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�·¥¤¸É ¢²¥´ ÔËË¥±É¨¢´Ò° ³¥Éμ¤ ¶μ¸É·μ¥´¨Ö £¥´¥· Éμ·  Ëμ´  ³Õμ´´μ° ¸¨¸É¥³Ò ¤²Ö pp-
¸μÊ¤ ·¥´¨° ¤¥É¥±Éμ·  ATLAS ´  Ê¸±μ·¨É¥²¥ LHC. 	μ¢Ò° ³¥Éμ¤ ¶μ§¢μ²Ö¥É ¸ÊÐ¥¸É¢¥´´μ ¸μ±· É¨ÉÓ
±μ²¨Î¥¸É¢μ ¸¨³Ê²ÖÍ¨° ¶·μÍ¥¸¸  Éμ·³μ¦¥´¨Ö ¢Éμ·¨Î´ÒÌ Î ¸É¨Í ¤μ É¥¶²μ¢ÒÌ Ô´¥·£¨° ¨ ¶ · ³¥-
É·¨§μ¢ ÉÓ ¶μÉμ±¨ Ëμ´μ¢ÒÌ Î ¸É¨Í. �· ¢¨²Ó´Ò° ¢Ò¡μ· Î ¸É¨Í ¨§ ¶ · ³¥É·¨§μ¢ ´´ÒÌ ¶μÉμ±μ¢
¶μ§¢μ²Ö¥É ¶·μ¨§¢μ¤¨ÉÓ ³μ¤¥²¨·μ¢ ´¨¥ μÉ±²¨±  ³Õμ´´μ° ¸¨¸É¥³Ò ¢ ¤¥É ²Ó´μ° £¥μ³¥É·¨¨ ¸ ´¥μ¡-
Ìμ¤¨³μ° ¸É É¨¸É¨Î¥¸±μ° ÉμÎ´μ¸ÉÓÕ §  · §Ê³´μ¥ ¢·¥³Ö. �·¥¤²μ¦¥´´Ò° ³¥Éμ¤ ¡Ò² · §· ¡μÉ ´ ¨
¶·¨³¥´Ö²¸Ö ¤²Ö ¨§ÊÎ¥´¨Ö · ¡μÉÒ ³Õμ´´μ£μ É·¨££¥·  ¤¥É¥±Éμ·  ATLAS.

An efˇcient method to simulate the new muon background, namely neutron gas phenomena, for
the next generation of high luminosity hadron colliders, such as LHC, is described. It allows one to
signiˇcantly reduce the amount of lengthy full simulations of the collision energy dissipation process
down to thermal neutrons to an acceptable level. The proper choice of the particle �ux parameterization
allows performing full simulations of the muon system response using detailed geometry with reasonable
computing resources. The proposed method was developed and extensively used for detailed layout
optimization and design of the trigger system of ATLAS muon spectrometer.

PACS: 52.59.-f; 61.80.Hg; 98.70.Vc

‚‚…„…�ˆ…

�μ¸É ¨´É¥´¸¨¢´μ¸É¨ ¶·μÉμ´´ÒÌ ¶ÊÎ±μ¢ ´  Ê¸±μ·¨É¥²ÖÌ ´μ¢μ£μ ¶μ±μ²¥´¨Ö ¶·¨¢μ¤¨É
± ´¥μ¡Ìμ¤¨³μ¸É¨ ÊÎ¥É  ¡μ²¥¥ Ï¨·μ±μ£μ ±² ¸¸  Ëμ´μ¢ÒÌ ¶·μÍ¥¸¸μ¢. �¤´¨³ ¨§ ¶·¨³¥-
·μ¢ ÔÉμ£μ Ö¢²Ö¥É¸Ö ¶·μ¡²¥³  ÊÎ¥É  Ëμ´μ¢ ¢μ ¢´¥Ï´¨Ì (³Õμ´´ÒÌ) ¸¶¥±É·μ³¥É· Ì ±μ²-
² °¤¥·´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢. 	μ¢Ò¥ Ëμ´Ò ¢Ò§Ò¢ ÕÉ¸Ö ¶μÉμ± ³¨ É¥·³ ²Ó´ÒÌ ´¥°É·μ´μ¢,
´ ± ¶²¨¢ ÕÐ¨Ì¸Ö §  ³ ±·μ¸±μ¶¨Î¥¸±μ¥ ¢·¥³Ö (∼ 1 ¸) ¢ ·¥§Ê²ÓÉ É¥ ³´μ£μ±· É´μ£μ ¢§ -
¨³μ¤¥°¸É¢¨Ö ¢Éμ·¨Î´ÒÌ Î ¸É¨Í ¢ ³ É¥·¨ ² Ì Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ Ê¸É ´μ¢μ± ¨ ¢μ±·Ê£
´¨Ì. ”μ´ É ±μ£μ É¨¶  ¡Ò² ´¥¸ÊÐ¥¸É¢¥´ ´  ±μ²² °¤¥· Ì ¶·¥¤Ò¤ÊÐ¨Ì ¶μ±μ²¥´¨° ¨§-§ 
μÉ´μ¸¨É¥²Ó´μ ´¥¢Ò¸μ±μ° ¨Ì ¸¢¥É¨³μ¸É¨ ¶μ ¸· ¢´¥´¨Õ ¸ LHC (LHC Å ¡μ²ÓÏμ°  ¤·μ´-
´Ò° ±μ²² °¤¥·; ¸¢¥É¨³μ¸ÉÓ Å ¶ · ³¥É· Ê¸±μ·¨É¥²Ö, Ì · ±É¥·¨§ÊÕÐ¨° ¨´É¥´¸¨¢´μ¸ÉÓ
¸Éμ²±´μ¢¥´¨Ö ¢¸É·¥Î´ÒÌ ¶ÊÎ±μ¢, ¨§³¥·Ö¥É¸Ö ¢ Î¨¸²¥ Î ¸É¨Í, ¶¥·¥¸¥± ÕÐ¨Ì ¥¤¨´¨ÍÊ ¶²μ-
Ð ¤¨ §  ¥¤¨´¨ÍÊ ¢·¥³¥´¨, N /¸³−2 · ¸−1). �·¨ ¶·μ¥±É¨·μ¢ ´¨¨ ³Õμ´´μ° ¸¨¸É¥³Ò, ¨ ¢
μ¸μ¡¥´´μ¸É¨ ¤²Ö · §· ¡μÉ±¨ É·¨££¥·´μ° Ô²¥±É·μ´¨±¨, ±· °´¥ ´¥μ¡Ìμ¤¨³μ §´ ´¨¥ Ëμ´μ¢
Ê¸±μ·¨É¥²Ö.
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�¨¸. 1. ƒ· Ë¨± ·μ¸É  ¸¢¥É¨³μ¸É¨ ´  ¶·μÉμ´´ÒÌ ±μ²² °¤¥· Ì

	 ¶μ³´¨³ ±· É±μ μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò Ê¸±μ·¨É¥²Ö LHC: ¶² ´¨·Ê¥³ Ö Ô´¥·£¨Ö ¸Éμ²±-
´μ¢¥´¨° ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸

√
s = 14 ’Ô‚, ¸¢¥É¨³μ¸ÉÓ ¸É ²±¨¢ ÕÐ¨Ì¸Ö ¶ÊÎ±μ¢ Å

1034 ¸³−2 · ¸−1. 	 £²Ö¤´μ¥ ¶·¥¤¸É ¢²¥´¨¥ μ ¸¢¥É¨³μ¸É¨ LHC ¶μ ¸· ¢´¥´¨Õ ¸μ ¸¢¥É¨-
³μ¸ÉÓÕ · ´¥¥ ¶μ¸É·μ¥´´ÒÌ ±μ²² °¤¥·´ÒÌ Ê¸±μ·¨É¥²¥° ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¨§ ·¨¸. 1 [1, 2].
‚ Î ¸É´μ¸É¨, ¶·¥¤Ò¤ÊÐ¨° ±μ²² °¤¥· Tevatron Run-II ¨³¥² ¸¢¥É¨³μ¸ÉÓ ´  ¤¢  ¶μ·Ö¤± 
³¥´ÓÏ¥, 1032 ¸³−2 · ¸−1.

