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‹ ¡µ· Éµ·¨Ö É¥µ·¥É¨Î¥¸±µ° Ë¨§¨±¨ ¨³. �. �. �µ£µ²Õ¡µ¢ 

� ¸¸³µÉ·¥´Ò ´¥±µÉµ·Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´µ ´ ¡²Õ¤ ¥³Ò¥ ¸²¥¤¸É¢¨Ö ¸ÊÐ¥¸É¢µ¢ ´¨Ö Ô±§µÉ¨-
Î¥¸±¨Ì £¨¡·¨¤´ÒÌ (gQQ̄) ¨ Ï¥¸É¨±¢ ·±µ¢ÒÌ (6q)-·¥§µ´ ´¸µ¢. ‚ÒÎ¨¸²¥´Ò Ì · ±É¥·¨¸É¨±¨ ²¥¶-
Éµ´´µ£µ · ¸¶ ¤  ´¨§Ï¥£µ ¢¥±Éµ·´µ£µ (gcc̄)-Î ·³µ´¨Ö ¨ ¤¢ÊÌËµÉµ´´µ£µ ³¥Ì ´¨§³  µ¡· §µ¢ ´¨Ö ¨
· ¸¶ ¤  ´¨§Ï¥£µ (6q)-·¥§µ´ ´¸ , µ¡· §µ¢ ´´µ£µ ¢ ¶·µÉµ´-¶·µÉµ´´ÒÌ ¸Éµ²±´µ¢¥´¨ÖÌ ¨ ´¥ · ¸¶ -
¤ ÕÐ¥£µ¸Ö ´  ¶ ·Ê ´Ê±²µ´µ¢, ±µÉµ·Ò¥ ¶µ³µ£ ÕÉ ¨¤¥´É¨Ë¨Í¨·µ¢ ÉÓ ¨ § É¥³ ¨§ÊÎ ÉÓ Ô±§µÉ¨Î¥¸±ÊÕ
¶·¨·µ¤Ê ÔÉ¨Ì ¸µ¸ÉµÖ´¨°.

Some experimental signatures of exotic hybrid (gQQ̄) and six-quark (6q)-resonances are dis-
cussed. The characteristics of the lowest (gcc̄) hybrid vector charmonium leptonic decay and the
two-photon mechanism of the production and subsequent decay of the NN -decoupled (6q)-resonance
in proton-proton collisions are indicated that facilitate the identiˇcation and further study of the exotic
nature of these resonances.

ˆ¤¥´É¨Ë¨± Í¨Ö ¨ ¨¸¸²¥¤µ¢ ´¨¥ Ô±§µÉ¨Î¥¸±¨Ì ³Ê²ÓÉ¨±¢ ·±µ¢ÒÌ ¨ £¨¡·¨¤-
´ÒÌ gQQ̄-¸µ¸ÉµÖ´¨° ³µ£ÊÉ ¤ ÉÓ ¶·¨´Í¨¶¨ ²Ó´µ ¢ ¦´ÊÕ ¨ ¸ÊÐ¥¸É¢¥´´µ ´µ¢ÊÕ
¨´Ëµ·³aÍ¨Õ µ ´¥¶¥·ÉÊ·¡ É¨¢´µ° Š•„ ¨ ±¢ ·±-£²Õµ´´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¢
´¥c¨´£²¥É´ÒÌ Í¢¥Éµ¢ÒÌ ¸µ¸ÉµÖ´¨ÖÌ. Š·µ³¥ Éµ£µ, £¨¡·¨¤´Ò¥ ±¢ ·±-£²Õµ´´Ò¥
±µ´Ë¨£Ê· Í¨¨, ¶·¨¸ÊÉ¸É¢ÊÕÐ¨¥ ¢ ÉÖ¦¥²ÒÌ ±¢ ·±µ´¨ÖÌ, ³µ£ÊÉ § ³¥É´µ ¢²¨ÖÉÓ
´  ¢§ ¨³µ¤¥°¸É¢¨Ö ÉÖ¦¥²ÒÌ ³¥§µ´µ¢ ¸ ²¥£±¨³¨  ¤·µ´ ³¨ (¶¨µ´ ³¨, ´Ê±²µ-
´ ³¨) ¢ Ö¤¥·´µ° ¸·¥¤¥ ¨, ¸²¥¤µ¢ É¥²Ó´µ, ´  ´ ¤¥¦´µ¸ÉÓ ¤¨ £´µ¸É¨±¨ µ¡· §µ-
¢ ´¨Ö ±¢ ·±-£²Õµ´´µ° ¶² §³Ò ¶µ µ¦¨¤ ¥³µ³Ê Ê³¥´ÓÏ¥´¨Õ ¸¥Î¥´¨Ö µ¡· §µ-
¢ ´¨Ö ÉÖ¦¥²ÒÌ ±¢ ·±µ´¨¥¢ ¢ Ê²ÓÉ· ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤·µ-Ö¤¥·´ÒÌ ¸Éµ²±´µ¢¥-
´¨ÖÌ.

