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�µ¨¸± ¶ÖÉ¨±¢ ·±µ¢ÒÌ ¸µ¸ÉµÖ´¨° Ξ(1860)0 ¨ Ξ(1860)−−

¢ ´¥°É·µ´-Ê£²¥·µ¤´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¢ Ô±¸¶¥·¨³¥´É¥ �Š‘—��Œ

�·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¶µ¨¸±  ¶ÖÉ¨±¢ ·±µ¢ÒÌ ¸µ¸ÉµÖ´¨° Ξ(1860)0 ¨
Ξ(1860)−− ¢ ´¥°É·µ´-Ê£²¥·µ¤´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¶·¨ ¸·¥¤´¥° Ô´¥·£¨¨ ´¥°-
É·µ´µ¢ ∼ 51 ƒÔ‚ ¢ Ô±¸¶¥·¨³¥´É¥ �Š‘—��Œ. ‚ ¨¸¸²¥¤µ¢ ´´ÒÌ ¸¶¥±É· Ì ÔË-
Ë¥±É¨¢´ÒÌ ³ ¸¸ Ξ−π+ ¨ Ξ−π− ¨¸±µ³ÒÌ ¸µ¸ÉµÖ´¨° ´¥ µ¡´ ·Ê¦¥´µ. �Í¥´¥´Ò
¢¥·Ì´¨¥ £· ´¨ÍÒ ¸¥Î¥´¨° ·µ¦¤¥´¨Ö Ξ(1860)0 ¨ Ξ(1860)−−.

� ¡µÉ  ¢Ò¶µ²´¥´  ¢ ‹ ¡µ· Éµ·¨¨ Ë¨§¨±¨ Î ¸É¨Í �ˆŸˆ.
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Search for Pentaquark States Ξ(1860)0 and Ξ(1860)−−

in NeutronÄCarbon Interactions in the EXCHARM Experiment

Results of a search for strange pentaquark states Ξ(1860)0 and Ξ(1860)−− in
neutronÄcarbon interactions at ∼ 51 GeV mean energy of neutrons in the EXCHARM
experiment have been presented. Such states in studied effective mass spectra Ξ−π+

and Ξ−π− have not been observed. Upper limits of Ξ(1860)0 and Ξ(1860)−−

production cross sections have been estimated.

The investigation has been performed at the Laboratory of Particle Physics, JINR.
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�µ²ÓÏµ° ¨´É¥·¥¸ ± Ô±§µÉ¨Î¥¸±¨³ ¶ÖÉ¨±¢ ·±µ¢Ò³ ¸µ¸ÉµÖ´¨Ö³, ¸ÊÐ¥¸É¢µ-
¢ ´¨¥ ±µÉµ·ÒÌ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¤¥±² ·¨·Ê¥É¸Ö ·¥§Ê²ÓÉ É ³¨ µ¤´¨Ì Ô±¸-
¶¥·¨³¥´Éµ¢ [1Ä6] ¨ ´¥ ¶µ¤É¢¥·¦¤ ¥É¸Ö ·¥§Ê²ÓÉ É ³¨ ¤·Ê£¨Ì [7, 8], ¤¥² ¥É
Î·¥§¢ÒÎ °´µ  ±ÉÊ ²Ó´Ò³ ¨Ì ¶µ¨¸± ¢ É¥Ì Ô±¸¶¥·¨³¥´É Ì, £¤¥ ´ ¡²Õ¤¥´¨¥ É -
±¨Ì ¸µ¸ÉµÖ´¨° ¢µ§³µ¦´µ. ‘Î¨É ¥É¸Ö Ê¸É ´µ¢²¥´´Ò³ ¸ÊÐ¥¸É¢µ¢ ´¨¥ Θ(1540)
(uudds̄) [9]. ‚ ÔÉµ° ¸¨ÉÊ Í¨¨ µ¸µ¡¥´´µ ¢ ¦´Ò³ ¶·¥¤¸É ¢²Ö¥É¸Ö ¶µ¨¸± ¤·Ê£¨Ì
Î²¥´µ¢  ´É¨¤¥± ¶²¥É  ¶ÖÉ¨±¢ ·±µ¢ÒÌ ¸µ¸ÉµÖ´¨° [10], ¢ Éµ³ Î¨¸²¥ Ê£²µ¢µ£µ
Î²¥´   ´É¨¤¥± ¶²¥É  Å Ô±§µÉ¨Î¥¸±µ£µ ¡ ·¨µ´  Ξ−−(ddssū), Ê± § ´¨¥ ´  ¸Ê-
Ð¥¸É¢µ¢ ´¨¥ ±µÉµ·µ£µ ¶µ²ÊÎ¥´µ ¢ Ô±¸¶¥·¨³¥´É¥ [5].

‚ ´ ¸ÉµÖÐ¥° · ¡µÉ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¶µ¨¸±  Ô±§µÉ¨Î¥¸±¨Ì ¶Ö-
É¨±¢ ·±µ¢ÒÌ ¸µ¸ÉµÖ´¨° Ξ(1860)0 ¨ Ξ(1860)−− ¢ Ô±¸¶¥·¨³¥´É¥ �Š‘—��Œ,
¶·µ¢¥¤¥´´µ³ ¢ ´¥°É·µ´´µ³ ¶ÊÎ±¥ ¸¥·¶ÊÌµ¢¸±µ£µ Ê¸±µ·¨É¥²Ö “-70 ¸µ ¸·¥¤´¥°
Ô´¥·£¨¥° ´¥°É·µ´µ¢ 51 ƒÔ‚, ¢Ò¢¥¤¥´´µ³ ´  Ê£²¥·µ¤´ÊÕ ³¨Ï¥´Ó.

