÐÓÕ ¶·μ¢μ¤ÖÐ¨Ì ± ÉÊÏ¥±, ´ ³μÉ ´´ÒÌ ´  ¶μ¢¥·Ì´μ¸ÉÓ
± ¦¤μ° ¶² ¸É¨´Ò. �´ ²¨§ ±·¨¢¨§´Ò É· ¥±Éμ·¨¨ Î ¸É¨ÍÒ ¢ ³ £´¨É´μ³ ¶μ²¥
¶μ§¢μ²¨É μ¶·¥¤¥²¨ÉÓ §´ ± § ·Ö¤  Î ¸É¨ÍÒ. �¦¨¤ ¥³ Ö ÔËË¥±É¨¢´μ¸ÉÓ ±μ·-
·¥±É´μ£μ μ¶·¥¤¥²¥´¨Ö § ·Ö¤  ´ Ìμ¤¨É¸Ö ´  Ê·μ¢´¥ 90 %, ÎÉμ ¶μ§¢μ²Ö¥É ¸´¨§¨ÉÓ
Ëμ´ μÉ ´¥°É·¨´´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° (³Õμ´μ¢) ¤μ Ê·μ¢´Ö 2,9 %, ¶μ¸²¥ μÉ¡μ· 
¸μ¡ÒÉ¨°.

2. �†ˆ„�…Œ�Ÿ �””…Š’ˆ‚��‘’œ „…’…Š’���

�¦¨¤ ¥³ Ö ÔËË¥±É¨¢´μ¸ÉÓ ¤¥É¥±Éμ·  WAGASCI ¡Ò²  ¨¸¸²¥¤μ¢ ´  ¸ ¶μ-
³μÐÓÕ ³¥Éμ¤μ¢ Œμ´É¥-Š ·²μ. �¥°É·¨´´Ò° ¶ÊÎμ± ¨ ¢§ ¨³μ¤¥°¸É¢¨¥ ´¥°É·¨´μ
¢´ÊÉ·¨ ¤¥É¥±Éμ·  ¡Ò²¨ ¸³μ¤¥²¨·μ¢ ´Ò ¸ ¶μ³μÐÓÕ ¶ ±¥Éμ¢ JNUBEAM [5] ¨
NEUT [6]. „ ²Ó´¥°Ï¥¥ ³μ¤¥²¨·μ¢ ´¨¥ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö · ¸¶·μ¸É· ´¥´¨¥ ¢Éμ-
·¨Î´ÒÌ Î ¸É¨Í Î¥·¥§ ¶·μ¸É· ´¸É¢μ ¤¥É¥±Éμ·  (¸ ¶μ³μÐÓÕ ¨´¸É·Ê³¥´É ·¨Ö
GEANT4), ¨§²ÊÎ¥´¨¥ ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¸¢¥É , ¥£μ · ¸¶·μ¸É· ´¥´¨¥ ¢´ÊÉ·¨
¸¶¥±É·μ¸³¥Ð ÕÐ¥£μ ¢μ²μ±´  ¨ ¸¡μ· ¸¢¥É  ¸ ¶μ³μÐÓÕ ËμÉμ¤¥É¥±Éμ·μ¢. ‚§ -
¨³μ¤¥°¸É¢¨¥ ´¥°É·¨´μ ¶μ § ·Ö¦¥´´μ³Ê Éμ±Ê ¢ Í¥´É· ²Ó´μ° Î ¸É¨ ¤¥É¥±Éμ· 
μ¶·¥¤¥²Ö¥É¸Ö ¶μ É· ¥±Éμ·¨Ö³ Î ¸É¨Í, ´ Î¨´ ÕÐ¨Ì¸Ö ¢ ÎÊ¢¸É¢¨É¥²Ó´μ³ μ¡Ñ-
¥³¥ Í¥´É· ²Ó´μ° Î ¸É¨ ¨ ¢Ìμ¤ÖÐ¨Ì ¢ ¤¥É¥±Éμ·Ò MRD, ¢ ÔÉμ³ ¸²ÊÎ ¥ MRDs
¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö μ¶·¥¤¥²¥´¨Ö ¤²¨´´ÒÌ ³Õμ´´ÒÌ É·¥±μ¢. ’·¥±¨ Î ¸É¨Í, ¶¥·¥-
¸¥± ÕÐ¨¥ Í¥´É· ²Ó´ÊÕ Î ¸ÉÓ ¨ MRD, ¤μ²¦´Ò μ¸É ´ ¢²¨¢ ÉÓ¸Ö ¢ ¤¥É¥±Éμ·¥.
�¦¨¤ ¥³μ¥ ±μ²¨Î¥¸É¢μ ¸μ¡ÒÉ¨° ¤²Ö § ·Ö¦¥´´ÒÌ Éμ±μ¢ ¢ Ê£²¥¢μ¤μ·μ¤´μ° ¨
¢μ¤´μ° ³¨Ï¥´¨ ¶·¨ ¸É É¨¸É¨±¥ 1021 ¶·μÉμ´μ¢ ´  ³¨Ï¥´Ó (��’) Å 3 · 103 ¨
2,5·103 ¸μμÉ¢¥É¸É¢¥´´μ. � Î¨¸ÉμÉ  ·¥±μ´¸É·Ê±Í¨¨ ¸μ¡ÒÉ¨° μÉ ¢§ ¨³μ¤¥°¸É¢¨°
´¥°É·¨´μ Î¥·¥§ § ·Ö¦¥´´Ò¥ Éμ±¨ ¢ Ê£²¥¢μ¤μ·μ¤¥ ¨ ¢μ¤¥ Å 91,0 ¨ 75,5% ¸μ-
μÉ¢¥É¸É¢¥´´μ. �¸´μ¢´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¤²Ö μÉμ¡· ´´ÒÌ ¸μ¡ÒÉ¨° ¶·¨¢¥¤¥´Ò
´  ·¨¸. 3.

