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‚ · ¡μÉ¥ ¨¸¸²¥¤μ¢ ´  ¢μ§³μ¦´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ¸ ¶μ³μÐÓÕ Ê¸É ´μ¢±¨ ‘‚Œ · ¸¶ ¤μ¢ J/ψ →
e+e−, ·μ¦¤ ÕÐ¨Ì¸Ö ¢ Au+ Au-¸μÊ¤ ·¥´¨ÖÌ ¶·¨ Ô´¥·£¨¨ ¶ÊÎ±  25 ƒÔ‚/´Ê±²μ´. „²Ö ¢Ò¤¥²¥´¨Ö
¸¨£´ ²Ó´ÒÌ ¸μ¡ÒÉ¨° ¢ Ê¸²μ¢¨ÖÌ ¤μ³¨´¨·ÊÕÐ¥£μ Ëμ´  · §· ¡μÉ ´Ò ¸¶¥Í¨ ²Ó´Ò¥ ±·¨É¥·¨¨ μÉ¡μ· 
¨ ¶μ¤μ¡· ´  μ¶É¨³ ²Ó´ Ö Éμ²Ð¨´  ³¨Ï¥´¨. �·¥¤²μ¦¥´  ÔËË¥±É¨¢´ Ö ³¥Éμ¤¨±  ¶μ μ¶·¥¤¥²¥´¨Õ
±·¨É¨Î¥¸±¨Ì £· ´¨Í ¤²Ö Ê± § ´´ÒÌ ±·¨É¥·¨¥¢ μÉ¡μ· . �μ± § ´μ, ÎÉμ ¨¸¶μ²Ó§Ê¥³Ò¥ ±·¨É¥·¨¨ ¶μ-
§¢μ²ÖÕÉ ´ ¤¥¦´μ ¨ ¸ ¢Ò¸μ±μ° ¸±μ·μ¸ÉÓÕ μ¸ÊÐ¥¸É¢¨ÉÓ ´ ¡μ· ¶·¨¥³²¥³μ° ¸É É¨¸É¨±¨ · ¸¶ ¤μ¢
J/ψ → e+e−.

A possibility of registering the J/ψ → e+e− decays, born in Au+ Au-collisions at 25A GeV beam
energy in the CBM experiment is investigated in the paper. In order to select the signal events from
a dominant background, speciˇc criteria were developed and an optimal thickness of the target was
chosen. An efˇcient method was proposed to determine the critical limits for these selection criteria.
It has been shown that the proposed set of criteria can be used to collect an acceptable statistics of
J/ψ → e+e− decays with a high speed.

PACS: 02.50.Sk; 02.70.Rr; 29.85.Fj

‚‚…„…�ˆ…

�¤´  ¨§ ±²ÕÎ¥¢ÒÌ § ¤ Î ¸μ¢·¥³¥´´μ° Ë¨§¨±¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° Å ÔÉμ ¨§ÊÎ¥´¨¥ Ë -
§μ¢μ° ¤¨ £· ³³Ò ¸¨²Ó´μ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¥° Ö¤¥·´μ° ³ É¥·¨¨ [1]. �·¨ ÔÉμ³ μ¸μ¡Ò°
¨´É¥·¥¸ ¶·¥¤¸É ¢²ÖÕÉ Ë §μ¢Ò¥ ¶¥·¥Ìμ¤Ò μÉ  ¤·μ´´ÒÌ ± ¶ ·Éμ´´Ò³ ¸É¥¶¥´Ö³ ¸¢μ¡μ¤Ò,
±μÉμ·Ò¥ ³μ£ÊÉ ¶·μ¨¸Ìμ¤¨ÉÓ ¶·¨ ¢Ò¸μ±¨Ì É¥³¶¥· ÉÊ· Ì ¨/¨²¨ ¢Ò¸μ±¨Ì ¡ ·¨μ´´ÒÌ ¶²μÉ-
´μ¸ÉÖÌ. ˆ¸¸²¥¤μ¢ ´¨¥ É ±¨Ì ¶¥·¥Ìμ¤μ¢ ³μ¦¥É ¶·μ²¨ÉÓ ¸¢¥É ´  ¤¢¥ ËÊ´¤ ³¥´É ²Ó´Ò¥
¶·μ¡²¥³Ò ±¢ ´Éμ¢μ° Ì·μ³μ¤¨´ ³¨±¨ Å ¤¥±μ´Ë °´³¥´É ¨ ´ ·ÊÏ¥´¨¥ ±¨· ²Ó´μ° ¸¨³³¥-
É·¨¨. Š·μ³¥ Éμ£μ, ¶·¨ ¢Ò¸μ±¨Ì ¡ ·¨μ´´ÒÌ ¶²μÉ´μ¸ÉÖÌ (net baryon density) ¢μ§³μ¦´Ò
¶·μÖ¢²¥´¨Ö ´μ¢ÒÌ ¸μ¸ÉμÖ´¨° Ö¤¥·´μ° ³ É¥·¨¨. �¥ ²Ó´Ò° ¶·μ£·¥¸¸ ¢ ÔÉμ° μ¡² ¸É¨ ³μ¦¥É
¡ÒÉÓ ¤μ¸É¨£´ÊÉ Éμ²Ó±μ ¢ ·¥§Ê²ÓÉ É¥ ¶μ²ÊÎ¥´¨Ö ´μ¢ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ.

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ´  ¸É·μÖÐ¥³¸Ö ¢ „ ·³ÏÉ ¤É¥ (ƒ¥·³ ´¨Ö) Ê¸±μ·¨É¥²Ó´μ³ ±μ³-
¶²¥±¸¥  ´É¨¶·μÉμ´μ¢ ¨ ÉÖ¦¥²ÒÌ ¨μ´μ¢ FAIR (Facility for Antiproton and Ion Research)
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�¨¸. 1. ‘Ì¥³  Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨ ‘‚Œ

±μ²² ¡μ· Í¨¥° ‘‚Œ (Compressed Baryonic Matter) ¢¥¤¥É¸Ö · §· ¡μÉ±  Ë¨§¨Î¥¸±μ° ¶·μ-
£· ³³Ò ¨ ¶μ¤£μÉμ¢±  Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨ ¤²Ö ¨§ÊÎ¥´¨Ö ¸¨²Ó´μ¸¦ Éμ° ¡ ·¨-
μ´´μ° ³ É¥·¨¨, μ¡· §ÊÕÐ¥°¸Ö ¢ Ö¤·μ-Ö¤¥·´ÒÌ ¸μÊ¤ ·¥´¨ÖÌ ¶·¨ Ô´¥·£¨ÖÌ ¶ÊÎ±  μÉ 2 ¤μ
45 ƒÔ‚/´Ê±²μ´ [2,3].

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´  ¸Ì¥³  Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨ ‘‚Œ. ‚´ÊÉ·¨ ¤¨¶μ²Ó´μ£μ
³ £´¨É  · ¸¶μ²μ¦¥´Ò ³¨Ï¥´Ó ¨ ±μμ·¤¨´ É´Ò° É·¥±μ¢Ò° ¤¥É¥±Éμ· STS (Silicon Track-
ing System), ¶·¥¤´ §´ Î¥´´Ò° ¤²Ö ·¥±μ´¸É·Ê±Í¨¨ É· ¥±Éμ·¨° ·¥£¨¸É·¨·Ê¥³ÒÌ Î ¸É¨Í,
¢μ¸¸É ´μ¢²¥´¨Ö ¶¥·¢¨Î´ÒÌ ¨ ¢Éμ·¨Î´ÒÌ ¢¥·Ï¨´ ¨ μ¶·¥¤¥²¥´¨Ö ¨³¶Ê²Ó¸μ¢ § ·Ö¦¥´´ÒÌ
Î ¸É¨Í. „¥É¥±Éμ· Î¥·¥´±μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö RICH (Ring Imaging CHerenkov) ¸²Ê¦¨É ¤²Ö
¨¤¥´É¨Ë¨± Í¨¨ Ô²¥±É·μ´μ¢ ¸ ¨³¶Ê²Ó¸ ³¨ ¤μ 10 ƒÔ‚/¸. „¥É¥±Éμ· ¶¥·¥Ìμ¤´μ£μ ¨§²ÊÎ¥-
´¨Ö TRD (Transition Radiation Detector) ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ Ô²¥±É·μ´μ¢ ¸
¨³¶Ê²Ó¸ ³¨ ¡μ²¥¥ 1 ƒÔ‚/¸ ¨ ·¥±μ´¸É·Ê±Í¨¨ É· ¥±Éμ·¨° Î ¸É¨Í. „¥É¥±Éμ· ¢·¥³¥´¨ ¶·μ-
²¥É  TOF (Time-Of-Flight) ¶·¥¤´ §´ Î¥´ ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨  ¤·μ´μ¢. �²¥±É·μ³ £´¨É´Ò°
± ²μ·¨³¥É· ECAL (Electromagnetic CALorimeter) ¸²Ê¦¨É ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ ËμÉμ´μ¢ ¨
Ô²¥±É·μ´μ¢. ‘ ¶μ³μÐÓÕ ± ²μ·¨³¥É·  PSD (Projectile Spectator Detector) μ¶·¥¤¥²ÖÕÉ¸Ö
Í¥´É· ²Ó´μ¸ÉÓ ¸μÊ¤ ·¥´¨Ö ¨ ¶²μ¸±μ¸ÉÓ ·¥ ±Í¨¨.