�µ¨¸± Ê± § ´´ÒÌ ¸µ¸ÉµÖ´¨° µ¸ÊÐ¥¸É¢²Ö²¸Ö ¢ ¸¶¥±É· Ì ÔËË¥±É¨¢´ÒÌ ³ ¸¸
¸²¥¤ÊÕÐ¨Ì ±µ´¥Î´ÒÌ ¸µ¸ÉµÖ´¨° ¨Ì · ¸¶ ¤µ¢:

Ξ(1860)0 → Ξ−π+

|→ Λ0π−
|→ pπ−.

(1)

Ξ(1860)−− → Ξ−π−
|→ Λ0π−

|→ pπ−.
(2)

1. �Š‘�…�ˆŒ…�’ �Š‘—��Œ

“¸É ´µ¢±  �Š‘—��Œ (·¨¸. 1) · ¸¶µ²µ¦¥´a ¢ ´¥°É·µ´´µ³ ¶ÊÎ±¥ (± ´ ²
5�) ¸¥·¶ÊÌµ¢¸±µ£µ Ê¸±µ·¨É¥²Ö. �¥°É·µ´Ò ¶ÊÎ±  ·µ¦¤ ÕÉ¸Ö ´  ¢´ÊÉ·¥´´¥°
¡¥·¨²²¨¥¢µ° ³¨Ï¥´¨ ¶·µÉµ´ ³¨ ¸ Ô´¥·£¨¥° 70 ƒÔ‚ ¶µ¤ ´Ê²¥¢Ò³ Ê£²µ³ ±
µ·¡¨É¥ Ê¸±µ·Ö¥³ÒÌ ¶·µÉµ´µ¢. ‘¢¨´Íµ¢Ò° Ë¨²ÓÉ· Éµ²Ð¨´µ° ¤µ 20 ¸³ ¸²Ê¦¨É
¤²Ö ¶µ¤ ¢²¥´¨Ö γ-±µ³¶µ´¥´ÉÒ ¶ÊÎ± . Œ £´¨ÉÒ Ê¸±µ·¨É¥²Ö ¨ ¸¶¥Í¨ ²Ó´Ò°
µÎ¨Ð ÕÐ¨° ³ £´¨É ‘�-129 ¸²Ê¦ É ¤²Ö Ê¤ ²¥´¨Ö ¨§ ¶ÊÎ±  § ·Ö¦¥´´ÒÌ Î ¸É¨Í.
�´¥·£¨Ö ´¥°É·µ´µ¢ [11] ´ Ìµ¤¨É¸Ö ¢ ¶·¥¤¥² Ì µÉ 20 ¤µ 70 ƒÔ‚ ¨ ¨³¥¥É ¸·¥¤´¥¥
§´ Î¥´¨¥ ∼ 51 ƒÔ‚ (·¨¸. 2).
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�¨¸. 1. ‘¶¥±É·µ³¥É· �Š‘—��Œ

�¨¸. 2. �´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ´¥°É·µ´µ¢

�¥°É·µ´Ò ¢§ ¨³µ¤¥°¸É¢ÊÕÉ ¸ ³¨Ï¥´ÓÕ (T), · ¸¶µ²µ¦¥´´µ° ¶¥·¥¤ ³ £´¨É-
´Ò³ ¸¶¥±É·µ³¥É·µ³. „²Ö ¨§³¥·¥´¨Ö ¨³¶Ê²Ó¸µ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¸²Ê¦¨É
 ´ ²¨§¨·ÊÕÐ¨° ³ £´¨É ‘�-40�. „²Ö µ¶¨¸ ´¨Ö ¸¶¥±É·µ³¥É·  ¨¸¶µ²Ó§Ê¥É¸Ö
¶· ¢ Ö ¸¨¸É¥³  ±µµ·¤¨´ É ¸ µ¸ÓÕ Z, ´ ¶· ¢²¥´´µ° ¢¤µ²Ó µ¸¨ ¶ÊÎ± , µ¸ÓÕ
Y , ´ ¶· ¢²¥´´µ° ¢¥·É¨± ²Ó´µ, ¨ ´ Î ²µ³ ±µµ·¤¨´ É, ¸µ¢¶ ¤ ÕÐ¨³ ¸ Í¥´-
É·µ³ ³ £´¨É . ‡ ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ ·¥£¨¸É·¨·ÊÕÉ¸Ö 11 ¶·µ¶µ·Í¨µ´ ²Ó´Ò³¨
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± ³¥· ³¨ (25 ±µµ·¤¨´ É´ÒÌ ¶²µ¸±µ¸É¥°) ¸ Ï £µ³ ´ ³µÉ±¨ ¶·µ¢µ²µÎ¥± 2 ³³.
‚µ¸¥³Ó ± ³¥· ¤µ ³ £´¨É  (�Š 1Ä8) ¨³¥ÕÉ ¶µ ¤¢¥ ¸¨£´ ²Ó´Ò¥ ¶²µ¸±µ¸É¨.
�·µ¢µ²µÎ±¨ ¤¢ÊÌ ¨§ ÔÉ¨Ì ± ³¥· ¸µ·¨¥´É¨·µ¢ ´Ò ¶µ¤ Ê£² ³¨ ±22, 5◦ ¶µ µÉ´µ-
Ï¥´¨Õ ± ¢¥·É¨± ²¨, µ¸É ²Ó´ÒÌ Å £µ·¨§µ´É ²Ó´µ ¨ ¢¥·É¨± ²Ó´µ. ’·¨ ± ³¥·Ò
¶µ¸²¥ ³ £´¨É  (�Š AÄC) ¨³¥ÕÉ ¶µ É·¨ ¸¨£´ ²Ó´ÒÌ ¶²µ¸±µ¸É¨ ± ¦¤ Ö. �·¨-
¥´É Í¨Ö ¶·µ¢µ²µÎ¥± ÔÉ¨Ì ¶²µ¸±µ¸É¥° Å £µ·¨§µ´É ²Ó´ Ö, ¢¥·É¨± ²Ó´ Ö ¨ ¶µ¤
Ê£²µ³ −22, 5◦ ± ¢¥·É¨± ²¨. „¢  £µ¤µ¸±µ¶  ¸Í¨´É¨²²ÖÍ¨µ´´ÒÌ ¸Î¥ÉÎ¨±µ¢ (ƒ1
¨ ƒ2) ¨ É·¨ ¶²µ¸±µ¸É¨ ¶·µ¶µ·Í¨µ´ ²Ó´ÒÌ ± ³¥· �Š3, �Š8 ¨ �ŠB ¢±²ÕÎ¥´Ò
¢ É·¨££¥·´ÊÕ ¸¨¸É¥³Ê. �µ²¥¥ ¤¥É ²Ó´µ¥ µ¶¨¸ ´¨¥ Ê¸É ´µ¢±¨ ³µ¦´µ ´ °É¨ ¢
· ¡µÉ¥ [12].

