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�·μ£· ³³´Ò° ¶ ±¥É ¤²Ö ¢¨§Ê ²¨§ Í¨¨ ·¥§Ê²ÓÉ Éμ¢ ³μ¤¥²¨·μ¢ ´¨Ö
¸É·Ê±ÉÊ·Ò  ¤·μ´´ÒÌ ¸É·Ê°

„ ´´ Ö ¸É ÉÓÖ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¶·μ¤μ²¦¥´¨¥ · ¡μÉ [1, 2] ¶μ ¸μ§¤ ´¨Õ
¶·μ£· ³³´μ£μ ¶ ±¥É  ¤²Ö ¢¨§Ê ²¨§ Í¨¨ ·¥§Ê²ÓÉ Éμ¢ ³μ¤¥²¨·μ¢ ´¨Ö ¶·μÍ¥¸¸μ¢
¸Éμ²±´μ¢¥´¨Ö Î ¸É¨Í ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ ´  μ¸´μ¢¥ ¶ ±¥É  PYTHIA, μ¸ÊÐ¥-
¸É¢²ÖÕÐ¥£μ £¥´¥· Í¨Õ ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ Ë¨§¨Î¥¸±¨Ì ¸μ¡ÒÉ¨°. 	¶¨¸ ´Ò
¢μ§³μ¦´μ¸É¨ ¤²Ö ¢¨§Ê ²Ó´μ£μ ¨§ÊÎ¥´¨Ö ¶·μÍ¥¸¸  μ¡· §μ¢ ´¨Ö  ¤·μ´´ÒÌ ¸É·Ê° ¸
³μ³¥´É  ¸Éμ²±´μ¢¥´¨Ö Ê¸±μ·¥´´ÒÌ Î ¸É¨Í ¤μ  ¤·μ´¨§ Í¨¨ ¢Éμ·¨Î´ÒÌ Î ¸É¨Í ¨
¨Ì · ¸¶ ¤μ¢.

’ ±¦¥ ¶·μ¨§¢¥¤¥´μ μ¡μ¡Ð¥´¨¥ ³¥Éμ¤  ´  ¸²ÊÎ ° ¶·¨³¥´¥´¨Ö  ²£μ·¨É³ 
PYCLUS (¢§ÖÉμ£μ ¨§ ¶ ±¥É  PYTHIA) ¤²Ö ¶μ¨¸±   ¤·μ´´ÒÌ ¸É·Ê°.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ¶·μ¡²¥³ ¨³. ‚.�. „¦¥²¥¶μ¢ 
	ˆŸˆ.
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Program Package for the Visualization of the Results of Modeling
of the Structure of Hadronic Jets

This article extends the previous works [1, 2] on the development of the program
package for the visualization of the results of modeling of physical events with
hadronic jets production at high energies. We used the sample of events generated
with PYTHIA Monte-Carlo event generator package. The options for visualization
of the process of hadronic jets production starting from the stage of the accelerated
particles collision up to the hadronization of the secondary particles and the decay
are described.

Analogous method of visualization application is worked out for the case of the
use of PYCLUS algorithm (also taken from PYTHIA event generator package) for
search of hadronic jets.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2009



‚‚…„…�ˆ…

„ ´´ Ö · ¡μÉ  Ö¢²Ö¥É¸Ö ¶·μ¤μ²¦¥´¨¥³ ´ Ï¥° ¶·¥¤Ò¤ÊÐ¥° · ¡μÉÒ [1] ¶μ
¸μ§¤ ´¨Õ ¶·μ£· ³³´μ£μ ¶ ±¥É  ¤²Ö ¢¨§Ê ²¨§ Í¨¨ ·¥§Ê²ÓÉ Éμ¢ ³μ¤¥²¨·μ¢ ´¨Ö
Ë¨§¨Î¥¸±¨Ì ¸μ¡ÒÉ¨° ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ ´  μ¸´μ¢¥
¶ ±¥É  PYTHIA.

‚ · ¡μÉ¥ [2] ¡Ò²¨ ·¥ ²¨§μ¢ ´Ò ¸²¥¤ÊÕÐ¨¥ Ô²¥³¥´ÉÒ ÔÉμ° ¶·μ£· ³³Ò,
±μÉμ·Ò¥ ¶μ§¢μ²ÖÕÉ μ¸ÊÐ¥¸É¢²ÖÉÓ:

• ³μ¤¥²¨·μ¢ ´¨¥ ÖÎ¥¨¸Éμ° ¸É·Ê±ÉÊ·Ò ± ²μ·¨³¥É·  ¤¥É¥±Éμ·  Ô±¸¶¥·¨-
³¥´É  D0 (’Ô¢ É·μ´, ”��‹), ¶μ§¢μ²ÖÕÐ¥¥ ¸μ§¤ ÉÓ ¶·μ¸É· ´¸É¢¥´´ÊÕ
± ·É¨´Ê · ¸¶·¥¤¥²¥´¨Ö (¶μ ¶μ²Ö·´μ³Ê ¨  §¨³ÊÉ ²Ó´μ³Ê Ê£² ³) ¸· ¡μ-
É ¢Ï¨Ì ÖÎ¥¥± ± ²μ·¨³¥É·  ¢ ± ¦¤μ³ ¨§ ¸£¥´¥·¨·μ¢ ´´ÒÌ ´  μ¸´μ¢¥
PYTHIA Ë¨§¨Î¥¸±¨Ì ¸μ¡ÒÉ¨°;

• ¢Ò¢μ¤ ¶μ¤·μ¡´μ° ¨´Ëμ·³ Í¨¨ ¶μ ± ¦¤μ° ÖÎ¥°±¥ μ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¥°
Î ¸É¨Í Ì (±μ²¨Î¥¸É¢μ Î ¸É¨Í, ¨Ì ´ ¨³¥´μ¢ ´¨¥, §´ Î¥´¨Ö ¨³¶Ê²Ó¸μ¢ ¨
Ô´¥·£¨¨ ÔÉ¨Ì Î ¸É¨Í);

• ¶μ¨¸±  ¤·μ´´ÒÌ ¸É·Ê° ´  μ¸´μ¢¥  ²£μ·¨É³  ¶μ¨¸±  PYCELL, ¢§ÖÉμ£μ ¨§
¶ ±¥É  PYTHIA [3].

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ · ¸¸³μÉ·¨³ ¤·Ê£¨¥ Ô²¥³¥´ÉÒ ¶·μ£· ³³Ò, ±μÉμ·Ò¥
¶·¥¤¸É ¢²ÖÕÉ ¢μ§³μ¦´μ¸É¨ ¤²Ö ¢¨§Ê ²¨§ Í¨¨ ¶·μÍ¥¸¸  ¨§ÊÎ¥´¨Ö μ¡· §μ¢ ´¨Ö
 ¤·μ´´ÒÌ ¸É·Ê° ¸ ³μ³¥´É  ¸Éμ²±´μ¢¥´¨Ö Ê¸±μ·¥´´ÒÌ Î ¸É¨Í,   É ±¦¥ ¤²Ö
¶μ¨¸±   ¤·μ´´ÒÌ ¸É·Ê° ´  μ¸´μ¢¥  ²£μ·¨É³  PYCLUS, ¢§ÖÉμ£μ ¨§ ¶ ±¥É 
PYTHIA [3].

1. Š��’Š�Ÿ •���Š’…�ˆ‘’ˆŠ�

„²Ö  ´ ²¨§  ¸É·Ê±ÉÊ·Ò  ¤·μ´´ÒÌ ¸É·Ê° ´ ³¨ ¡Ò²  ¸μ§¤ ´  ¶μ¤¶·μ£· ³³ ,
±μÉμ· Ö ¶μ§¢μ²Ö¥É μÉ¸²¥¤¨ÉÓ ¶·μÍ¥¸¸ μ¡· §μ¢ ´¨Ö ¸É·Ê¨ ¸ ³μ³¥´É  ¸Éμ²±-
´μ¢¥´¨Ö ¶¥·¢¨Î´ÒÌ Ê¸±μ·¥´´ÒÌ Î ¸É¨Í ¤μ  ¤·μ´¨§ Í¨¨ ¢Éμ·¨Î´ÒÌ Î ¸É¨Í.
‘ÊÐ¥¸É¢Ê¥É ¢μ§³μ¦´μ¸ÉÓ ¶· ±É¨Î¥¸±¨ ¤²Ö ± ¦¤μ° Î ¸É¨ÍÒ μ¶·¥¤¥²¨ÉÓ, ¢ ·¥-
§Ê²ÓÉ É¥ · ¸¶ ¤  ± ±μ° Î ¸É¨ÍÒ μ´  μ¡· §μ¢ ² ¸Ó, É. ¥. ®·μ¤¨É¥²Ö¯, ¨ ´  ± ±¨¥
Î ¸É¨ÍÒ μ´  ¢ ¤ ²Ó´¥°Ï¥³ · ¸¶ ² ¸Ó, É. ¥. ®¤¥É¥°¯. �¥§Ê²ÓÉ ÉÒ μÉμ¡· ¦ ÕÉ¸Ö
± ± £· Ë¨Î¥¸±¨ (®Î ¸É¨Í -·μ¤¨É¥²Ó¯ ¸μ¥¤¨´Ö¥É¸Ö ¸ ®Î ¸É¨Í¥°-·¥¡¥´±μ³¯ ¶μ
¸·¥¤¸É¢ ³ ²¨´¨¨), É ± ¨ Î¨¸²¥´´μ ¢ ¢¨¤¥ É ¡²¨Í (·¨¸. 1).
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�¨¸. 1. � ¸¶ ¤ Î ¸É¨ÍÒ ®string¯