…¸²¨ · ´ÓÏ¥ μ¸´μ¢´Ò¥ Ëμ´Ò ¢ ³Õμ´´ÒÌ ¤¥É¥±Éμ· Ì ¡Ò²¨ ¸¢Ö§ ´Ò ¸ Î ¸É¨Í ³¨, ¸μ-
¶·μ¢μ¦¤ ÕÐ¨³¨ ³Õμ´, ¨²¨ ¸ ²¨¢´Ö³¨, ¢Ò§Ò¢ ¥³Ò³¨ ±μ¸³¨Î¥¸±¨³¨ ³Õμ´ ³¨ [3], Éμ
´  Ê¸±μ·¨É¥²ÖÌ ´μ¢μ£μ ¶μ±μ²¥´¨Ö, ± ± ¢¶¥·¢Ò¥ ¡Ò²μ § ³¥Î¥´μ ¢ [4], Ëμ´μ¢Ò¥ § £·Ê§±¨,
¶μ·μ¦¤ ¥³Ò¥ ´¥°É·μ´ ³¨, ³´μ£μ±· É´μ μÉ· ¦ ÕÐ¨³¨¸Ö μÉ ¡¥Éμ´´ÒÌ ¸É¥´ ¨ ¶¥·¥¸¥± Õ-
Ð¨³¨ ³´μ£μ · § ³Õμ´´Ò° ¤¥É¥±Éμ·, ³μ£ÊÉ μ± § ÉÓ¸Ö § ³¥É´μ ¢ÒÏ¥ μ¸É ²Ó´ÒÌ Ëμ´μ¢ ¨
μÉ· §¨ÉÓ¸Ö ´  ÔËË¥±É¨¢´μ¸É¨ ¶μ¨¸±  ³Õμ´μ¢.

„μ¶μ²´¨É¥²Ó´μ° ¶·μ¡²¥³μ° Ö¢²Ö¥É¸Ö ±· °´ÖÖ ´¥μ¤´μ·μ¤´μ¸ÉÓ ÔÉμ£μ Ëμ´ . …¸²¨ ±μ¸-
³¨Î¥¸±¨¥ Î ¸É¨ÍÒ ¶·μ´¨§Ò¢ ÕÉ ¤¥É¥±Éμ·Ò ´  ±μ²² °¤¥·¥ ¸· ¢´¨É¥²Ó´μ · ¢´μ³¥·´μ, Éμ

�¨¸. 2. „¥É¥±Éμ· ATLAS
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¸¨ÉÊ Í¨Ö ¸ Ëμ´ ³¨, μ¡Ê¸²μ¢²¥´´Ò³¨ ³´μ£μ±· É´Ò³ ¢§ ¨³μ¤¥°¸É¢¨¥³ ´¥°É·μ´μ¢ ¢ ³ -
É¥·¨ ² Ì ¤¥É¥±Éμ· , ¸μ¢¥·Ï¥´´μ ¤·Ê£ Ö. �¸μ¡¥´´μ ¢ ¦´μ ÊÎ¨ÉÒ¢ ÉÓ ´¥°É·μ´´Ò¥ Ëμ´Ò
´  ¤¥É¥±Éμ·¥ ATLAS (·¨¸. 2) [5] Ê¸±μ·¨É¥²Ö LHC, É ± ± ± ¨³¥´´μ ´  ´¥³ ¨¸¶μ²Ó§Ê¥É¸Ö
¡μ²ÓÏμ° ¢μ§¤ÊÏ´Ò° Éμ·μ¨¤ ²Ó´Ò° ³ £´¨É ¤²Ö ³Õμ´´μ° ¸¨¸É¥³Ò. ‚μ§¤ÊÏ´Ò° ³ £´¨É ´¥
¶·¥¶ÖÉ¸É¢Ê¥É ³´μ£μ±· É´μ³Ê ¶·μÌμ¦¤¥´¨Õ ´¥°É·μ´μ¢ ¨ É¥³ ¸¶μ¸μ¡¸É¢Ê¥É μ¡· §μ¢ ´¨Õ
§´ Î¨É¥²Ó´μ£μ Î¨¸²  ¢Éμ·¨Î´ÒÌ Î ¸É¨Í.

1. ����‹…Œ�’ˆŠ� ‚›—ˆ‘‹…�ˆŸ �…‰’�����ƒ� ”���

‚ÒÎ¨¸²¥´¨Ö ´¥°É·μ´´μ£μ Ëμ´  ¸¢Ö§ ´Ò ¸ ´¥μ¡Ìμ¤¨³μ¸ÉÓÕ ÉμÎ´μ£μ μ¶¨¸ ´¨Ö ³ É¥·¨ -
²μ¢ ¤¥É¥±Éμ·  ¢ ¶·μ£· ³³¥ ³μ¤¥²¨·μ¢ ´¨Ö ¨ μ¡ÒÎ´μ É·¥¡ÊÕÉ ¡μ²ÓÏ¨Ì § É· É ±μ³¶ÓÕÉ¥·-
´μ£μ ¢·¥³¥´¨. „²Ö ³μ¤¥²¨·μ¢ ´¨Ö μ¶¨¸ ´´ÒÌ ¢ÒÏ¥ ¶·μÍ¥¸¸μ¢ ¨¸¶μ²Ó§μ¢ ² ¸Ó ¶·μ£· ³³ 
GEANT3 [6] ¢ ±μ³¡¨´ Í¨¨ ¸ ¶·μ£· ³³μ° GCALOR [7], ¶·¥¤´ §´ Î¥´´μ° ¤²Ö ¢ÒÎ¨¸²¥´¨Ö
¢§ ¨³μ¤¥°¸É¢¨° ´¥°É·μ´μ¢ ¢¶²μÉÓ ¤μ É¥¶²μ¢ÒÌ Ô´¥·£¨°.

ƒ¥μ³¥É·¨Î¥¸± Ö ³μ¤¥²Ó GEANT3 ¶μ§¢μ²Ö¥É ¤μ¸É ÉμÎ´μ ÉμÎ´μ μ¶¨¸ ÉÓ £¥μ³¥É·¨Õ ¨
³ É¥·¨ ²Ò ¤¥É¥±Éμ· , ´μ É·¥¡Ê¥É μ£·μ³´ÒÌ ¢ÒÎ¨¸²¨É¥²Ó´ÒÌ § É· É ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö.
’¨¶¨Î´μ¥ ¢·¥³Ö ¶·μ²¥É  Î ¸É¨Í Î¥·¥§ Ê¸É ´μ¢±Ê, ¢μ¸¶·μ¨§¢μ¤¨³μ¥ ¶·¨ ³μ¤¥²¨·μ¢ ´¨¨,
¸μ¸É ¢²Ö¥É ´¥¸±μ²Ó±μ ¤¥¸ÖÉ±μ¢ ´ ´μ¸¥±Ê´¤ (¤²Ö ¤¥É¥±Éμ·  ATLAS ³ ±¸¨³ ²Ó´μ¥ ¢·¥³Ö
¸¨³Ê²ÖÍ¨¨ ¸ ÊÎ¥Éμ³ · ¸¶·μ¸É· ´¥´¨Ö ¡μ²¥¥ ³¥¤²¥´´ÒÌ Î ¸É¨Í Å μ±μ²μ 150 ´¸), ¢ Éμ
¢·¥³Ö ± ± ¶·μÍ¥¸¸ É¥·³ ²¨§ Í¨¨ ´¥°É·μ´μ¢ ¤²¨É¸Ö ¶μ·Ö¤±  ¤μ²¥° ¸¥±Ê´¤Ò. ‘²μ¦´μ¸ÉÓ
¢ÒÎ¨¸²¥´¨Ö Ëμ´  ¸¢Ö§ ´  ¸ μ£·μ³´Ò³ ¶μ Ö¤¥·´Ò³ ³¥·± ³ ¢·¥³¥´¥³ ¦¨§´¨ ´¥°É·μ´μ¢ ¢
§ ²¥, £¤¥ · ¸¶μ²μ¦¥´ ¤¥É¥±Éμ·, ¶·¨ · ¡μÉ ÕÐ¥³ Ê¸±μ·¨É¥²¥. ‡  ÔÉμ ¢·¥³Ö ´¥°É·μ´Ò ·μ-
¦¤ ÕÉ  ¤·μ´´Ò¥ ± ¸± ¤Ò, É¥·ÖÕÉ ¸¢μÕ Ô´¥·£¨Õ ¢¶²μÉÓ ¤μ É¥¶²μ¢μ° Ô´¥·£¨¨, μÉ· ¦ ÕÉ¸Ö
μÉ ¡¥Éμ´´ÒÌ ¸É¥´μ± ¨ ³´μ£μ±· É´μ ¶¥·¥¸¥± ÕÉ ¤¥É¥±Éμ·, ¶μ±  ´¥ ¨¸Î¥§ ÕÉ ¢ ·¥§Ê²ÓÉ É¥
nγ-·¥ ±Í¨° ´  Ö¤· Ì. Š ± ¢¨¤´μ ¨§ ·¨¸. 3 ¨ 4, ¤²Ö Éμ£μ ÎÉμ¡Ò ¶·μ¸²¥¤¨ÉÓ ¸Ê¤Ó¡Ê É ±μ£μ
´¥°É·μ´  ¨ ¶μ·μ¦¤¥´´ÒÌ ¨³ Î ¸É¨Í, É·¥¡μ¢ ²μ¸Ó Ê¢¥²¨Î¨ÉÓ ¤²¨É¥²Ó´μ¸ÉÓ ³μ¤¥²¨·μ¢ -
´¨Ö Î ¸É¨Í ´  Ï¥¸ÉÓ ¶μ·Ö¤±μ¢, É. ¥. ¤μ 0,1 ¸, ÎÉμ É·¥¡Ê¥É μ£·μ³´μ£μ ¢ÒÎ¨¸²¨É¥²Ó´μ£μ
¢·¥³¥´¨. ‚ Éμ ¦¥ ¢·¥³Ö £¥μ³¥É·¨Ö É ±μ£μ ¤¥É¥±Éμ· , ± ± ATLAS, Î ¸Éμ ¨§³¥´Ö¥É¸Ö,

�¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ ¶μÉμ±μ¢ ¢Éμ·¨Î´ÒÌ Î ¸É¨Í μÉ ¢·¥³¥´¨, ¶·μÏ¥¤Ï¥£μ ¸ ³μ³¥´É  ¶¥·¢¨Î´μ£μ
pp-¸μÊ¤ ·¥´¨Ö. �¤·μ´Ò, ·μ¦¤¥´´Ò¥ ¢ ¶¥·¢¨Î´μ³ ¨ ¶μ¸²¥¤ÊÕÐ¨Ì §  ´¨³ ¸μÊ¤ ·¥´¨ÖÌ, ¢Ò³¨· ÕÉ

§  ¶¥·¢Ò¥ ∼ 350 ´¸. �μ¸²¥¤ÊÕÐ Ö £¥´¥· Í¨Ö ¶μÉμ±μ¢ Î ¸É¨Í ¶·μ¨¸Ìμ¤¨É §  ¸Î¥É ´¥°É·μ´μ¢,

¶μ£²μÐ¥´¨¥ ±μÉμ·ÒÌ ´¥§´ Î¨É¥²Ó´μ
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�¨¸. 4. ‘·¥¤´ÖÖ ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö ± ± ËÊ´±Í¨Ö ¢·¥³¥´¨ ¤²Ö μ¸´μ¢´ÒÌ É¨¶μ¢ Î ¸É¨Í. �μ± § ´ 

¤¨¸¸¨¶ Í¨Ö Ô´¥·£¨¨ ¢ ¶·μÍ¥¸¸¥ · ¸¶·μ¸É· ´¥´¨Ö ´¥°É·μ´μ¢ ¨ ¶μ·μ¦¤ ¥³ÒÌ ¨³¨ ¶·μÉμ´μ¢ ¢μ ¢¸¥³
¢·¥³¥´´μ³ ³ ¸ÏÉ ¡¥ ¢ÒÎ¨¸²¥´¨° Ëμ´ . ‚ Éμ ¦¥ ¢·¥³Ö Ô´¥·£¨Ö ·μ¦¤¥´´ÒÌ ËμÉμ´μ¢, Ô²¥±É·μ´μ¢ ¨

¶μ§¨É·μ´μ¢ Ë ±É¨Î¥¸±¨ ¶μ¸ÉμÖ´´ 

ÊÉμÎ´ÖÖ¸Ó ¢ ¶·μÍ¥¸¸¥ ¥£μ ¸μ§¤ ´¨Ö. �¸μ¡¥´´μ Î ¸Éμ ¨§³¥´Ö²μ¸Ó μ¶¨¸ ´¨¥ ¥¥  ±É¨¢´ÒÌ
Ô²¥³¥´Éμ¢ Å ³Õμ´´ÒÌ ± ³¥·. �μ¢Éμ·ÖÉÓ ³μ¤¥²¨·μ¢ ´¨¥ ¢¸¥£μ ¶·μÍ¥¸¸  ¶·¨ ± ¦¤μ³
¨§³¥´¥´¨¨ ¶· ±É¨Î¥¸±¨ ´¥¢μ§³μ¦´μ. 	¥μ¡Ìμ¤¨³μ μÉ³¥É¨ÉÓ, ÎÉμ μ¶¨¸ ´¨¥ ³ É¥·¨ ²μ¢ ¨
£¥μ³¥É·¨¨ ¤¥É¥±Éμ·  Ö¢²Ö²μ¸Ó μ¸´μ¢´Ò³ ¨¸ÉμÎ´¨±μ³ ¶μ£·¥Ï´μ¸É¥° ¶·¨ ¢ÒÎ¨¸²¥´¨¨ Ëμ-
´μ¢ÒÌ ¶μÉμ±μ¢, ¨ ¤ ¦¥ ´¥¡μ²ÓÏ¨¥ ¨§³¥´¥´¨Ö ¢ ¨§μÉμ¶´μ³ ¸μ¸É ¢¥ ³ É¥·¨ ²μ¢ ¸¨²Ó´μ
³¥´ÖÕÉ ¸¥Î¥´¨Ö ¶μ£²μÐ¥´¨Ö Ëμ´μ¢ÒÌ Î ¸É¨Í.

‹¥£±μ ¶μ± § ÉÓ, ÎÉμ ¨§³¥´¥´¨Ö ¢ £¥μ³¥É·¨¨ ¨ ³ É¥·¨ ² Ì  ±É¨¢´ÒÌ Ô²¥³¥´Éμ¢ ¶· ±-
É¨Î¥¸±¨ ´¥ ¨§³¥´ÖÕÉ ¶μÉμ±¨ ¢Éμ·¨Î´ÒÌ Î ¸É¨Í, É ± ± ± μ´¨ ¸μ¸É ¢²ÖÕÉ ±· °´¥ ´¥§´ -
Î¨É¥²Ó´ÊÕ Î ¸ÉÓ ³ ¸¸Ò ¢¸¥Ì ³ É¥·¨ ²μ¢. 	μ ÔÉ¨ ´¥¡μ²ÓÏ¨¥ ¨§³¥´¥´¨Ö § ³¥É´μ ³¥´Ö²¨
¸¨£´ ² ¢ ³Õμ´´ÒÌ ¤¥É¥±Éμ· Ì, ±μÉμ·Ò° ¸¨²Ó´μ § ¢¨¸¨É ± ± μÉ μ¶¨¸ ´¨Ö ¢ ³μ¤¥²¨·μ¢ ´¨¨
¸ ³¨Ì ± ³¥·, É ± ¨ μÉ ¡²¨§±μ · ¸¶μ²μ¦¥´´ÒÌ ± ´¨³ ¨´¥·É´ÒÌ ³ É¥·¨ ²μ¢ [8]. �μÔÉμ³Ê
±· °´¥ ¶·¨¢²¥± É¥²Ó´μ · §· ¡μÉ ÉÓ ³¥Éμ¤¨±Ê, ¶μ§¢μ²ÖÕÐÊÕ μÉ¤¥²Ó´μ ³μ¤¥²¨·μ¢ ÉÓ ¨
¢¶μ¸²¥¤¸É¢¨¨ ³´μ£μ±· É´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¶μÉμ±¨ ¢Éμ·¨Î´ÒÌ Î ¸É¨Í ¶·¨ ´¥¡μ²ÓÏμ³ ¨§³¥-
´¥´¨¨ £¥μ³¥É·¨¨  ±É¨¢´ÒÌ Ô²¥³¥´Éμ¢ ³Õμ´´μ° ¸¨¸É¥³Ò [9].