�·¨ ¶µ²ÊÎ¥´¨¨ Ô±¸¶¥·¨³¥´É ²Ó´µ° ¨´Ëµ·³ Í¨¨, ¨¸¶µ²Ó§µ¢ ´´µ° ¢ ¤ ´-
´µ° · ¡µÉ¥, ¡Ò²  ¶·¨³¥´¥´  Ê£²¥·µ¤´ Ö ³¨Ï¥´Ó Éµ²Ð¨´µ° LT = 1, 5 ¸³. �µ²¥
 ´ ²¨§¨·ÊÕÐ¥£µ ¤¨¶µ²Ó´µ£µ ³ £´¨É  ‘�-40� ¨§³¥´Ö²µ ¶µ¶¥·¥Î´Ò° ¨³¶Ê²Ó¸
§ ·Ö¦¥´´µ° Î ¸É¨ÍÒ ´  ∼0,45 ƒÔ‚/c. ‘¨¸É¥³  § ¶Ê¸±  Ê¸É ´µ¢±¨ (É·¨££¥·)
¡Ò²  ´ Í¥²¥´  ´  ·¥£¨¸É· Í¨Õ ¸µ¡ÒÉ¨°, ¢ ±µÉµ·ÒÌ ¶µ ±· °´¥° ³¥·¥ Î¥ÉÒ·¥
§ ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ ¶·µÏ²¨ Î¥·¥§ ¸¶¥±É·µ³¥É·. ‚ ¶·µÍ¥¸¸¥ ¸¥ ´¸  ¶µ²Ö·-
´µ¸ÉÓ ³ £´¨É´µ£µ ¶µ²Ö ¶¥·¨µ¤¨Î¥¸±¨ ¨§³¥´Ö² ¸Ó, É ± ÎÉµ ¢¸Ö ´ ±µ¶²¥´´ Ö
¨´Ëµ·³ Í¨Ö ¶µ¤¥²¥´  ¶µ ÔÉµ³Ê ¶·¨§´ ±Ê ´  ¤¢¥ ¶·¨¡²¨§¨É¥²Ó´µ · ¢´Ò¥ Î -
¸É¨.

�·¥¤¸É ¢²¥´´Ò¥ ´¨¦¥ ·¥§Ê²ÓÉ ÉÒ µ¸´µ¢ ´Ò ´   ´ ²¨§¥ ∼1,72 · 108 § ·¥-
£¨¸É·¨·µ¢ ´´ÒÌ ¸µ¡ÒÉ¨° nC-¢§ ¨³µ¤¥°¸É¢¨°.

2. �’��� ‘��›’ˆ‰

„²Ö µ¡· ¡µÉ±¨ ¨¸Ìµ¤´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ ³µ¤¥²¨·µ¢ ´´ÒÌ ¤ ´´ÒÌ
¨¸¶µ²Ó§µ¢ ²¸Ö ¶·µ£· ³³´Ò° ±µ³¶²¥±¸ BISON [13,14], ¢ · ³± Ì ±µÉµ·µ£µ ¶·µ-
¨§¢µ¤¨²¨¸Ó £¥µ³¥É·¨Î¥¸± Ö ¨ ³ £´¨É´ Ö ± ²¨¡·µ¢± , · ¸¶µ§´ ¢ ´¨¥ É· ¥±Éµ-
·¨° § ·Ö¦¥´´ÒÌ Î ¸É¨Í, µ¶·¥¤¥²Ö²¨¸Ó ¶ · ³¥É·Ò ÔÉ¨Ì É· ¥±Éµ·¨°, ¨³¶Ê²Ó¸Ò
¨ § ·Ö¤Ò ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì Î ¸É¨Í. „²Ö ¶µ¨¸±  ¸µ¡ÒÉ¨° § ¤ ´´µ° Éµ¶µ²µ£¨¨
¨ ¢Ò¶µ²´¥´¨Ö ¸É É¨¸É¨Î¥¸±µ£µ ¨ Ë¨§¨Î¥¸±µ£µ  ´ ²¨§  ¨¸¶µ²Ó§µ¢ ² ¸Ó ¶·µ-
£· ³³  BISMXC [15].

2.1. ‚Ò¤¥²¥´¨¥ Λ0. �Éµ¡· ´´Ò¥ ¸µ¡ÒÉ¨Ö Å ± ´¤¨¤ ÉÒ ¢ (1) Å ¤µ²¦´Ò
¡Ò²¨ ¸µ¤¥·¦ ÉÓ Λ0-¡ ·¨µ´, · ¸¶ ¤ ÕÐ¨°¸Ö ´  pπ−. ’ ±¨¥ ¸µ¡ÒÉ¨Ö Ì · ±É¥-
·¨§ÊÕÉ¸Ö ¶ ·µ° É·¥±µ¢ Î ¸É¨Í ¶·µÉ¨¢µ¶µ²µ¦´ÒÌ §´ ±µ¢. �·¨ ÔÉµ³ É·¥¡µ¢ -
²µ¸Ó, ÎÉµ¡Ò · ¸¸ÉµÖ´¨¥ ´ ¨¡µ²ÓÏ¥£µ ¸¡²¨¦¥´¨Ö (��‘) ÔÉ¨Ì É·¥±µ¢ Ê¤µ¢²¥-
É¢µ·Ö²µ Ê¸²µ¢¨Õ

