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

� ¸¸³ É·¨¢ ÕÉ¸Ö ·¥§Ê²ÓÉ ÉÒ ¶μ¨¸±  ¨ ´ ¡²Õ¤¥´¨° ÉÖ¦¥²ÒÌ Î ¸É¨Í ¨²¨ ¨Ì ¶·μ-
Ö¢²¥´¨° ¢ ¢¨¤¥ ´¥μ¡ÒÎ´ÒÌ Ö¢²¥´¨°, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¢ · §²¨Î´ÒÌ Ô±¸¶¥·¨³¥´É Ì
´  Ê¸É ´μ¢± Ì LHC. �´ ²μ£¨Î´Ò¥  ´μ³ ²Ó´Ò¥ ¸μ¡ÒÉ¨Ö, ¶·¨ ¸μ¶μ¸É ¢¨³ÒÌ Ô´¥·£¨ÖÌ ¢
¸¨¸É¥³¥ Í¥´É·  ³ ¸¸, ¡Ò²¨ § ·¥£¨¸É·¨·μ¢ ´Ò ¢ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ Ì ´¥¸±μ²Ó±μ ¤¥¸ÖÉ-
±μ¢ ²¥É ´ § ¤. „²Ö μ¡ÑÖ¸´¥´¨Ö ¢¸¥Ì ´ ¡²Õ¤ ¥³ÒÌ ´¥μ¡ÒÎ´ÒÌ Ö¢²¥´¨° ¨ ¶·μÍ¥¸¸μ¢ ¸
¥¤¨´μ° ÉμÎ±¨ §·¥´¨Ö ¡Ò²  ¶·¥¤²μ¦¥´  ³μ¤¥²Ó μ¡· §μ¢ ´¨Ö ¸£Ê¸É±μ¢ ±¢ ·±-£²Õμ´´μ°
³ É¥·¨¨ ¸ ¡μ²ÓÏ¨³ μ·¡¨É ²Ó´Ò³ ³μ³¥´Éμ³, ±μÉμ·Ò° § É·Ê¤´Ö¥É ¢Ò²¥É ²¥£±¨Ì ±¢ ·-
±μ¢, ´μ ´¥ ¶·¥¶ÖÉ¸É¢Ê¥É ¢Ò²¥ÉÊ ÉÖ¦¥²ÒÌ, ¢ Éμ³ Î¨¸²¥ Éμ¶-±¢ ·±μ¢. � ¸¸³ É·¨¢ ÕÉ¸Ö
¢μ§³μ¦´μ¸É¨ ¶·μ¢¥·±¨ ¤ ´´μ° ³μ¤¥²¨ ¢ Ô±¸¶¥·¨³¥´É Ì ´  LHC.

Results of the search and observations of heavy particles or their manifestations
as unusual phenomena, detected in various LHC experiments, are considered. Similar
anomalous events at the same energies in the center-of-mass system were detected in
cosmic rays several decades ago. For explanation of all observed unusual phenomena and
processes from a single point of view, the model of production of quarkÄgluon matter
blobs with a large orbital momentum, which suppresses light quark escape but does not
prevent escape of heavy particles including top-quarks, was proposed. Possibilities of the
check of this model in LHC experiments are considered.