2. Œ…’�„ˆŠ� “—…’� ”���‚›• 	””…Š’�‚


Ò²  ¶·¥¤²μ¦¥´  ¨ ¶·¨³¥´¥´  ¤¢ÊÌÊ·μ¢´¥¢ Ö ³¥Éμ¤¨±  · ¸Î¥Éμ¢ Ëμ´μ¢. 	  ¶¥·¢μ³
ÔÉ ¶¥ ¢ÒÎ¨¸²Ö²¨¸Ó ¶μÉμ± ¨ ¸¶¥±É·Ò Î ¸É¨Í, ·μ¦¤¥´´ÒÌ μÉ ³μ³¥´É  ¸μÊ¤ ·¥´¨Ö ¶·μÉμ´μ¢
Ê¸±μ·¨É¥²Ö ¤μ ¶μ²´μ° ¤¨¸¸¨¶ Í¨¨ ¨Ì Ô´¥·£¨¨, ¢Ò¤¥²ÖÕÐ¥°¸Ö ¢ pp-¸μÊ¤ ·¥´¨¨. �É  § -
¤ Î  ·¥Ï ² ¸Ó ¢ ´ Î ²¥ ¶·¨ ¶μ³μÐ¨ Î ¸É¨Î´μ Ê¶·μÐ¥´´μ£μ μ¶¨¸ ´¨Ö ¤¥É¥±Éμ·  ATLAS
¨  ±É¨¢´ÒÌ Ô²¥³¥´Éμ¢ ³Õμ´´μ° ¸¨¸É¥³Ò. ‚ É ±μ³ μ¶¨¸ ´¨¨ ¶·¨¸ÊÉ¸É¢ÊÕÉ ¢¸¥ §´ Î¨³Ò¥
³ ¸¸¨¢´Ò¥ ³ É¥·¨ ²Ò, ¨§ ±μÉμ·ÒÌ ¨§£μÉμ¢²¥´Ò ± ± ¸ ³ ¤¥É¥±Éμ·, É ± ¨ ±μ´¸É·Ê±Í¨¨ ¢μ-
±·Ê£ ´¥£μ. �·¨ ÔÉμ³ ¢μ±·Ê£ ¢¸¥Ì  ±É¨¢´ÒÌ Ô²¥³¥´Éμ¢ ³Õμ´´μ° ¸¨¸É¥³Ò ¢¢μ¤ÖÉ¸Ö ¸Î¥É´Ò¥
μ¡Ñ¥³Ò, ¨Ì ¸μ¤¥·¦ Ð¨¥. ‘Î¥É´Ò¥ μ¡Ñ¥³Ò ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° Í¨²¨´¤·Ò, · §³¥·Ò ±μÉμ-
·ÒÌ ³ ±¸¨³ ²Ó´μ ¶·¨¡²¨¦¥´Ò ± ·¥ ²Ó´Ò³ · §³¥· ³ ³Õμ´´ÒÌ ¤¥É¥±Éμ·μ¢, · ¸¶μ²μ¦¥´-
´ÒÌ ¢ ´¨Ì. ‚ ¦´μ, ÎÉμ¡Ò ¢´ÊÉ·¨ ¸Î¥É´ÒÌ μ¡Ñ¥³μ¢ ´¥ ´ Ìμ¤¨²¨¸Ó ³ ¸¸¨¢´Ò¥ Ô²¥³¥´ÉÒ,
¸¶μ¸μ¡´Ò¥ ¢²¨ÖÉÓ ´  Ëμ·³¨·μ¢ ´¨¥ ¶μÉμ±μ¢ Ëμ´μ¢ÒÌ Î ¸É¨Í,   ¸ ³¨  ±É¨¢´Ò¥ Ô²¥³¥´ÉÒ
³Õμ´´μ° ¸¨¸É¥³Ò ´¥ ¢ÒÌμ¤¨²¨ §  ¶·¥¤¥²Ò ¸Î¥É´ÒÌ μ¡Ñ¥³μ¢.
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‚¸¥ Î ¸É¨ÍÒ, ¢Ìμ¤ÖÐ¨¥ ¢ ¸Î¥É´Ò¥ μ¡Ñ¥³Ò, § ¶¨¸Ò¢ ²¨¸Ó ¢ ¢ÒÌμ¤´μ° ¸¶¨¸μ± ¤²Ö ¨Ì
¶μ¸²¥¤ÊÕÐ¥£μ ³´μ£μ±· É´μ£μ ¨¸¶μ²Ó§μ¢ ´¨Ö. Š ± ¶· ¢¨²μ, ¢·¥³Ö ³μ¤¥²¨·μ¢ ´¨Ö ¢¸¥°
®¨¸Éμ·¨¨¯ μ¤´μ£μ pp-¸μÊ¤ ·¥´¨Ö ¢ Ê¶·μÐ¥´´μ° £¥μ³¥É·¨¨ ¸μ¸É ¢²Ö²μ ´¥¸±μ²Ó±μ ¤¥¸ÖÉ±μ¢
Î ¸μ¢, ÎÉμ μ¡Ê¸²μ¢²¥´μ ± ± ´¥μ¡Ìμ¤¨³μ¸ÉÓÕ ¶·μ¸²¥¦¨¢ ´¨Ö ®¨¸Éμ·¨¨¯ ´¥°É·μ´μ¢ ¤μ
É¥¶²μ¢ÒÌ Ô´¥·£¨°, É ± ¨ ¶·μ¸²¥¦¨¢ ´¨Ö ®¨¸Éμ·¨°¯ ³´μ£μÎ¨¸²¥´´ÒÌ ¢Éμ·¨Î´ÒÌ Î ¸É¨Í,
·μ¦¤¥´´ÒÌ μÉ ´¥°É·μ´´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨°.

�¥§Ê²ÓÉ Éμ³ ÔÉμ£μ ÔÉ ¶  ¢ÒÎ¨¸²¥´¨° Ö¢²Ö¥É¸Ö ¶ · ³¥É·¨§ Í¨Ö ¶μÉμ±  ¨ ¸¶¥±É·μ¢ Î -
¸É¨Í ¢ ¢¨¤¥ § ¶¨¸¨ ¨³¶Ê²Ó¸μ¢ ¨ ±μμ·¤¨´ É ¢¸¥Ì É¨¶μ¢ Î ¸É¨Í ¢ ³μ³¥´É ¨Ì ¢Ìμ¤  ¢ ¸Î¥É´Ò¥
μ¡Ñ¥³Ò. �·¨ ÔÉμ³ ´¥°É· ²Ó´Ò¥ Î ¸É¨ÍÒ § ¶¨¸Ò¢ ÕÉ¸Ö ¶·¨ ± ¦¤μ³ ¢Ìμ¦¤¥´¨¨ ¢ ¸Î¥É´Ò¥
μ¡Ñ¥³Ò, Éμ£¤  ± ± § ·Ö¦¥´´Ò¥ Å Éμ²Ó±μ ¶·¨ ¶¥·¢μ³ ¢Ìμ¤¥ ¢ ¡²¨¦ °Ï¨° ¸Î¥É´Ò° μ¡Ñ¥³.
Šμ··¥²ÖÍ¨¨ ³¥¦¤Ê ¸¨£´ ² ³¨, ¶·μ¨§¢μ¤¨³Ò³¨ ´¥°É· ²Ó´Ò³¨ Î ¸É¨Í ³¨ ¢ · §´ÒÌ ¸Î¥É-
´ÒÌ μ¡Ñ¥³ Ì, ¶·¥´¥¡·¥¦¨³μ ³ ²Ò ¢¸²¥¤¸É¢¨¨ ³ ²μ£μ ¸¥Î¥´¨Ö ¨Ì ¢§ ¨³μ¤¥°¸É¢¨Ö. �·¨
É ±μ° ¶ · ³¥É·¨§ Í¨¨ ¶μÉμ±¨ Î ¸É¨Í, ³μ¤¥²¨·Ê¥³ÒÌ ´ ³¨ ¢ · §´ÒÌ ¸Î¥É´ÒÌ μ¡Ñ¥³ Ì,
³μ£ÊÉ ¸Î¨É ÉÓ¸Ö ´¥±μ··¥²¨·μ¢ ´´Ò³¨.