�¨¸. 2. 	±´μ Particle Code ¢Ò§Ò¢ ¥É¸Ö ¨§ ¶μ¤³¥´Õ ReferenceBook ¶ ´¥²¨ £² ¢´μ£μ
³¥´Õ ´ ¦ É¨¥³ ´  ¶Ê´±É KF

‚ · ¡μÉ¥ [1] ¡Ò²¨ μ¶¨¸ ´Ò ³μ¤¥²Ó ± ²μ·¨³¥É·  ¤¥É¥±Éμ·  ¨ ¥£μ £¥μ³¥-
É·¨Ö.
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	¤´μ° ¨§ ¢ ¦´ÒÌ Ì · ±É¥·¨¸É¨±, ¶·¨³¥´Ö¥³ÒÌ ´  ±μ²² °¤¥· Ì ¤¥É¥±Éμ-

·μ¢, Ö¢²Ö¥É¸Ö §´ Î¥´¨¥ ¶·¥¤¥²Ó´μ° ¶¸¥¢¤μ¡Ò¸É·μÉÒ ηlim = −1
2

ln
(

tg
θlim

2

)
,

£¤¥ θlim Å ³ ±¸¨³ ²Ó´Ò° Ê£μ², ¶μ¤ ±μÉμ·Ò³ ¢¨¤¥´ ¨§ ÉμÎ±¨ Í¥´É·  ± ²μ-
·¨³¥É·  ¥£μ ±· ° (·¨¸. 1 · ¡μÉÒ [2]). ‚ · ¡μÉ¥ [1] · ¸¸³ É·¨¢ ²¨¸Ó §´ Î¥-
´¨Ö |ηlim| = 5,0. 	¤´ ±μ ¤²Ö  ´ ²¨§  ³μ¤¥²¨·Ê¥³ÒÌ ¸μ¡ÒÉ¨° ¦¥² É¥²Ó´μ
®¢¨¤¥ÉÓ¯ ¢¸¥ μ¡· §ÊÕÐ¨¥¸Ö Î ¸É¨ÍÒ, ¢±²ÕÎ Ö ¨ É¥, ±μÉμ·Ò¥ ´¥ ¶μ¶ ¤ ÕÉ ¢
·¥£¨¸É·¨·ÊÕÐÊÕ §μ´Ê ¤¥É¥±Éμ· , É. ¥. Î ¸É¨ÍÒ, Ê ±μÉμ·ÒÌ |ηlim| > 5,0. ‡¤¥¸Ó
³Ò ®· ¸Ï¨·¨³¯ μ¡² ¸ÉÓ μÉμ¡· ¦¥´¨Ö Î ¸É¨Í, Ê¢¥²¨Î¨¢ ±μ²¨Î¥¸É¢μ ÖÎ¥¥± ¶μ
η ¸ 74 ¤μ 148, ¶·¨Î¥³ · §³¥· ¤μ¶μ²´¨É¥²Ó´ÒÌ ÖÎ¥¥± ¶μ η · ¢¥´ 0,2 ¢ μ¶¨¸ ´-
´ÒÌ · ´¥¥ ¢ · ¡μÉ¥ [2] ¥¤¨´¨Í Ì ¨§³¥·¥´¨Ö Ê£²μ¢. ’ ±¨³ μ¡· §μ³, ¶μÖ¢²Ö¥É¸Ö
¢μ§³μ¦´μ¸ÉÓ μÉ¸²¥¦¨¢ ÉÓ Î ¸É¨ÍÒ ¸ η: −12,4 � η � 12,4.

„²Ö Éμ£μ ÎÉμ¡Ò ³μ¦´μ ¡Ò²μ ¶·μ¢¥·ÖÉÓ · ¡μÉÊ · §· ¡μÉ ´´μ£μ ¶·μ£· ³³-
´μ£μ ¶ ±¥É ,   É ±¦¥ ¸· ¢´¨¢ ÉÓ ¶μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¸ ¨¸Ìμ¤´Ò³¨ ¤ ´-
´Ò³¨, ¸μ¤¥·¦ Ð¨³¨¸Ö ¢ Listing ¶·μ£· ³³Ò PYTHIA, ¡Ò²  ¶·¥¤Ê¸³μÉ·¥´ 
¢μ§³μ¦´μ¸ÉÓ ¶·μ¸³ É·¨¢ ÉÓ ´¥±μÉμ·Ò¥ ¤ ´´Ò¥ ¸ ¶μ³μÐÓÕ ¢Ò§μ¢  ¸²¥¤ÊÕ-
Ð¨Ì Ô²¥³¥´Éμ¢ £² ¢´μ£μ ³¥´Õ:

• 	±´μ Particle Code, ¢Ò§Ò¢ ¥É¸Ö ¨§ ¶Ê´±É  KF ¶μ¤³¥´Õ ReferenceBook

�¨¸. 3. 	±´μ EventListing ¢Ò§Ò¢ ¥É¸Ö ¨§ ¶μ¤³¥´Õ Listing ¶ ´¥²¨ £² ¢´μ£μ ³¥´Õ ´ -
¦ É¨¥³ ´  ¶Ê´±É EventListing

�¨¸. 4. 	±´μ Particles with abs(eta) > EtaMax ¢Ò§Ò¢ ¥É¸Ö ¨§ ¶μ¤³¥´Õ Listing ¶ ´¥²¨
£² ¢´μ£μ ³¥´Õ ´ ¦ É¨¥³ ´  ¶Ê´±É Particles(|eta| >5)
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£² ¢´μ£μ ³¥´Õ ¶·μ£· ³³Ò (·¨¸. 2); ¶μ§¢μ²Ö¥É ¶μ²ÊÎ¨ÉÓ ¨´Ëμ·³ Í¨Õ μ
±μ¤¥ Î ¸É¨ÍÒ (KF), ¶·¨´ÖÉμ³ ¢ Ë¨§¨Î¥¸±μ³ ¶ ±¥É¥ PYTHIA [3] ¨ ¥¥
´ §¢ ´¨¥ (Name).

• 	±´μ EventListing, ¢Ò§Ò¢ ¥É¸Ö ¨§ ¶Ê´±É  EventListing ¶μ¤³¥´Õ Lis-
ting £² ¢´μ£μ ³¥´Õ ¶·μ£· ³³Ò (·¨¸. 3); μÉμ¡· ¦ ¥É ¸É·Ê±ÉÊ·Ê ¢Ìμ¤-
´μ£μ Ë °²  ¸ ¨¸Ìμ¤´Ò³¨ ¤ ´´Ò³¨ (´μ³¥· ¸μ¡ÒÉ¨Ö (IEV), ´μ³¥· Î -
¸É¨ÍÒ ¢ Ë °²¥ (I), ±μ¤ ¸É ¡¨²Ó´μ¸É¨ Î ¸É¨ÍÒ (KS), ±μ¤  ·μ³ É  Î -
¸É¨ÍÒ (KF),  ·μ³ É  Î ¸É¨ÍÒ-·μ¤¨É¥²Ö (NLPar), ±μ¤  ·μ³ É  Î ¸É¨ÍÒ-
·μ¤¨É¥²Ö (KFPar), §´ Î¥´¨Ö ±μμ·¤¨´ É η ¨ ϕ Î ¸É¨Í (Eta, Phi), ±μ³-
¶μ´¥´ÉÒ ¨³¶Ê²Ó¸  Î ¸É¨ÍÒ (Px, Py, Pz), Ô´¥·£¨Ö Î ¸É¨ÍÒ (E), ³ ¸¸ 
Î ¸É¨ÍÒ (AM), ¶μ¶¥·¥Î´Ò° ¨³¶Ê²Ó¸ Î ¸É¨ÍÒ (Pt) ¨ ¤·Ê£¨¥); ´¥ Ö¢²Ö-
¥É¸Ö ¶·Ö³μ° ¢Ò¤ Î¥° PYTHIA, ¸μ¤¥·¦¨É ¤μ¶μ²´¨É¥²Ó´Ò¥ ¶¥·¥³¥´´Ò¥.

• 	±´μ Particles with abs(eta) > EtaLim, ¢Ò§Ò¢ ¥É¸Ö ¨§ ¶Ê´±É  Partic-
les(|Eta| >5) ¶μ¤³¥´Õ Listing £² ¢´μ£μ ³¥´Õ ¶·μ£· ³³Ò. ‘μ¤¥·¦¨É
¸¶¨¸μ± Î ¸É¨Í (·¨¸. 4), ±μÉμ·Ò¥ ®¢Ò²¥É ÕÉ¯ ± ± §  ®· ¡μÎÊÕ¯ μ¡² ¸ÉÓ
¤¥É¥±Éμ·  ± ²μ·¨³¥É·  (¢¥·Ì´ÖÖ É ¡²¨Í ), É ± ¨ ®· ¸Ï¨·¥´´ÊÕ¯ (´¨¦-
´ÖÖ É ¡²¨Í ).