PACS: 13.85.Tp
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�μ¸²¥ μ¡´ ·Ê¦¥´¨Ö W - ¨ Z-¡μ§μ´μ¢,   É ±¦¥ ¡μ§μ´  •¨££¸  ¸ ³ ¸¸ ³¨
∼ 100 ƒÔ‚ ¶μ¨¸± ´μ¢ÒÌ ÉÖ¦¥²ÒÌ Î ¸É¨Í ¸³¥¸É¨²¸Ö ¢ ’Ô‚-´ÊÕ μ¡² ¸ÉÓ ³ ¸¸.
�¸μ¡Ò¥ ´ ¤¥¦¤Ò ¢μ§² £ ÕÉ¸Ö ´  Ô±¸¶¥·¨³¥´ÉÒ, ¶·μ¢μ¤¨³Ò¥ ´  LHC. �¤´ ±μ
’Ô‚-´ Ö μ¡² ¸ÉÓ Ô´¥·£¨° (¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸) ¤ ¢´μ ¨§ÊÎ ¥É¸Ö ¢ ±μ¸-
³¨Î¥¸±¨Ì ²ÊÎ Ì ¶·¨ Ô´¥·£¨¨ ¶¥·¢¨Î´ÒÌ Î ¸É¨Í ¢ÒÏ¥ 1 �Ô‚. …¸É¥¸É¢¥´´μ,
μ¦¨¤ ÉÓ ¶μÖ¢²¥´¨Ö ¸É ¡¨²Ó´ÒÌ Î ¸É¨Í ¸ É ±¨³¨ ³ ¸¸ ³¨ ´¥ ¶·¨Ìμ¤¨É¸Ö, ¥¸²¨,
±μ´¥Î´μ, ¨¸±²ÕÎ¨ÉÓ ¨§ · ¸¸³μÉ·¥´¨Ö ¢μ§³μ¦´μ¸ÉÓ ¸ÊÐ¥¸É¢μ¢ ´¨Ö Î ¸É¨Í É¥³-
´μ° ³ É¥·¨¨ ¸ É ±¨³¨ ³ ¸¸ ³¨. ‘±μ·¥¥ ¢¸¥£μ, Î ¸É¨ÍÒ ¸ ’Ô‚-´Ò³¨ ³ ¸¸ ³¨
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¡Ê¤ÊÉ ¶·¥¤¸É ¢²ÖÉÓ ¸μ¡μ° ·¥§μ´ ´¸´Ò¥ ¸μ¸ÉμÖ´¨Ö ³ É¥·¨¨, ÌμÉÖ ¨, ¢μ§³μ¦´μ,
¸ ´¥±μÉμ·Ò³¨ ´¥μ¡ÒÎ´Ò³¨ ¸¢μ°¸É¢ ³¨. ˆ¤¥´É¨Ë¨± Í¨Ö É ±¨Ì Î ¸É¨Í ¶·μ¢μ-
¤¨É¸Ö ¶μ ¶·μ¤Ê±É ³ ¨Ì · ¸¶ ¤  ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ±¨´¥³ É¨Î¥¸±¨Ì § ±μ´μ³¥·-
´μ¸É¥°. �¸μ¡Ò° ¨´É¥·¥¸ ¸·¥¤¨ ¢Éμ·¨Î´ÒÌ Î ¸É¨Í ¶·¥¤¸É ¢²ÖÕÉ ³Õμ´Ò, ±μ-
Éμ·Ò¥ ¡² £μ¤ ·Ö ¸¢μ¥° ¶·μ´¨± ÕÐ¥° ¸¶μ¸μ¡´μ¸É¨ ²¥£±μ ¨¤¥´É¨Ë¨Í¨·ÊÕÉ¸Ö
¨ Ö¢²ÖÕÉ¸Ö μÉ²¨Î´μ° ¸¨£´ ÉÊ·μ°. �·¨ ÔÉμ³ ¢ ±μ²² °¤¥·´ÒÌ Ô±¸¶¥·¨³¥´É Ì
³Õμ´Ò ¨³¥ÕÉ Ô´¥·£¨Õ, μ¶·¥¤¥²Ö¥³ÊÕ ±¨´¥³ É¨±μ° · ¸¶ ¤ ; ´ ¶·¨³¥·, ¶·¨
· ¸¶ ¤¥ W -¡μ§μ´  Ô´¥·£¨Ö ³Õμ´  ¸μ¸É ¢²Ö¥É μ±μ²μ 40 ƒÔ‚. ‚ ±μ¸³¨Î¥¸±¨Ì
²ÊÎ Ì ¨§-§  § ±μ´  ¸μÌ· ´¥´¨Ö ¨³¶Ê²Ó¸  ³Õμ´Ò ¶·¨μ¡·¥É ÕÉ ¤μ¶μ²´¨É¥²Ó-
´ÊÕ Ô´¥·£¨Õ, ±μÉμ· Ö ³μ¦¥É ¸μ¸É ¢²ÖÉÓ ¤¥¸ÖÉ±¨ ¨ ¸μÉ´¨ ’Ô‚. ’ ±¨¥ ³Õμ´Ò
³μ¦´μ ¤μ¸É ÉμÎ´μ ²¥£±μ ¢Ò¤¥²¨ÉÓ ¡² £μ¤ ·Ö ²¨´¥°´μ³Ê ·μ¸ÉÊ ¨Ì ¶μÉ¥·Ó ¸
Ê¢¥²¨Î¥´¨¥³ Ô´¥·£¨¨.

‚ ¤ ´´μ° · ¡μÉ¥ ¶·¥¤¸É ¢²¥´ ±· É±¨° μ¡§μ· Ô±¸¶¥·¨³¥´Éμ¢, ¶·μ¢¥¤¥´´ÒÌ
´  LHC ¨ ¢ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ Ì, ¢ ±μÉμ·ÒÌ ¶μ²ÊÎ¥´Ò ¸¢¨¤¥É¥²Ó¸É¢  μ¡· §μ¢ -
´¨Ö ´μ¢ÒÌ ¸μ¸ÉμÖ´¨° ³ É¥·¨¨.