	  ¸²¥¤ÊÕÐ¥³ ÔÉ ¶¥ ¢ÒÎ¨¸²¥´¨° § ¶¨¸ ´´Ò¥ ¶μÉμ±¨ Î ¸É¨Í ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö ³μ-
¤¥²¨·μ¢ ´¨Ö μÉ±²¨±  ³Õμ´´ÒÌ ¤¥É¥±Éμ·μ¢ ATLAS. ‚μ§³μ¦´μ¸ÉÓ ¢ÒÎ¨¸²¥´¨Ö ¸¶¥±É·μ¢
Ëμ´μ¢ÒÌ Î ¸É¨Í ¨ ¨Ì ³´μ£μ±· É´μ£μ ¨¸¶μ²Ó§μ¢ ´¨Ö ¸ ¶μ¤·μ¡´Ò³ μ¶¨¸ ´¨¥³ ¤¥É¥±Éμ· 
ATLAS ¶μ§¢μ²¨²  ¸ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ ÊÎ¥¸ÉÓ ¢²¨Ö´¨¥ · ¡μÉÒ Ê¸±μ·¨É¥²Ö ´  · §²¨Î´Ò¥
Î ¸É¨ ³Õμ´´μ° ¸¨¸É¥³Ò.

3. ‚�…Œ…��›… �‘��…���‘’ˆ “—…’� ”��� �� LHC

‘Éμ²±´μ¢¥´¨Ö ¶·μÉμ´μ¢ ´  Ê¸±μ·¨É¥²¥ LHC ¶·μ¨¸Ìμ¤ÖÉ ± ¦¤Ò¥ 25 ´¸, ¶·¨ ÔÉμ³ ³´μ-
¦¥¸É¢¥´´μ¸ÉÓ ¢Éμ·¨Î´ÒÌ Î ¸É¨Í ¸¨²Ó´μ Ë²Ê±ÉÊ¨·Ê¥É (·¨¸. 5,  ). Š ± ¡Ò²μ μÉ³¥Î¥´μ ¢ÒÏ¥,
¢·¥³Ö ¦¨§´¨ Ëμ´μ¢ÒÌ Î ¸É¨Í, ·¥£¨¸É·¨·Ê¥³ÒÌ ¢ ³Õμ´´μ° ¸¨¸É¥³¥, £μ· §¤μ ¡μ²ÓÏ¥ (´ 
Ï¥¸ÉÓ ¶μ·Ö¤±μ¢, ¤μ 0,1 ¸), Î¥³ ¢·¥³Ö ¶·μ²¥É  Î ¸É¨Í Î¥·¥§ ¢¸Õ ¸¨¸É¥³Ê ¤¥É¥±Éμ·  ATLAS.
‚ ´ Ï¥³ ³¥Éμ¤¥ ³Ò · ¸¸Î¨ÉÒ¢ ¥³ ¢¥·μÖÉ´μ¸ÉÓ ¶μÖ¢²¥´¨Ö Ëμ´μ¢μ£μ ¸¨£´ ²  ¢ ¶·μ¨§¢μ²Ó-
´μ³ 25-´¸ ¨´É¥·¢ ²¥, ´μ·³¨·μ¢ ´´ÊÕ ´  μ¤´μ pp-¸μÊ¤ ·¥´¨¥ ¢ 25-´¸ Í¨±²¥ Ê¸±μ·¨É¥²Ö.
�·¨ ÔÉμ³ ¢ ¸¢Ö§¨ ¸ μ£·μ³´Ò³ ¢·¥³¥´¥³ ¶·μ²¥É  Ëμ´μ¢ÒÌ Î ¸É¨Í ¢¥·μÖÉ´μ¸ÉÓ ¨Ì ¶μÖ¢²¥-
´¨Ö ¢´ÊÉ·¨ 25-´¸ ¸Î¥É´μ£μ ¨´É¥·¢ ²  ¶μ¸ÉμÖ´´ , ¨ Ë²Ê±ÉÊ Í¨¨ ¶μÉμ±μ¢ Ëμ´μ¢ÒÌ Î ¸É¨Í
¶·¨ É ±μ³ ¸¶μ¸μ¡¥ ¨Ì ¨¸¶μ²Ó§μ¢ ´¨Ö ¸²¥¤ÊÕÉ · ¸¶·¥¤¥²¥´¨Õ �Ê ¸¸μ´ , ¸·¥¤´¥¥ §´ Î¥´¨¥
±μÉμ·μ£μ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¨§ · ¸¶·¥¤¥²¥´¨Ö Î ¸É¨Í ¤²Ö pp-¸μÊ¤ ·¥´¨Ö (·¨¸. 5). 	  ·¨¸. 5
¨§μ¡· ¦¥´Ò ± ± · ¸¶·¥¤¥²¥´¨¥ ¸·¥¤´¥£μ Î¨¸²  Ëμ´μ¢ÒÌ Î ¸É¨Í μÉ pp-¸μÊ¤ ·¥´¨Ö, É ± ¨
¢¥·μÖÉ´μ¸ÉÓ ¨Ì ¶μÖ¢²¥´¨Ö ¢ ²Õ¡μ° 25-´¸ ¨´É¥·¢ ² ¢·¥³¥´¨. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¢·¥³Ö
¸Î¨ÉÒ¢ ´¨Ö ¸¨£´ ²  Ô²¥±É·μ´¨±¨ ¤²Ö · §²¨Î´ÒÌ Ô²¥³¥´Éμ¢ ¢ ¤¥É¥±Éμ·¥ ATLAS É ±¦¥
±· É´μ 25 ´¸.

	 Ï¨ §´ ´¨Ö μ ±μ²¨Î¥¸É¢¥ ¨ Ì · ±É¥·¥ Ëμ´  ¢ 25-´¸ ¸Î¥É´ÒÌ ¨´É¥·¢ ² Ì ¶μ§¢μ²ÖÕÉ
¸μ§¤ ÉÓ £¥´¥· Éμ· Ëμ´μ¢ÒÌ ¸μ¡ÒÉ¨°, Ê¤μ¡´Ò° ¤²Ö ¶· ¢¨²Ó´μ£μ μ¶¨¸ ´¨Ö Ëμ´μ¢ÒÌ ¸μ¡Ò-
É¨° ¢ ¤¥É¥±Éμ·¥ ATLAS. ”μ´μ¢Ò° £¥´¥· Éμ· · ¡μÉ ¥É ¸²¥¤ÊÕÐ¨³ μ¡· §μ³. ‚ ± ¦¤Ò°
25-´¸ ¢·¥³¥´´μ° ¨´É¥·¢ ² ³Ò ¸²ÊÎ °´Ò³ μ¡· §μ³ μÉ¡¨· ¥³ Ëμ´μ¢Ò¥ Î ¸É¨ÍÒ ¤²Ö ¢¸¥Ì
¸Î¥É´ÒÌ μ¡Ñ¥³μ¢ ¸ ¶μ²´Ò³ ¸·¥¤´¨³ Î¨¸²μ³ ¨§ · ¸¶·¥¤¥²¥´¨Ö (·¨¸. 5,  ). ‘²ÊÎ °´μ¸ÉÓ
¢Ò¡μ·±¨ ¶μ§¢μ²Ö¥É ´ ¨¡μ²¥¥ ¶· ¢¨²Ó´μ ÊÎ¥¸ÉÓ Ë²Ê±ÉÊ Í¨¨ ¤²Ö ± ¦¤μ£μ É¨¶  Î ¸É¨Í ¢
¸Î¥É´ÒÌ μ¡Ñ¥³ Ì (·¨¸. 5, ¡).