��‘ < 0, 5 ¸³, (3)

ÎÉµ ¸µµÉ¢¥É¸É¢Ê¥É ¶ÖÉ¨±· É´µ³Ê Ô±¸¶¥·¨³¥´É ²Ó´µ³Ê · §·¥Ï¥´¨Õ ¶µ ÔÉµ³Ê
¶ · ³¥É·Ê. ’µÎ± , ¸·¥¤´¥±¢ ¤· É¨Î´µ¥ · ¸¸ÉµÖ´¨¥ µÉ ±µÉµ·µ° ¤µ É·¥±µ¢ ³¨-
´¨³ ²Ó´µ, · ¸¸³ É·¨¢ ² ¸Ó ± ± ¢¥·Ï¨´  · ¸¶ ¤ . „²Ö Ê³¥´ÓÏ¥´¨Ö Ëµ´  µÉ
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¢§ ¨³µ¤¥°¸É¢¨° ¢ ³¨Ï¥´¨ É·¥¡µ¢ ²µ¸Ó, ÎÉµ¡Ò Z-±µµ·¤¨´ É  ¢¥·Ï¨´Ò · ¸-
¶ ¤  (ZΛ) Ê¤µ¢²¥É¢µ·Ö²  Ê¸²µ¢¨Õ

ZΛ − (ZT +
1
2
LT ) > 10 ¸³, (4)

£¤¥ ZT = Ä460 ¸³ Å ±µµ·¤¨´ É  Í¥´É·  ³¨Ï¥´¨. ’ ±¨³ µ¡· §µ³ ¡Ò²µ µÉµ-
¡· ´µ ¡µ²¥¥ 4,5 ³²´ ¸µ¡ÒÉ¨°, ¸µ¤¥·¦ Ð¨Ì É ±¨¥ ¶ ·Ò.

‘¶¥±É· ÔËË¥±É¨¢´ÒÌ ³ ¸¸ pπ− ¤²Ö µÉµ¡· ´´ÒÌ ¶ · É·¥±µ¢ ¶µ± § ´ ´ 
·¨¸. 3. ‚ ¶µ²ÊÎ¥´´µ³ ¸¶¥±É·¥ ¢¨¤¥´ Î¥É±¨° ¸¨£´ ² µÉ · ¸¶ ¤  Λ0 ´  pπ−.

�¨¸. 3. ‘¶¥±É· ÔËË¥±É¨¢´ÒÌ ³ ¸¸ pπ−

”µ´ µ¡Ê¸²µ¢²¥´ ¢ µ¸´µ¢´µ³ ±µ³¡¨´ Í¨Ö³¨ ·¥±µ´¸É·Ê¨·µ¢ ´´ÒÌ § ·Ö¦¥´´ÒÌ
Î ¸É¨Í, ·µ¦¤¥´´ÒÌ ¢ ³¨Ï¥´¨ (≈ 53 %) ¨ ¢ ¢µ§¤ÊÌ¥ (≈ 43 %). ”µ´, µ¡Ê-
¸²µ¢²¥´´Ò° · ¸¶ ¤ ³¨ K0

S → π+π−, ¢ ±µÉµ·ÒÌ ¶µ²µ¦¨É¥²Ó´Ò° ¶¨µ´ ´¥¶· -
¢¨²Ó´µ ¨¤¥´É¨Ë¨Í¨·µ¢ ´ ± ± ¶·µÉµ´, ¸µ¸É ¢²Ö¥É µ±µ²µ 4 %. „²Ö µ¶·¥¤¥²¥-
´¨Ö ¶ · ³¥É·µ¢ ¸¨£´ ²  ¸¶¥±É·  ¶¶·µ±¸¨³¨·µ¢ ²¸Ö ¸Ê³³µ° ËÊ´±Í¨¨ ƒ Ê¸¸ ,
µ¶¨¸Ò¢ ÕÐ¥° ¸¨£´ ², ¨ ²¨´¥°´µ° ËÊ´±Í¨¨, µ¶¨¸Ò¢ ÕÐ¥° ¶µ¢¥¤¥´¨¥ Ëµ´ .
Š ´¤¨¤ Éµ³ ¢ · ¸¶ ¤ Λ0 ¸Î¨É ² ¸Ó µÉµ¡· ´´ Ö ¶ ·  É·¥±µ¢ ¶·¨ Ê¸²µ¢¨¨, ÎÉµ
¸µµÉ¢¥É¸É¢ÊÕÐ Ö ÔËË¥±É¨¢´ Ö ³ ¸¸  M(pπ−) ´ Ìµ¤¨² ¸Ó ¢´ÊÉ·¨ ¨´É¥·¢ ² 
±3, 3σM (£¤¥ σM ≈ 1, 5 ŒÔ‚/c2 Å Ô±¸¶¥·¨³¥´É ²Ó´µ¥ · §·¥Ï¥´¨¥) µÉ ´µ³¨-
´ ²Ó´µ° ³ ¸¸Ò Λ0 (MΛ0 ):

|M(pπ−) − MΛ0 | < 5, 0 ŒÔ‚/c2. (5)