1. �…‡“‹œ’�’› �Š‘�…�ˆŒ…�’�‚ �� LHC
ˆ ‚ Š�‘Œˆ—…‘Šˆ• ‹“—�•

‘·¥¤¨ ¶μ¸²¥¤´¨Ì ·¥§Ê²ÓÉ Éμ¢, ¶μ²ÊÎ¥´´ÒÌ ´  LHC, ³μ¦´μ μÉ³¥É¨ÉÓ ¤¢ ,
¸¢Ö§ ´´ÒÌ ¸ ¢μ§³μ¦´Ò³ μ¡· §μ¢ ´¨¥³ ÉÖ¦¥²ÒÌ Î ¸É¨Í. �¥·¢Ò° Å μ¡´ ·Ê-
¦¥´¨¥ Î ¸É¨ÍÒ ¸ ³ ¸¸μ° ∼ 750 ƒÔ‚ ¶μ · ¸¶ ¤Ê ´  ¤¢  γ-±¢ ´É  [1, 2]. �ÉμÉ
·¥§Ê²ÓÉ É μ¡¸Ê¦¤ ²¸Ö ¢μ ³´μ£¨Ì ¸É ÉÓÖÌ ¨ ´¥ É·¥¡Ê¥É ¤μ¶μ²´¨É¥²Ó´ÒÌ ±μ³-
³¥´É ·¨¥¢. ‚Éμ·μ° Å ¤¨¡μ§μ´´Ò° ·¥§μ´ ´¸ ¸ ³ ¸¸μ° 2 ’Ô‚, ¶μ²ÊÎ¥´´Ò° ¶·¨
¨§ÊÎ¥´¨¨ ¶ ·´μ£μ ·μ¦¤¥´¨Ö ¤¢ÊÌ W -¡μ§μ´μ¢ [3]. •μÉÖ ÔÉμÉ ·¥§Ê²ÓÉ É ´¥ ´ -
Ï¥² μ±μ´Î É¥²Ó´μ£μ ¶μ¤É¢¥·¦¤¥´¨Ö, É¥³ ´¥ ³¥´¥¥ μ¡  ·¥§Ê²ÓÉ É  Ìμ·μÏμ ¨²-
²Õ¸É·¨·ÊÕÉ ³¥Éμ¤Ò ¶μ¨¸±  ÉÖ¦¥²ÒÌ Î ¸É¨Í ¢ ±μ²² °¤¥·´ÒÌ Ô±¸¶¥·¨³¥´É Ì.