„²Ö ¢±²ÕÎ¥´¨Ö ¢ Ö¢´µ° Ëµ·³¥ £²Õµ´´ÒÌ ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò ¢ ¸¶¥±É·µ-
¸±µ¶¨Õ ÉÖ¦¥²ÒÌ ±¢ ·±µ´¨¥¢ ³Ò · ¸¸³µÉ·¥²¨ ¢ · ³± Ì ¶·¥¤²µ¦¥´´ÒÌ ´ ³¨
· ´¥¥ ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ê· ¢´¥´¨° Ï·¥¤¨´£¥·µ¢¸±µ£µ É¨¶  ¨  ¤¨ ¡ É¨Î¥¸±µ£µ
¶µ¤Ìµ¤ ,  ´ ²µ£¨Î´µ£µ ¶µ¤Ìµ¤Ê �µ·´ Ä�¶¶¥´£¥°³¥· , ¸¢µ°¸É¢  ´¨§Ï¨Ì £¨-
¡·¨¤´ÒÌ Q̄Qg-³¥§µ´µ¢ (Q = c, b) ¨ µÍ¥´¨²¨ ÔËË¥±ÉÒ ¨Ì ¸³¥Ï¨¢ ´¨Ö ¸ ´¨§-
±µ²¥¦ Ð¨³¨ ¢¥±Éµ·´Ò³¨ ¸µ¸ÉµÖ´¨Ö³¨ c̄c-Î ·³µ´¨Ö. �µ²ÊÎ¥´´Ò¥ ¶·¨ ÔÉµ³
µÉ´µÏ¥´¨Ö ²¥¶Éµ´´ÒÌ Ï¨·¨´ J/Ψ-, Ψ

′
-, Ψ(4, 04)- ¨ Ψ(4, 16)-·¥§µ´ ´¸µ¢



� ���‹	„�…Œ›• �””…Š’�• ‚�‡�“†„…�ˆŸ �„����›• �…‡����‘�‚ 119

Ìµ·µÏµ ¸µ£² ¸ÊÕÉ¸Ö ¸ Ô±¸¶¥·¨³¥´Éµ³. “¤¨¢¨É¥²Ó´Ò° Ë ±É ¶·¨¡²¨¦¥´´µ£µ
· ¢¥´¸É¢  ²¥¶Éµ´´ÒÌ Ï¨·¨´ Ψ(4, 04)- ¨ Ψ(4, 16)-·¥§µ´ ´¸µ¢ µ¡ÑÖ¸´Ö¥É¸Ö ¢
· ³± Ì ´ Ï¥£µ ¶µ¤Ìµ¤  ¶µ¸·¥¤¸É¢µ³ ±µ£¥·¥´É´µ£µ ¸²µ¦¥´¨Ö ¶µ µÉ¤¥²Ó´µ¸É¨
³ ²ÒÌ ¶·¨³¥¸´ÒÌ  ³¶²¨ÉÊ¤ (1S)−(3S)-¸µ¸ÉµÖ´¨° Î ·³µ´¨Ö ¢ ¢¥±Éµ·¥ ¸µ¸Éµ-
Ö´¨Ö Ψ(4, 16)-·¥§µ´ ´¸ , Ö¢²ÖÕÐ¥£µ¸Ö ¤µ³¨´ ´É´µ-£¨¡·¨¤´Ò³ ¸µ¸ÉµÖ´¨¥³. ‚
ÔÉµ³ ¸µ¸Éµ¨É ± Î¥¸É¢¥´´µ¥ µÉ²¨Î¨¥ ·¥§Ê²ÓÉ É  ´ Ï¥£µ ¶µ¤Ìµ¤  µÉ Ï¨·µ±µ µ¡-
¸Ê¦¤ ¢Ï¥°¸Ö ¢ ²¨É¥· ÉÊ·¥ £¨¶µÉ¥§Ò ¸²ÊÎ °´µ° ¡²¨§µ¸É¨ ³ ¸¸ ®É¥µ·¥É¨Î¥¸±¨
Î¨¸ÉÒÌ¯ ¸µ¸ÉµÖ´¨° 3S1-Î ·³µ´¨Ö ¨ £¨¡·¨¤´µ£µ ³¥§µ´ , ±µÉµ· Ö ¶·¨¢µ¤¨² 
¡Ò ± · ¢´Ò³ ¶µ ³µ¤Ê²Õ  ³¶²¨ÉÊ¤ ³ (3S)- ¨ £¨¡·¨¤´µ° c̄cg-±µ´Ë¨£Ê· Í¨¨ ¢
¢¥±Éµ· Ì ¸µ¸ÉµÖ´¨Ö Ë¨§¨Î¥¸±¨Ì Ψ(4, 04)- ¨ Ψ(4, 16)-·¥§µ´ ´¸µ¢ [1].