ˆ§ÊÎ¥´¨¥ ·μ¦¤¥´¨Ö Î ·³μ´¨Ö, μ¡· §ÊÕÐ¥£μ¸Ö ¢ Ö¤·μ-Ö¤¥·´ÒÌ ¸μÊ¤ ·¥´¨ÖÌ ¶·¨ Ô´¥·-
£¨ÖÌ FAIR, Å μ¤´  ¨§ ±²ÕÎ¥¢ÒÌ § ¤ Î Ô±¸¶¥·¨³¥´É  ‘‚Œ. ƒ² ¢´ Ö É·Ê¤´μ¸ÉÓ ¸μ¸Éμ¨É
¢ ±· °´¥ ´¨§±μ³ ¢ÒÌμ¤¥ J/ψ-³¥§μ´μ¢ ¸ ³ ²μ° ¢¥·μÖÉ´μ¸ÉÓÕ · ¸¶ ¤  ¶μ ¤¨Ô²¥±É·μ´´μ³Ê
± ´ ²Ê (μ±μ²μ 6 %) ¢ Ê¸²μ¢¨ÖÌ ¨´É¥´¸¨¢´μ£μ  ¤·μ´´μ£μ (¢ μ¸´μ¢´μ³ ¶¨μ´´μ£μ) Ëμ´ . ‚ [4]
´ ³¨ ¡Ò²  · §¢¨É  ³¥Éμ¤¨±  ¨¤¥´É¨Ë¨± Í¨¨ J/ψ ¶·¨ · ¸¶ ¤¥ ¶μ ¤¨Ô²¥±É·μ´´μ³Ê ± ´ ²Ê
¢ ¶·μÉμ´-Ö¤¥·´ÒÌ (p + C ¨ p + Au ¶·¨ Ô´¥·£¨¨ ¶ÊÎ±  30 ƒÔ‚) ¨ Ö¤·μ-Ö¤¥·´ÒÌ (Au + Au
¶·¨ Ô´¥·£¨¨ ¶ÊÎ±  10 ƒÔ‚/´Ê±²μ´) ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¸ ¶μ³μÐÓÕ Ê¸É ´μ¢±¨ ‘‚Œ ¢ · ³± Ì
·¥ ²¨§ Í¨¨ ¶¥·¢μ£μ ÔÉ ¶  ±μ³¶²¥±¸  FAIR (SIS-100 [5]). �·¨ ÔÉμ³ ¡Ò²μ ¶μ± § ´μ, ÎÉμ ¢
· ¸¸³μÉ·¥´´ÒÌ ·¥ ±Í¨ÖÌ ¨ ¶·¨ Ê± § ´´ÒÌ Ô´¥·£¨ÖÌ ¸ ¶μ³μÐÓÕ Ê¸É ´μ¢±¨ ‘‚Œ ³μ¦´μ
¡Ê¤¥É ´ ¤¥¦´μ ¨ ¸ ¢Ò¸μ±μ° ¸É É¨¸É¨±μ° ·¥£¨¸É·¨·μ¢ ÉÓ · ¸¶ ¤Ò J/ψ → e+e−.

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¨¸¸²¥¤μ¢ ´  ¢μ§³μ¦´μ¸ÉÓ ·¥£¨¸É· Í¨¨ · ¸¶ ¤μ¢ J/ψ → e+e−,
·μ¦¤ ÕÐ¨Ì¸Ö ¢ ¸μÊ¤ ·¥´¨ÖÌ Au + Au ¶·¨ Ô´¥·£¨¨ ¶ÊÎ±  25 ƒÔ‚/´Ê±²μ´ ´  Ê¸±μ·¨-
É¥²¥ SIS-300, ¶μ¸²¥ ·¥ ²¨§ Í¨¨ ¢Éμ·μ£μ ÔÉ ¶  ±μ³¶²¥±¸  FAIR. �μ ¸· ¢´¥´¨Õ ¸ · ¸¸³μ-
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É·¥´´Ò³¨ ¢ [4] Ê¸²μ¢¨Ö³¨ ·¥£¨¸É· Í¨¨ J/ψ, ¢ ¤ ´´μ³ ¸²ÊÎ ¥ ¶·¨³¥·´μ ¢¤¢μ¥ ¢μ§· ¸É ¥É
¶²μÉ´μ¸ÉÓ  ¤·μ´´ÒÌ É·¥±μ¢ ´  μ¤´μ ¸μ¡ÒÉ¨¥,   ¨§¢²¥Î¥´¨¥ ¸¨£´ ²Ó´ÒÌ ¸μ¡ÒÉ¨° Ê¸²μ¦-
´Ö¥É¸Ö. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ · §· ¡μÉ±  ÔËË¥±É¨¢´ÒÌ ±·¨É¥·¨¥¢ ¤²Ö ´ ¤¥¦´μ£μ ¢Ò¤¥²¥´¨Ö
¸¨£´ ²Ó´ÒÌ ¸μ¡ÒÉ¨° Ö¢²Ö¥É¸Ö  ±ÉÊ ²Ó´μ° ¨ ±· °´¥ ¢ ¦´μ° § ¤ Î¥°.

1. Œ…’�„ˆŠ� �…Š��‘’�“Š–ˆˆ J/ψ-Œ…‡���‚

‘ Í¥²ÓÕ μÍ¥´±¨ ¢μ§³μ¦´μ¸É¨ ·¥£¨¸É· Í¨¨ · ¸¶ ¤μ¢ J/ψ → e+e− ¡Ò²¨ ¸£¥´¥·¨·μ-
¢ ´Ò ´ ¡μ·Ò ¢Éμ·¨Î´ÒÌ Î ¸É¨Í, ·μ¦¤ ÕÐ¨Ì¸Ö ¢ Au + Au-¸μÊ¤ ·¥´¨ÖÌ ¶·¨ Ô´¥·£¨¨ ¶ÊÎ± 
25 ƒÔ‚/´Ê±²μ´. �·¨ ÔÉμ³ ´ ¡μ· Ëμ´μ¢ÒÌ Î ¸É¨Í, μÉ¢¥Î ÕÐ¨Ì ¸μÊ¤ ·¥´¨Õ Au + Au, ³μ-
¤¥²¨·μ¢ ²¸Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶ ±¥É  UrQMD [6],   · ¸¶ ¤ J/ψ → e+e− £¥´¥·¨·μ¢ ²¸Ö ¸
¶μ³μÐÓÕ ¶ ±¥É  PLUTO [7]. �μ¤£μÉμ¢²¥´´Ò¥ É ±¨³ μ¡· §μ³ ´ ¡μ·Ò Î ¸É¨Í É· ´¸¶μ·É¨-
·μ¢ ²¨¸Ó ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ GEANT3 [8] Î¥·¥§ ¤¥É¥±Éμ· ‘‚Œ. Œμ¤¥²Ó Ê¸É ´μ¢±¨ ‘‚Œ,
¶μ¸É·μ¥´´ Ö ¢ ¶·μ£· ³³´μ° ¸·¥¤¥ CBMROOT [9], ¶μ³¥Ð ² ¸Ó ¢ ¤¥± ·Éμ¢Ê ¸¨¸É¥³Ê ±μ-
μ·¤¨´ É ¸ ´ Î ²μ³ ¢ ³¥¸É¥ · ¸¶μ²μ¦¥´¨Ö ³¨Ï¥´¨, μ¸Ó OZ ¸μ¢¶ ¤ ²  ¸ ´ ¶· ¢²¥´¨¥³
¶ ¤ ÕÐ¥£μ ¶ÊÎ± ,   μ¸Ó OY ´ ¶· ¢²¥´  ¢¥·É¨± ²Ó´μ ¢¢¥·Ì.