�·¨ ¨§ÊÎ¥´¨¨ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¢ μ¡² ¸É¨ Ô´¥·£¨° ¢ÒÏ¥ 1015 Ô‚ ¶μ-
²ÊÎ¥´ Í¥²Ò° ·Ö¤ ´¥μ¡ÒÎ´ÒÌ ·¥§Ê²ÓÉ Éμ¢, μ¡ÑÖ¸´¥´¨¥ ±μÉμ·ÒÌ ¢μ§³μ¦´μ ¢
· ³± Ì μ¡· §μ¢ ´¨Ö ÉÖ¦¥²ÒÌ ±μ·μÉ±μ¦¨¢ÊÐ¨Ì Î ¸É¨Í. ‚ ¶¥·¢ÊÕ μÎ¥·¥¤Ó,
ÔÉμ Ö¢²¥´¨¥ ¢Ò¸É·μ¥´´μ¸É¨ ¢Éμ·¨Î´ÒÌ Î ¸É¨Í [4], ±μÉμ·μ¥ ³μ¦¥É ¡ÒÉÓ μ¡Ñ-
Ö¸´¥´μ · ¸¶ ¤μ³ ´¥±μÉμ·μ£μ ¸μ¸ÉμÖ´¨Ö ³ É¥·¨¨ ¸ ¡μ²ÓÏ¨³ ¸¶¨´μ¢Ò³ ¨²¨
μ·¡¨É ²Ó´Ò³ ³μ³¥´Éμ³. „·Ê£μ¥ Ö¢²¥´¨¥ Å ¶·μ´¨± ÕÐ¨¥ ± ¸± ¤Ò, ¸² ¡μ Ê¡Ò-
¢ ÕÐ¨¥ ¶·¨ ¶·μÌμ¦¤¥´¨¨ 0,5 ³ ¸¢¨´Í . „²Ö ¨Ì μ¡ÑÖ¸´¥´¨Ö É·¥¡ÊÕÉ¸Ö ¢Éμ·¨Î-
´Ò¥ ¶·μ´¨± ÕÐ¨¥ Î ¸É¨ÍÒ, ±μÉμ·Ò¥ ³μ£ÊÉ μ¡¥¸¶¥Î¨ÉÓ ¶μ¸ÉμÖ´´ÊÕ ¶μ¤¶¨É±Ê
· §¢¨¢ ÕÐ¥£μ¸Ö ± ¸± ¤ . …Ð¥ μ¤´μ ´¥μ¡ÒÎ´μ¥ Ö¢²¥´¨¥ Å μ¡· §μ¢ ´¨¥ É ±
´ §Ò¢ ¥³ÒÌ ±¥´É ¢·μ¢, É. ¥. ¸μ¡ÒÉ¨°, ¢ ±μÉμ·ÒÌ Ö¢´μ ´ ·ÊÏ ¥É¸Ö ¨§μÉμ¶¨-
Î¥¸± Ö ¨´¢ ·¨ ´É´μ¸ÉÓ (³´μ£μ ± ¸± ¤μ¢ μÉ § ·Ö¦¥´´ÒÌ ¢Éμ·¨Î´ÒÌ Î ¸É¨Í ¨
¸ÊÐ¥¸É¢¥´´μ ³¥´ÓÏ¥ μÉ ´¥°É· ²Ó´ÒÌ [4]), ÎÉμ ´¥¢μ§³μ¦´μ ¢ ¸¨²Ó´ÒÌ ¢§ -
¨³μ¤¥°¸É¢¨ÖÌ, ´μ ¢¶μ²´¥ ¤μ¶Ê¸É¨³μ ¢ ¸² ¡ÒÌ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¶·¨ · ¸¶ ¤¥
´¥±μÉμ·μ£μ ·¥§μ´ ´¸´μ£μ ¸μ¸ÉμÖ´¨Ö ³ É¥·¨¨.
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–¥²Ò° ·Ö¤ ´¥μ¡ÒÎ´ÒÌ Ö¢²¥´¨° § ·¥£¨¸É·¨·μ¢ ´ ¢ Ï¨·μ±¨Ì  É³μ¸Ë¥·´ÒÌ
²¨¢´ÖÌ (˜�‹); ´ ¨¡μ²¥¥ ¸¥·Ó¥§´Ò³ ¨ É·Ê¤´μ μ¡ÑÖ¸´¨³Ò³ Ö¢²Ö¥É¸Ö ¨§¡ÒÉμ±
³Õμ´μ¢, ±μÉμ·Ò¥ μ¡· §ÊÕÉ¸Ö ¶·¨ · §¢¨É¨¨ ˜�‹ ¢  É³μ¸Ë¥·¥. �ÉμÉ ¨§¡Ò-
Éμ± § ·¥£¨¸É·¨·μ¢ ´ ´  Ê¸±μ·¨É¥²Ó´ÒÌ ¤¥É¥±Éμ· Ì [5Ä7] ¨ ´  Ê¸É ´μ¢± Ì ¤²Ö
¨¸¸²¥¤μ¢ ´¨Ö ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° [8, 9]. ‚ · ¡μÉ¥ [8] ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ
¨§³¥·¥´¨° § ¢¨¸¨³μ¸É¨ ¨§¡ÒÉ±  ³Õμ´μ¢ μÉ Ô´¥·£¨¨ ¨ ¶μ± § ´μ ¥£μ Ê¢¥²¨Î¥-
´¨¥ ¸ ·μ¸Éμ³ Ô´¥·£¨¨.

2. ��šŸ‘�…�ˆ… ‚‘…• �…��›—�›• ‘��›’ˆ‰
‘ …„ˆ��‰ ’�—Šˆ ‡�…�ˆŸ

�·μ¨¸Ìμ¦¤¥´¨¥ ´¥μ¡ÒÎ´ÒÌ ¸μ¡ÒÉ¨°, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¢ Ô±¸¶¥·¨³¥´-
É Ì ´  LHC ¨ ¢ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ Ì, ³μ¦¥É ¡ÒÉÓ μ¡ÑÖ¸´¥´μ ¢ · ³± Ì · §²¨Î-
´ÒÌ ¶μ¤Ìμ¤μ¢. �μ, ÎÉμ¡Ò μ¡ÑÖ¸´¨ÉÓ ¢¸Õ ¸μ¢μ±Ê¶´μ¸ÉÓ ´ ¡²Õ¤ ¥³ÒÌ Ö¢²¥´¨°,
´¥μ¡Ìμ¤¨³  ´μ¢ Ö ³μ¤¥²Ó ¢§ ¨³μ¤¥°¸É¢¨Ö, Ê¤μ¢²¥É¢μ·ÖÕÐ Ö ¸²¥¤ÊÕÐ¨³ É·¥-
¡μ¢ ´¨Ö³:

1) ¶μ·μ£μ¢μ¥ ¶μ¢¥¤¥´¨¥, É ± ± ± ¢¸¥ μ¡´ ·Ê¦¥´´Ò¥ ¸μ¡ÒÉ¨Ö ¶μÖ¢²ÖÕÉ¸Ö ¢
’Ô‚-´μ° μ¡² ¸É¨ Ô´¥·£¨° ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ (¢ �Ô‚-´μ° Å ¢ ±μ¸³¨Î¥¸±¨Ì
²ÊÎ Ì);

2) ¡μ²ÓÏμ¥ ¸¥Î¥´¨¥, ±μÉμ·μ¥ ´¥μ¡Ìμ¤¨³μ ¤²Ö ·¥£¨¸É· Í¨¨ ´¥μ¡ÒÎ´ÒÌ
¸μ¡ÒÉ¨° ¨ Ö¢²¥´¨° ¢ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ Ì;

3) ¡μ²ÓÏμ° μ·¡¨É ²Ó´Ò° ³μ³¥´É, ±μÉμ·Ò° ´¥μ¡Ìμ¤¨³ ¤²Ö μ¡ÑÖ¸´¥´¨Ö
Ö¢²¥´¨Ö ¢Ò¸É·μ¥´´μ¸É¨ ¨ Ê¢¥²¨Î¥´¨Ö ¢·¥³¥´¨ ¦¨§´¨ ´μ¢μ£μ ¸μ¸ÉμÖ´¨Ö
³ É¥·¨¨;

4) Ê¢¥²¨Î¥´´Ò° ¢ÒÌμ¤ ²¥¶Éμ´μ¢, ¢ Éμ³ Î¨¸²¥ ³Õμ´μ¢, ±μÉμ·Ò° ´¥μ¡Ìμ¤¨³
¤²Ö μ¡ÑÖ¸´¥´¨Ö ¨§¡ÒÉ±  ³Õμ´μ¢.

‚¸¥³ ¶¥·¥Î¨¸²¥´´Ò³ É·¥¡μ¢ ´¨Ö³ Ìμ·μÏμ Ê¤μ¢²¥É¢μ·Ö¥É ³μ¤¥²Ó μ¡· -
§μ¢ ´¨Ö ¸£Ê¸É±μ¢ ±¢ ·±-£²Õμ´´μ° ³ É¥·¨¨ (ŠƒŒ) ¸ ¡μ²ÓÏ¨³ μ·¡¨É ²Ó´Ò³
³μ³¥´Éμ³. …£μ ¶μÖ¢²¥´¨¥ ¨ ¢¥²¨Î¨´ , ¶·μ¶μ·Í¨μ´ ²Ó´ Ö Ô´¥·£¨¨ ¢ ¸¨¸É¥³¥
Í¥´É·  ³ ¸¸ (¸. Í. ³.) ¸É ²±¨¢ ÕÐ¨Ì¸Ö Î ¸É¨Í, ¡Ò²¨ μ¡μ¸´μ¢ ´Ò ¢ · ¡μÉ¥ [10],
  ±μ´±·¥É´Ò¥ §´ Î¥´¨Ö ¤²Ö · §²¨Î´ÒÌ ³μ¤¥²¥° Ö¤·  · ¸¸Î¨É ´Ò ¢ [11]. Œμ-
¤¥²Ó ¸£Ê¸É±μ¢ ŠƒŒ μ¡¥¸¶¥Î¨¢ ¥É ¨Ì ¶μ·μ£μ¢μ¥ ·μ¦¤¥´¨¥ ¨ ¡μ²ÓÏÊÕ ¢¥²¨Î¨´Ê
¸¥Î¥´¨Ö, É ± ± ± ¶·μ¨¸Ìμ¤¨É ¶¥·¥Ìμ¤ μÉ ±¢ ·±-±¢ ·±μ¢μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ±
±μ²²¥±É¨¢´μ³Ê ¢§ ¨³μ¤¥°¸É¢¨Õ ±¢ ·±μ¢ ¨ £²Õμ´μ¢. ‘μμÉ¢¥É¸É¢¥´´μ, £¥μ³¥-
É·¨Î¥¸±μ¥ ¸¥Î¥´¨¥ ³¥´Ö¥É¸Ö μÉ σ = πλ2 ± σ = πR2, £¤¥ R Å Ì · ±É¥·´Ò°
· §³¥· ¸£Ê¸É±  ŠƒŒ. ‘ÊÐ¥¸É¢¥´´μ ¨§³¥´Ö¥É¸Ö ¨ Ëμ·³Ê²  ¤²Ö · ¸Î¥É  Ô´¥·£¨¨
¢ ¸. Í. ³. ¤²Ö ¢§ ¨³μ¤¥°¸É¢¨° ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥°