‡ ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ Ëμ´  ³μ¤¥²¨·ÊÕÉ¸Ö ¨ ¶·μ¸²¥¦¨¢ ÕÉ¸Ö Î¥·¥§ ¢¸¥ ¸¨¸É¥³Ò ¤¥-
É¥±Éμ·  ¤μ ¨Ì ¶μ²´μ° μ¸É ´μ¢±¨. — ¸É¨ÍÒ, ·μ¦¤¥´´Ò¥ μÉ ´¨Ì ¢´ÊÉ·¨ ¸Î¥É´ÒÌ μ¡Ñ¥³μ¢,
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�¨¸. 5.  ) � ¸¶·¥¤¥²¥´¨¥ ¸·¥¤´¥£μ Î¨¸²  Ëμ´μ¢ÒÌ Î ¸É¨Í, ·μ¦¤¥´´ÒÌ ¢ μ¤´μ³ pp-¸μÊ¤ ·¥´¨¨;
¡) · ¸¶·¥¤¥²¥´¨¥ ¸·¥¤´¥£μ Î¨¸²  Ëμ´μ¢ÒÌ Î ¸É¨Í ¢ 25-´¸ ¢·¥³¥´´μ³ ¨´É¥·¢ ²¥ ´  Ê¸±μ·¨É¥²¥

¢ ¦´Ò ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö ±μ··¥²¨·μ¢ ´´μ£μ ¸· ¡ ÉÒ¢ ´¨Ö ¢ · §²¨Î´ÒÌ ¶²μ¸±μ¸ÉÖÌ ³Õ-
μ´´ÒÌ ¤¥É¥±Éμ·μ¢. �μ¸²¥¤´¨° Ë ±Éμ· μÎ¥´Ó ¸ÊÐ¥¸É¢¥´, ± ¶·¨³¥·Ê, ¤²Ö ¨§ÊÎ¥´¨Ö É·¨££¥· ,
¶μ¸É·μ¥´´μ£μ ´  μ¸´μ¢¥ ³Õμ´´ÒÌ ± ³¥·. „·Ê£ Ö ¸¨ÉÊ Í¨Ö ¸ ´¥°É· ²Ó´Ò³¨ Ëμ´μ¢Ò³¨
Î ¸É¨Í ³¨. ’ ± ± ± ¨Ì ¶ · ³¥É·Ò § ¶¨¸ ´Ò ¤²Ö ¢¸¥Ì ¢Ìμ¤μ¢ ¢ ¸Î¥É´Ò¥ μ¡Ñ¥³Ò, Éμ ³Ò
§ ¶·¥Ð ¥³ ¨³ ¢ÒÌμ¤¨ÉÓ ¨§ ¸Î¥É´ÒÌ μ¡Ñ¥³μ¢, ¤²Ö ±μÉμ·ÒÌ μ´¨ ¡Ò²¨ § ¶¨¸ ´Ò. �Éμ ¶μ§¢μ-
²Ö¥É · §Ê³´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¢ÒÎ¨¸²¨É¥²Ó´μ¥ ¢·¥³Ö ¤²Ö ¶·μ¸²¥¦¨¢ ´¨Ö É·¥±μ¢μ° ¨¸Éμ·¨¨
É ±¨Ì Î ¸É¨Í, ± ± ´¥°É·μ´Ò ¨ ËμÉμ´Ò, ¦¨¢ÊÐ¨Ì ¢ ³Õμ´´μ° ¸¨¸É¥³¥ ¸· ¢´¨É¥²Ó´μ ¤μ²£μ,
  É ±¦¥ ¤²Ö ¶·¥¤μÉ¢· Ð¥´¨Ö ³´μ£μ±· É´μ£μ ÊÎ¥É  μ¤´¨Ì ¨ É¥Ì ¦¥ Î ¸É¨Í.

“Î¨ÉÒ¢ Ö ¶·¨³¥·´ÊÕ  §¨³ÊÉ ²Ó´ÊÕ ¸¨³³¥É·¨Õ ¤¥É¥±Éμ·  ATLAS, ¶·¨ μÉ¡μ·¥ Î ¸É¨Í
¨§ Ëμ´μ¢ÒÌ ¸μ¡ÒÉ¨° ³Ò ¨³¥¥³ ¢μ§³μ¦´μ¸ÉÓ ¤μ¡¨¢ ÉÓ¸Ö ¡μ²¥¥ · ¢´μ³¥·´μ° § ¸¢¥É±¨
³Õμ´´ÒÌ ± ³¥· §  ¸Î¥É ¸²ÊÎ °´μ£μ ¢· Ð¥´¨Ö ÔÉ¨Ì Î ¸É¨Í ¢μ±·Ê£ μ¸¨ z.

�¤´ ±μ μ¸´μ¢´μ¥ ¶·¥¨³ÊÐ¥¸É¢μ μ¶¨¸Ò¢ ¥³μ£μ ³¥Éμ¤ , ¶μ§¢μ²ÖÕÐ¥£μ ·¥§±μ Ê¢¥²¨Î¨ÉÓ
¸É É¨¸É¨±Ê ¤¥É ²Ó´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ´  ¢Éμ·μ³ ÔÉ ¶¥, § ±²ÕÎ ¥É¸Ö ¢ Éμ³, ÎÉμ ¡μ²Ó-
Ï¨´¸É¢μ³ μÉμ¡· ´´ÒÌ É ±¨³ μ¡· §μ³ Î ¸É¨Í Ö¢²ÖÕÉ¸Ö ´¥°É·μ´Ò (·¨¸. 3), ±μÉμ·Ò¥ ¶·¨
³´μ£μ±· É´μ³ ¨Ì ¨¸¶μ²Ó§μ¢ ´¨¨ ¢ μ¤´μ³ ¨ Éμ³ ¦¥ Ô²¥³¥´É¥ ³Õμ´´μ° ¸¨¸É¥³Ò (¸Î¥É´μ³
μ¡Ñ¥³¥) ¶μ§¢μ²ÖÕÉ ¶μ²ÊÎ ÉÓ ¸μ¢¥·Ï¥´´μ · §´Ò¥ Ëμ´μ¢Ò¥ ¸μ¡ÒÉ¨Ö.

’ ±¨³ μ¡· §μ³, ¶·¨ ¶μ²´μ³ ³μ¤¥²¨·μ¢ ´¨¨ μÉ±²¨±  ¤¥É¥±Éμ·  ³Ò ¶μ¢Éμ·Ö¥³ ¢ÒÎ¨-
¸²¥´¨Ö ¶μ Ê¦¥ ¨§¢¥¸É´Ò³ Ëμ´μ¢Ò³ ¸¶¥±É· ³, ´μ ´  ¡μ²¥¥ ¤¥É ²Ó´μ° £¥μ³¥É·¨¨, ¢ ¸μÉ´¨
· § ¡Ò¸É·¥¥ ¨ ¶· ±É¨Î¥¸±¨ ¸ ´¥μ£· ´¨Î¥´´μ° ¸É É¨¸É¨±μ°. ’ ± Ö ³¥Éμ¤¨±  ¶μ§¢μ²¨² 
¸ÊÐ¥¸É¢¥´´μ ¸μ±· É¨ÉÓ Î¨¸²μ ³μ¤¥²¨·Ê¥³ÒÌ pp-¸μÊ¤ ·¥´¨° ¸ ¶μ²´μ¸ÉÓÕ ¶·μ¸²¥¦¥´´μ°
¨¸Éμ·¨¥° ¶·μ²¥É  Î ¸É¨Í Î¥·¥§ £¥μ³¥É·¨Õ ¤¥É¥±Éμ· , ³μ¤¥²¨·μ¢ ´¨¥ ±μÉμ·μ° ¨ É·¥¡Ê¥É
¡μ²ÓÏμ£μ ¢·¥³¥´¨ ¢ÒÎ¨¸²¥´¨°.