�  ·¨¸. 2 ¶μ± § ´μ É¨¶¨Î´μ¥ ¸μ¡ÒÉ¨¥ · ¸¶ ¤  J/ψ → e+e−, § ·¥£¨¸É·¨·μ¢ ´´μ¥
Ê¸É ´μ¢±μ° ‘‚Œ. �  ·¨¸. 3 ¶·¥¤¸É ¢²¥´μ É¨¶¨Î´μ¥ Ëμ´μ¢μ¥ ¸μ¡ÒÉ¨¥, μÉ¢¥Î ÕÐ¥¥ Í¥´-
É· ²Ó´μ³Ê Au + Au-¢§ ¨³μ¤¥°¸É¢¨Õ. ‚ ·¥§Ê²ÓÉ É¥ É ±μ£μ ¸μÊ¤ ·¥´¨Ö μ¡· §Ê¥É¸Ö ¢ ¸·¥¤-
´¥³ 800 § ·Ö¦¥´´ÒÌ Î ¸É¨Í.

�·μÍ¥¤Ê·  ¢Ò¤¥²¥´¨Ö ¨ ·¥±μ´¸É·Ê±Í¨¨ · ¸¶ ¤μ¢ J/ψ → e+e− ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¸²¥-
¤ÊÕÐ¨¥ ÔÉ ¶Ò:

1) Ëμ·³¨·μ¢ ´¨¥ ¢Ò¡μ·μ± Ô²¥±É·μ´μ¢ ¨ ¶μ§¨É·μ´μ¢, μÉ¢¥Î ÕÐ¨Ì μÉ¤¥²Ó´μ³Ê
Au + Au-¸μÊ¤ ·¥´¨Õ,

2) ¨¸±²ÕÎ¥´¨¥ ¨§ Ê± § ´´ÒÌ ¢Ò¡μ·μ± Ô²¥±É·μ´μ¢/¶μ§¨É·μ´μ¢, ´¥ Ê¤μ¢²¥É¢μ·ÖÕÐ¨Ì
¸¶¥Í¨ ²Ó´Ò³ ±·¨É¥·¨Ö³ μÉ¡μ· ,

3) Ëμ·³¨·μ¢ ´¨¥ ± ´¤¨¤ Éμ¢ ¢ J/ψ-³¥§μ´Ò (¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶ ±¥É  KFParticle [10,
11]) ¨§ É ±¨Ì ¢Ò¡μ·μ±,

�¨¸. 2. ’¨¶¨Î´μ¥ ¸¨£´ ²Ó´μ¥ ¸μ¡ÒÉ¨¥ J/ψ →
e+e−, § ·¥£¨¸É·¨·μ¢ ´´μ¥ Ê¸É ´μ¢±μ° ‘‚Œ

�¨¸. 3. ’¨¶¨Î´μ¥ ¸μ¡ÒÉ¨¥ μÉ Í¥´É· ²Ó´μ£μ ¸μ-

Ê¤ ·¥´¨Ö Au+Au ¶·¨ Ô´¥·£¨¨ 25 ƒÔ‚/´Ê±²μ´,
§ ·¥£¨¸É·¨·μ¢ ´´μ¥ Ê¸É ´μ¢±μ° ‘‚Œ
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4) ¶μ¤ ¢²¥´¨¥ ±μ³¡¨´ Éμ·´μ£μ Ëμ´  ¸ ¶μ³μÐÓÕ ¸¶¥Í¨ ²Ó´ÒÌ ±·¨É¥·¨¥¢ μÉ¡μ· ,
5) ¶μ¸É·μ¥´¨¥ ¸¶¥±É·  ¨´¢ ·¨ ´É´μ° ³ ¸¸Ò ¤²Ö μÉμ¡· ´´ÒÌ ± ´¤¨¤ Éμ¢ ¢ J/ψ-³¥§μ´Ò,
6) ¨¸¸²¥¤μ¢ ´¨¥ ¸É·Ê±ÉÊ·Ò Ëμ´  ¸ Í¥²ÓÕ ¶μ¢ÒÏ¥´¨Ö μÉ´μÏ¥´¨Ö ¸¨£´ ²/Ëμ´.
„²Ö Ëμ·³¨·μ¢ ´¨Ö ¢Ò¡μ·μ± Ô²¥±É·μ´μ¢ ¨ ¶μ§¨É·μ´μ¢, μÉ¢¥Î ÕÐ¨Ì μÉ¤¥²Ó´μ³Ê ¸μÊ¤ -

·¥´¨Õ Au + Au, ¶·μ¢μ¤¨² ¸Ó ¨¤¥´É¨Ë¨± Í¨Ö Ê± § ´´ÒÌ Î ¸É¨Í ¸ ¶μ³μÐÓÕ ¤¥É¥±Éμ·μ¢
Î¥·¥´±μ¢¸±μ£μ RICH ¨ ¶¥·¥Ìμ¤´μ£μ TRD ¨§²ÊÎ¥´¨° [4, 12]. „²Ö ¨¸±²ÕÎ¥´¨Ö ¨§ ÔÉ¨Ì
¢Ò¡μ·μ±  ¤·μ´μ¢ ¤μ¶μ²´¨É¥²Ó´μ ¨¸¶μ²Ó§μ¢ ²¸Ö ¤¥É¥±Éμ· ¨§³¥·¥´¨Ö ¢·¥³¥´¨ ¶·μ²¥É  Î -
¸É¨Í TOF.

„²Ö μÉ¡μ·  ¨§ Ê± § ´´ÒÌ ¢Ò¡μ·μ± ¨§ ± ¦¤μ£μ Ô²¥±É·μ´  ¨ ¶μ§¨É·μ´  ¸É·μ¨² ¸Ó
(¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶ ±¥É  KFParticle) J/ψ-Î ¸É¨Í . �·¨ ÔÉμ³ μ¡· §Ê¥É¸Ö ¡μ²ÓÏμ¥ Î¨-
¸²μ ´¥±μ··¥²¨·μ¢ ´´ÒÌ, ¸μ¸É ¢²¥´´ÒÌ ¸²ÊÎ °´Ò³ μ¡· §μ³ ¶ ·. �Éμ É ± ´ §Ò¢ ¥³Ò°
±μ³¡¨´ Éμ·´Ò° Ëμ´, Ì · ±É¥·´Ò° ¤²Ö ¸Éμ²±´μ¢¥´¨° ¢Ò¸μ±μÔ´¥·£¨Î´ÒÌ ÉÖ¦¥²ÒÌ ¨μ-
´μ¢. �μÔÉμ³Ê ¤²Ö ´ ¡²Õ¤¥´¨Ö ¸¨£´ ²  ´¥μ¡Ìμ¤¨³μ ³ ±¸¨³ ²Ó´μ ¶μ¤ ¢¨ÉÓ Ê± § ´´Ò°
Ëμ´. ‘ ÔÉμ° Í¥²ÓÕ ¡Ò²¨ · §· ¡μÉ ´Ò ¸¶¥Í¨ ²Ó´Ò¥ ±·¨É¥·¨¨ μÉ¡μ· , μ ±μÉμ·ÒÌ ¶μ°-
¤¥É ·¥ÎÓ ´¨¦¥.

2. Š�ˆ’…�ˆˆ �’���� ‘ˆƒ��‹œ�›• ‘��›’ˆ‰

�¸´μ¢´μ¥ ´ §´ Î¥´¨¥ ±·¨É¥·¨¥¢ μÉ¡μ·  ¸¨£´ ²Ó´ÒÌ ¸μ¡ÒÉ¨° Å ³ ±¸¨³ ²Ó´μ¥ ¶μ-
¤ ¢²¥´¨¥ Ëμ´  ¶·¨ Ê¸²μ¢¨¨ ³¨´¨³ ²Ó´μ° ¶μÉ¥·¨ ¸¨£´ ²Ó´ÒÌ ¸μ¡ÒÉ¨°. ‘ ÔÉμ° Í¥²ÓÕ
¨¸¶μ²Ó§ÊÕÉ¸Ö ¸¶¥Í¨ ²Ó´Ò¥ ¶¥·¥³¥´´Ò¥ (pt, χprim, z-±μμ·¤¨´ É  ¢¥·Ï¨´Ò · ¸¶ ¤ , χ2

geo),
μÉ´μ¸ÖÐ¨¥¸Ö ± Î ¸É¨Í ³, ¨¤¥´É¨Ë¨Í¨·μ¢ ´´Ò³ ± ± Ô²¥±É·μ´Ò/¶μ§¨É·μ´Ò, ±μÉμ·Ò¥
¨³¥ÕÉ § ³¥É´μ · §²¨Î ÕÐ¥¥¸Ö ¶μ¢¥¤¥´¨¥ ¤²Ö ¸¨£´ ²Ó´ÒÌ ¨ Ëμ´μ¢ÒÌ Î ¸É¨Í.