√
SNN =

√
2mNE1 →

√
2mcE1 =

√
SAA, (1)

£¤¥ mc ≈ nNmN Å ´¥±μÉμ· Ö ±μ³¶ Ê´¤-³ ¸¸ , ¢¥²¨Î¨´  ±μÉμ·μ° § ¢¨¸¨É
μÉ · §³¥·μ¢ ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥· ¨ ¸É¥¶¥´¨ ¨Ì ¶¥·¥±·ÒÉ¨Ö (¶·¨Í¥²Ó´μ£μ
¶ · ³¥É· ).
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‚Ò¸μÉ  Í¥´É·μ¡¥¦´μ£μ ¡ ·Ó¥·  μ¶·¥¤¥²Ö¥É¸Ö ¢¥²¨Î¨´μ° μ·¡¨É ²Ó´μ£μ
³μ³¥´É  L, · §³¥·μ³ ¸£Ê¸É±  ¨ ³ ¸¸μ° Î ¸É¨ÍÒ, ´ Ìμ¤ÖÐ¥°¸Ö ¨²¨ μ¡· §Ê-
ÕÐ¥°¸Ö ¢ ¸£Ê¸É±¥ ŠƒŒ:

V (L) =
L2

2mR2
. (2)

�Î¥¢¨¤´μ, ÎÉμ ¢Ò¸μÉ  ¡ ·Ó¥·  ¡Ê¤¥É ¡μ²ÓÏμ° ¤²Ö ²¥£±¨Ì ±¢ ·±μ¢ ¨ §´ Î¨-
É¥²Ó´μ ³¥´ÓÏ¥° ¤²Ö ÉÖ¦¥²ÒÌ Î ¸É¨Í, ´ ¶·¨³¥· Éμ¶-±¢ ·±μ¢. ‚Ò¸μ± Ö É¥³¶¥-
· ÉÊ·  ¸£Ê¸É±  ¨ ¶μ¤ ¢²¥´¨¥ ¢Ò²¥É  ²¥£±¨Ì ±¢ ·±μ¢ μ¡¥¸¶¥Î¨¢ ÕÉ ´¥μ¡Ìμ¤¨-

�¨¸. 1. �·¨³¥· ¸μ¡ÒÉ¨Ö ¸ ¸¨²Ó´Ò³ ¤¨¸¡ ² ´¸μ³ ¶μ¶¥·¥Î´ÒÌ ¨³¶Ê²Ó¸μ¢ ¤¢ÊÌ ¸É·Ê° [12]
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³Ò¥ Ê¸²μ¢¨Ö ¨ ·μ¦¤¥´¨Ö, ¨, ¸μμÉ¢¥É¸É¢¥´´μ, ¢Ò²¥É  ¶ · tt̄, ÎÉμ ¸ÊÐ¥¸É¢¥´´μ
¨§³¥´¨É Ì · ±É¥· Ö¤·μ-Ö¤¥·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö.

‚Ò²¥É tt̄-¶ ·Ò ·¥§±μ Ê³¥´ÓÏ ¥É Ô´¥·£¨Õ ¸£Ê¸É±  (´  ¢¥²¨Î¨´Ê ∼ 4mt),
¶μ¸²¥ Î¥£μ, ¸μμÉ¢¥É¸É¢¥´´μ, Ê³¥´ÓÏ ¥É¸Ö ¢¥²¨Î¨´  Í¥´É·μ¡¥¦´μ£μ ¡ ·Ó¥· 
¨ μ¸É Éμ± ¸£Ê¸É±  · ¸¶ ¤ ¥É¸Ö ´  ²¥£±¨¥ ±¢ ·±¨ ¸ μ¡· §μ¢ ´¨¥³ μ¡ÒÎ´ÒÌ
Î ¸É¨Í: π, K ¨ ¤·Ê£¨Ì ³¥§μ´μ¢.