2. ��‘˜ˆ�…�ˆ… ‚�‡Œ�†��‘’…‰ „‹Ÿ ���‹ˆ‡� ‘’�“Š’“�›
�„����›• ‘’�“‰

2.1. ‘¨³Ê²ÖÍ¨Ö ¤¥É¥±Éμ· : ¢¸¥ Î ¸É¨ÍÒ. 	¶¨¸Ò¢ ¥³Ò° ¶·μ£· ³³´Ò°
¶·μ¤Ê±É ¶μ§¢μ²Ö¥É ¶·μ ´ ²¨§¨·μ¢ ÉÓ ³¥Ì ´¨§³ ¢μ§´¨±´μ¢¥´¨Ö  ¤·μ´´ÒÌ
¸É·Ê°,   É ±¦¥ Ê¢¨¤¥ÉÓ, ± ± ¢μ§´¨± ÕÉ Î ¸É¨ÍÒ, ¨§ ± ±¨Ì Î ¸É¨Í μ´¨ ·μ-
¦¤ ÕÉ¸Ö ¨ ´  ± ±¨¥ · ¸¶ ¤ ÕÉ¸Ö.

„²Ö ÔÉμ£μ ´¥μ¡Ìμ¤¨³μ ¶μ¸²¥ μÉ±·ÒÉ¨Ö Ë °²  ¸ ¤ ´´Ò³¨ ¢Ò¡· ÉÓ ¨§ ¶μ¤-
³¥´Õ Event ¶Ê´±É History, ¶μ¸²¥ Î¥£μ ´  Ô±· ´¥ μÉμ¡· §¨É¸Ö ¸¥É±  ¸ Î ¸É¨-
Í ³¨ (·¨¸. 5). 
Éμ Éμ ¦¥ ¸ ³μ¥ ¸μ¡ÒÉ¨¥ ®NEvent 1/3¯, ¶μ± § ´´μ¥ ´  ·¨¸. 6,  
¢ [2], ´μ ¸ · ¸Ï¨·¥´´Ò³ ¨´É¥·¢ ²μ³ ¶μ η.

‡¤¥¸Ó § ³¥É´μ ¡μ²ÓÏ¥ Î ¸É¨Í, Î¥³ μÉμ¡· ¦ ²μ¸Ó ¢ μ±´¥ · ´¥¥. 
Éμ μ¡Ê-
¸²μ¢²¥´μ É¥³, ÎÉμ ¢ ¤ ´´μ° ¸¥É±¥ μÉμ¡· ¦ ÕÉ¸Ö ¢¸¥ Î ¸É¨ÍÒ, ±μÉμ·Ò¥ ¢μ§-
´¨±²¨ ¢ ·¥§Ê²ÓÉ É¥ ¸μÊ¤ ·¥´¨Ö Ê¸±μ·¥´´ÒÌ Î ¸É¨Í (± ± ¸É ¡¨²Ó´Ò¥, É ± ¨
®¶·μ³¥¦ÊÉμÎ´Ò¥¯).

’ ±¦¥ μÉ³¥É¨³ Éμ, ÎÉμ Î ¸É¨ÍÒ, Ê± § ´´Ò¥ ¢ ¸¶¨¸±¥ ¶¥·¢ÒÌ 20 ²¨´¨° ¢
EventListing, ¢Ò¤¥²¥´Ò ¡¥²Ò³ Í¢¥Éμ³. Š¢ ·±¨ ¢Ò¤¥²¥´Ò ¡Ê±¢μ° ®Q¯.

	±´μ History ¶μ§¢μ²Ö¥É Ê¶· ¢²ÖÉÓ ³¥Ì ´¨§³μ³ ¶μ¨¸±  ¸É·Ê° (¶ ´¥²Ó ¶ -
· ³¥É·μ¢, ·¨¸. 6, ¤ ¢ · ¡μÉ¥ [2]). �²£μ·¨É³ ¶μ¨¸±   ¤·μ´´ÒÌ ¸É·Ê° PYCELL
¶μ¤·μ¡´μ · ¸¸³ É·¨¢ ¥É¸Ö ¢ [2].

2.2. Œ¥Ì ´¨§³ ¶μ¨¸±  ®·μ¤¨É¥²Ö¯ ¨ ®¤¥É¥°¯ Î ¸É¨ÍÒ. „μ¶Ê¸É¨³,
´  ±μμ·¤¨´ É´μ° ¸¥É±¥ μ±´  History ¢Ò¡· ´  ÖÎ¥°± , ¸μ¤¥·¦ Ð Ö Î ¸É¨ÍÊ
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�¨¸. 5. 	Éμ¡· ¦¥´¨¥ ¢¸¥Ì Î ¸É¨Í; μ±´μ History ¸É ´μ¢¨É¸Ö ¤μ¸ÉÊ¶´Ò³ ¶μ¸²¥ § £·Ê§±¨
Ë °²  ¤ ´´ÒÌ ¢ μ±´μ Cells ¨ ¢Ò¡μ·  ¶Ê´±É  History ¨§ ¶μ¤³¥´Õ Event ¶ ´¥²¨ £² ¢´μ£μ
³¥´Õ