’ ± ± ± · ¸¸³ É·¨¢ ¥³Ò¥ ¶¥·¥³¥´´Ò¥ ´¥ ¶μ§¢μ²ÖÕÉ cμ 100%-° ¢¥·μÖÉ´μ¸ÉÓÕ μÉ¤¥-
²¨ÉÓ ¸¨£´ ²Ó´Ò¥ Î ¸É¨ÍÒ μÉ Ëμ´μ¢ÒÌ, ¤²Ö ± ¦¤μ° É ±μ° ¶¥·¥³¥´´μ° x ´Ê¦´μ ¢Ò¡· ÉÓ
¸¢μÕ ±·¨É¨Î¥¸±ÊÕ £· ´¨ÍÊ. „²Ö ¥¥ μ¶·¥¤¥²¥´¨Ö ³Ò ¶·¥¤² £ ¥³ ¨¸¶μ²Ó§μ¢ ÉÓ ¤¢¥ ¸É -
É¨¸É¨±¨: F1(x) = 1 − FS(x) ¨ F2(x) = FBg(x), £¤¥ FS(x) Å ¢¥²¨Î¨´  ´ ±μ¶²¥´´μ°
¢¥·μÖÉ´μ¸É¨ ¤²Ö · ¸¶·¥¤¥²¥´¨Ö μÉ ¶¥·¥³¥´´μ° x ¤²Ö ¸¨£´ ²Ó´ÒÌ Î ¸É¨Í,   FBg(x) Å
 ´ ²μ£¨Î´ Ö ¢¥²¨Î¨´  ¤²Ö Ëμ´μ¢ÒÌ Î ¸É¨Í.

�¨¦¥ ¶·¨¢μ¤ÖÉ¸Ö ¨¸¶μ²Ó§Ê¥³Ò¥ ´ ³¨ ±·¨É¥·¨¨ μÉ¡μ·  ¢ ¶μ·Ö¤±¥ Ê¡Ò¢ ´¨Ö Ë ±Éμ· 
¶μ¤ ¢²¥´¨Ö Ëμ´  (¸³. ¤ ²¥¥). �·¨ ÔÉμ³ ± ¦¤Ò° ¶μ¸²¥¤ÊÕÐ¨° ±·¨É¥·¨° ¶·¨³¥´Ö¥É¸Ö ±
¢Ò¡μ·±¥, μ¸É ¢Ï¥°¸Ö ¶μ¸²¥ ¨¸¶μ²Ó§μ¢ ´¨Ö ¶·¥¤Ò¤ÊÐ¥£μ.

2.1. � ¸¶·¥¤¥²¥´¨Ö ¶μ ¶μ¶¥·¥Î´Ò³ ¨³¶Ê²Ó¸ ³ ¤²Ö e+e−-¶ ·Ò. � ¨¡μ²¥¥ ÔËË¥±É¨¢-
´Ò³ ±·¨É¥·¨¥³ ¤²Ö ¶μ¤ ¢²¥´¨Ö ±μ³¡¨´ Éμ·´μ£μ Ëμ´  ¸²Ê¦¨É ¸μ¢³¥¸É´μ¥ · ¸¶·¥¤¥²¥´¨¥
¶μ ¶μ¶¥·¥Î´Ò³ ¨³¶Ê²Ó¸ ³ ¤²Ö e+e−-¶ ·Ò. �ÉμÉ ±¨´¥³ É¨Î¥¸±¨° ±·¨É¥·¨° · ¡μÉ ¥É
μ¸μ¡¥´´μ Ìμ·μÏμ Éμ£¤ , ±μ£¤  ¸Ê³³  ³ ¸¸ ¤μÎ¥·´¨Ì Î ¸É¨Í ´ ³´μ£μ ³¥´ÓÏ¥ ³ ¸¸Ò ·μ¤¨-
É¥²Ó¸±μ° Î ¸É¨ÍÒ. �·¨ ÔÉμ³ ¶μ¤ ¢²ÖÕÐ¥¥ ¡μ²ÓÏ¨´¸É¢μ ¤μÎ¥·´¨Ì Î ¸É¨Í ¨³¥¥É ¡μ²ÓÏμ°
¶μ¶¥·¥Î´Ò° ¨³¶Ê²Ó¸. �Éμ ± ± · § ´ Ï ¸²ÊÎ °, É ± ± ± 2me � mJ/ψ; §¤¥¸Ó me Å ³ ¸¸ 
Ô²¥±É·μ´ ,   mJ/ψ Å ³ ¸¸  J/ψ-³¥§μ´ .

�  ·¨¸. 4 ¶·¨¢¥¤¥´Ò ¸μ¢³¥¸É´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¶μ ¶μ¶¥·¥Î´Ò³ ¨³¶Ê²Ó¸ ³ ¤²Ö Ô²¥±-
É·μ´-¶μ§¨É·μ´´ÒÌ ¶ · ¤²Ö ¸¨£´ ²Ó´ÒÌ ( ) ¨ Ëμ´μ¢ÒÌ (¡) ¸μ¡ÒÉ¨°. ˆ§ ÔÉμ£μ ·¨¸Ê´± 
¢¨¤´μ, ÎÉμ Ëμ´μ¢Ò¥ ¸μ¡ÒÉ¨Ö £·Ê¶¶¨·ÊÕÉ¸Ö ¢ μ¡² ¸É¨ ³ ²ÒÌ ¶μ¶¥·¥Î´ÒÌ ¨³¶Ê²Ó¸μ¢,   Ê
¸¨£´ ²Ó´ÒÌ e+e−-¶ · μ¡¥ Î ¸É¨ÍÒ ¨³¥ÕÉ pt > 1 ƒÔ‚/¸.

�  ·¨¸. 5 ¶·¥¤¸É ¢²¥´Ò § ¢¨¸¨³μ¸É¨ F1[pt(e−)] ¨ F2[pt(e−)] ¤²Ö ¶μ¶¥·¥Î´ÒÌ ¨³¶Ê²Ó-
¸μ¢ Ô²¥±É·μ´μ¢ ¨§ · ¸¸³ É·¨¢ ¥³μ° ¶ ·Ò. “± § ´´Ò¥ § ¢¨¸¨³μ¸É¨ ¤²Ö ¶μ§¨É·μ´μ¢ ¨³¥ÕÉ
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�¨¸. 4. ‘μ¢³¥¸É´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¶μ ¶μ¶¥·¥Î´Ò³ ¨³¶Ê²Ó¸ ³ ¤²Ö e+e−-¶ · ¤²Ö ¸¨£´ ²Ó´ÒÌ ( ) ¨

Ëμ´μ¢ÒÌ (¡) ¸μ¡ÒÉ¨°

�¨¸. 5. ‡ ¢¨¸¨³μ¸É¨ F1[pt(e
−)] (¸¶²μÏ´ Ö ²¨´¨Ö) ¨ F2[pt(e

−)] (¶Ê´±É¨·´ Ö) ¤²Ö ¶μ¶¥·¥Î´ÒÌ

¨³¶Ê²Ó¸μ¢ Ô²¥±É·μ´μ¢ ¨§ · ¸¸³ É·¨¢ ¥³μ° ¶ ·Ò

 ´ ²μ£¨Î´Ò° Ì · ±É¥·. ˆ§ ·¨¸. 5 ¸²¥¤Ê¥É, ÎÉμ ¥¸²¨ ¢Ò¡· ÉÓ ±·¨É¨Î¥¸±ÊÕ £· ´¨ÍÊ pt(e−),
· ¢´μ° 1 ƒÔ‚/¸, Éμ α Å μÏ¨¡±  I ·μ¤  (¤μ²Ö ¶μÉ¥·Ö´´ÒÌ ¸¨£´ ²Ó´ÒÌ Î ¸É¨Í) Å ¸μ¸É ¢¨É
10%,   β = 0,75 % Å μÏ¨¡±  II ·μ¤  (¶·¨³¥¸Ó Ëμ´μ¢ÒÌ Î ¸É¨Í ¢ ¤μ¶Ê¸É¨³μ° μ¡² ¸É¨,
É. ¥. ¢ μ¡² ¸É¨ ¸μ¸·¥¤μÉμÎ¥´¨Ö ¸¨£´ ²Ó´ÒÌ Î ¸É¨Í).

