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�Ê´ÖÉμ¢ ‘.�. ¨ ¤·. P10-2007-43
�¥±μ´¸É·Ê±Í¨Ö É· ¥±Éμ·¨° § ·Ö¦¥´´ÒÌ Î ¸É¨Í
¢ ®�¥°É·¨´´μ³ ¤¥É¥±Éμ·¥ ˆ”‚	Ä�ˆŸˆ¯

�·¥¤¸É ¢²¥´Ò ³¥Éμ¤Ò ¨ ¸·¥¤¸É¢  · ¸¶μ§´ ¢ ´¨Ö ¨ μ¶·¥¤¥²¥´¨Ö ¶ · ³¥É·μ¢
É· ¥±Éμ·¨° § ·Ö¦¥´´ÒÌ Î ¸É¨Í, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ³μ¤¥·´¨§¨·μ¢ ´´Ò³ Ô±¸¶¥-
·¨³¥´É ²Ó´Ò³ ±μ³¶²¥±¸μ³ ®�¥°É·¨´´Ò° ¤¥É¥±Éμ· ˆ”‚	Ä�ˆŸˆ¯. ‚ · ³± Ì
·¥£·¥¸¸¨μ´´μ£μ  ´ ²¨§  · §· ¡μÉ ´Ò  ²£μ·¨É³Ò μ¶·¥¤¥²¥´¨Ö ±¨´¥³ É¨Î¥¸±¨Ì
¶ · ³¥É·μ¢ Î ¸É¨Í. ˆ¸¸²¥¤μ¢ ´Ò ÉμÎ´μ¸É´Ò¥ Ì · ±É¥·¨¸É¨±¨ ³¥Éμ¤μ¢ μ¶·¥¤¥-
²¥´¨Ö ¨³¶Ê²Ó¸  ³Õμ´μ¢ ¢ ¨´É¥·¢ ²¥ 0,5Ä3,0 ƒÔ‚/¸. �É´μ¸¨É¥²Ó´ Ö ¶μ£·¥Ï´μ¸ÉÓ
¨³¶Ê²Ó¸  ¢ ÔÉμ³ ¨´É¥·¢ ²¥ ¸μ¸É ¢²Ö¥É (14, 6 ± 0, 2)%.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ¶·μ¡²¥³ ¨³. ‚.�. „¦¥²¥¶μ¢  ¨
¢ ‹ ¡μ· Éμ·¨¨ ¨´Ëμ·³ Í¨μ´´ÒÌ É¥Ì´μ²μ£¨° �ˆŸˆ ¢ ¸μÉ·Ê¤´¨Î¥¸É¢¥ ¸ ˆ”‚	
(�·μÉ¢¨´μ).

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2007

Bunyatov S.A. et al. P10-2007-43
Reconstruction of Trajectories in the ®IHEPÄJINR Neutrino Detector¯

Methods and tools for recognition of trajectories and determination of their
parameters for particles registered by the upgraded experimental complex ®IHEPÄ
JINR Neutrino Detector¯ are presented. Based on the regression analysis algorithms
of deˇnition of kinematic parameters are developed. Quantitative characteristics of
muon momentum estimation in the region 0.5Ä3.0 GeV/c are studied. The relative
error on the momentum in this range is (14.6 ± 0.2)%.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems and at the Laboratory of Information Technologies, JINR, in collaboration
with IHEP (Protvino).

Communication of the Joint Institute for Nuclear Research. Dubna, 2007
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‚ · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò  ²£μ·¨É³Ò ¨ ¸·¥¤¸É¢  · ¸¶μ§´ ¢ ´¨Ö ¨ μ¶·¥¤¥²¥-
´¨Ö ¶ · ³¥É·μ¢ É· ¥±Éμ·¨° § ·Ö¦¥´´ÒÌ Î ¸É¨Í, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ³μ¤¥·-
´¨§¨·μ¢ ´´μ° Ê¸É ´μ¢±μ° ®�¥°É·¨´´Ò° ¤¥É¥±Éμ· ˆ”‚	Ä�ˆŸˆ¯ [1] (·¨¸. 1).
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�¨¸. 1. �¡Ð¨° ¢¨¤ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ ±μ³¶²¥±¸  ®�¥°É·¨´´Ò° ¤¥É¥±Éμ·¯

“¸É ´μ¢±  ¡Ò²  ¸μ§¤ ´  ¤²Ö Ô±¸¶¥·¨³¥´Éμ¢ ¢ ´¥°É·¨´´ÒÌ ¶ÊÎ± Ì, £¥´¥·¨·Ê¥-
³ÒÌ ´  ¶·μÉμ´´μ³ Ê¸±μ·¨É¥²¥ “-70 (�·μÉ¢¨´μ). Šμ´¸É·Ê±Í¨Ö Ê¸É ´μ¢±¨ ¶μ-
§¢μ²Ö²  ¨¸¶μ²Ó§μ¢ ÉÓ ¥¥ ¢ ¤¢ÊÌ ¢ ·¨ ´É Ì. ‚ ¶¥·¢μ´ Î ²Ó´μ³ ¢ ·¨ ´É¥ ¤¥É¥±-
Éμ· ¨¸¶μ²Ó§μ¢ ²¸Ö ¤²Ö ¨§ÊÎ¥´¨Ö £²Ê¡μ±μ´¥Ê¶·Ê£¨Ì ¢§ ¨³μ¤¥°¸É¢¨° ´¥°É·¨´μ
¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ (3Ä30 ƒÔ‚). ‚ ´μ¢μ³ ¢ ·¨ ´É¥ ¤¥É¥±Éμ· μ·¨¥´É¨·μ¢ ´
´  ¨¸¸²¥¤μ¢ ´¨¥ ³ ²μÎ ¸É¨Î´ÒÌ ±¢ §¨Ê¶·Ê£¨Ì ¨ Ê¶·Ê£¨Ì ¶·μÍ¥¸¸μ¢ ¶·¨ ³¥´Ó-
Ï¨Ì Ô´¥·£¨ÖÌ ´¥°É·¨´μ (1Ä3 ƒÔ‚). „²Ö ·¥ ²¨§ Í¨¨ ´μ¢μ£μ ´ ¶· ¢²¥´¨Ö ¨¸¸²¥-
¤μ¢ ´¨° ¢¥¸Ó Ô±¸¶¥·¨³¥´É ²Ó´Ò° ±μ³¶²¥±¸, ¢±²ÕÎ Ö ´¥°É·¨´´Ò° ± ´ ², ¡Ò²
¸ÊÐ¥¸É¢¥´´μ ³μ¤¨Ë¨Í¨·μ¢ ´. ‚ ˆ”‚	 ¡Ò² ¸μ§¤ ´ ´μ¢Ò° ¢ ·¨ ´É ´¥°É·¨´-
´μ£μ ¶ÊÎ±  ¸μ ¸·¥¤´¥° Ô´¥·£¨¥° 1,5 ƒÔ‚. ‚ ¶·μÍ¥¸¸¥ ³μ¤¥·´¨§ Í¨¨ ¤¥É¥±Éμ· 
ÊÎ¨ÉÒ¢ ²μ¸Ó É·¥¡μ¢ ´¨¥ ¸ÊÐ¥¸É¢¥´´μ£μ ¶μ¢ÒÏ¥´¨Ö ÉμÎ´μ¸É´ÒÌ Ì · ±É¥·¨-
¸É¨± ·¥£¨¸É·¨·ÊÕÐ¥°  ¶¶ · ÉÊ·Ò. �μ²´μ¸ÉÓÕ ¡Ò²  § ³¥´¥´  Ô²¥±É·μ´¨± 
¤²Ö ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸Î¥ÉÎ¨±μ¢ ´  ¡μ²¥¥ ¡Ò¸É·μ¤¥°¸É¢ÊÕÐÊÕ. ‚·¥³¥´-
´μ¥ · §·¥Ï¥´¨¥ ¸Î¥ÉÎ¨±μ¢ ¡Ò²μ Ê²ÊÎÏ¥´μ ¡μ²¥¥ Î¥³ ´  ¶μ·Ö¤μ± ¨ ¸μ¸É ¢¨²μ
1,2 ´¸ [2]. Œ¨Ï¥´´ Ö Î ¸ÉÓ ´¥°É·¨´´μ£μ ¤¥É¥±Éμ·  ¸μ¸Éμ¨É ¨§ 36 ³μ¤Ê²¥°.
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Š ¦¤Ò° ³μ¤Ê²Ó ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¶²μ¸±μ¸ÉÓ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸Î¥ÉÎ¨±μ¢, ¤¢¥
¶²μ¸±μ¸É¨ ¤·¥°Ëμ¢ÒÌ ± ³¥· (XZ, Y Z) ¨ · ³´Ò° ³ £´¨É. � ¸¸ÉμÖ´¨¥ ³¥¦¤Ê
¶²μ¸±μ¸ÉÖ³¨ ¸Î¥ÉÎ¨±μ¢ ¸μ¸É ¢²Ö¥É 75 ¸³.