’μ¶-±¢ ·±¨ ³£´μ¢¥´´μ (τt ∼ 10−25 ¸) · ¸¶ ¤ ÕÉ¸Ö ´  W -¡μ§μ´ ¨ b-±¢ ·±,
  W · ¸¶ ¤ ¥É¸Ö ´  ²¥¶Éμ´Ò (∼ 30%) ¨  ¤·μ´Ò (∼ 70%). ‹¥¶Éμ´´Ò° ± ´ ²
· ¸¶ ¤  μ¡¥¸¶¥Î¨¢ ¥É ¶μÖ¢²¥´¨¥ ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±¨Ì ³Õμ´μ¢ ¨ ´¥°É·¨´μ,  
 ¤·μ´´Ò° ± ´ ² Å ¢Ò¸μ±ÊÕ ³´μ¦¥¸É¢¥´´μ¸ÉÓ ¢Éμ·¨Î´ÒÌ Î ¸É¨Í (¢ μ¸´μ¢´μ³
¶¨μ´μ¢), · ¸¶ ¤ ±μÉμ·ÒÌ ¤ ¥É ¤μ¶μ²´¨É¥²Ó´Ò° ¶μÉμ± ³Õμ´μ¢, ´¥ ÊÎ¨ÉÒ¢ ¥-
³Ò° ¸ÊÐ¥¸É¢ÊÕÐ¨³¨ ³μ¤¥²Ö³¨ ¢§ ¨³μ¤¥°¸É¢¨Ö.

� ¸¸³ É·¨¢ ¥³ Ö ³μ¤¥²Ó Ìμ·μÏμ μ¡ÑÖ¸´Ö¥É · §²¨Î´Ò¥ ¸μ¡ÒÉ¨Ö ¨ Ö¢²¥´¨Ö,
´ ¡²Õ¤ ¥³Ò¥ ¢ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ Ì, ¨, ¶μ-¢¨¤¨³μ³Ê, ´ Ìμ¤¨É ¶μ¤É¢¥·¦¤¥´¨¥ ¢
Ô±¸¶¥·¨³¥´É Ì ´  LHC. ‚ Î ¸É´μ¸É¨, μ´  Ìμ·μÏμ μ¡ÑÖ¸´Ö¥É ¶μÖ¢²¥´¨¥ ¤¨¸¡ -
² ´¸  ¢  ¤·μ´´ÒÌ ¸É·ÊÖÌ [12], ¢ ±μÉμ·ÒÌ ¨³¥¥É¸Ö ¢¸¥£μ μ¤¨´ ¤¦¥É ¸ Ô´¥·£¨¥°
∼ 100 ƒÔ‚ (·¨¸. 1). �·¨ · ¸¶ ¤¥ Éμ¶-±¢ ·±  Ô´¥·£¨Ö ¢ ¸. Í. ³. · ¸¶·¥¤¥²Ö¥É¸Ö
¸²¥¤ÊÕÐ¨³ μ¡· §μ³: Tb ≈ 65 ƒÔ‚ ¨ TW ≈ 25 ƒÔ‚. …¸²¨ ÊÎ¥¸ÉÓ Ô´¥·£¨Õ · §-
²¥É , Éμ ¶μ²´ Ö Ô´¥·£¨Ö ³μ¦¥É ¡ÒÉÓ ∼ 100 ƒÔ‚. �·¨ μ¡· §μ¢ ´¨¨ b-±¢ ·± ³¨
¸É·Ê¨ ¨ ¶·¨ · ¸¶ ¤¥ W -¡μ§μ´  ´  ∼ 20 ¶¨μ´μ¢ ¡Ê¤¥É ´ ¡²Õ¤ ÉÓ¸Ö ± ·É¨´ ,
§ ·¥£¨¸É·¨·μ¢ ´´ Ö ¢ Ô±¸¶¥·¨³¥´É¥ ATLAS.

‚Éμ·μ° ¶·¨³¥· ¸¢Ö§ ´ ¸ § ¢¨¸¨³μ¸ÉÓÕ ³´μ¦¥¸É¢¥´´μ¸É¨ ¢Éμ·¨Î´ÒÌ Î -
¸É¨Í μÉ Ô´¥·£¨¨ ¸É ²±¨¢ ÕÐ¨Ì¸Ö Î ¸É¨Í. 	Ò²μ μÉ³¥Î¥´μ [13], ÎÉμ ¢ ¸Éμ²±´μ-
¢¥´¨ÖÌ Ö¤¥· ¸¢¨´Í  ³´μ¦¥¸É¢¥´´μ¸ÉÓ · ¸É¥É ¡Ò¸É·¥¥, Î¥³ ¢ pp-¢§ ¨³μ¤¥°¸É-