„²Ö ¶·μ¢¥·±¨ μ¸´μ¢´ÒÌ Ì · ±É¥·¨¸É¨± ³¨Ï¥´¨ WAGASCI ¶·¥¤²μ¦¥´
¶¨²μÉ´Ò° Ô±¸¶¥·¨³¥´É. �·μÉμÉ¨¶ ³¨Ï¥´¨ ¡Ê¤¥É Ê¸É ´μ¢²¥´ ¶¥·¥¤ Í¥´É· ²Ó-
´Ò³ ³μ¤Ê²¥³ ¤¥É¥±Éμ·  INGRID ¨ ¡Ê¤¥É · ¡μÉ ÉÓ ´  ®μ¸¥¢μ³¯ ´¥°É·¨´´μ³
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�¨¸. 3. a) �¥±μ´¸É·Ê¨·μ¢ ´´Ò° Ê£μ² ¤²Ö ³Õμ´´μ£μ ± ´¤¨¤ É  ¤²Ö μÉμ¡· ´´ÒÌ ¸μ¡ÒÉ¨°
¢ ¢μ¤´μ° ³¨Ï¥´¨, ¸μ¡ÒÉ¨Ö · §¤¥²¥´Ò ´  ± É¥£μ·¨¨, μ¸´μ¢ ´´Ò¥ ´  ¨§¢¥¸É´ÒÌ ±μμ·-
¤¨´ É Ì ¢¥·Ï¨´Ò. ¡) � §·¥Ï¥´¨¥ ¶μ ¨³¶Ê²Ó¸Ê (μ±μ²μ 7%), ¶μ²ÊÎ¥´´μ¥ ¤²Ö É·¥±μ¢,
μ¸É ´μ¢¨¢Ï¨Ì¸Ö ¢ ¤¥É¥±Éμ· Ì MRD