‘É·¥³²¥´¨¥ ·¥ ²¨§μ¢ ÉÓ ¶μÉ¥´Í¨ ²Ó´Ò¥ ¢μ§³μ¦´μ¸É¨ ´μ¢μ£μ ± ´ ² , ³μ-
¤¥·´¨§¨·μ¢ ´´μ° Ê¸É ´μ¢±¨, · ¤¨± ²Ó´μ ¨§³¥´¨¢Ï¥°¸Ö μ¶¥· Í¨μ´´μ° ¸·¥¤Ò
¶·μ£· ³³¨·μ¢ ´¨Ö ¨ ±μ³¶ÓÕÉ¥·´μ£μ μ¡¥¸¶¥Î¥´¨Ö, ¸ μ¤´μ° ¸Éμ·μ´Ò, ¨ μ¶ÒÉ
¶·¨³¥´¥´¨Ö · §· ¡μÉ ´´μ° · ´¥¥ ³¥Éμ¤¨±¨ ³μ¤¥²¨·μ¢ ´¨Ö ¨ μ¡· ¡μÉ±¨ ¤ ´-
´ÒÌ, ¸ ¤·Ê£μ°, ¶·¥¤μ¶·¥¤¥²¨²¨ ¸μ§¤ ´¨¥ ´μ¢μ£μ ¢ ·¨ ´É  ³ É¥³ É¨Î¥¸±μ£μ ¨
¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö.

�¥±μ´¸É·Ê±Í¨Ö § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¸μ¡ÒÉ¨° ¨³¥¥É ¸ÊÐ¥¸É¢¥´´ÊÕ ¸¶¥Í¨-
Ë¨±Ê ¢ ¸¢Ö§¨ ¸ ¡¥¸É·¨££¥·´Ò³ ·¥¦¨³μ³ · ¡μÉÒ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ ±μ³-
¶²¥±¸ . ‘μ¢μ±Ê¶´μ¸ÉÓ ¤ ´´ÒÌ, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¢ É¥Î¥´¨¥ μ¤´μ£μ ¸¡·μ¸ 
¶ÊÎ±  Ê¸±μ·¥´´ÒÌ ¶·μÉμ´μ¢ ´  ³¨Ï¥´Ó, ³μ¦¥É ¸μ¤¥·¦ ÉÓ ´¥¸±μ²Ó±μ ¶¥·¥±·Ò-
¢ ÕÐ¨Ì¸Ö ¸μ¡ÒÉ¨°. �μÔÉμ³Ê ¢ § ¤ Î¨  ´ ²¨§  Ô±¸¶¥·¨³¥´É ²Ó´μ° ¨´Ëμ·³ -
Í¨¨ ¢Ìμ¤¨É · ¸¶μ§´ ¢ ´¨¥ ¨ ±² ¸¸¨Ë¨± Í¨Ö ¸¨£´ ²Ó´ÒÌ ¸μ¡ÒÉ¨° ´¥ Éμ²Ó±μ ¢
¶·μ¸É· ´¸É¢¥, ´μ ¨ ¢μ ¢·¥³¥´¨. „²Ö ¤¥±μ³¶μ§¨Í¨¨ ¸μ¡ÒÉ¨°, ·¥£¨¸É·¨·Ê¥³ÒÌ
¤·¥°Ëμ¢Ò³¨ ± ³¥· ³¨ ¢ É¥Î¥´¨¥ μ¤´μ£μ ¸¡·μ¸  ¶ÊÎ± , ¨¸¶μ²Ó§Ê¥É¸Ö ¨´Ëμ·-
³ Í¨Ö, § ·¥£¨¸É·¨·μ¢ ´´ Ö ¸Í¨´É¨²²ÖÍ¨μ´´Ò³¨ ¸Î¥ÉÎ¨± ³¨ Å ¤¥É¥±Éμ· ³¨
¸ ¢Ò¸μ±¨³ ¢·¥³¥´´Ò³ · §·¥Ï¥´¨¥³. „²Ö ¢¨§Ê ²¨§ Í¨¨ ¸μ¡ÒÉ¨° ´  ÔÉ ¶¥ · §-
· ¡μÉ±¨ ¨ É¥¸É¨·μ¢ ´¨Ö  ²£μ·¨É³μ¢ · ¸¶μ§´ ¢ ´¨Ö ¨  ´ ²¨§  ¨´Ëμ·³ Í¨¨
μ É· ¥±Éμ·¨ÖÌ ¨¸¶μ²Ó§μ¢ ²μ¸Ó ¶·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥, ¸μ§¤ ´´μ¥ ´  ¡ §¥
¸¨¸É¥³Ò ROOT.

��‘��‡��‚��ˆ… ’��…Š’��ˆ‰

�  ·¨¸. 2 ¶·¥¤¸É ¢²¥´ ·¥§Ê²ÓÉ É · ¸¶μ§´ ¢ ´¨Ö É¨¶¨Î´μ£μ ¸μ¡ÒÉ¨Ö, § ·¥-
£¨¸É·¨·μ¢ ´´μ£μ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ±μ³¶²¥±¸μ³. �μ± § ´Ò μÉ¸Î¥ÉÒ ¢ ¤·¥°-
Ëμ¢ÒÌ ± ³¥· Ì ¨ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸Î¥ÉÎ¨± Ì,   É ±¦¥ ¢μ¸¸É ´μ¢²¥´´Ò¥
É· ¥±Éμ·¨¨ Î ¸É¨Í.