π0-³¥§μ´. „²Ö Éμ£μ ÎÉμ¡Ò Ê§´ ÉÓ, ¨§ ± ±μ° Î ¸É¨ÍÒ ¶·μ¨§μÏ¥² π0-³¥§μ´, ´¥-
μ¡Ìμ¤¨³μ ¢ μ±´¥ CellInfo (±μÉμ·μ¥ ¶μÖ¢¨É¸Ö ¢ μ±´¥ History ¶·¨ ´ ¦ É¨¨ ´ 
¢Ò¡· ´´ÊÕ ÖÎ¥°±Ê) ¢ ¶¥·¢μ° ±μ²μ´±¥ Name ´ ¦ ÉÓ ¶· ¢ÊÕ ±´μ¶±Ê ³ÒÏ¨ ´ 
´ §¢ ´¨¨ Î ¸É¨ÍÒ (pi0), ¢ ·¥§Ê²ÓÉ É¥ ¢Ò¢μ¤¨É¸Ö ±μ´É¥±¸É´μ¥ ³¥´Õ ¸μ ¸¶¨¸±μ³
μ¶¥· Í¨°, μ´μ ¸μ¤¥·¦¨É ¸²¥¤ÊÕÐ¨¥ ¶Ê´±ÉÒ:

• Show Children Å μÉμ¡· ¦¥´¨¥ ®¤¥É¥°¯;
• Show Parent Å μÉμ¡· ¦¥´¨¥ ®·μ¤¨É¥²Ö¯;

¢Ò¡¥·¨É¥ Show Parent (·¨¸. 6).

�¨¸. 6. Šμ´É¥±¸É´μ¥ ³¥´Õ μ±´  CellInfo, ¢Ò§Ò¢ ¥³μ¥ ¶·¨ ´ ¦ É¨¨ ¶· ¢μ° ±² ¢¨Ï¥°
³ÒÏ¨ ´  ´ §¢ ´¨¥ Î ¸É¨ÍÒ ¢ ¶¥·¢μ° ±μ²μ´±¥ (Name)

�¥§Ê²ÓÉ É ¶·¨¢¥¤¥´ ´  ·¨¸. 7. ‹¨´¨Ö ¸μ¥¤¨´Ö¥É ®Î ¸É¨ÍÊ-·¥¡¥´± ¯ ¨
®Î ¸É¨ÍÊ-·μ¤¨É¥²Ö¯ (´  Ô±· ´¥ ³μ´¨Éμ·  ²¨´¨Ö μÉμ¡· §¨É¸Ö ±· ¸´Ò³ Í¢¥-
Éμ³). ‡¤¥¸Ó ¦¥ ¶μÖ¢¨²μ¸Ó μ±´μ ParentInfo (·¨¸. 8), ±μÉμ·μ¥ μÉμ¡· ¦ ¥É ±· É-
±ÊÕ ¨´Ëμ·³ Í¨Õ ± ± μ ®Î ¸É¨Í¥-·¥¡¥´±¥¯, É ± ¨ μ ®Î ¸É¨Í¥-·μ¤¨É¥²¥¯.
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�¨¸. 7. 	Éμ¡· ¦¥´¨¥ ®·μ¤¨É¥²Ó¸±μ°¯ Î ¸É¨ÍÒ: ´  Ô±· ´¥ ¶μÖ¢²Ö¥É¸Ö ²¨´¨Ö, ¸μ¥¤¨´Ö-
ÕÐ Ö ®Î ¸É¨ÍÊ-·¥¡¥´± ¯ ¨ ®Î ¸É¨ÍÊ-·μ¤¨É¥²Ö¯

�¨¸. 8. 	±´μ ParentInfo, ¶μÖ¢²Ö¥É¸Ö ´  Ô±· ´¥ ¶μ¸²¥ ¢Ò¡μ·  ¶Ê´±É  Show Parent ¨§
±μ´É¥±¸É´μ£μ ³¥´Õ μ±´  CellInfo (¤²Ö ¢Ò¡· ´´μ° Î ¸É¨ÍÒ)