�·¨ ÔÉμ³ Ë ±Éμ· ¶μ¤ ¢²¥´¨Ö Ëμ´  Bgsup, · ¢´Ò° (¤²Ö β, ¢Ò· ¦¥´´μ° ¢ %)

Bgsup =
100
β

,

¸μ¸É ¢¨É 134.
2.2. �·¨Í¥²Ó´Ò° ¶ · ³¥É·. ‚ ± Î¥¸É¢¥ ¸²¥¤ÊÕÐ¥° ÎÊ¢¸É¢¨É¥²Ó´μ° ¶¥·¥³¥´´μ° ´ ³¨

¨¸¶μ²Ó§μ¢ ²¸Ö ¶·¨Í¥²Ó´Ò° ¶ · ³¥É· χprim, ±μÉμ·Ò° μ¶·¥¤¥²Ö¥É¸Ö ± ± · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê
¶¥·¢¨Î´μ° ¢¥·Ï¨´μ° ¨ ÉμÎ±μ° ¶¥·¥¸¥Î¥´¨Ö É·¥±μ³ § ·Ö¦¥´´μ° Î ¸É¨ÍÒ ¶²μ¸±μ¸É¨ ³¨-
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�¨¸. 6.  ) � ¸¶·¥¤¥²¥´¨Ö ¸¨£´ ²Ó´ÒÌ (¸¶²μÏ´ Ö ²¨´¨Ö) ¨ Ëμ´μ¢ÒÌ (¶Ê´±É¨·´ Ö) Î ¸É¨Í ¢ § ¢¨¸¨-

³μ¸É¨ μÉ ¢¥²¨Î¨´Ò χprim; ¡) § ¢¨¸¨³μ¸É¨ F1(χprim) (¸¶²μÏ´ Ö ²¨´¨Ö) ¨ F2(χprim) (¶Ê´±É¨·´ Ö)

Ï¥´¨ ¶·¨ z = zpv (zpv Å ±μμ·¤¨´ É  ¶¥·¢¨Î´μ° ¢¥·Ï¨´Ò, μ¶·¥¤¥²Ö¥³ Ö Ô±¸É· ¶μ²ÖÍ¨¥°
É·¥±μ¢ ¢¸¥Ì ¶¥·¢¨Î´ÒÌ Î ¸É¨Í ¢ μ¡² ¸ÉÓ ³¨Ï¥´¨). � · ³¥É· χprim, ¢Ò· ¦¥´´Ò° ¢ ¢¥²¨Î¨-
´ Ì σ (¤¨¸¶¥·¸¨¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ · ¸¶·¥¤¥²¥´¨Ö), ¶μ§¢μ²Ö¥É ÊÎ¥¸ÉÓ μÏ¨¡±¨, ¸¢Ö§ ´´Ò¥
¸ ·¥£¨¸É· Í¨¥° ¨ ·¥±μ´¸É·Ê±Í¨¥° É·¥±μ¢ ¸ ¶μ³μÐÓÕ ±μμ·¤¨´ É´ÒÌ ¤¥É¥±Éμ·μ¢ STS ¨ ¨Ì
Ô±¸É· ¶μ²ÖÍ¨¥° ¢ ´¥μ¤´μ·μ¤´μ³ ³ £´¨É´μ³ ¶μ²¥ ¢ μ¡² ¸ÉÓ ³¨Ï¥´¨.

� ¸¶·¥¤¥²¥´¨Ö ¸¨£´ ²Ó´ÒÌ (¸¶²μÏ´ Ö ²¨´¨Ö) ¨ Ëμ´μ¢ÒÌ (¶Ê´±É¨·´ Ö) Î ¸É¨Í ¢ § ¢¨-
¸¨³μ¸É¨ μÉ ¢¥²¨Î¨´Ò χprim ¶·¨¢¥¤¥´Ò ´  ·¨¸. 6,  . ‚¨¤´μ, ÎÉμ ¶μ¤ ¢²ÖÕÐ Ö Î ¸ÉÓ ¸¨£-
´ ²Ó´ÒÌ Î ¸É¨Í ¸μ¸·¥¤μÉμÎ¥´  ¢ μ¡² ¸É¨ ³ ²ÒÌ χprim, ¢ Éμ ¢·¥³Ö ± ± Ëμ´μ¢Ò¥ Î ¸É¨ÍÒ
· ¸¶·¥¤¥²ÖÕÉ¸Ö É ±¦¥ ¢ μ¡² ¸É¨ ¢Ò¸μ±¨Ì (< 3) §´ Î¥´¨° χprim.

�  ·¨¸. 6, ¡ ¶·¥¤¸É ¢²¥´Ò § ¢¨¸¨³μ¸É¨ F1(χprim) ¨ F2(χprim), ¨§ ±μÉμ·ÒÌ ¸²¥¤Ê¥É,
ÎÉμ ¥¸²¨ ¢Ò¡· ÉÓ ¢ ± Î¥¸É¢¥ ±·¨É¨Î¥¸±μ° £· ´¨ÍÒ χprim = 3,5, Éμ ¡Ê¤¥É μÉ¡·μÏ¥´ 
¸ÊÐ¥¸É¢¥´´ Ö ¤μ²Ö Ëμ´  ¶·¨ ³¨´¨³ ²Ó´μ° ¶μÉ¥·¥ ¸¨£´ ²Ó´ÒÌ Î ¸É¨Í. „²Ö Ê± § ´´μ°
±·¨É¨Î¥¸±μ° £· ´¨ÍÒ Ê·μ¢¥´Ó §´ Î¨³μ¸É¨ α ¸μ¸É ¢¨É 5 %, β = 55 %,   Ë ±Éμ· ¶μ¤ ¢²¥´¨Ö
Ëμ´  Bgsup ¡Ê¤¥É · ¢¥´ 1,8.

2.3. z-±μμ·¤¨´ É  ¢¥·Ï¨´Ò · ¸¶ ¤ . J/ψ-³¥§μ´ Å ÔÉμ ±μ·μÉ±μ¦¨¢ÊÐ Ö Î ¸É¨Í 
¸μ ¢·¥³¥´¥³ ¦¨§´¨ cτ = 21,6 · 10−11 ¸³. ’ ± ± ± μ´  · ¸¶ ¤ ¥É¸Ö ¢¡²¨§¨ ¶¥·¢¨Î´μ°
¢¥·Ï¨´Ò, ¢ ± Î¥¸É¢¥ μÎ¥·¥¤´μ£μ ±·¨É¥·¨Ö μÉ¡μ·  ´ ³¨ ¨¸¶μ²Ó§μ¢ ² ¸Ó ¢¥²¨Î¨´ 

dz = zJ/ψ − zpv,

£¤¥ zJ/ψ Å z-±μμ·¤¨´ É  ·¥±μ´¸É·Ê¨·μ¢ ´´μ° ¢¥·Ï¨´Ò · ¸¶ ¤  J/ψ-³¥§μ´ .
�ÉμÉ ±·¨É¥·¨° ¶·¨³¥´Ö¥É¸Ö ± É·¥± ³ Ô²¥±É·μ´-¶μ§¨É·μ´´ÒÌ ¶ · (μ¸É ¢Ï¨Ì¸Ö ¶μ-

¸²¥ ±·¨É¥·¨Ö ®¶·¨Í¥²Ó´Ò° ¶ · ³¥É·¯), ¸μ¸É ¢²¥´´ÒÌ ¶ÊÉ¥³ ¶¥·¥¡μ·  ¢¸¥Ì Ô²¥±É·μ´μ¢ ¸
± ¦¤Ò³ ¶μ§¨É·μ´μ³.

�  ·¨¸. 7,   ¶·¨¢¥¤¥´Ò · ¸¶·¥¤¥²¥´¨Ö ¤²Ö ¸¨£´ ²Ó´ÒÌ ¨ Ëμ´μ¢ÒÌ ¸μ¡ÒÉ¨° ¢ § ¢¨¸¨-
³μ¸É¨ μÉ ¢¥²¨Î¨´Ò dz,   ´  ·¨¸. 7, ¡ Å £· Ë¨±¨ § ¢¨¸¨³μ¸É¥° F1(dz) ¨ F2(dz). �´ -
²¨§ ÔÉ¨Ì § ¢¨¸¨³μ¸É¥° ¶μ± § ², ÎÉμ μ¶É¨³ ²Ó´μ¥ μÉ´μÏ¥´¨¥ ¸¨£´ ²/Ëμ´ ¤μ¸É¨£ ¥É¸Ö ¶·¨
|dz| = 0,08 ¸³. ’ ± ± ± · ¸¸³ É·¨¢ ¥³Ò° ±·¨É¥·¨° Ö¢²Ö¥É¸Ö ¤¢Ê¸Éμ·μ´´¨³, Éμ α = α1+α2

¨ β = β1 + β2; §¤¥¸Ó ¨´¤¥±¸Ò ®1¯ ¨ ®2¯ μÉ´μ¸ÖÉ¸Ö ¸μμÉ¢¥É¸É¢¥´´μ ± ²¥¢μ° ¨ ¶· ¢μ° ±·¨-
É¨Î¥¸±¨³ £· ´¨Í ³.
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�¨¸. 7.  ) � ¸¶·¥¤¥²¥´¨Ö ¸¨£´ ²Ó´ÒÌ ¨ Ëμ´μ¢ÒÌ ¸μ¡ÒÉ¨° ¢ § ¢¨¸¨³μ¸É¨ μÉ ¢¥²¨Î¨´Ò dz ; ¡) § ¢¨-
¸¨³μ¸É¨ F1(dz) ¨ F2(dz)

„²Ö ¢Ò¡· ´´ÒÌ ±·¨É¨Î¥¸±¨Ì £· ´¨Í α = 8 %, β = 72 %, Ë ±Éμ· ¶μ¤ ¢²¥´¨Ö Ëμ´ 
Bgsup = 1,4.