¶ÊÎ±¥. �¡Ð¨° · §³¥· ¶·μÉμÉ¨¶  Å 125 × 125 × 46 ¸³ ¸ μ¡Ð¥° ³ ¸¸μ° 1,2 É.
�¦¨¤ ¥É¸Ö, ÎÉμ μÉ´μÏ¥´¨¥ ¸¥Î¥´¨° ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°É·¨´μ ´  ¢μ¤¥ ¨ ¸Í¨´-
É¨²²ÖÉμ·¥ ¡Ê¤¥É μ¶·¥¤¥²¥´μ ¸ μ¡Ð¥° ¶μ£·¥Ï´μ¸ÉÓÕ 5 % ¶·¨ ¸É É¨¸É¨±¥ 1·1020

POT ¨ 3 % ¶·¨ ¸É É¨¸É¨±¥ 2 · 1020 POT ¢ ¶μ²μ¦¨É¥²Ó´μ° ¨ μÉ·¨Í É¥²Ó-
´μ° ( ´É¨´¥°É·¨´´Ò° ¶ÊÎμ±) ¶μ²Ö·´μ¸É¨ Ëμ±Ê¸¨·ÊÕÐ¨Ì ³ £´¨Éμ¢ ¸μμÉ¢¥É-
¸É¢¥´´μ, μ¤´ ±μ Ê£²μ¢μ°  ±¸¥¶É ´¸ ¶·μÉμÉ¨¶  ¡Ê¤¥É §´ Î¨É¥²Ó´μ μ£· ´¨Î¥´ ¢
¸· ¢´¥´¨¨ ¸ ¶μ²´μ° ¸¡μ·±μ° WAGASCI. ‚ 2016 £. § ¢¥·Ï¥´  ¸¡μ·±  ¨ Ê¸É -
´μ¢±  ¶·μÉμÉ¨¶´μ£μ ³μ¤Ê²Ö ¨ ¶μ²ÊÎ¥´Ò ¶¥·¢Ò¥ ¤ ´´Ò¥. �  ¤ ´´Ò° ³μ³¥´É
¢¥¤¥É¸Ö ¸¡μ·±  ¶μ²´μ£μ ¤¥É¥±Éμ· . �μ²´μ¸ÉÓÕ ¸μ¡· ´Ò ¨ £μÉμ¢Ò ± · ¡μÉ¥ ¤¢ 
³μ¤Ê²Ö.
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„²Ö Ê³¥´ÓÏ¥´¨Ö ¸¨¸É¥³ É¨Î¥¸±¨Ì ¶μ£·¥Ï´μ¸É¥° μ¸Í¨²²ÖÍ¨μ´´μ£μ  ´ -
²¨§  Ô±¸¶¥·¨³¥´É  ’2Š ¨ ¨§³¥·¥´¨Ö · §²¨Î´ÒÌ ± ´ ²μ¢ ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°-
É·¨´μ Î¥·¥§ § ·Ö¦¥´´Ò¥ Éμ±¨ ¡Ò² ¶·¥¤²μ¦¥´ ´μ¢Ò° Ô±¸¶¥·¨³¥´É WAGASCI.
Šμ´¸É·Ê±Í¨Ö ¤¥É¥±Éμ·  ¶μ§¢μ²¨É μ¶·¥¤¥²¨ÉÓ μÉ´μÏ¥´¨¥ ¸¥Î¥´¨° ¢§ ¨³μ¤¥°-
¸É¢¨Ö ´¥°É·¨´μ ´  ¢μ¤¥ ¨ ¸Í¨´É¨²²ÖÉμ·¥ ¸ ÉμÎ´μ¸ÉÓÕ 3%. ‘¡μ·±  ¨ Ê¸É ´μ¢± 
¢¸¥Ì ³μ¤Ê²¥° ¤¥É¥±Éμ·  WAGASCI ¡Ò²  ´ Î É  ¢ ´μÖ¡·¥ 2016 £. Š  ¢£Ê¸ÉÊ
2017 £. ¡Ò²¨ ¶μ²´μ¸ÉÓÕ ¸μ¡· ´Ò ¤¢  · ¡μÎ¨Ì ³μ¤Ê²Ö.
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