‚Ò¤¥²¥´´Ò° É ±¨³ µ¡· §µ³ ¨´É¥·¢ ² ¶µ³¥Î¥´ ¢¥·É¨± ²Ó´Ò³¨ ¸É·¥²± ³¨
´  ·¨¸. 3. ‚ ¸µµÉ¢¥É¸É¢¨¨ ¸ ±·¨É¥·¨Ö³¨ (3)Ä(5) ¤²Ö ¤ ²Ó´¥°Ï¥£µ  ´ ²¨§  ¡Ò²µ
µÉµ¡· ´µ ¡µ²¥¥ 3 ³²´ ¸µ¡ÒÉ¨°, ¸µ¤¥·¦ Ð¨Ì ± ´¤¨¤ ÉÒ ¢ · ¸¶ ¤ Λ0 → pπ−.
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2.2. ‚Ò¤¥²¥´¨¥ Ξ− . „²Ö ¢Ò¤¥²¥´¨Ö ¸µ¡ÒÉ¨°, ¸µ¤¥·¦ Ð¨Ì · ¸¶ ¤ Ξ− →
Λ0π−, É·¥¡µ¢ ²µ¸Ó ´ ²¨Î¨¥ ± ´¤¨¤ É  ¢ Λ0 ¨ ¶µ ±· °´¥° ³¥·¥ µ¤´µ£µ ¤µ-
¶µ²´¨É¥²Ó´µ£µ É·¥±  µÉ·¨Í É¥²Ó´µ § ·Ö¦¥´´µ° Î ¸É¨ÍÒ. ��‘ ·¥±µ´¸É·Ê¨-
·µ¢ ´´µ° É· ¥±Éµ·¨¨ Λ0 ¨ ÔÉµ£µ É·¥±  ¤µ²¦´µ ¡Ò²µ Ê¤µ¢²¥É¢µ·ÖÉÓ Ê¸²µ¢¨Õ
(3) ¶·¨ Ëµ·³¨·µ¢ ´¨¨ ¢¥·Ï¨´Ò · ¸¶ ¤  Ξ−. Z-±µµ·¤¨´ É  ÔÉµ° ¢¥·Ï¨´Ò
¤µ²¦´  ¡Ò²  Ê¤µ¢²¥É¢µ·ÖÉÓ Ê¸²µ¢¨Õ

ZΞ − (ZT +
1
2
LT ) > 5 ¸³. (6)

„²Ö · §¤¥²¥´¨Ö ¢¥·Ï¨´ · ¸¶ ¤  Λ0 ¨ Ξ− · ¸¸ÉµÖ´¨¥ ³¥¦¤Ê ´¨³¨ ¢Ò¡¨· ²µ¸Ó
¡µ²ÓÏ¥, Î¥³ 5 ¸³, É. ¥.

ZΛ − ZΞ > 5 ¸³. (7)

‚ ·¥§Ê²ÓÉ É¥ ¡Ò²µ µÉµ¡· ´µ µ±µ²µ 150 ÉÒ¸. ±µ³¡¨´ Í¨°, ¸µ¤¥·¦ Ð¨Ì ÌµÉÖ
¡Ò µ¤¨´ ± ´¤¨¤ É ¢ · ¸¶ ¤ Ξ−. ‘¶¥±É· ÔËË¥±É¨¢´ÒÌ ³ ¸¸ Λ0π− (M(Λ0π−))
¤²Ö µÉµ¡· ´´ÒÌ ±µ³¡¨´ Í¨° ¶·¨¢¥¤¥´ ´  ·¨¸. 4.

�¨¸. 4. ‘¶¥±É· ÔËË¥±É¨¢´ÒÌ ³ ¸¸ Λ0π−

‚ ÔÉµ³ ¸¶¥±É·¥ ´ ¡²Õ¤ ¥É¸Ö Î¥É±¨° ¸¨£´ ² µÉ · ¸¶ ¤  Ξ− → Λ0π−.
‘¶¥±É·  ¶¶·µ±¸¨³¨·µ¢ ²¸Ö ¸Ê³³µ° ËÊ´±Í¨¨ ƒ Ê¸¸ , µ¶¨¸Ò¢ ÕÐ¥° ¸¨£´ ², ¨
²¨´¥°´µ° ËÊ´±Í¨¨, µ¶¨¸Ò¢ ÕÐ¥° ¶µ¢¥¤¥´¨¥ Ëµ´ . Šµ³¡¨´ Í¨Ö ¨¤¥´É¨Ë¨-
Í¨·µ¢ ² ¸Ó ± ± ± ´¤¨¤ É ¢ · ¸¶ ¤ Ξ−, ¥¸²¨ M(Λ0π−) ´ Ìµ¤¨² ¸Ó ¢ ¨´É¥·¢ ²¥
±3σM (σM ≈ 2, 0 ŒÔ‚/c2 Å ¸µµÉ¢¥É¸É¢ÊÕÐ¥¥ · §·¥Ï¥´¨¥ ¶µ ³ ¸¸¥) µÉ ´µ-
³¨´ ²Ó´µ° ³ ¸¸Ò Ξ−:

|M(Λ0π−) − MΞ− | < 6, 0 ŒÔ‚/c2. (8)

“± § ´´Ò° ¨´É¥·¢ ² ¶µ³¥Î¥´ ¢¥·É¨± ²Ó´Ò³¨ ¸É·¥²± ³¨ ´  ·¨¸. 4. �±µ²µ 37
ÉÒ¸. ± ´¤¨¤ Éµ¢ ¢ · ¸¶ ¤ Ξ− → Λ0π−, Ê¤µ¢²¥É¢µ·ÖÕÐ¨Ì ±·¨É¥·¨Ö³ (5)Ä(8),
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¡Ò²µ µÉµ¡· ´µ ¤²Ö ¶µ¸²¥¤ÊÕÐ¥£µ  ´ ²¨§ . �·¨ ÔÉµ³ Ê·µ¢¥´Ó Ëµ´  ¢ ÔÉµ³
¨´É¥·¢ ²¥ ¸µ¸É ¢¨² µ±µ²µ 14,6 ÉÒ¸. ±µ³¡¨´ Í¨°.