‘ ÊÎ¥Éμ³ ¶·¥¤Ò¤ÊÐ¥£μ μ¶ÒÉ  [3, 4] ·¥ ²¨§μ¢ ´ ³¥Éμ¤ ¸²¥¦¥´¨Ö ¶μ É· -
¥±Éμ·¨¨ μÉ¤¥²Ó´μ ¤²Ö ± ¦¤μ° ¶·μ¥±Í¨¨ (XZ, Y Z). ‘²¥¦¥´¨¥ ¢¥¤¥É¸Ö ¢
´ ¶· ¢²¥´¨¨, μ¡· É´μ³ ´ ¶· ¢²¥´¨Õ ¤¢¨¦¥´¨Ö Î ¸É¨Í: ¶·¨ Ê¤ ²¥´¨¨ μÉ ¢¥·-
Ï¨´Ò ¶²μÉ´μ¸ÉÓ É· ¥±Éμ·¨° ³´μ£μ²ÊÎ¥¢ÒÌ ¸μ¡ÒÉ¨° ¸´¨¦ ¥É¸Ö, É ±¨³ μ¡· -
§μ³ Ê³¥´ÓÏ ¥É¸Ö ¢¥·μÖÉ´μ¸ÉÓ ¸É É¨¸É¨Î¥¸±μ° μÏ¨¡±¨ ¢Éμ·μ£μ ·μ¤ . ‚ ± Î¥-
¸É¢¥ ¡ §μ¢μ£μ Ô²¥³¥´É  É· ¥±Éμ·¨¨ ¨¸¶μ²Ó§Ê¥É¸Ö ¸É·¨´£, μ¶¨¸Ò¢ ¥³Ò° ²¨´¥°-
´μ° ¨ Ê£²μ¢μ° ±μμ·¤¨´ É ³¨, ¢ÒÎ¨¸²¥´´Ò³¨ ³¥Éμ¤μ³ ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· -
Éμ¢. ‚ ¶·μÍ¥¸¸¥ · ¸¶μ§´ ¢ ´¨Ö ¶·μ£´μ§-Ô±¸É· ¶μ²ÖÍ¨Ö ¶·μ¢μ¤¨É¸Ö ¶μ ¶ · -
¡μ²¥, ·¥ ²¨§Ê¥É¸Ö ±Ê¸μÎ´ Ö  ¶¶·μ±¸¨³ Í¨Ö ´ °¤¥´´ÒÌ ÉμÎ¥±. � · ³¥É·¨§ Í¨Ö
μ¶μ·´μ° ËÊ´±Í¨¨ ¢Ò¡· ´  ´  μ¸´μ¢¥ μ¡· ¡μÉ±¨ ³μ¤¥²¨·μ¢ ´´ÒÌ ¨ Ô±¸¶¥·¨-
³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ. …¸²¨ ¢ ± ³¥·¥ ¸É·¨´£ ´  É· ¥±Éμ·¨¨ μÉ¸ÊÉ¸É¢Ê¥É ¨²¨
¶·μ£´μ§¨·Ê¥³ Ö ÉμÎ±  ¶μ¶ ¤ ¥É ¢ ³ £´¨É´ÊÕ μ¡μ²μÎ±Ê Ê¸É ´μ¢±¨, Éμ £· ´¨ÍÒ
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�¨¸. 2. �·μ¥±Í¨¨ ¸μ¡ÒÉ¨Ö:  ) Y Z; ¡) XZ

μ¡² ¸É¨ ¶μ¨¸±  · ¸Ï¨·ÖÕÉ¸Ö. �·μÍ¥¸¸ · ¸¶μ§´ ¢ ´¨Ö Ë· £³¥´É  ¶·¥±· Ð -
¥É¸Ö, ¥¸²¨ ¡μ²¥¥ Î¥³ ¢ É·¥Ì ± ³¥· Ì ¶μ¤·Ö¤ ´¥ ´ °¤¥´Ò ¸É·¨´£¨ ¨²¨ ¶·μ£´μ§
¢ÒÌμ¤¨É §  ¶·¥¤¥²Ò · ¡μÎ¥° μ¡² ¸É¨ ¤¥É¥±Éμ· .

� °¤¥´´Ò° Ë· £³¥´É ¤μ²¦¥´ Ê¤μ¢²¥É¢μ·ÖÉÓ ·Ö¤Ê ±·¨É¥·¨¥¢. 	É¨ ±·¨É¥-
·¨¨ ÊÎ¨ÉÒ¢ ÕÉ ¤²¨´Ê Ë· £³¥´É  ¨ μÉ´μ¸¨É¥²Ó´μ¥ ±μ²¨Î¥¸É¢μ ¶·μ¶Ê¸±μ¢. …¸²¨
Ë· £³¥´É Ê¤μ¢²¥É¢μ·Ö¥É ¢¸¥³ ±·¨É¥·¨Ö³, Éμ ´ °¤¥´´Ò¥ ¸É·¨´£¨ ¢ ¤ ²Ó´¥°Ï¥³
¢ · ¸¶μ§´ ¢ ´¨¨ ´¥ ÊÎ ¸É¢ÊÕÉ.

�μ¸²¥ ´ Ìμ¦¤¥´¨Ö ¢¸¥Ì Ë· £³¥´Éμ¢ μ´¨ μ¡Ñ¥¤¨´ÖÕÉ¸Ö ¢ ¶·μ¥±Í¨¨ É· -
¥±Éμ·¨° ¶μ ¸²¥¤ÊÕÐ¨³ ¶· ¢¨² ³.

1. Šμμ·¤¨´ ÉÒ ¨ Ê£²μ¢Ò¥ ´ ±²μ´Ò Ë· £³¥´Éμ¢ ¢ ÉμÎ± Ì μ¡Ñ¥¤¨´¥´¨Ö ¤μ²¦-
´Ò ¡ÒÉÓ ¤μ¸É ÉμÎ´μ ¡²¨§±¨³¨: É·¥¡μ¢ ´¨¥ ´¥¶·¥·Ò¢´μ¸É¨  ¶¶·μ±¸¨³¨-
·ÊÕÐ¨Ì ËÊ´±Í¨° ¨ ¨Ì ¶·μ¨§¢μ¤´ÒÌ.

2. Šμ²¨Î¥¸É¢μ μÉ¸ÊÉ¸É¢ÊÕÐ¨Ì ¸É·¨´£μ¢ ³¥¦¤Ê ±μ´Íμ³ μ¤´μ£μ Ë· £³¥´É 
¨ ´ Î ²μ³ ¤·Ê£μ£μ ´¥ ¶·¥¢ÒÏ ¥É § ¤ ´´μ° ¢¥²¨Î¨´Ò.

…¸²¨ Ë· £³¥´É ´¥ μ¡Ñ¥¤¨´Ö¥É¸Ö ¸ ¤·Ê£¨³¨, Éμ μ´ · ¸¸³ É·¨¢ ¥É¸Ö ¢ ± Î¥¸É¢¥
¶·μ¥±Í¨¨ É· ¥±Éμ·¨¨. �  § ±²ÕÎ¨É¥²Ó´μ³ Ï £¥ ÔÉμ£μ ÔÉ ¶  ¶·¨³¥´Ö¥É¸Ö ±·¨-
É¥·¨° ±μ²¨Î¥¸É¢  ´ °¤¥´´ÒÌ ¨ ¶μÉ¥·Ö´´ÒÌ ¸É·¨´£μ¢. ’ ± Ö ³´μ£μ¸ÉÊ¶¥´Î É Ö
³´μ£μ¶ · ³¥É·¨Î¥¸± Ö ¶·μÍ¥¤Ê· , É·¥¡ÊÕÐ Ö ÉÐ É¥²Ó´μ° μÍ¥´±¨ ¶μ·μ£μ¢ÒÌ
±μ´¸É ´É, μ¡Ê¸²μ¢²¥´  ¤¢¨¦¥´¨¥³ Î ¸É¨Í ¢ Éμ·³μ§ÖÐ¥° ¸·¥¤¥ ¨ ¢ ³ £´¨É-
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´μ° μ¡μ²μÎ±¥, ¶·¥¤´ §´ Î¥´´μ° ¤²Ö μ¡¥¸¶¥Î¥´¨Ö ÔËË¥±É¨¢´μ° ·¥£¨¸É· Í¨¨
Î ¸É¨Í ¨ μ¶·¥¤¥²¥´¨Ö ¨Ì ¨³¶Ê²Ó¸ .