‚ ¤ ´´μ³ ¶·¨³¥·¥ ®Î ¸É¨Í -·¥¡¥´μ±¯ π0-³¥§μ´ ·μ¤¨² ¸Ó ¢ ·¥§Ê²ÓÉ É¥
· ¸¶ ¤  ®Î ¸É¨ÍÒ-·μ¤¨É¥²Ö¯ Ω-³¥§μ´ . �´ ²μ£¨Î´μ ³μ¦´μ ¶μ¸³μÉ·¥ÉÓ, ´ -
¶·¨³¥·, ´  ± ±¨¥ Î ¸É¨ÍÒ · ¸¶ ¤ ¥É¸Ö ®Î ¸É¨Í -·μ¤¨É¥²Ó¯ Ω-³¥§μ´. „²Ö ÔÉμ£μ
´¥μ¡Ìμ¤¨³μ ¢Ò¤¥²¨ÉÓ Î ¸É¨ÍÊ Ω-³¥§μ´ ¢ μ±´¥ History (´  ´¥¥ ¡Ê¤¥É Ê± §Ò-
¢ ÉÓ μ¤¨´ ¨§ ±μ´Íμ¢ ²¨´¨¨), ¶μÖ¢¨É¸Ö μ±´μ CellInfo, ¢ ±μÉμ·μ³ ´Ê¦´μ ´ ¦ ÉÓ
¶· ¢μ° ±´μ¶±μ° ³ÒÏ¨ ´  ´ §¢ ´¨¥ ¢ ¸Éμ²¡Í¥ Name ¨ ¢Ò¡· ÉÓ ¶Ê´±É Show
Children. ‚ ·¥§Ê²ÓÉ É¥ ¶μ²ÊÎ¨³ ¨´Ëμ·³ Í¨Õ μ Éμ³, ÎÉμ Î ¸É¨Í  Ω-³¥§μ´
· ¸¶ ² ¸Ó ´  π−-³¥§μ´, π+-³¥§μ´ ¨ π0-³¥§μ´. ‚¸Õ μ¸´μ¢´ÊÕ ¨´Ëμ·³ Í¨Õ μ¡
ÔÉ¨Ì Î ¸É¨Í Ì ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¨§ μ±´  ChildrenInfo,   É ±¦¥ ³μ¦´μ ¢ μ±´¥
History Ê¢¨¤¥ÉÓ É·¨ ²¨´¨¨ Å ®Î ¸É¨ÍÒ-¤¥É¨¯, ±μÉμ·Ò¥ ¢ÒÌμ¤ÖÉ ¨§ μ¤´μ°
ÉμÎ±¨ Å ®Î ¸É¨ÍÒ-·μ¤¨É¥²Ö¯ (·¨¸. 9, 10).

	±´  ParentInfo ¨ ChildrenInfo ¸μ¸ÉμÖÉ ¨§ ¸²¥¤ÊÕÐ¨Ì ¶μ²¥°:

• Name Å ´ §¢ ´¨¥ Î ¸É¨ÍÒ;
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�¨¸. 9. 	Éμ¡· ¦¥´¨¥ · ¸¶ ¤  ®Î ¸É¨ÍÒ-·μ¤¨É¥²Ö¯ ´  É·¨ ®Î ¸É¨ÍÒ-·¥¡¥´± ¯; μ±´μ
μÉμ¡· ¦ ¥É¸Ö ¶μ¸²¥ ¢Ò¡μ·  ¶Ê´±É  Show Children ¨§ ±μ´É¥±¸É´μ£μ ³¥´Õ μ±´  CellInfo
(¤²Ö ¢Ò¡· ´´μ° Î ¸É¨ÍÒ)

�¨¸. 10. 	±´μ ChildrenInfo, ¶μÖ¢²Ö¥É¸Ö ´  Ô±· ´¥ ¶μ¸²¥ ¢Ò¡μ·  ¶Ê´±É  Show Children
¨§ ±μ´É¥±¸É´μ£μ ³¥´Õ μ±´  CellInfo (¤²Ö ¢Ò¡· ´´μ° Î ¸É¨ÍÒ)

• Line Å ´μ³¥· ²¨´¨¨ Î ¸É¨ÍÒ ¢ ¸¶¨¸±¥ EventListing (¢ EventListing ¨§
PYTHIA ¥° ¸μμÉ¢¥É¸É¢Ê¥É I);

• KSÄPYTHIA Å ±μ¤ ¸É ¡¨²Ó´μ¸É¨ Î ¸É¨ÍÒ;
• KFÄPYTHIA Å ±μ¤  ·μ³ É  Î ¸É¨ÍÒ;
• Px, Py, Pz Å ±μμ·¤¨´ É´Ò¥ ±μ³¶μ´¥´ÉÒ ¢¥±Éμ·  ¨³¶Ê²Ó¸  Î ¸É¨ÍÒ;
• Pt Å ¶μ¶¥·¥Î´Ò° ¨³¶Ê²Ó¸ Î ¸É¨ÍÒ;
• E Å Ô´¥·£¨Ö Î ¸É¨ÍÒ;
• m Å ³ ¸¸  Î ¸É¨ÍÒ.
�μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ³μ¦´μ ¶·μ¢¥·¨ÉÓ ¶μ ¢Ìμ¤´Ò³ ¤ ´´Ò³ μ·¨£¨´ ²Ó-

´μ£μ ¸¶¨¸±  Î ¸É¨Í, ¢Ìμ¤ÖÐ¨Ì ¢ ¤ ´´μ¥ ¸μ¡ÒÉ¨¥, ¸£¥´¥·¨·μ¢ ´´μ¥ PYTHIA.
�¨¦¥ ¶·¥¤¸É ¢²¥´ Ë· £³¥´É ²¨¸É¨´£ .
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I Part KS KF Orig Px Py Pz E M
. . .