„²Ö ³μ¤¥²¨·μ¢ ´¨Ö ¶μ²´μ° ¨¸Éμ·¨¨ Ëμ´μ¢ÒÌ Î ¸É¨Í ¨¸¶μ²Ó§μ¢ ²¸Ö ±μ³¶ÓÕÉ¥·´Ò°
±μ³¶²¥±¸, ¸μ¸ÉμÖÐ¨° ¨§ 200 ¶·μÍ¥¸¸μ·μ¢, ±μÉμ·Ò° · ¡μÉ ² ´ ¤ ÔÉμ° § ¤ Î¥° μ±μ²μ Ï¥-
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�¨¸. 6. ƒ· ´¨ÍÒ ¸Î¥É´ÒÌ μ¡Ñ¥³μ¢ ¨ · ¸¶·¥¤¥²¥´¨¥ Î¨¸²  Î ¸É¨Í, ·μ¤¨¢Ï¨Ì¸Ö ¢  ±É¨¢´μ° Î ¸É¨
³Õμ´´μ° ¸¨¸É¥³Ò. ‘Î¥É´Ò¥ μ¡Ñ¥³Ò ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° Í¨²¨´¤·Ò, ³ ±¸¨³ ²Ó´μ ¶·¨¡²¨¦¥´´Ò¥ ±

³Õμ´´Ò³ ± ³¥· ³. ’μÎ±¨ ´  £· ´¨Í¥ ¸Î¥É´ÒÌ μ¡Ñ¥³μ¢ Å Ëμ´μ¢Ò¥ Î ¸É¨ÍÒ, ¢ μ¸´μ¢´μ³ ´¥°É·μ´Ò.
‚´ÊÉ·¥´´¨¥ ÉμÎ±¨ μ¡Ê¸²μ¢²¥´Ò ¶·μÌμ¦¤¥´¨¥³ ¨ ¢§ ¨³μ¤¥°¸É¢¨¥³ Î ¸É¨Í Ëμ´  ¢ ³Õμ´´ÒÌ ± ³¥· Ì

¸É¨ ³¥¸ÖÍ¥¢. �¸´μ¢´μ¥ ¢ÒÎ¨¸²¨É¥²Ó´μ¥ ¢·¥³Ö ¡Ò²μ ¶μÉ· Î¥´μ ´  ³μ¤¥²¨·μ¢ ´¨¥ ¨¸Éμ-
·¨¨ pp-¸μÊ¤ ·¥´¨° ¨ ¶·μ¸²¥¦¨¢ ´¨¥ ·μ¦¤¥´´ÒÌ μÉ ´¨Ì Î ¸É¨Í §  μ£·μ³´μ¥ ¶μ Ö¤¥·´Ò³
³¥·± ³ ¢·¥³Ö. �μ²ÊÎ¥´´Ò¥ Ëμ´μ¢Ò¥ ¸¶¥±É·Ò ³´μ£μ±· É´μ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¸ ¤¥É ²Ó´μ°
£¥μ³¥É·¨¥° ¤²Ö ¢ÒÎ¨¸²¥´¨Ö ¶·¥Í¨§¨μ´´μ£μ μÉ±²¨±  ³Õμ´´μ° ¸¨¸É¥³Ò ´  Ëμ´μ¢Ò¥ Î -
¸É¨ÍÒ. 	 ²¨Î¨¥ μ£· ´¨Î¥´´μ£μ Î¨¸²  ¶μ²´μ¸ÉÓÕ ¶·μ³μ¤¥²¨·μ¢ ´´ÒÌ Ëμ´μ¢ÒÌ ¸μ¡ÒÉ¨°
¶μ§¢μ²Ö¥É μ·£ ´¨§μ¢ ÉÓ · ¡μÉ ÕÐ¨° £¥´¥· Éμ· μÉ±²¨±  ´  Ëμ´μ¢Ò¥ Î ¸É¨ÍÒ ¢ ³Õμ´´μ°
¸¨¸É¥³¥ ¸ μ¡¥¸¶¥Î¥´¨¥³ ´¥μ¡Ìμ¤¨³μ° ¸É É¨¸É¨±μ°.

�¨¸. 6 ¤¥³μ´¸É·¨·Ê¥É £¥μ³¥É·¨Õ · §¡¨¥´¨Ö ³Õμ´´μ° ¸¨¸É¥³Ò ¤¥É¥±Éμ·  ATLAS ´ 
¸Î¥É´Ò¥ μ¡Ñ¥³Ò (´  ·¨¸. 6 ¶μ± § ´  Î¥É¢¥·É Ö Î ¸ÉÓ ¢¸¥° ³Õμ´´μ° ¸¨¸É¥³Ò) ¨ · ¸¶·¥-
¤¥²¥´¨¥ ¢¥·Ï¨´ Î ¸É¨Í, ·μ¦¤¥´´ÒÌ ´  ¢Éμ·μ³ ÔÉ ¶¥ ¢´ÊÉ·¨ ¸Î¥É´ÒÌ μ¡Ñ¥³μ¢, ´  ¶·¥-
Í¨§¨μ´´μ° £¥μ³¥É·¨¨ ³Õ´´ÒÌ ± ³¥·. �ÉÎ¥É²¨¢μ ¶·μ¸³ É·¨¢ ¥É¸Ö ¸É·Ê±ÉÊ·  ³Õμ´´ÒÌ
¤¥É¥±Éμ·μ¢, μ¡Ê¸²μ¢²¥´´ Ö · §´μ° ¶²μÉ´μ¸ÉÓÕ ³ É¥·¨ ²μ¢ ³Õμ´´ÒÌ ± ³¥·, ÎÉμ ¤μ± §Ò-
¢ ¥É ¸É É¨¸É¨Î¥¸±ÊÕ ¤μ¸É ÉμÎ´μ¸ÉÓ ³¥Éμ¤  ¢ÒÎ¨¸²¥´¨°.

4. �‘��‚�›… ��‘‘—ˆ’���›… ‘�…Š’�› ”���‚›• —�‘’ˆ–

�¨¸. 7 ¤ ¥É ´ £²Ö¤´μ¥ ¶·¥¤¸É ¢²¥´¨¥ μ · ¸¶·¥¤¥²¥´¨¨ ¶μÉμ±μ¢ ´¥°É·μ´μ¢, ¶μ²ÊÎ¥´´ÒÌ
´  ¶¥·¢μ³ ÔÉ ¶¥. Š ± ¸ ³Ò¥ É¥³´Ò¥ ´  ÔÉμ³ ·¨¸Ê´±¥ μÉ³¥Î¥´Ò μ¡² ¸É¨ ¸ ³ ±¸¨³ ²Ó´Ò³¨
¶μÉμ± ³¨ ´¥°É·μ´μ¢. —¥É±μ ¢¨¤´μ, ÎÉμ ¶²μÉ´μ¸ÉÓ ¶μÉμ±μ¢ ³ ±¸¨³ ²Ó´  ¡²¨¦¥ ± ± ´ ²Ê
¶ÊÎ± , · ¸¶μ²μ¦¥´´μ³Ê ¢´ÊÉ·¨ § Ð¨ÉÒ. ‚¨¤´μ É ±¦¥, ÎÉμ ¶²μÉ´μ¸É¨ ´¥°É·μ´´ÒÌ ¶μ-
Éμ±μ¢,   ¸²¥¤μ¢ É¥²Ó´μ, ¨ Ëμ´μ¢Ò¥ ¸¨£´ ²Ò § Î ¸ÉÊÕ ¸¨²Ó´μ ³¥´ÖÕÉ¸Ö ¢ ¶·¥¤¥² Ì ¤ ¦¥
μ¤´μ° ³Õμ´´μ° ± ³¥·Ò. 	 ¶·¨³¥·, ¢¤μ²Ó μ¤´μ£μ É¨¶  ³Õμ´´ÒÌ ± ³¥· (EML ´  ·¨¸. 7),
· ¸¶μ²μ¦¥´´ÒÌ §  ± ÉÊÏ± ³¨ ³ £´¨É´μ£μ Éμ·μ¨¤ , ¶μÉμ±¨ Ëμ´μ¢ÒÌ Î ¸É¨Í ³¥´ÖÕÉ¸Ö
¢ 10 · § μÉ 2 ¤μ 20 ±ƒÍ/¸³2.
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�¨¸. 7. ”μ´μ¢ Ö § £·Ê§±  ³Õμ´´μ° ¸¨¸É¥³Ò ATLAS, μ¡Ê¸²μ¢²¥´´ Ö · ¡μÉμ° Ê¸±μ·¨É¥²Ö

LHC (±ƒÍ/¸³2). �¨¸Ê´μ± ¤¥³μ´¸É·¨·Ê¥É §´ Î¨É¥²Ó´μ¥ ¨§³¥´¥´¨¥ § £·Ê§±¨ ³Õμ´´ÒÌ ± ³¥·. Š ±

¶·¨³¥· ¶μ± § ´  EML-± ³¥· , · ¸¶μ²μ¦¥´´ Ö ¶μ z 1250Ä1300 ¸³ ¨ · ¤¨Ê¸Ê 160Ä600 ¸³ [8]