2.3. ‘¶¥±É·Ò ÔËË¥±É¨¢´ÒÌ ³ ¸¸ Ξ−π±. �É¡¨· ¥³Ò¥ ¸µ¡ÒÉ¨Ö ¤²Ö · ¸-
¶ ¤µ¢ (1) ¤µ²¦´Ò ¡Ò²¨ ¸µ¤¥·¦ ÉÓ ± ´¤¨¤ É  ¢ Ξ− ¨ ¶µ ±· °´¥° ³¥·¥ ¥Ð¥
µ¤¨´ ¤µ¶µ²´¨É¥²Ó´Ò° É·¥± § ·Ö¦¥´´µ° Î ¸É¨ÍÒ. ’· ¥±Éµ·¨Ö Ξ− ¨ ¤µ¶µ²´¨-
É¥²Ó´Ò° É·¥± ¤µ²¦´Ò ¡Ò²¨ Ê¤µ¢²¥É¢µ·ÖÉÓ ±·¨É¥·¨Õ (3),   Z-±µµ·¤¨´ É  Å
· ¸¶µ² £ ÉÓ¸Ö ¢ · °µ´¥ ³¨Ï¥´¨, É. ¥. Ê¤µ¢²¥É¢µ·ÖÉÓ ±·¨É¥·¨Õ

(ZT − 1
2
LT ) − 5 ¸³ < Z < (ZT +

1
2
LT ) + 5 ¸³. (9)

�·¨ ÔÉ¨Ì Ê¸²µ¢¨ÖÌ ¡Ò²µ µÉµ¡· ´µ 17379 ± ´¤¨¤ Éµ¢ ¢ · ¸¶ ¤ (1) ¨ 7215
± ´¤¨¤ Éµ¢ ¢ · ¸¶ ¤ (2). ‘¶¥±É· ÔËË¥±É¨¢´ÒÌ ³ ¸¸ µÉµ¡· ´´ÒÌ ±µ³¡¨´ Í¨°
Ξ−π+(M(Ξ−π+)) ¶·¨¢¥¤¥´ ´  ·¨¸. 5,   ¸µµÉ¢¥É¸É¢ÊÕÐ¨° ¸¶¥±É· ±µ³¡¨´ Í¨°
M(Ξ−π−) ´  ·¨¸. 6.

�¨¸. 5. ‘¶¥±É· ÔËË¥±É¨¢´ÒÌ ³ ¸¸ Ξ−π+ �¨¸. 6. ‘¶¥±É· ÔËË¥±É¨¢´ÒÌ ³ ¸¸ Ξ−π−

‚ ¸¶¥±É·¥ M(Ξ−π+) ´ ¡²Õ¤ ¥É¸Ö Î¥É±¨° ¸¨£´ ² µÉ · ¸¶ ¤  Ξ(1530)0 →
Ξ−π+. ‘¨£´ ² ¡Ò²  ¶¶·µ±¸¨³¨·µ¢ ´ ËÊ´±Í¨¥° �·¥°É Ä‚¨£´¥· :

BW (m) = A
mM0Γ

(m2 − M2
0 )2 + M2

0 Γ2
, (10)

A Å  ³¶²¨ÉÊ¤ , M0 Å ³ ¸¸  ·¥§µ´ ´¸ , Γ Å ¥£µ Ï¨·¨´ . ”µ´ ¡Ò²  ¶¶·µ±-
¸¨³¨·µ¢ ´ £² ¤±µ° ËÊ´±Í¨¥°, ´ Î¨´ ÕÐ¥°¸Ö µÉ ¶µ·µ£ 

BG(m) = P1(m − Mth)P2exp (−P3m − P4m
2), (11)
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£¤¥ P1ÄP4 Å ¸¢µ¡µ¤´Ò¥ ¶ · ³¥É·Ò, Mth Ä ¸Ê³³  ³ ¸¸ ¶·µ¤Ê±Éµ¢ · ¸¶ ¤ .
�µ²ÊÎ¥´´µ¥ ¢ ·¥§Ê²ÓÉ É¥  ¶¶·µ±¸¨³ Í¨¨ §´ Î¥´¨¥ ³ ¸¸Ò M0 = (1532, 9 ±
0, 4) ŒÔ‚/c2 ¡²¨§±µ ± É ¡²¨Î´µ³Ê [9],   Ï¨·¨´  ¸ ÊÎ¥Éµ³ Ô±¸¶¥·¨³¥´É ²Ó´µ£µ
· §·¥Ï¥´¨Ö Γ = (10, 0±1, 7) ŒÔ‚/c2 ¸µ¢¶ ¤ ¥É ¸ É ¡²¨Î´µ° [9]. � §·¥Ï¥´¨¥
¶µ ÔËË¥±É¨¢´µ° ³ ¸¸¥ Ξ−π+ ¢ µ¡² ¸É¨ 1530 ŒÔ‚/c2, µ¶·¥¤¥²¥´´µ¥ ³¥Éµ¤µ³
Œµ´É¥-Š ·²µ, ¸µ¸É ¢²Ö¥É 3, 7 ŒÔ‚/c2. Šµ²¨Î¥¸É¢µ § ·¥£¨¸É·¨·µ¢ ´´ÒÌ · ¸-
¶ ¤µ¢ µ¶·¥¤¥²Ö²µ¸Ó ¨´É¥£·¨·µ¢ ´¨¥³ ËÊ´±Í¨¨,  ¶¶·µ±¸¨³¨·ÊÕÐ¥° ¸¨£´ ²,
¶µ ¢¸¥³Ê ¸¶¥±É·Ê ÔËË¥±É¨¢´ÒÌ ³ ¸¸ ¨ ¸µ¸É ¢¨²µ 1492± 93. ”µ´ µ¡Ê¸²µ¢²¥´
¢ µ¸´µ¢´µ³ ±µ³¡¨´ Éµ·¨±µ°.

�¨ ¢ µ¡² ¸É¨ ¡µ²ÓÏ¨Ì §´ Î¥´¨° ³ ¸¸, ´¨ ¢ µ¡² ¸É¨ ³ ¸¸Ò ¨¸±µ³µ£µ
¸¨£´ ²  (1862 ŒÔ‚/c2) ¸É É¨¸É¨Î¥¸±¨ §´ Î¨³ÒÌ ¶¨±µ¢ ´¥ ´ ¡²Õ¤ ¥É¸Ö.