‚ ± Î¥¸É¢¥ ¶·¥¤¶µ¸Ò²±¨ ± · ¸Î¥É ³  ³¶²¨ÉÊ¤ ± ¸± ¤´ÒÌ  ¤·µ´´ÒÌ · ¸¶ -
¤µ¢ ÉÖ¦¥²ÒÌ ±¢ ·±µ´¨¥¢ ¨ ¨Ì ¢§ ¨³µ¤¥°¸É¢¨° ¸ ²¥£±¨³¨  ¤·µ´ ³¨ (¶¨µ´ ³¨,
´Ê±²µ´ ³¨), ¡Ò² ¢Ò¶µ²´¥´ · ¸Î¥É ±µÔËË¨Í¨¥´Éµ¢ Í¢¥Éµ¢µ° ¶µ²Ö·¨§Ê¥³µ¸É¨
¶¨µ´µ¢ £²Õµ´´Ò³ ¶µ²¥³, ±µÉµ·µ¥ Ëµ·³¨·Ê¥É¸Ö ¶·¨³¥¸ÓÕ Ê³¥·¥´´µ-¦¥¸É±¨Ì
®¢ ²¥´É´ÒÌ¯ £²Õµ´µ¢ ¢ ´¨§Ï¨Ì ¶µ ³ ¸¸¥ ¸¢Ö§ ´´ÒÌ ¸µ¸ÉµÖ´¨ÖÌ Î ·³µ´¨¥¢.
�³¶²¨ÉÊ¤  ππgg-¢§ ³µ¤¥°¸É¢¨Ö, ¶·µ¶µ·Í¨µ´ ²Ó´ Ö ±µÔËË¨Í¨¥´É ³ £²Õµ´-
´µ° ¶µ²Ö·¨§Ê¥³µ¸É¨ ¶¨µ´µ¢, ¤ ¥É, É ±¨³ µ¡· §µ³, µ¶·¥¤¥²¥´´Ò° ¢±² ¤ ¢ ¶µ²-
´ÊÕ  ³¶²¨ÉÊ¤Ê ¢§ ¨³µ¤¥°¸É¢¨Ö ¶¨µ´µ¢ ¸ ÉÖ¦¥²Ò³¨ ±¢ ·±µ´¨Ö³¨. ‚ ²¨´¥°´µ°
σ-³µ¤¥²¨, ¢±²ÕÎ ÕÐ¥° ¶¨µ´Ò, ²¥£±¨° (¨§µ)¸± ²Ö·´Ò° σ(∼ 600 ŒÔ‚)-³¥§µ´
¨ ±µ´¸É¨ÉÊ¥´É´Ò¥ u- ¨ d-±¢ ·±¨, ¡Ò²¨ ¢ÒÎ¨¸²¥´Ò Ì·µ³µÔ²¥±É·¨Î¥¸± Ö (αg)
¨ Ì·µ³µ³ £´¨É´ Ö (βg) ¶µ²Ö·¨§Ê¥³µ¸É¨ ¶¨µ´ , ¨ ¢ ¶·¥¤¥²¥ ´Ê²¥¢ÒÌ Ô´¥·£¨°
(É. ¥. ¢ ¶·¨¡²¨¦¥´¨¨ ÔËË¥±É¨¢´µ£µ · ¤¨Ê¸ ) ¸¥Î¥´¨¥ πJ/Ψ-¢§ ¨³µ¤¥°¸É¢¨Ö
´ °¤¥´µ · ¢´Ò³ σ(πJ/Ψ) � 1, 9 [1]. �É³¥É¨³, ÎÉµ ·¥ ±Í¨Ö ¶¨µ´µ¢ ´  ¶·¨²µ-
¦¥´´µ¥ Ì·µ³µÔ²¥±É·¨Î¥¸±µ¥ ¨ Ì·µ³µ³ £´¨É´µ¥ ¶µ²¥ ¶µ¤µ¡´  ·¥ ±Í¨¨ ¸·¥¤Ò ¸
®¤¨Ô²¥±É·¨Î¥¸±¨³¨¯ (αg ≤ 0) ¨ ®¶ · ³ £´¨É´Ò³¨¯ (βg ≥ 0) ¸¢µ°¸É¢ ³¨. �·¨
ÔÉµ³  ³¶²¨ÉÊ¤  ¶¨µ´-±¢ ·±µ´¨¥¢µ£µ (´ ¶·¨³¥·, ¶¨µ´-Î ·³µ´¨¥¢µ£µ) ¢§ ¨³µ-
¤¥°¸É¢¨Ö, µ¡Ê¸²µ¢²¥´´ Ö ¶·¨¸ÊÉ¸É¢¨¥³ £¨¡·¨¤´µ° ¶·¨³¥¸¨, ¢ µ¡² ¸É¨ ³ ²ÒÌ
Ô´¥·£¨° ¨³¥¥É £² ¤±µ¥ ¶µ¢¥¤¥´¨¥ ¨ ´¥ ¶·µÖ¢²Ö¥É ¡Ò¸É·µ£µ ¶ ¤¥´¨Ö ¶·¨ ¸É·¥³-
²¥´¨¨ Ô´¥·£¨¨ ± ´Ê²Õ, ¢ µÉ²¨Î¨¥ µÉ ³¥Ì ´¨§³  µ¡³¥´  ³Ö£±¨³¨ £²Õµ´ ³¨,
µÉ¢¥É¸É¢¥´´µ£µ §  ¢§ ¨³µ¤¥°¸É¢¨¥ ¢ ´-¤¥·-¢  ²Ó¸µ¢¸±µ£µ É¨¶ .