„²Ö · ¸¶μ§´ ¢ ´¨Ö ¶·μ¸É· ´¸É¢¥´´ÒÌ É· ¥±Éμ·¨° ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¤¢  ³¥-
Éμ¤ , μ¸´μ¢ ´´Ò¥ ´   ´ ²¨§¥ ¨´Ëμ·³ Í¨¨ μÉ ¤¢ÊÌ ¢§ ¨³μ¤μ¶μ²´ÖÕÐ¨Ì É¨¶μ¢
¤¥É¥±Éμ·μ¢. �¤¨´ É¨¶ ¤¥É¥±Éμ·μ¢ (¤·¥°Ëμ¢Ò¥ ± ³¥·Ò) μ¡¥¸¶¥Î¨¢ ¥É ¢Ò¸μ-
±μ¥ ¶·μ¸É· ´¸É¢¥´´μ¥ · §·¥Ï¥´¨¥ ¨ ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨,   ¢Éμ·μ°
(¸Í¨´É¨²²ÖÍ¨μ´´Ò¥ ¸Î¥ÉÎ¨±¨) Å ¢Ò¸μ±μ¥ ¢·¥³¥´´μ¥ · §·¥Ï¥´¨¥.

„²Ö ´ Ìμ¦¤¥´¨Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¶ · ¶·μ¥±Í¨°, μ¡· §ÊÕÐ¨Ì ¶·μ¸É· ´-
¸É¢¥´´Ò¥ É· ¥±Éμ·¨¨, ¨¸¶μ²Ó§Ê¥É¸Ö ¨´Ëμ·³ Í¨Ö ¸μ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸Î¥É-
Î¨±μ¢ (±·¨É¥·¨° ¸μ£² ¸μ¢ ´´μ¸É¨ ¢μ ¢·¥³¥´¨) ¨ ¤ ´´Ò¥ ¸ ¤·¥°Ëμ¢ÒÌ ± -
³¥· Å ¶·¥Í¨§¨μ´´ÒÌ ±μμ·¤¨´ É´ÒÌ ¤¥É¥±Éμ·μ¢ (±·¨É¥·¨° ¸μ£² ¸μ¢ ´´μ¸É¨
¢ ¶·μ¸É· ´¸É¢¥ μÉ´μ¸¨É¥²Ó´μ£μ ¶¥·¥±·ÒÉ¨Ö ¨ ³´μ¦¥¸É¢¥´´μ¸É¨). „¢¥ ¶·μ-
¥±Í¨¨ (X-¶·μ¥±Í¨Ö ¨ Y -¶·μ¥±Í¨Ö) μ¡· §ÊÕÉ ¶·μ¸É· ´¸É¢¥´´Ò° É·¥±, ¥¸²¨
μ´¨ μ¤´μ¢·¥³¥´´μ § ·¥£¨¸É·¨·μ¢ ´Ò ¤μ¸É ÉμÎ´Ò³ Î¨¸²μ³ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ
¸Î¥ÉÎ¨±μ¢. „²Ö ¸ ³ÒÌ ±μ·μÉ±¨Ì É· ¥±Éμ·¨° (É·¨ ¸É·¨´£ ) É·¥¡Ê¥É¸Ö ¸· ¡ ÉÒ-
¢ ´¨¥ ÌμÉÖ ¡Ò μ¤´μ£μ ¸Î¥ÉÎ¨± . „²Ö ¡μ²¥¥ ¤²¨´´ÒÌ Î¨¸²μ ¸· ¡μÉ ¢Ï¨Ì ¸Í¨´-
É¨²²ÖÍ¨μ´´ÒÌ ¸ÎßÉÎ¨±μ¢ ¤μ²¦´μ ¡ÒÉÓ ´¥ ³¥´¥¥ ¶μ²μ¢¨´Ò Î¨¸²  ¸É·¨´£μ¢,
μ¡· §ÊÕÐ¨Ì ¤ ´´ÊÕ É· ¥±Éμ·¨Õ. 	ËË¥±É¨¢´μ¸ÉÓ · ¸¶μ§´ ¢ ´¨Ö É· ¥±Éμ·¨°
μÍ¥´¨¢ ² ¸Ó ¶μ ·¥§Ê²ÓÉ É ³ μ¡· ¡μÉ±¨ ³μ¤¥²¨·μ¢ ´´μ° ¨´Ëμ·³ Í¨¨ ¨ ¢ · ¸-
¸³ É·¨¢ ¥³ÒÌ Ê¸²μ¢¨ÖÌ ¸μ¸É ¢¨²  95Ä97%.

�–…�Š� ����Œ…’��‚ ’��…Š’��ˆ‰

ˆ¸Ìμ¤´μ° ¨´Ëμ·³ Í¨¥° ¤²Ö μ¶·¥¤¥²¥´¨Ö ±¨´¥³ É¨Î¥¸±¨Ì ¶ · ³¥É·μ¢ Î -
¸É¨Í ¸²Ê¦ É § ·¥£¨¸É·¨·μ¢ ´´Ò¥ ¤·¥°Ëμ¢Ò³¨ ± ³¥· ³¨ ±μμ·¤¨´ ÉÒ ÉμÎ¥±
É· ¥±Éμ·¨° ¨ Ë¨§¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ · ¡μÎ¥° ¸·¥¤Ò.

�¸´μ¢´Ò¥ μ¸μ¡¥´´μ¸É¨ ¤ ´´μ° § ¤ Î¨ ¸μ¸ÉμÖÉ ¢ ´ ²¨Î¨¨ ´¥μ¤´μ·μ¤´μ£μ
³ £´¨É´μ£μ ¶μ²Ö, ¢ ¸ÊÐ¥¸É¢¥´´ÒÌ · ¸¸¥¨¢ ÕÐ¨Ì ¸¢μ°¸É¢ Ì · ¡μÎ¥° ¸·¥¤Ò ¨
¸· ¢´¨É¥²Ó´μ ´¥¢Ò¸μ±μ° Ô´¥·£¨¨ ·¥£¨¸É·¨·Ê¥³ÒÌ Î ¸É¨Í.

‚¢¥¤¥³ ¶· ¢ÊÕ ¤¥± ·Éμ¢Ê ¸¨¸É¥³Ê ±μμ·¤¨´ É XY Z É ±ÊÕ, ÎÉμ μ¸Ó OZ
´ ¶· ¢²¥´  ¶μ ¶ÊÎ±Ê ¨ ¶·μÌμ¤¨É Î¥·¥§ Í¥´É· Ê¸É ´μ¢±¨, μ¸Ó OX ´ ¶· ¢²¥´ 
£μ·¨§μ´É ²Ó´μ,   μ¸Ó OY Å ¢¢¥·Ì (·¨¸. 1).