2.4. Œ¨´¨³ ²Ó´μ¥ · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê É·¥± ³¨, μ¡· §ÊÕÐ¨³¨ e+e−-¶ ·Ê. ‚ ¤μ¶μ²-
´¥´¨¥ ± ¶·¨¢¥¤¥´´Ò³ ¢ÒÏ¥ ±·¨É¥·¨Ö³ ´ ³¨ ¡Ò² ¶·¥¤²μ¦¥´ ±·¨É¥·¨°, μ¸´μ¢ ´´Ò° ´ 
¶¥·¥³¥´´μ° χ2

geo. ‡¤¥¸Ó χ2
geo Å ÔÉμ ³¨´¨³ ²Ó´μ¥ · ¸¸ÉμÖ´¨¥, ¢Ò· ¦¥´´μ¥ ¢ ¥¤¨´¨Í Ì σ,

³¥¦¤Ê É·¥± ³¨ Î ¸É¨Í, μ¡· §ÊÕÐ¨Ì e+e−-¶ ·Ê Å ± ´¤¨¤ É  ¢ J/ψ-³¥§μ´.
�  ·¨¸. 8,   ¶·¥¤¸É ¢²¥´Ò · ¸¶·¥¤¥²¥´¨Ö ¸¨£´ ²Ó´ÒÌ (¸¶²μÏ´ Ö ²¨´¨Ö) ¨ Ëμ´μ¢ÒÌ

(¶Ê´±É¨·´ Ö) ¸μ¡ÒÉ¨° ¢ § ¢¨¸¨³μ¸É¨ μÉ ¢¥²¨Î¨´Ò χ2
geo,   ´  ·¨¸. 8, ¡ ¶·¨¢¥¤¥´Ò £· Ë¨±¨

§ ¢¨¸¨³μ¸É¥° F1(χ2
geo) (¸¶²μÏ´ Ö ²¨´¨Ö) ¨ F2(χ2

geo) (¶Ê´±É¨·´ Ö).
�´ ²¨§ ÔÉ¨Ì § ¢¨¸¨³μ¸É¥° ¶μ± § ², ÎÉμ μ¶É¨³ ²Ó´μ¥ μÉ´μÏ¥´¨¥ ¸¨£´ ²/Ëμ´ ¤μ¸É¨-

£ ¥É¸Ö ¶·¨ χ2
geo = 3; ¶·¨ ÔÉμ³ α = 10 %, β = 93 %, Bgsup = 1,07. …¸²¨ ÊÎ¥¸ÉÓ Éμ,

ÎÉμ Ë ±Éμ· ¶μ¤ ¢²¥´¨Ö Ëμ´  ÔÉμ£μ ±·¨É¥·¨Ö ¤²Ö ¢Ò¡μ·±¨ ¸μ¡ÒÉ¨°, μ¸É ¢Ï¥°¸Ö ¶μ¸²¥
¶·¥¤Ò¤ÊÐ¥£μ ±·¨É¥·¨Ö, ¡²¨§μ± ± ¥¤¨´¨Í¥, ¥£μ ³μ¦´μ ¨¸±²ÕÎ¨ÉÓ ¨§ ¸¶¨¸±  ±·¨É¥·¨¥¢,
¨¸¶μ²Ó§Ê¥³ÒÌ ¤²Ö μÉ¡μ·  ¸¨£´ ²Ó´ÒÌ ¸μ¡ÒÉ¨°.

2.5. ‘μ¢μ±Ê¶´μ¸ÉÓ ±·¨É¥·¨¥¢ μÉ¡μ·  ¸¨£´ ²Ó´ÒÌ ¸μ¡ÒÉ¨°. ˆ§ ¢ÒÏ¥¨§²μ¦¥´´μ£μ
¸²¥¤Ê¥É, ÎÉμ Ô²¥±É·μ´-¶μ§¨É·μ´´Ò¥ ¶ ·Ò, μÉ¡¨· ¥³Ò¥ ¢ ± Î¥¸É¢¥ ± ´¤¨¤ Éμ¢ ¤²Ö J/ψ-

�¨¸. 8.  ) � ¸¶·¥¤¥²¥´¨Ö ¸¨£´ ²Ó´ÒÌ (¸¶²μÏ´ Ö ²¨´¨Ö) ¨ Ëμ´μ¢ÒÌ (¶Ê´±É¨·´ Ö) ¸μ¡ÒÉ¨° ¢ § ¢¨-
¸¨³μ¸É¨ μÉ ¢¥²¨Î¨´Ò χ2

geo; ¡) § ¢¨¸¨³μ¸É¨ F1(χ
2
geo) (¸¶²μÏ´ Ö ²¨´¨Ö) ¨ F2(χ

2
geo) (¶Ê´±É¨·´ Ö)
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�¨¸. 9. „¨ £· ³³  § ¢¨¸¨³μ¸É¨ ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  μÉ ¡Ò¸É·μÉÒ ¤²Ö ·¥±μ´¸É·Ê¨·μ¢ ´´ÒÌ J/ψ-
³¥§μ´μ¢ ¤μ ( ) ¨ ¶μ¸²¥ (¡) ¶·¨³¥´¥´¨Ö ±·¨É¥·¨¥¢ μÉ¡μ· 

³¥§μ´μ¢, ¤μ²¦´Ò Ê¤μ¢²¥É¢μ·ÖÉÓ ¸²¥¤ÊÕÐ¨³ ±·¨É¥·¨Ö³, ¶·¨ ±μÉμ·ÒÌ:
Å μÉ¡¨· ÕÉ¸Ö § ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ, ÎÓ¨ É·¥±¨ ·¥±μ´¸É·Ê¨·μ¢ ´Ò ¢ ¤¥É¥±Éμ· Ì STS

¨ TRD ¨ ¸¢Ö§ ´Ò ¸ ±μ²ÓÍ ³¨, ¢μ¸¸É ´μ¢²¥´´Ò³¨ ¢ RICH;
Å Î ¸É¨ÍÒ ¨¤¥´É¨Ë¨Í¨·μ¢ ´Ò ± ± Ô²¥±É·μ´Ò/¶μ§¨É·μ´Ò ¢ ¤¥É¥±Éμ· Ì RICH, TRD

¨ TOF;
Å ¶μ¶¥·¥Î´Ò° ¨³¶Ê²Ó¸ Î ¸É¨Í ¤μ²¦¥´ ¡ÒÉÓ ¡μ²ÓÏ¥ 1 ƒÔ‚/¸;
Å Î ¸É¨ÍÒ ¨¸¶ÊÐ¥´Ò ¨§ μ¡² ¸É¨ ³¨Ï¥´¨: ¶·¨Í¥²Ó´Ò° ¶ · ³¥É· χprim < 3,5;
Å ³μ¤Ê²Ó z-±μμ·¤¨´ ÉÒ ¢μ¸¸É ´μ¢²¥´´μ° ¢¥·Ï¨´Ò · ¸¶ ¤  ´¥ ¶·¥¢ÒÏ ¥É 0,08 ¸³.
„¨ £· ³³Ò § ¢¨¸¨³μ¸É¨ ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  μÉ ¡Ò¸É·μÉÒ ¤²Ö ·¥±μ´¸É·Ê¨·μ¢ ´´ÒÌ

J/ψ-³¥§μ´μ¢ ¤μ (·¨¸. 9,  ) ¨ ¶μ¸²¥ (·¨¸. 9, ¡) ¶·¨³¥´¥´¨Ö ±·¨É¥·¨¥¢ μÉ¡μ·  ¶μ± §Ò¢ ÕÉ,
ÎÉμ ¨¸¶μ²Ó§Ê¥³Ò° ´ ¡μ· ±·¨É¥·¨¥¢ ´¥ ¶·¨¢μ¤¨É ± ¨¸± ¦¥´¨Õ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ Ë §μ¢μ£μ
¶·μ¸É· ´¸É¢ .