‚ ·Ö¤¥ · ¡µÉ, ¶µ¸¢ÖÐ¥´´ÒÌ ¶µ¸É·µ¥´¨Õ ³µ¤¥²¥° ±¨· ²Ó´ÒÌ ¸µ²¨Éµ´µ¢ ¢
¸¥±Éµ·¥ ¸ ¡ ·¨µ´´Ò³ ±¢ ´Éµ¢Ò³ Î¨¸²µ³ B ≥ 2, ¡Ò²  µÉ³¥Î¥´  ¢µ§³µ¦´µ¸ÉÓ
¸ÊÐ¥¸É¢µ¢ ´¨Ö ´¥¸É· ´´ÒÌ ¤¨¡ ·¨µ´µ¢ ¸ ³ ¸¸ ³¨ ´¨¦¥ ¶µ·µ£  µ¡· §µ¢ ´¨Ö
¶¨µ´µ¢ ¨ ¸µ ¸É·µ£¨³ ¨²¨ ¶·¨¡²¨¦¥´´Ò³ § ¶·¥Éµ³ · ¸¶ ¤µ¢ ´  ¶ ·Ê ´Ê±²µ´µ¢.
„µ³¨´¨·ÊÕÐ¥° ³µ¤µ° ¨Ì · ¸¶ ¤  Éµ£¤  ¤µ²¦´Ò ¡ÒÉÓ · ¤¨ Í¨µ´´Ò¥ · ¸¶ ¤Ò.
‚ÒÎ¨¸²¥´¨¥ ³ ¸¸ ¨ Ï¨·¨´ ÔÉ¨Ì É¥µ·¥É¨Î¥¸±¨ Î·¥§¢ÒÎ °´µ ¨´É¥·¥¸´ÒÌ ¸µ-
¸ÉµÖ´¨° ´  µ¸´µ¢¥ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¢µ²´µ¢ÒÌ Ê· ¢´¥´¨° ¢Ò£²Ö¤¨É, µ¤´ ±µ,
±· °´¥ ´¥´ ¤¥¦´Ò³ ¨§-§  µÉ¸ÊÉ¸É¢¨Ö ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¸±µ²Ó±µ-´¨¡Ê¤Ó · §-
· ¡µÉ ´´ÒÌ ¨ µ¡µ¸´µ¢ ´´ÒÌ ¸¶µ¸µ¡µ¢  ´ ²¨É¨Î¥¸±µ£µ ¶·¥¤¸É ¢²¥´¨Ö ±¢ ·-
±µ¢µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ¢ 6-±¢ ·±µ¢ÒÌ ¸¨¸É¥³ Ì. �µÔÉµ³Ê µ¸´µ¢´µ°  ±Í¥´É
¢ · §· ¡µÉ±¥ ÔÉµ° É¥³Ò ´  ¤ ´´µ³ ÔÉ ¶¥ ¡Ò² ´ ³¨ ¸¤¥² ´ ´  Ë¥´µ³¥´µ-
²µ£¨Î¥¸±µ³ · ¸¸³µÉ·¥´¨¨ ¨ µ¡µ¸´µ¢ ´¨¨ ´ ¨¡µ²¥¥  ¤¥±¢ É´µ£µ ¨³¥ÕÐ¨³¸Ö