� ¸¸³μÉ·¨³ ¢¥±Éμ· ¶ · ³¥É·μ¢ P(x0, y0, ax, ay, p) ¢ ÉμÎ±¥ z = z0, £¤¥
x0 Å x-±μμ·¤¨´ É  É· ¥±Éμ·¨¨; y0 Å y-±μμ·¤¨´ É  É· ¥±Éμ·¨¨; ax Å Ê£²μ-
¢μ° ±μÔËË¨Í¨¥´É ¢ ¶²μ¸±μ¸É¨ XOZ; ay Å Ê£²μ¢μ° ±μÔËË¨Í¨¥´É ¢ ¶²μ¸±μ¸É¨
Y OZ; p Å §´ Î¥´¨¥ ¨³¶Ê²Ó¸  ¢ ÉμÎ±¥ (x0, y0, z0).

„²Ö ·¥Ï¥´¨Ö § ¤ Î¨ ¨¸¶μ²Ó§Ê¥É¸Ö ³¥Éμ¤, ³μ¤¨Ë¨± Í¨¨ ±μÉμ·μ£μ Ï¨·μ±μ
¶·¨³¥´ÖÕÉ¸Ö ¶·¨ μ¡· ¡μÉ±¥ ¨´Ëμ·³ Í¨¨ [5Ä8].

‘¨¸É¥³  μ¡Ò±´μ¢¥´´ÒÌ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨° ¢Éμ·μ£μ ¶μ·Ö¤± ,
μ¶¨¸Ò¢ ÕÐ Ö ¤¢¨¦¥´¨¥ Î ¸É¨ÍÒ ¢ ³ £´¨É´μ³ ¶μ²¥, ·¥Ï ² ¸Ó ³¥Éμ¤μ³ ¶μ¸²¥-
¤μ¢ É¥²Ó´ÒÌ ¶·¨¡²¨¦¥´¨°. „²Ö ¶μ¸É·μ¥´¨Ö ¨É¥· Í¨μ´´μ£μ ¶·μÍ¥¸¸  ¨¸¶μ²Ó-
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§Ê¥É¸Ö ¸¨¸É¥³  Ê· ¢´¥´¨°

x = x0 + axz +
1
p
A1(z),

y = y0 + ayz +
1
p
A2(z), (1)

£¤¥

A1(z) =
∫ u=z

u=z0

∫ v=u

v=z0

F (v)dvdu,

A2(z) =
∫ u=z

u=z0

∫ v=u

v=z0

G(v)dvdu,

F (z) =
f(x′, y′, Bx, By, Bz)

1 − E(p, z)/p
, (2)

G(z) =
g(x′, y′, Bx, By, Bz)

1 − E(p, z)/p
,

(E(p, z) Å ËÊ´±Í¨Ö Ô´¥·£¥É¨Î¥¸±¨Ì ¶μÉ¥·Ó, Bx, By, Bz Å ±μ³¶μ´¥´ÉÒ ³ £-
´¨É´μ£μ ¶μ²Ö),

f(x′, y′, Bx, By, Bz) =
e

c
(1 + x′2 + y′2)

1/2
[
y′Bz − (1 + x′2)By + x′y′Bx

]
,

g(x′, y′, Bx, By, Bz) =
e

c
(1 + x′2 + y′2)

1/2
[
(1 + y′2)Bx − x′Bz − x′y′By

]

(e Å § ·Ö¤ Î ¸É¨ÍÒ, c Å ¸±μ·μ¸ÉÓ ¸¢¥É ).
„²Ö ¢ÒÎ¨¸²¥´¨Ö P ´  ± ¦¤μ³ Ï £¥ ¨É¥· Í¨μ´´μ£μ ¶·μÍ¥¸¸  ¶·¨³¥´Ö-

¥É¸Ö ³¥Éμ¤ ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éμ¢. � Î ²Ó´Ò¥ μÍ¥´±¨ x′, y′, Bx, By, Bz, p ¤²Ö
¢ÒÎ¨¸²¥´¨Ö ¶μ¢Éμ·´ÒÌ ¨´É¥£· ²μ¢ A1(z) ¨ A2(z) ¶μ²ÊÎ ¥³, ¶·¨³¥´ÖÖ  ¶-
¶·μ±¸¨³ Í¨Õ É· ¥±Éμ·¨¨ ´  ¶²μ¸±μ¸É¨ XOZ, Y OZ ¶μ²¨´μ³ ³¨ ´¥ ¢ÒÏ¥
É·¥ÉÓ¥£μ ¶μ·Ö¤± . ’¥±ÊÐ¥¥ §´ Î¥´¨¥ P ¢ÒÎ¨¸²Ö¥É¸Ö ¢ ·¥§Ê²ÓÉ É¥ ·¥Ï¥´¨Ö ¸¨-
¸É¥³Ò ´μ·³ ²Ó´ÒÌ Ê· ¢´¥´¨°

[
ET · D−1(V) · E

]
·P = ET ·D−1(V) ·VT , £¤¥

E Å ¸É·Ê±ÉÊ·´ Ö ³ É·¨Í , ¸μμÉ¢¥É¸É¢ÊÕÐ Ö ¸¨¸É¥³¥ (1); D(V) Å ¢¥¸μ¢ Ö
³ É·¨Í  ¨§³¥·¥´¨° V; V = X ∪ Y.

� °¤¥´´μ¥ §´ Î¥´¨¥ P ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö ÊÉμÎ´¥´¨Ö A1(z)¨ A2(z), ¶μ¸²¥
Î¥£μ ¢Ò¶μ²´Ö¥É¸Ö ¸²¥¤ÊÕÐ Ö ¨É¥· Í¨Ö ¨ É. ¤. ¤μ ¤μ¸É¨¦¥´¨Ö ´¥μ¡Ìμ¤¨³μ°
ÉμÎ´μ¸É¨.

ˆ¸¸²¥¤Ê¥³Ò¥ Î ¸É¨ÍÒ ³μ£ÊÉ ¶μ²´μ¸ÉÓÕ É¥·ÖÉÓ Ô´¥·£¨Õ ¢ · ¡μÎ¥° μ¡² -
¸É¨ Ê¸É ´μ¢±¨. „²Ö ÊÎ¥É  É ±¨Ì ¸²ÊÎ ¥¢ ¢Ò· ¦¥´¨¥ 1 −E(p, z)/p ¢ Ëμ·³Ê² Ì
(2) § ³¥´Ö¥É¸Ö ´  1+ E(p, z)/p ¸ μ£· ´¨Î¥´¨¥³ ´  p ¸´¨§Ê ¨ ¢Ò¶μ²´Ö¥É¸Ö Î¨-
¸²¥´´μ¥ ¨´É¥£·¨·μ¢ ´¨¥ ¤²Ö ¢ÒÎ¨¸²¥´¨Ö A1(z), A2(z) μÉ ¶μ¸²¥¤´¥£μ ³μ¤Ê²Ö
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Momentum precision (magent)
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mom1_prec