‚ ¸¶¥±É·¥ M(Ξ−π−) ¸É É¨¸É¨Î¥¸±¨ µ¡¥¸¶¥Î¥´´Ò¥ ¸¨£´ ²Ò É ±¦¥ ´¥
´ ¡²Õ¤ ÕÉ¸Ö ¢µ ¢¸¥° · ¸¸³ É·¨¢ ¥³µ° µ¡² ¸É¨. ‘¶¥±É·  ¶¶·µ±¸¨³¨·µ¢ ²¸Ö
£² ¤±µ° ËÊ´±Í¨¥° É¨¶  (11). ‚¥²¨Î¨´  · §·¥Ï¥´¨Ö ¶µ ÔËË¥±É¨¢´µ° ³ ¸¸¥
¤²Ö Ξ−π±, µ¶·¥¤¥²¥´´ Ö ³¥Éµ¤µ³ Œµ´É¥-Š ·²µ, ¢ µ¡² ¸É¨ ¨¸±µ³µ£µ ¸¨£´ ² 
¸µ¸É ¢²Ö¥É 6, 5 ŒÔ‚/c2.

3. �–…�Šˆ ‚…�•�ˆ• ƒ���ˆ– ��†„…�ˆŸ ˆ‘Š�Œ›•
‘�‘’�Ÿ�ˆ‰ Ξ(1860)0 ˆ Ξ(1860)−−

�Ò²¨ µÍ¥´¥´Ò ¢¥·Ì´¨¥ £· ´¨ÍÒ ·µ¦¤¥´¨Ö ¨¸±µ³ÒÌ ¸µ¸ÉµÖ´¨° ¶µ µÉ-
´µÏ¥´¨Õ ± ·µ¦¤¥´¨Õ Ξ(1530)0. �·¨ ÔÉµ³ ¶·¥¤¶µ² £ ²µ¸Ó, ÎÉµ ¨¸±µ³Ò¥
¸¨£´ ²Ò ¤µ²¦´Ò ´ Ìµ¤¨ÉÓ¸Ö ¢ ¨´É¥·¢ ²¥ (1, 862 ± 3σ) ƒÔ‚/c2, £¤¥ σ Å · §-
·¥Ï¥´¨¥ (¶·¥¤¶µ² £ ¥³Ò¥ ³ ¸¸Ò ¨¸±µ³ÒÌ ¸µ¸ÉµÖ´¨° ¢§ÖÉÒ ¨§ Ô±¸¶¥·¨³¥´É 
NA49 [5] ¨ · ¢´Ò 1, 862 ƒÔ‚/c2). ‚ ¸¶¥±É·¥ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ Ξ−π+ ¢
Ê± § ´´µ³ ¨´É¥·¢ ²¥ ´ Ìµ¤¨É¸Ö 704 ±µ³¡¨´ Í¨¨, ¢ ¸¶¥±É·¥ Ξ−π− Å 228
±µ³¡¨´ Í¨°. ‚ ¶·¥¤¶µ²µ¦¥´¨¨, ÎÉµ ¸²ÊÎ °´Ò¥ µÉ±²µ´¥´¨Ö µÉ Ê·µ¢´Ö Ëµ´  ¢
ÔÉµ° µ¡² ¸É¨ ¸¶¥±É·  · ¸¶·¥¤¥²¥´Ò ¶µ ´µ·³ ²Ó´µ³Ê § ±µ´Ê, ¡Ò²µ ¶µ²ÊÎ¥´µ,
ÎÉµ ¸ 95%-³ Ê·µ¢´¥³ ¤µ¸Éµ¢¥·´µ¸É¨ ¸¨£´ ² Ξ−π+ ´¥ ¶·¥¢ÒÏ ¥É 52 ±µ³-
¡¨´ Í¨°,   ¸¨£´ ² Ξ−π− ´¥ ¶·¥¢ÒÏ ¥É 29 ±µ³¡¨´ Í¨°. ‘ ¨¸¶µ²Ó§µ¢ ´¨¥³
¶µ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éµ¢ ¡Ò²¨ µÍ¥´¥´Ò ¢¥·Ì´¨¥ £· ´¨ÍÒ ·µ¦¤¥´¨Ö ¨¸±µ³ÒÌ
¸µ¸ÉµÖ´¨° ¶µ µÉ´µÏ¥´¨Õ ± ·µ¦¤¥´¨Õ Ξ(1530)0 (¸³. É ¡²¨ÍÊ).

„²Ö µÍ¥´±¨ ¢¥·Ì´¨Ì £· ´¨Í ¸¥Î¥´¨° ·µ¦¤¥´¨Ö Ξ(1860)0 ¨ Ξ(1860)−−

¨¸¶µ²Ó§µ¢ ²¨¸Ó ·¥§Ê²ÓÉ ÉÒ, ¶µ²ÊÎ¥´´Ò¥ · ´¥¥ ¢ ÔÉµ³ Ô±¸¶¥·¨³¥´É¥ ¶µ ´ -
¡²Õ¤¥´¨Õ ¸µ¸ÉµÖ´¨Ö Ξ(1530)0 [16]. �·¨ ÔÉµ³ ÊÎ¨ÉÒ¢ ²µ¸Ó · ´¥¥ ¨§³¥·¥´-
´µ¥ ¸¥Î¥´¨¥ ·µ¦¤¥´¨Ö Ξ(1530)0 ¨ µÉ´µ¸¨É¥²Ó´Ò¥ ÔËË¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨
Ξ(1530)0, Ξ(1860)0 ¨ Ξ(1860)−−. „²Ö ¢ÒÎ¨¸²¥´¨Ö ÔËË¥±É¨¢´µ¸É¥° ·¥£¨¸É· -
Í¨¨ ¶·¨³¥´Ö²¸Ö ³¥Éµ¤ Œµ´É¥-Š ·²µ.