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Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¢µ§³µ¦´µ¸ÉÖ³ ¨ Ê¸²µ¢¨Õ ´ ¤¥¦´µ° ¨´É¥·¶·¥É Í¨¨ ³¥-
Éµ¤  ¶µ¨¸±µ¢ É ±µ£µ ·µ¤  ¤¨¡ ·¨µ´µ¢. ‚ ÔÉµ° ¸¢Ö§¨ ´ ³¨ ¡Ò² ¶·¥¤²µ¦¥´ ´µ-
¢Ò° ¸¶µ¸µ¡ ¶µ¨¸±  Ô±§µÉ¨Î¥¸±¨-Ê§±¨Ì ´¨§±µ²¥¦ Ð¨Ì ¤¨¡ ·¨µ´µ¢ ¢ ·¥ ±Í¨ÖÌ
¸ ¨¸¶Ê¸± ´¨¥³ ¤¢ÊÌ ËµÉµ´µ¢ ¶·¨ ¢§ ¨³µ¤¥°¸É¢¨¨ ´Ê±²µ´µ¢ ¶·µ³¥¦ÊÉµÎ´ÒÌ
Ô´¥·£¨° [2, 3], ±µÉµ·Ò° ¸¢µ¡µ¤¥´ µÉ ¢´ÊÉ·¥´´¥ ¶·¨¸ÊÐ¨Ì É·Ê¤´µ¸É¥° ¢¸¥Ì
¨¸¶µ²Ó§µ¢ ¢Ï¨Ì¸Ö · ´¥¥ ·¥ ±Í¨° ¸ ÊÎ ¸É¨¥³ ¨²¨ µ¡· §µ¢ ´¨¥³ ³Ê²ÓÉ¨ ¤·µ´-
´ÒÌ ¸µ¸ÉµÖ´¨°. �  µ¸´µ¢¥ ÔÉµ£µ ³¥Éµ¤  ¸µÉ·Ê¤´¨Î¥¸É¢µ³ „ˆ�2γ (�ˆŸˆ) ¡Ò²
¢Ò¶µ²´¥´ Ô±¸¶¥·¨³¥´É, µ¡´ ·Ê¦¨¢Ï¨° Ì · ±É¥·´ÊÕ ¸É·Ê±ÉÊ·Ê ¢ Ô´¥·£¥É¨Î¥-
¸±µ³ ¸¶¥±É·¥ ËµÉµ´µ¢ ¨ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÐ¨° µ ¸ÊÐ¥¸É¢µ¢ ´¨¨ Ô±§µÉ¨Î¥¸±µ£µ
Ê§±µ£µ ¤¨¡ ·¨µ´  ¸ ³ ¸¸µ° � 1950 ŒÔ‚ [4]. �ÉµÉ ·¥§Ê²ÓÉ É ¤¥³µ´¸É·¨·Ê¥É
´µ¢Ò¥ ¢µ§³µ¦´µ¸É¨ ¨¸¸²¥¤µ¢ ´¨Ö · ´¥¥ ´¥¨§¢¥¸É´ÒÌ ³Ê²ÓÉ¨±¢ ·±µ¢ÒÌ ¸µ¸Éµ-
Ö´¨° ¢ Ë¨§¨±¥  ¤·µ´µ¢.
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