Entries 4808
Mean 0.04964
RMS 0.2471
2/ndf 40.17/13

Constant 376.4 8.8

Mean –0.02417
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�

������	
�

���
	��������	
Sigma

�¨¸. 3. � ¸¶·¥¤¥²¥´¨¥ μÉ´μ¸¨É¥²Ó´μ° ¶μ£·¥Ï´μ¸É¨ μÍ¥´±¨ ¨³¶Ê²Ó¸ , ¶μ²ÊÎ¥´´μ° ¸
¨¸¶μ²Ó§μ¢ ´¨¥³ ·¥Ï¥´¨Ö Ê· ¢´¥´¨° ¤¢¨¦¥´¨Ö Î ¸É¨Í ¢ ³ £´¨É´μ³ ¶μ²¥

± ¶¥·¢μ³Ê. „²Ö Ê¶·μÐ¥´¨Ö ¢ÒÎ¨¸²¨É¥²Ó´μ° ¶·μÍ¥¤Ê·Ò ¢ ± Î¥¸É¢¥ ¢ ·Ó¨·Ê¥-
³μ£μ ¶ · ³¥É·  ¢Ò¡¨· ¥É¸Ö ¢¥²¨Î¨´ , μ¡· É´ Ö ¨³¶Ê²Ó¸Ê. 	Éμ μ¡¥¸¶¥Î¨¢ ¥É
²¨´¥°´ÊÕ § ¢¨¸¨³μ¸ÉÓ ËÊ´±Í¨μ´ ²Ó´μ£μ  ·£Ê³¥´É  μÉ ¨¸±μ³ÒÌ ¶ · ³¥É·μ¢.

’μÎ´μ¸É´Ò¥ Ì · ±É¥·¨¸É¨±¨ ¶μ²ÊÎ¥´´μ° μÍ¥´±¨ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 3.
„²Ö Î ¸É¨Í, ´¥ ¢ÒÌμ¤ÖÐ¨Ì §  ¶·¥¤¥²Ò · ¡μÎ¥° μ¡² ¸É¨, ¨³¶Ê²Ó¸ μ¶·¥¤¥-

²Ö²¸Ö ¶μ ¶·μ¡¥£Ê ¢ ¢¥Ð¥¸É¢¥. �·¨ ÔÉμ³ ¶·¨³¥´Ö²¸Ö É· ¤¨Í¨μ´´Ò°  ²£μ·¨É³.
„²Ö μ¶·¥¤¥²¥´¨Ö ¶μÉ¥·Ó Ô´¥·£¨¨ ´  ± ¦¤μ³ μ¤´μ·μ¤´μ³ ÊÎ ¸É±¥ ¨¸¶μ²Ó§μ-
¢ ²¨¸Ó É ¡Ê²¨·μ¢ ´´Ò¥ ËÊ´±Í¨¨, ¶·¨³¥´Ö¥³Ò¥ ¢ ¶·μ£· ³³¥ ³μ¤¥²¨·μ¢ ´¨Ö
GEANT 3. „¢¨£ Ö¸Ó ¢¤μ²Ó É· ¥±Éμ·¨¨, ¢ÒÎ¨¸²Ö¥³ ¤²¨´Ò ¶·μ¡¥£μ¢ ¢ ± ¦¤μ³
¢¥Ð¥¸É¢¥. ˆ¸±μ³μ¥ §´ Î¥´¨¥ ¨³¶Ê²Ó¸  ´ Ìμ¤¨²μ¸Ó ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ §´ Î¥´¨°
¶μÉ¥·Ó Ô´¥·£¨¨, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ´ °¤¥´´Ò³ ¤²¨´ ³ ¶·μ¡¥£μ¢.

• · ±É¥·¨¸É¨±¨  ²£μ·¨É³μ¢ μÍ¥´±¨ ¨³¶Ê²Ó¸  μ¶·¥¤¥²Ö²¨¸Ó ´  ¢Ò¡μ·±¥
³μ¤¥²¨·μ¢ ´´ÒÌ ³Õμ´´ÒÌ É· ¥±Éμ·¨° ¸ ¨³¶Ê²Ó¸μ³ ¢ ¨´É¥·¢ ²¥ 0,5Ä3 ƒÔ‚/c.
ˆ¸¸²¥¤μ¢ ´¨Ö ÉμÎ´μ¸É´ÒÌ Ì · ±É¥·¨¸É¨± ¢ÒÏ¥¶·¨¢¥¤¥´´μ£μ  ²£μ·¨É³  μ¶·¥-
¤¥²¥´¨Ö ¨³¶Ê²Ó¸  ¶μ ¶·μ¡¥£Ê ¶μ± § ²¨ §´ Î¨É¥²Ó´μ¥ ¸¨¸É¥³ É¨Î¥¸±μ¥ μÉ±²μ-
´¥´¨¥ ´ °¤¥´´ÒÌ §´ Î¥´¨° ¨³¶Ê²Ó¸  μÉ μ¦¨¤ ¥³ÒÌ:

〈dP/P 〉 = 〈(Prec − Pmc)/Pmc〉 = 14 %

(Pmc Å ¨¸Ìμ¤´Ò° ¨³¶Ê²Ó¸, Prec Å ¢μ¸¸É ´μ¢²¥´´Ò° ¨³¶Ê²Ó¸). Š·μ³¥ ÔÉμ£μ,
· ¸¶·¥¤¥²¥´¨¥ μÉ´μ¸¨É¥²Ó´μ° ¶μ£·¥Ï´μ¸É¨ ¸ÊÐ¥¸É¢¥´´μ μÉ²¨Î ²μ¸Ó μÉ ´μ·-
³ ²Ó´μ£μ. 	Éμ ¸É¨³Ê²¨·μ¢ ²μ ¶μ¨¸± ¤·Ê£¨Ì ¶μ¤Ìμ¤μ¢ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¨³-
¶Ê²Ó¸ . ŒÒ μ¸É ´μ¢¨²¨¸Ó ´  · §· ¡μÉ±¥  ²£μ·¨É³μ¢ ¢ · ³± Ì ·¥£·¥¸¸¨μ´-
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´μ£μ  ´ ²¨§  [9]. �·¨ É ±μ³ ¶μ¤Ìμ¤¥ ·¥Ï¥´¨¥ ¶·Ö³μ° § ¤ Î¨ ³μ¤¥²¨·μ¢ -
´¨Ö, ±μÉμ·μ¥ μ¡ÒÎ´μ ¨¸¶μ²Ó§Ê¥É¸Ö ± ± ¸·¥¤¸É¢μ É¥¸É¨·μ¢ ´¨Ö, ¶·¨³¥´Ö¥É¸Ö
´¥¶μ¸·¥¤¸É¢¥´´μ ¤²Ö ¢Ò¸μ±μ ¢Éμ³ É¨§¨·μ¢ ´´μ£μ ±μ´¸É·Ê¨·μ¢ ´¨Ö  ²£μ·¨É-
³μ¢ μ¶·¥¤¥²¥´¨Ö ¶ · ³¥É·μ¢ É· ¥±Éμ·¨°. ’ ±μ° ¶μ¤Ìμ¤ Ê¸¶¥Ï´μ ¶·¨³¥´Ö²¸Ö,
´ ¶·¨³¥·, ¢ [10] ¶·¨ ·¥Ï¥´¨¨  ´ ²μ£¨Î´μ°, ´μ ¡μ²¥¥ ¸²μ¦´μ° § ¤ Î¨. ‚
· ¸¸³ É·¨¢ ¥³μ° μ¡² ¸É¨ μ¡· ¡μÉ±¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ÔÉ¨ ³¥Éμ¤Ò
¶μ²ÊÎ¨²¨ ´ §¢ ´¨Ö: ³¥Éμ¤ μ¡ÊÎ ÕÐ¥° ¢Ò¡μ·±¨, ³¥Éμ¤ É ¡Ê²¨·μ¢ ´´ÒÌ É· ¥±-
Éμ·¨° ¨ É. ¶. „²Ö Î¨¸²¥´´μ£μ ¨ £· Ë¨Î¥¸±μ£μ ¶·¥¤¸É ¢²¥´¨Ö ËÊ´±Í¨¨ ·¥£·¥¸-
¸¨¨ ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¸É É¨¸É¨Î¥¸±¨¥ μ¡Ñ¥±ÉÒ ¶ ±¥Éμ¢
HBOOK/ROOT. �  μ¤´μ³ ¨§ ÔÉ ¶μ¢ · §· ¡μÉ±¨ ¡Ò²  ¢Ò¡· ´  ·¥£·¥¸¸¨Ö, ¶μ-
§¢μ²ÖÕÐ Ö ¶μ²ÊÎ¨ÉÓ μÍ¥´±Ê ¨³¶Ê²Ó¸  ¢ ¢¨¤¥