3. ‚›��� ’�‹™ˆ�› Œˆ˜…�ˆ

� ¡²Õ¤ ¥³μ¥ Î¨¸²μ ¸¨£´ ²Ó´ÒÌ ¸μ¡ÒÉ¨° N(s) ³μ¦´μ μÍ¥´¨ÉÓ ¨§ ¸²¥¤ÊÕÐ¥£μ ¢Ò· -
¦¥´¨Ö [4]:

N(s) = N(i) · M · BR · Eff,

£¤¥ N(i) Å ±μ²¨Î¥¸É¢μ Í¥´É· ²Ó´ÒÌ ¸μÊ¤ ·¥´¨° Au + Au ¶·¨ Ô´¥·£¨¨ 25 ƒÔ‚/ ´Ê±²μ´
(É¨¶¨Î´μ¥ ¢·¥³Ö ´ ¡μ·  ¨´Ëμ·³ Í¨¨ ¸μμÉ¢¥É¸É¢Ê¥É ¶·¨³¥·´μ 1011 ¸μ¡ÒÉ¨Ö³); M Å ¢¥-
·μÖÉ´μ¸ÉÓ ·μ¦¤¥´¨Ö J/ψ ¢ Í¥´É· ²Ó´μ³ ¸μÊ¤ ·¥´¨¨ (¸μ£² ¸´μ ³μ¤¥²¨ HSD [13] ¤²Ö Ê± -
§ ´´ÒÌ ¸μÊ¤ ·¥´¨° M = 1,92 ·10−5); BR Å ¢¥·μÖÉ´μ¸ÉÓ · ¸¶ ¤  J/ψ ¶μ ¤¨Ô²¥±É·μ´´μ³Ê
± ´ ²Ê 6 % [14]; Eff Å ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ¸¨£´ ²  Ê¸É ´μ¢±μ° ‘‚Œ. „ ´´ Ö
´μ·³¨·μ¢±  ¨¸¶μ²Ó§μ¢ ² ¸Ó ¤²Ö ¶μ¸É·μ¥´¨Ö · ¸¶·¥¤¥²¥´¨Ö J/ψ; ¶·¨ ÔÉμ³  ¢Éμ³ É¨Î¥¸±¨
ÊÎ¨ÉÒ¢ ²μ¸Ó · §·¥Ï¥´¨¥ Ê¸É ´μ¢±¨ ‘‚Œ ¶μ ¨´¢ ·¨ ´É´μ° ³ ¸¸¥.

Šμ³¡¨´ Éμ·´Ò° Ëμ´ Ëμ·³¨·μ¢ ²¸Ö ¢ ·¥§Ê²ÓÉ É¥ ³μ¤¥²¨·μ¢ ´¨Ö Í¥´É· ²Ó´ÒÌ UrQMD-
¸μ¡ÒÉ¨° ¤²Ö Ê± § ´´ÒÌ ¢ÒÏ¥ ¸μÊ¤ ·¥´¨°. �μ¸±μ²Ó±Ê ¸£¥´¥·¨·μ¢ ÉÓ 1011 ¸μÊ¤ ·¥´¨°
¶· ±É¨Î¥¸±¨ ´¥·¥ ²Ó´μ, ¤²Ö ¶μ¤£μÉμ¢±¨ ´¥μ¡Ìμ¤¨³μ° ¸É É¨¸É¨±¨ ¨¸¶μ²Ó§μ¢ ² ¸Ó ³¥Éμ-
¤¨±  ±μ³¡¨´¨·μ¢ ´¨Ö ¸μ¡ÒÉ¨°, ¢ ±μÉμ·μ° ± ¦¤Ò° Ëμ´μ¢Ò° Ô²¥±É·μ´, ¶·μÏ¥¤Ï¨° ¢¸¥
μ¶¨¸ ´´Ò¥ ¢ÒÏ¥ ±·¨É¥·¨¨ μÉ¡μ· , ¨§ · ¸¸³ É·¨¢ ¥³μ£μ ¸μ¡ÒÉ¨Ö ±μ³¶μ´μ¢ ²¸Ö ¸μ ¢¸¥³¨
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�¨¸. 10. �¥±μ´¸É·Ê¨·μ¢ ´´Ò° ¸¶¥±É· ¨´¢ ·¨ ´É´μ° ³ ¸¸Ò ¤²Ö Ëμ´μ¢ÒÌ ¸μ¡ÒÉ¨°:  ) Éμ²Ð¨´ 

³¨Ï¥´¨ 250 ³±³ ¨ ¡) Éμ²Ð¨´  ³¨Ï¥´¨ 25 ³±³

¶μ§¨É·μ´ ³¨ ¨§ ¤·Ê£¨Ì ¸μ¡ÒÉ¨°. �ÉμÉ ¶μ¤Ìμ¤ ¶μ§¢μ²Ö¥É ±¢ ¤· É¨Î´μ Ê¢¥²¨Î¨ÉÓ ¸É É¨-
¸É¨±Ê, μÉ¢¥Î ÕÐÊÕ Ëμ´μ¢μ³Ê ¸¶¥±É·Ê [4].

�  ·¨¸. 10, a ¶·¥¤¸É ¢²¥´ É¨¶¨Î´Ò° ¸¶¥±É· ¨´¢ ·¨ ´É´μ° ³ ¸¸Ò ¤²Ö Ëμ´μ¢ÒÌ Î ¸É¨Í,
±μÉμ·Ò° ¡Ò² ¶μ²ÊÎ¥´ ¤²Ö ³¨Ï¥´¨ Éμ²Ð¨´μ° 250 ³±³. �´ ¸μ¤¥·¦¨É 108 ¸μ¡ÒÉ¨°. „¥É ²Ó-
´μ¥ ¨§ÊÎ¥´¨¥ ¸μ¸É ¢  ±μ³¡¨´ Éμ·´μ£μ Ëμ´  ¶μ± § ²μ, ÎÉμ μ¸´μ¢´Ò³¨ ¥£μ ¨¸ÉμÎ´¨± ³¨
Ö¢²ÖÕÉ¸Ö:

Å Ô²¥±É·μ´-¶μ§¨É·μ´´Ò¥ ¶ ·Ò μÉ γ-±μ´¢¥·¸¨¨ ¢ ³ É¥·¨ ²¥ ³¨Ï¥´¨ (∼ 65 % ¢¸¥Ì
Ëμ´μ¢ÒÌ Î ¸É¨Í);

Å Ô²¥±É·μ´-¶μ§¨É·μ´´Ò¥ ¶ ·Ò μÉ ¤ ²¨ÉÍ-· ¸¶ ¤μ¢ π0 ¨ μÉ · ¸¶ ¤μ¢ η-³¥§μ´μ¢ Å ¢
¸Ê³³¥ μ±μ²μ 8 %;

Å ´¥¢¥·´μ ¨¤¥´É¨Ë¨Í¨·μ¢ ´´Ò¥ Î ¸É¨ÍÒ (¢ ¡μ²ÓÏ¨´¸É¢¥ ¸¢μ¥³ ÔÉμ ¶¨μ´Ò, ±μÉμ-
·Ò¥ ¡Ò²¨ ¨¤¥´É¨Ë¨Í¨·μ¢ ´Ò ± ± Ô²¥±É·μ´Ò/¶μ§¨É·μ´Ò ¢ ¤¥É¥±Éμ· Ì RICH, TRD
¨ TOF) Å 27%.

ˆ§ ¶·μ¢¥¤¥´´μ£μ  ´ ²¨§  ¸²¥¤Ê¥É, ÎÉμ ´ ¨¡μ²ÓÏ¨° ¢±² ¤ ¢ ±μ³¡¨´ Éμ·´Ò° Ëμ´ ¢´μ¸¨É
±μ´¢¥·¸¨Ö γ-±¢ ´Éμ¢. …¥ ³μ¦´μ ¸ÊÐ¥¸É¢¥´´μ Ê³¥´ÓÏ¨ÉÓ, ¥¸²¨ ¨¸¶μ²Ó§μ¢ ÉÓ ¡μ²¥¥ Éμ´±ÊÕ
³¨Ï¥´Ó.

�  ·¨¸. 10, ¡ ¶·¥¤¸É ¢²¥´ ¸¶¥±É· ¨´¢ ·¨ ´É´μ° ³ ¸¸Ò Ëμ´μ¢ÒÌ Î ¸É¨Í ¤²Ö ³¨Ï¥´¨
Éμ²Ð¨´μ° 25 ³±³.

ˆ§ ÔÉμ£μ · ¸¶·¥¤¥²¥´¨Ö ¢¨¤´μ, ÎÉμ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ Éμ´±μ° ³¨Ï¥´¨ ±μ³¡¨´ Éμ·-
´Ò° Ëμ´ Ê¤ ²μ¸Ó ¸μ±· É¨ÉÓ ¡μ²¥¥ Î¥³ ¢ Î¥ÉÒ·¥ · § . �·¨ ÔÉμ³ ¸É·Ê±ÉÊ·  ±μ³¡¨´ Éμ·´μ£μ
Ëμ´  ¸É ²  ¸²¥¤ÊÕÐ¥°: γ-±μ´¢¥·¸¨Ö Å 5%, ¤ ²¨ÉÍ-· ¸¶ ¤Ò π0 ¨ · ¸¶ ¤Ò η-³¥§μ´μ¢ Å
27%, ´¥¢¥·´μ ¨¤¥´É¨Ë¨Í¨·μ¢ ´´Ò¥ Ô²¥±É·μ´Ò/¶μ§¨É·μ´Ò Å 68 %.