„¨¸¸¨¶ Í¨Õ Ô´¥·£¨¨ ¢ ¶·μÍ¥¸¸¥ · ¸¶·μ¸É· ´¥´¨Ö Ëμ´μ¢ÒÌ Î ¸É¨Í ¢μ ¢¸¥³ ¢·¥³¥´-
´μ³ ³ ¸ÏÉ ¡¥ ¢ÒÎ¨¸²¥´¨° Ëμ´  ¨²²Õ¸É·¨·Ê¥É ·¨¸. 4. „ ´´μ¥ · ¸¶·¥¤¥²¥´¨¥ μÉ´μ¸¨É¸Ö
±μ ¢¸¥³ Î ¸É¨Í ³ Ëμ´  ¨ ´μ·³¨·μ¢ ´μ ´  μ¤´μ pp-¸Éμ²±´μ¢¥´¨¥ ¶·μÉμ´μ¢ Ê¸±μ·¨É¥²Ö.
�μ £μ·¨§μ´É ²Ó´μ° μ¸¨ μÉ²μ¦¥´μ ¢·¥³Ö ¶·μ²¥É  Î ¸É¨Í Ëμ´  ¢ ²μ£ ·¨Ë³¨Î¥¸±μ³ ³ ¸-
ÏÉ ¡¥,   ¶μ ¢¥·É¨± ²Ó´μ° Å ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö Î ¸É¨Í. ˆ´É¥·¢ ² ¦¨§´¨ Ëμ´μ¢ÒÌ
Î ¸É¨Í ²¥¦¨É ¢ ¤¨ ¶ §μ´¥ 10−8−100 ¸. 	 ¶μ³´¨³, ÎÉμ 10−8 ¸ ¸μμÉ¢¥É¸É¢Ê¥É 10 ´¸,  
É· ¤¨Í¨μ´´Ò¥ ¢ÒÎ¨¸²¥´¨Ö ¤²Ö Î ¸É¨Í ´  Ê¸±μ·¨É¥²¥ § ± ´Î¨¢ ÕÉ¸Ö ¢ ´ Î ²¥ ¢·¥³¥´´μ°

�¨¸. 8. � ¸¶·¥¤¥²¥´¨¥ ¶μ É¨¶ ³ Î ¸É¨Í ¤²Ö Ëμ´μ¢ÒÌ ¶μÉμ±μ¢
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�¨¸. 9. ‘¶¥±É· ¶·μÍ¥¸¸μ¢, ¢ ±μÉμ·ÒÌ ·μ¦¤ ²¨¸Ó ¢Éμ·¨Î´Ò¥ Î ¸É¨ÍÒ ¢ ³Õμ´´ÒÌ ¤¥É¥±Éμ· Ì

Ï± ²Ò 10−7 ¸. ˆ§ ·¨¸Ê´±  É ±¦¥ ¢¨¤´μ, ÎÉμ ´¥°É·μ´Ò Ö¢²ÖÕÉ¸Ö ¥¤¨´¸É¢¥´´Ò³¨ Î ¸É¨-
Í ³¨, ÎÓ¥ ¨´¤¨¢¨¤Ê ²Ó´μ¥ ¢·¥³Ö ¦¨§´¨ ¢ Ô±¸¶¥·¨³¥´É ²Ó´μ³ § ²¥ ¸μ¸É ¢²Ö¥É § ³¥É´Ò¥
¤μ²¨ ¸¥±Ê´¤Ò, ¨ ¨³¥´´μ μ´¨ μÉ¢¥Î ÕÉ §  ´ ²¨Î¨¥ ¢¸¥Ì μ¸É ²Ó´ÒÌ Î ¸É¨Í Ëμ´ .

	¥μ¡Ìμ¤¨³μ μÉ³¥É¨ÉÓ, ÎÉμ ¶μ²ÊÎ¥´´Ò¥ ¢ Ìμ¤¥ · ¡μÉÒ ·¥§Ê²ÓÉ ÉÒ É ±¦¥ ¶·¥¤¸É ¢²¥´Ò
´  ·¨¸. 7, 8 ¨ 9. ’¨¶ Î ¸É¨Í, μ¡· §ÊÕÐ¨Ì Ëμ´, ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 8. �¸´μ¢´Ò³ ¨¸ÉμÎ-
´¨±μ³ Ëμ´  Ö¢²ÖÕÉ¸Ö ´¥°É·μ´Ò, ¶·μÉμ´Ò ¨ ËμÉμ´Ò. �¸´μ¢´Ò¥ ¶·μÍ¥¸¸Ò, ÊÎ ¸É¢ÊÕÐ¨¥
¢ μ¡· §μ¢ ´¨¨ Î ¸É¨Í ¢ ³Õμ´´μ° ¸¨¸É¥³¥, ¶μ± § ´Ò ´  · ¸¶·¥¤¥²¥´¨¨ ´  ·¨¸. 9.

‡�Š‹�—…�ˆ…

�¶¨¸ ´´ Ö ¢ ¤ ´´μ° ¸É ÉÓ¥ ³¥Éμ¤¨±  · ¸Î¥É  Ëμ´ , · §¡¨¢ ÕÐ Ö ¶·μ¡²¥³Ê ´  ¤¢¥
¸ ³μ¸ÉμÖÉ¥²Ó´Ò¥ § ¤ Î¨, ¶μ§¢μ²¨²  ´ ¶¨¸ ÉÓ £¥´¥· Éμ· Ëμ´μ¢ÒÌ ¸μ¡ÒÉ¨° ¨ ¨¸¶μ²Ó§μ¢ ÉÓ
¥£μ ¤²Ö ¨§ÊÎ¥´¨Ö ¢²¨Ö´¨Ö · ¡μÉÒ Ê¸±μ·¨É¥²Ö ´  § £·Ê§±Ê ³Õμ´´μ° ¸¨¸É¥³Ò ¤¥É¥±Éμ· 
ATLAS ¨ ·¥£¨¸É· Í¨¨ · §²¨Î´ÒÌ Ë¨§¨Î¥¸±¨Ì ¶·μÍ¥¸¸μ¢. 	¥¸μ³´¥´´Ò³ ¶²Õ¸μ³ ¤ ´´μ°
³¥Éμ¤¨±¨ Ö¢²Ö¥É¸Ö · Í¨μ´ ²Ó´μ¥ ¨¸¶μ²Ó§μ¢ ´¨¥ ¢ÒÎ¨¸²¨É¥²Ó´ÒÌ ³μÐ´μ¸É¥° ¤²Ö ¢Ò¸μ±μ°
¸¢¥É¨³μ¸É¨ Ê¸±μ·¨É¥²Ö, ÎÉμ ¶μ§¢μ²¨²μ ¶·μ¨§¢¥¸É¨ · ¸Î¥ÉÒ Ëμ´μ¢ÒÌ ¸¶¥±É·μ¢ §  · §Ê³´μ¥
¢·¥³Ö. ‡´ ´¨¥ Ëμ´μ¢ÒÌ ¶μÉμ±μ¢ Î ¸É¨Í ¶μ§¢μ²¨²μ ¨§ÊÎ¨ÉÓ μÉ±²¨± ³Õμ´´ÒÌ ± ³¥· ´ 
¶μÉμ± Ëμ´μ¢ÒÌ Î ¸É¨Í, μ¡Ê¸²μ¢²¥´´Ò° · ¡μÉμ° ¸ ³μ£μ Ê¸±μ·¨É¥²Ö. 	 ²¨Î¨¥ Ê¤μ¡´μ£μ ¨
¡Ò¸É·μ£μ £¥´¥· Éμ·  Ëμ´  ¶μ§¢μ²Ö¥É ¨§ÊÎ ÉÓ · ¡μÉÊ ¤¥É¥±Éμ·  ATLAS ¤μ ¥£μ § ¶Ê¸±  ¸
¶μ¸ÉμÖ´´μ ÊÉμÎ´Ö¥³μ° £¥μ³¥É·¨¥°.

�¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ Leandro Nisati §  ¶μ¸ÉμÖ´´Ò° ¨´É¥·¥¸ ± · ¡μÉ¥ ¨
Í¥´´Ò¥ ¨¤¥¨, ¸¶μ¸μ¡¸É¢μ¢ ¢Ï¨¥ ¥¥ ´ Î ²Ê.
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