P2 = P1 · Qn(P1), (3)

£¤¥ P1 Å ¢μ¸¸É ´μ¢²¥´´ Ö É· ¤¨Í¨μ´´Ò³ ³¥Éμ¤μ³ μÍ¥´±  ¨³¶Ê²Ó¸ , Qn Å
 ²£¥¡· ¨Î¥¸±¨° ¶μ²¨´μ³ ¸É¥¶¥´¨ n. ƒ· Ë¨Î¥¸± Ö ¨´É¥·¶·¥É Í¨Ö ¢Ò¡· ´´μ°
ËÊ´±Í¨¨ μ¤´μ³¥·´μ° ³´μ£μ¶ · ³¥É·¨Î¥¸±μ° (n = 8) ·¥£·¥¸¸¨¨ ¶·¥¤¸É ¢²¥´ 
´  ·¨¸. 4. ‡´ Î¥´¨Ö ¶·¥¤¨±Éμ·  μÉ²μ¦¥´Ò ¸ Ï £μ³ 0,1 ƒÔ‚/¸ ¶μ μ¸¨  ¡-

2 4,

2 2,

2

1 8,

1 6,

1 4,

1 2,

1

0 8,

0 6,

0,4

0,2

0 0,5 1 1,5 2 2,5 3 3,5 4

P1, /ГэВ с

�¨¸. 4. �¥£·¥¸¸¨Ö Pmc/P1 vs P1 ´  μ¡ÊÎ ÕÐ¥° ¸É É¨¸É¨Î¥¸±μ° ¢Ò¡μ·±¥

¸Í¨¸¸, μÉ±²¨±  Å ¶μ μ¸¨ μ·¤¨´ É. ‡´ Î¥´¨¥ μÉ±²¨±  Å ÔÉμ ³ É¥³ É¨Î¥¸±μ¥
μ¦¨¤ ´¨¥ ËÊ´±Í¨¨ ´  ³´μ¦¥¸É¢¥ §´ Î¥´¨°, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¤¨¸±·¥É´μ¸É¨
¶·¥¤¨±Éμ· . ‚ ± Î¥¸É¢¥ μÏ¨¡±¨ ËÊ´±Í¨¨ ¶·¨ £· Ë¨Î¥¸±μ° ¨´É¥·¶·¥É Í¨¨ ¨
 ¶¶·μ±¸¨³ Í¨¨ ¢Ò¡¨· ¥É¸Ö ¸É ´¤ ·É´μ¥ μÉ±²μ´¥´¨¥ ³ É¥³ É¨Î¥¸±μ£μ μ¦¨¤ -
´¨Ö. ‡´ Î¥´¨¥ ¶·¥¤¨±Éμ·  ¢ ¶·μÍ¥¸¸¥  ¶¶·μ±¸¨³ Í¨¨ ¸μμÉ¢¥É¸É¢Ê¥É Í¥´É·Ê
± ´ ² .

�μ²ÊÎ¥´´ Ö Ëμ·³Ê²  μ¶·¥¤¥²Ö¥É μÍ¥´±Ê ¨³¶Ê²Ó¸ , ¸¢μ¡μ¤´ÊÕ μÉ Ê± § ´-
´ÒÌ · ´¥¥ ´¥¤μ¸É É±μ¢. � °¤¥´´ Ö ËÊ´±Í¨Ö ·¥£·¥¸¸¨¨ ¶·¥¤¸É ¢²Ö¥É μ¤´μ³¥·-
´ÊÕ ËÊ´±Í¨Õ, ÎÉμ μ¡¥¸¶¥Î¨¢ ¥É ¥¥ £· Ë¨Î¥¸±μ¥ ¶·¥¤¸É ¢²¥´¨¥ ¸É ´¤ ·É´Ò³¨
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¸·¥¤¸É¢ ³¨, ¸μ§¤ ´´Ò³¨ ¤²Ö ¸É É¨¸É¨Î¥¸±μ£μ  ´ ²¨§  ¤ ´´ÒÌ ¢ μ¡² ¸É¨ Ë¨-
§¨±¨ Î ¸É¨Í.

–¥²ÓÕ ¤ ²Ó´¥°Ï¨Ì · §· ¡μÉμ± ¡Ò²μ ·¥¤ÊÍ¨·μ¢ ´¨¥ · §³¥·´μ¸É¨ ¶·μ-
¸É· ´¸É¢  ¶ · ³¥É·μ¢. �Ò²  ¶μ¸É·μ¥´  ·¥£·¥¸¸¨Ö Pmc/P1 vs Nmod. ‚ ·¥§Ê²Ó-
É É¥ ¡Ò²  ´ °¤¥´  μÍ¥´±  ¨³¶Ê²Ó¸  ¢ ¢¨¤¥ P2 = P1 · Qn(Nmod), £¤¥ n = 1,
Nmod Å ¤²¨´  ¶·μ¥±Í¨¨ É· ¥±Éμ·¨¨. ‡´ Î¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢ μ¶·¥¤¥²¥´Ò
³¥Éμ¤μ³ ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éμ¢,   ¢¥²¨Î¨´  μÍ¥´±¨ ¨³¶Ê²Ó¸  μ¶·¥¤¥²Ö¥É¸Ö
¢Ò· ¦¥´¨¥³

P2 = P1 · (0, 732 + 0, 01 · Nmod).