�¨¸. 2. ‡ ¢¨¸¨³μ¸ÉÓ ³´μ¦¥¸É¢¥´´μ¸É¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, μ¡· §ÊÕÐ¨Ì¸Ö ¢ ¸Éμ²±´μ-
¢¥´¨ÖÌ Ö¤·μÄÖ¤·μ ¨ ¶·μÉμ´Ä¶·μÉμ´, μÉ Ô´¥·£¨¨ [13]
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¢¨ÖÌ, ´μ ¶·¨ ÔÉμ³ ¸μ¶μ¸É ¢²Ö²¨¸Ó §´ Î¥´¨Ö Ô´¥·£¨¨, ¶·¨¢¥¤¥´´Ò¥ ± ´Ê±²μ´-
´Ê±²μ´´μ³Ê ¢§ ¨³μ¤¥°¸É¢¨Õ

√
SNN . …¸²¨ ÊÎ¥¸ÉÓ, ÎÉμ ¢ Ö¤·μ-Ö¤¥·´ÒÌ ¢§ ¨-

³μ¤¥°¸É¢¨ÖÌ ³¨Ï¥´ÓÕ ´¥ ³μ¦¥É ¡ÒÉÓ ´Ê±²μ´, Éμ Ô´¥·£¨Ö ¢ ¸. Í. ³. ¢μ§· ¸É ¥É
¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ÉμÎ±¨ ¤μ²¦´Ò ¡ÒÉÓ ¸¤¢¨´ÊÉÒ ¢¶· ¢μ. �μ É ± ± ± ³´μ-
¦¥¸É¢¥´´μ¸ÉÓ ¢Éμ·¨Î´ÒÌ Î ¸É¨Í ¢ Ö¤·μ-Ö¤¥·´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ´¥ ³μ¦¥É
¡ÒÉÓ ³¥´ÓÏ¥, Î¥³ ¢ pp-¢§ ¨³μ¤¥°¸É¢¨ÖÌ, Éμ ÔÉμ ¶μ§¢μ²¨É μÍ¥´¨ÉÓ ±μ²¨Î¥¸É¢μ
´Ê±²μ´μ¢, ±μÉμ·Ò¥ ³μ£ÊÉ Ö¢²ÖÉÓ¸Ö ³¨Ï¥´ÓÕ ¢ Ö¤·μ-Ö¤¥·´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ
(·¨¸. 2).

‘¤¢¨£ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ÉμÎ¥± μ¶·¥¤¥²Ö¥É¸Ö ¢¥²¨Î¨´μ° nN , ±μÉμ·ÊÕ
³μ¦´μ μÍ¥´¨ÉÓ ¶μ Ëμ·³Ê²¥

√
nN =

√
SAA√
SNN

<
40−45 ’Ô‚

3 TÔ‚
≈ 14. (3)

’ ±¨³ μ¡· §μ³, ¢ PbÄPb-¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¤μ ¶μ²μ¢¨´Ò ¶μ²´μ£μ Î¨¸²  ´Ê±²μ-
´μ¢ ¤¢ÊÌ Ö¤¥· ³μ£ÊÉ μ± § ÉÓ¸Ö ¢ ¸£Ê¸É±¥ ŠƒŒ.

‡�Š‹	—…�ˆ…

…¸²¨ · ¸¸³μÉ·¥´´Ò° ¶μ¤Ìμ¤ ± μ¡ÑÖ¸´¥´¨Õ ·¥§Ê²ÓÉ Éμ¢, ¶μ²ÊÎ¥´´ÒÌ ´ 
LHC ¨ ¢ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ Ì, ¶· ¢¨²Ó´Ò°, Éμ ´μ¢Ò¥ ÉÖ¦¥²Ò¥ Î ¸É¨ÍÒ,   ÉμÎ-
´¥¥ ·¥§μ´ ´¸´Ò¥ ¸μ¸ÉμÖ´¨Ö ±¢ ·±-£²Õμ´´μ° ³ É¥·¨¨, ´¥μ¡Ìμ¤¨³μ ¨¸± ÉÓ ´¥
¢ pp-¢§ ¨³μ¤¥°¸É¢¨ÖÌ,   ¢ ¸Éμ²±´μ¢¥´¨ÖÌ μÉ´μ¸¨É¥²Ó´μ ²¥£±¨Ì Ö¤¥· ( §μÉ ,
±¨¸²μ·μ¤ ), ¤²Ö ±μÉμ·ÒÌ ¢¥·μÖÉ´μ¸ÉÓ μ¡· §μ¢ ´¨Ö ´μ¢μ£μ ¸μ¸ÉμÖ´¨Ö ³ É¥·¨¨
¤μ¸É ÉμÎ´μ ¡μ²ÓÏ Ö,   ³´μ¦¥¸É¢¥´´μ¸ÉÓ ¢Éμ·¨Î´ÒÌ Î ¸É¨Í ´¥ ¸Éμ²Ó ¢¥²¨± .
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