� §Ò£·Ò¢ ²¨¸Ó ¸²¥¤ÊÕÐ¨¥ ·¥ ±Í¨¨:

n + N → Ξ(1530)0 + K0 + K0 + X ;
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n + N → Ξ(1860)0 + K0 + K0 + X ;

n + N → Ξ(1860)−− + K+ + K+ + X.

‡¤¥¸Ó K0, K+ ¨ π− Å ÔÉµ É ± ´ §Ò¢ ¥³Ò¥ ®Î ¸É¨ÍÒ ³¨´¨³ ²Ó´µ£µ ¸µ¶·µ-
¢µ¦¤¥´¨Ö¯, ±µÉµ·Ò¥ ±µ³¶¥´¸¨·ÊÕÉ ¸É· ´´µ¸ÉÓ ¨ § ·Ö¤ ¨§ÊÎ ¥³µ£µ ¸µ¸ÉµÖ´¨Ö;
X Å ÔÉµ ´ ¡µ· Î ¸É¨Í, £¥´¥·¨·Ê¥³ÒÌ ¶·µ£· ³³µ° JETSET [17] ¢ ¸µµÉ¢¥É-
¸É¢¨¨ ¸ § ±µ´ ³¨ ¸µÌ· ´¥´¨Ö. „²Ö ·µ¦¤¥´¨Ö Ξ(1860)0 ¨ Ξ(1860)−− ¨¸¶µ²Ó-
§µ¢ ² ¸Ó ³µ¤¥²Ó,  ´ ²µ£¨Î´ Ö ³µ¤¥²¨ ·µ¦¤¥´¨Ö Ξ(1530)0 [16]. ‘ ¶µ³µÐÓÕ
¶µ²ÊÎ¥´´µ£µ §´ Î¥´¨Ö ÔËË¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨ Ξ(1530)0, · ¢´µ£µ 0,0055,
¨ ¥£µ · ´¥¥ ¨§³¥·¥´´µ£µ ¸¥Î¥´¨Ö ·µ¦¤¥´¨Ö (87±14 ³±¡) ¡Ò²¨ µ¶·¥¤¥²¥´Ò
¢¥·Ì´¨¥ £· ´¨ÍÒ ¤²Ö ¸¥Î¥´¨° ·µ¦¤¥´¨Ö ¨¸±µ³ÒÌ ¸µ¸ÉµÖ´¨°. �µ²ÊÎ¥´´Ò¥ ·¥-
§Ê²ÓÉ ÉÒ ¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥.

‚¥·Ì´¨¥ £· ´¨ÍÒ ·µ¦¤¥´¨Ö ¸µ¸ÉµÖ´¨° Ξ(1860)0 ¨ Ξ(1860)−−, ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥
95%-³Ê Ê·µ¢´Õ ¤µ¸Éµ¢¥·´µ¸É¨

� ¸¶ ¤ �É´µÏ¥´¨¥ ± �ËË¥±É¨¢´µ¸ÉÓ ‚¥·Ì´ÖÖ £· ´¨Í 
·µ¦¤¥´¨Õ Ξ(1530)0 ·¥£¨¸É· Í¨¨ ¸¥Î¥´¨Ö, ³±¡

Ξ(1860)0 → Ξ−π+ < 0, 035 0, 0036 <4,6
Ξ(1860)−− → Ξ−π− < 0, 019 0, 0023 <4,0

‡�Š‹	—…�ˆ…

�·µ¢¥¤¥´ ¶µ¨¸± ¶·¥¤¶µ² £ ¥³ÒÌ ¸¢Ö§ ´´ÒÌ ¶ÖÉ¨±¢ ·±µ¢ÒÌ ¸µ¸ÉµÖ´¨°
Ξ(1860)0 ¨ Ξ(1860)−−. ‚ ·¥§Ê²ÓÉ É¥ ´¨ µ¤´µ ¨§ ÔÉ¨Ì ¸µ¸ÉµÖ´¨° ´¥ µ¡´ -
·Ê¦¥´µ, ´¥¸³µÉ·Ö ´  Éµ ÎÉµ ´ ¡²Õ¤ ¥É¸Ö Î¥É±¨° ¸¨£´ ² µÉ · ¸¶ ¤  Ìµ·µÏµ
¨§¢¥¸É´µ£µ ·¥§µ´ ´¸  Ξ(1530)0. ‘ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¨§³¥·¥´´µ£µ §´ Î¥´¨Ö ¸¥-
Î¥´¨Ö ·µ¦¤¥´¨Ö Ξ(1530)0 ¶µ²ÊÎ¥´Ò ¢¥·Ì´¨¥ £· ´¨ÍÒ ¸¥Î¥´¨° ·µ¦¤¥´¨Ö ¨¸±µ-
³ÒÌ ¸µ¸ÉµÖ´¨° Ξ(1860)0 ¨ Ξ(1860)−− ¢ ¶·¥¤¶µ²µ¦¥´¨¨ ³¥Ì ´¨§³  ·µ¦¤¥´¨Ö,
¶·¨¢µ¤ÖÐ¥£µ ± ¸Ìµ¤´Ò³ ¸¶¥±É· ³ ´ ¡²Õ¤ ¥³ÒÌ ±¨´¥³ É¨Î¥¸±¨Ì ¶¥·¥³¥´´ÒÌ,
¶µ²ÊÎ¥´´ÒÌ ¢ Ô±¸¶¥·¨³¥´É¥ ¨ ¢ ³µ¤¥²¨·µ¢ ´¨¨.

� ¡µÉ  ¢Ò¶µ²´¥´  ¢ ‹ ¡µ· Éµ·¨¨ Ë¨§¨±¨ Î ¸É¨Í �ˆŸˆ ¶·¨ ¶µ¤¤¥·¦±¥
�µ¸¸¨°¸±µ£µ Ëµ´¤  ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨¸¸²¥¤µ¢ ´¨°, ¶·µ¥±É 03-07-90385.
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