’μÎ´μ¸É´Ò¥ Ì · ±É¥·¨¸É¨±¨ ¶μ²ÊÎ¥´´μ° μÍ¥´±¨ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 5. ˆ´-
É¥£· ²Ó´Ò¥ ¶ · ³¥É·Ò · ¸¶·¥¤¥²¥´¨Ö μÉ´μ¸¨É¥²Ó´μ° ¶μ£·¥Ï´μ¸É¨ ¨³¶Ê²Ó¸ 
¸μ¢¶ ¤ ÕÉ ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ ¶ · ³¥É· ³¨ ´μ·³ ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö.
�Í¥´±  ³ É¥³ É¨Î¥¸±μ£μ μ¦¨¤ ´¨Ö Ö¢²Ö¥É¸Ö ¸μ¸ÉμÖÉ¥²Ó´μ°. �É´μ¸¨É¥²Ó´ Ö
¶μ£·¥Ï´μ¸ÉÓ ¨³¶Ê²Ó¸  ³Õμ´μ¢ ¢ ¨´É¥·¢ ²¥ 0,5Ä3 ƒÔ‚/¸ ¸μ¸É ¢²Ö¥É (14, 6 ±
0, 2)%. ˆ¸¸²¥¤μ¢ ´¨Ö  ²ÓÉ¥·´ É¨¢´μ° ËÊ´±Í¨¨ ·¥£·¥¸¸¨¨, ´¥ § ¢¨¸ÖÐ¥° μÉ

Momentum precision (magent) mom2_prec

Entries 6765
Mean 0.008775
RMS 0.1593
2/ndf 154/47

Constant 358.7 6.0

Mean 0.01
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�¨¸. 5. � ¸¶·¥¤¥²¥´¨¥ μÉ´μ¸¨É¥²Ó´μ° ¶μ£·¥Ï´μ¸É¨ μÍ¥´±¨ ¨³¶Ê²Ó¸  ´  É¥¸Éμ¢μ° ¸É -
É¨¸É¨Î¥¸±μ° ¢Ò¡μ·±¥. �¶¶·μ±¸¨³¨·ÊÕÐ Ö ±·¨¢ Ö Å £· Ë¨± ´μ·³ ²Ó´μ£μ · ¸¶·¥¤¥-
²¥´¨Ö

P1 (´ Î ²Ó´μ£μ ¶·¨¡²¨¦¥´¨Ö μÍ¥´±¨ ¨³¶Ê²Ó¸ ), ¶μ§¢μ²ÖÕÉ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ
¶μ£·¥Ï´μ¸ÉÓ μÍ¥´±¨ ¨³¶Ê²Ó¸  μ¶·¥¤¥²Ö¥É¸Ö £² ¢´Ò³ μ¡· §μ³ ¶μ£·¥Ï´μ¸ÉÓÕ
³¥Éμ¤μ¢ ¨§³¥·¥´¨Ö ¨ · ¸¶μ§´ ¢ ´¨Ö.

‡�Š‹�—…�ˆ…

� §· ¡μÉ ´μ ³ É¥³ É¨Î¥¸±μ¥ μ¡¥¸¶¥Î¥´¨¥, ¸μ§¤ ´ ±μ³¶²¥±¸ ¶·μ£· ³³ ¤²Ö
 ´ ²¨§  ¨´Ëμ·³ Í¨¨ μ É· ¥±Éμ·¨ÖÌ, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ Ê¸É ´μ¢±μ°, ¢±²ÕÎ -
ÕÐ¥° ¸¨¸É¥³Ê ±μμ·¤¨´ É´ÒÌ ¤¥É¥±Éμ·μ¢ ¢ · ¸¶·¥¤¥²¥´´μ° ³¨Ï¥´¨.
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�·μ£· ³³´Ò° ±μ³¶²¥±¸ ·¥ ²¨§μ¢ ´ ´  ¶² ÉËμ·³¥, ¸É·Ê±ÉÊ·´Ò³¨ §¢¥-
´ÓÖ³¨ ±μÉμ·μ° Ö¢²ÖÕÉ¸Ö OS Scientiˇc Linux, ¸·¥¤  ¶·μ£· ³³¨·μ¢ ´¨Ö ´  C++,
¸¨¸É¥³  ROOT. ‘μ§¤ ´Ò ¶·μ£· ³³Ò ³μ¤¥²¨·μ¢ ´¨Ö ´  μ¸´μ¢¥ Ê´¨¢¥·¸ ²Ó-
´μ£μ ¶ ±¥É  GEANT, ¤μ¶μ²´¥´´μ£μ ¶·μ£· ³³´μ° μ¡μ²μÎ±μ° AGI (Advanced
GEANT Interface), μ¡¥¸¶¥Î¨¢ ÕÐ¥° ¤¨ ²μ£μ¢Ò° ·¥¦¨³ ¨ · ¸Ï¨·¥´´Ò¥ £· -
Ë¨Î¥¸±¨¥ ¢μ§³μ¦´μ¸É¨. �μ²Ó ¸·¥¤¸É¢ ¸μ¶·μ¢μ¦¤¥´¨Ö ³´μ£μ¢ ·¨ ´É´ÒÌ ¶·μ-
£· ³³ ¢ Ê¸²μ¢¨ÖÌ ±μ²²¥±É¨¢´ÒÌ · §· ¡μÉμ± ¢Ò¶μ²´Ö¥É CVS (Concurrent Ver-
sions System).

‚ · ³± Ì ·¥£·¥¸¸¨μ´´μ£μ  ´ ²¨§  ¤²Ö ·¥ ²Ó´μ° ±μ´Ë¨£Ê· Í¨¨ Ê¸É ´μ¢±¨
· §· ¡μÉ ´Ò  ²£μ·¨É³Ò, ´ °¤¥´  ¶ · ³¥É·¨§ Í¨Ö ¨ μ¶·¥¤¥²¥´Ò §´ Î¥´¨Ö ¶ -
· ³¥É·μ¢ ËÊ´±Í¨¨ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¨³¶Ê²Ó¸ . �μ²ÊÎ¥´Ò ±μ²¨Î¥¸É¢¥´´Ò¥ ÉμÎ-
´μ¸É´Ò¥ Ì · ±É¥·¨¸É¨±¨ · §· ¡μÉ ´´ÒÌ  ²£μ·¨É³μ¢. �É´μ¸¨É¥²Ó´ Ö ¶μ£·¥Ï-
´μ¸ÉÓ ¨³¶Ê²Ó¸  ³Õμ´μ¢ ¢ ¨´É¥·¢ ²¥ 0,5Ä3 ƒÔ‚/¸ ¸μ¸É ¢²Ö¥É (14, 6 ± 0, 2)%.

„²Ö ¸μ§¤ ´¨Ö ¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö, μ¡· ¡μÉ±¨ ¨ Ì· ´¥´¨Ö ¤ ´-
´ÒÌ ¨¸¶μ²Ó§ÊÕÉ¸Ö ±μ³¶ÓÕÉ¥·´Ò¥ ¸·¥¤¸É¢  –¥´É· ²Ó´μ£μ ¨´Ëμ·³ Í¨μ´´μ-
¢ÒÎ¨¸²¨É¥²Ó´μ£μ ±μ³¶²¥±¸  �ˆŸˆ.

�¢Éμ·Ò ¡² £μ¤ ·´Ò ‘.�. „¥´¨¸μ¢Ê §  ¶μ¤¤¥·¦±Ê · ¡μÉÒ, �. ‚. Œμ°-
¸¥´§Ê ¨ 
.�. �¥Ë¥¤μ¢Ê Å §  ¶²μ¤μÉ¢μ·´μ¥ ¸μÉ·Ê¤´¨Î¥¸É¢μ ¶·¨ ¸μ§¤ ´¨¨
¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö, ‡.Œ. ˆ¢ ´Î¥´±μ ¨ �.‚. Š· ¸´μ¶¥·μ¢Ê Å § 
¶μ²¥§´Ò¥ μ¡¸Ê¦¤¥´¨Ö.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ �μ¸¸¨°¸±μ£μ Ëμ´¤  ËÊ´¤ ³¥´É ²Ó´ÒÌ
¨¸¸²¥¤μ¢ ´¨°, ¶·μ¥±É 06-07-89035.
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