4. ��‘“†„…�ˆ… �…‡“‹œ’�’�‚ ˆ ‚›‚�„›

�¥§Ê²ÓÉ ÉÒ ¶·μ¢¥¤¥´´ÒÌ ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¨¸¸²¥¤μ¢ ´¨° ³μ¦´μ ¶·μ¸Ê³³¨·μ¢ ÉÓ
¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

1) · §· ¡μÉ ´Ò ÔËË¥±É¨¢´Ò¥ ±·¨É¥·¨¨ ¤²Ö μÉ¡μ·  · ¸¶ ¤μ¢ J/ψ → e+e−, ·¥£¨-
¸É·¨·Ê¥³ÒÌ Ê¸É ´μ¢±μ° ‘‚Œ ¢ Au + Au-¸μÊ¤ ·¥´¨ÖÌ ¶·¨ Ô´¥·£¨¨ ¶ÊÎ±  25 ƒÔ‚/´Ê±²μ´,
¶μ§¢μ²ÖÕÐ¨¥ ´ ¤¥¦´μ ¢Ò¤¥²¨ÉÓ ¸¨£´ ² ¨ ³ ±¸¨³ ²Ó´μ ¶μ¤ ¢¨ÉÓ ±μ³¡¨´ Éμ·´Ò° Ëμ´,
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�¨¸. 11. ‘¶¥±É· ¨´¢ ·¨ ´É´μ° ³ ¸¸Ò ¤²Ö ·¥±μ´¸É·Ê¨·μ¢ ´´ÒÌ J/ψ μÉ Au+ Au-¸μÊ¤ ·¥´¨° ¶·¨

Ô´¥·£¨¨ 25 ƒÔ‚/´Ê±²μ´

2) ¶·¥¤²μ¦¥´  ¶·μÍ¥¤Ê·  ¤²Ö μ¶·¥¤¥²¥´¨Ö ±·¨É¨Î¥¸±μ° £· ´¨ÍÒ, · §¤¥²ÖÕÐ¥° ¸ ¶μ-
³μÐÓÕ ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ¶¥·¥³¥´´ÒÌ μ¡² ¸É¨ ¸¨£´ ²Ó´ÒÌ ¨ Ëμ´μ¢ÒÌ ¸μ¡ÒÉ¨°,

3) ¶·μ¢¥¤¥´ ¢Ò¡μ· ¶μ¤Ìμ¤ÖÐ¥° Éμ²Ð¨´Ò ³¨Ï¥´¨, ¶μ§¢μ²¨¢Ï¨° ¡¥§ ¶μÉ¥·¨ ¸¨£´ ²Ó-
´ÒÌ ¸μ¡ÒÉ¨° ¡μ²¥¥ Î¥³ ¢ Î¥ÉÒ·¥ · §  Ê³¥´ÓÏ¨ÉÓ ±μ³¡¨´ Éμ·´Ò° Ëμ´,

4) · §· ¡μÉ ´´ Ö ¸¨¸É¥³  ±·¨É¥·¨¥¢ μÉ¡μ·  ´¥ ¶·¨¢μ¤¨É ± ¨¸± ¦¥´¨Õ Ë §μ¢μ£μ ¶·μ-
¸É· ´¸É¢  · ¸¶ ¤μ¢ J/ψ → e+e−.

�  ·¨¸. 11 ¶·¨¢¥¤¥´ ¨Éμ£μ¢Ò° ¸¶¥±É· ¨´¢ ·¨ ´É´μ° ³ ¸¸Ò ¤²Ö ·¥±μ´¸É·Ê¨·μ¢ ´´ÒÌ
J/ψ μÉ Au + Au-¸μÊ¤ ·¥´¨° ¶·¨ Ô´¥·£¨¨ 25 ƒÔ‚/´Ê±²μ´, ¶μ²ÊÎ¥´´Ò° ¶ÊÉ¥³ ¸Ê³³¨·μ¢ -
´¨Ö ¤¢ÊÌ · ¸¶·¥¤¥²¥´¨°: ¸¨£´ ²  ¨ Ëμ´ . �·¨ ÔÉμ³ μÉ´μÏ¥´¨¥ ¸¨£´ ²  ± Ëμ´Ê ¸μ¸É ¢¨²μ
S/B = 2,2.

�·μ¢¥¤¥´´Ò°  ´ ²¨§ ¶μ± § ², ÎÉμ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ · §· ¡μÉ ´´μ° ¸¨¸É¥³Ò ±·¨É¥-
·¨¥¢ ¤²Ö μÉ¡μ·  J/ψ → e+e− Ê¤ ¥É¸Ö ·¥±μ´¸É·Ê¨·μ¢ ÉÓ μ±μ²μ 16% ¸¨£´ ²Ó´ÒÌ ¸μ¡ÒÉ¨°.
�Éμ μ§´ Î ¥É, ÎÉμ ¸ ¶μ³μÐÓÕ Ê¸É ´μ¢±¨ ‘‚Œ ³μ¦´μ ·¥£¨¸É·¨·μ¢ ÉÓ ¤μ 640 · ¸¶ ¤μ¢
J/ψ → e+e− §  μ¤¨´ Î ¸ · ¡μÉÒ ¶·¨ Î ¸ÉμÉ¥ Au + Au-¸μÊ¤ ·¥´¨° 1 ŒƒÍ.

‘�ˆ‘�Š ‹ˆ’…��’“�›

1. Quark Matter 2004 // J. Phys. G: Nucl. Part. Phys. 2004. V. 30.

2. Letter of Intent for the Compressed Baryonic Matter Experiment. http://www.gsi.de/documents/
DOC-2004-Jan-116-2.pdf.

3. Compressed Baryonic Matter Experiment. Technical Status Report. Darmstadt: GSI, 2005;
http://www.gsi.de/onTEAM/dokumente/public/DOC-2005-Feb-447 e.html.

4. „¥·¥´μ¢¸± Ö �.�., ‚ ¸¨²Ó¥¢ �. �. �¥±μ´¸É·Ê±Í¨Ö J/ψ ¢ ¤¨Ô²¥±É·μ´´μ³ ± ´ ²¥ · ¸¶ ¤  ¶·¨
Ô´¥·£¨ÖÌ SIS100 ¢ Ô±¸¶¥·¨³¥´É¥ ‘‚Œ // �¨¸Ó³  ¢ �—�Ÿ. 2013. ’. 10, º5(182). ‘. 694Ä705.

5. The CBM Collab. Nuclear Matter Physics at SIS-100. CBM Report 2012-01. Darmstadt: GSI, 2012;
http://www-alt.gsi.de/documents/DOC-2011-Aug-29-1.pdf.

6. Bleicher M. et al. Relativistic HadronÄHadron Collisions in the Ultra-Relativistic Quantum Molec-
ular Dynamics Model (UrQMD) // J. Phys. G. 1999. V. 25. P. 1859.

7. http://www-hades.gsi.de/computing/pluto/html/PlutoIndex.html

8. GEANT Å Detector Description and Simulation Tool. CERN Program Library, Long Write-up,
W5013. 1995.



Š·¨É¥·¨¨ μÉ¡μ·  · ¸¶ ¤μ¢ J/ψ → e+e−, ·¥£¨¸É·¨·Ê¥³ÒÌ Ê¸É ´μ¢±μ° ‘‚Œ 1173

9. http://cbmroot.gsi.de/

10. Gorbunov S., Kisel I. Reconstruction of Decayed Particles Based on the Kalman Filter. CBM-
SOFT-Note-2007-003. Darmstadt: GSI, 2007.

11. Gorbunov S., Kisel I. Secondary Vertex Fit Based on the Kalman Filter. CBM-SOFT-Note-2006-
002, 13HP-FutureDAQ-Note-2006-002. Darmstadt: GSI, 2006.

12. Derenovskaya O., Vassiliev I. J/ψ → e+e− Reconstruction in Au +Au Collision at 25A GeV in
the CBM Experiment // Nuclear Electronics & Computing (NEC`2011): Proc. of the XXIII Intern.
Symp. Dubna: JINR, 2011. P. 107Ä112.

13. Geiss J., Cassing W., Greiner C. Strangeness Production in the HSD Transport Approach from SIS
to SPS Energies // Nucl. Phys. A. 1998. V. 644. P. 107Ä138.

14. Nakamura K. et al. (Particle Data Group) // J. Phys. G. 2010. V. 37. P. 075021; 2011 partial update

for the 2012 edition; http://pdg.lbl.gov.

�μ²ÊÎ¥´μ 26  ¶·¥²Ö 2013 £.