21 (omega) 11 223 19 Ä0.025 Ä0.153 Ä2.066 2.214 0.77
. . .

69 (pi0) 11 111 20 Ä3.283 5.023 Ä53.348 53.685 0.13
70 piÄ 1 Ä211 21 Ä0.137 Ä0.179 Ä0.979 1.014 0.14
71 pi+ 1 211 21 Ä0.089 0.052 Ä0.817 0.835 0.14
72 (pi0) 11 111 21 0.202 Ä0.026 Ä0.271 0.365 0.13
73 pi+ 1 211 22 Ä0.297 0.448 Ä1.763 1.849 0.14

. . .

	¶·¥¤¥²¨¢ ´μ³¥· ²¨´¨¨ I ®Î ¸É¨ÍÒ-·μ¤¨É¥²Ö¯,   É ±¦¥ §´ Î¥´¨Ö ±μ¤ 
NLPar (´μ³¥· ²¨´¨¨ ·μ¤¨É¥²Ö), ³Ò ³μ¦¥³ § ±²ÕÎ¨ÉÓ, ÎÉμ Î ¸É¨Í  π0-³¥§μ´
(²¨´¨Ö I = 72, NLPar 21) ¶·μ¨§μÏ²  μÉ Î ¸É¨ÍÒ Ω-³¥§μ´ (²¨´¨Ö I =21), ¢
Éμ ¦¥ ¢·¥³Ö Î ¸É¨Í  Ω-³¥§μ´ (²¨´¨Ö I = 21) · ¸¶ ² ¸Ó ´  Î ¸É¨ÍÒ π−-³¥§μ´
(²¨´¨Ö I = 70, NLPar 21), π+-³¥§μ´ (²¨´¨Ö I = 71, NLPar 21), π0-³¥§μ´ (²¨´¨Ö
I = 72, NLPar 21).

	É³¥É¨³, ÎÉμ ¤²Ö ´¥±μÉμ·ÒÌ Î ¸É¨Í ³μ¦¥É ´¥ ¡ÒÉÓ ¨´Ëμ·³ Í¨¨ μ ®¤¥-
ÉÖÌ¯ ¨²¨ ®·μ¤¨É¥²ÖÌ¯, ´ ¶·¨³¥·, ¥¸²¨ Î ¸É¨Í  ¢Ò²¥É¥²  §  · ³±¨ (¶μ η)
¸¥É±¨ Ê¸É ´μ¢²¥´´μ£μ · §³¥·  ¨²¨ Î ¸É¨Í  ¢μμ¡Ð¥ ´¥ ¨³¥¥É ®¤¥É¥°¯ ¨²¨
®·μ¤¨É¥²¥°¯.

2.3. �·¨³¥·  ´ ²¨§  ¸É·Ê±ÉÊ·Ò  ¤·μ´´μ° ¸É·Ê¨. � ¸¸³μÉ·¨³ ´  ±μ´-
±·¥É´μ³ ¶·¨³¥·¥ ³¥Ì ´¨§³ μ¡· §μ¢ ´¨Ö ¸É·Ê¨. �μ¨¸± ¸É·Ê° ¡Ê¤¥É μ¸ÊÐ¥-
¸É¢²ÖÉÓ¸Ö  ²£μ·¨É³μ³ PYCELL, ¶μ¤·μ¡´ÊÕ ¨´Ëμ·³ Í¨Õ μ¡  ²£μ·¨É³¥ ³μ¦´μ

�¨¸. 11. ˆ´Ëμ·³ Í¨Ö μ ÖÎ¥°±¥, ±μÉμ· Ö ¸μ¤¥·¦¨É ±¢ ·±: ¶μ± § ´´Ò¥ μ±´  (JetInfo,
ParticleInfo, CellInfo) ¶μÖ¢²ÖÕÉ¸Ö ¶μ¸²¥ ´ ¦ É¨Ö ´  ÖÎ¥°±Ê, ¸μ¤¥·¦ ÐÊÕ ±¢ ·±. �¥-
²Ò³¨ μ±·Ê¦´μ¸ÉÖ³¨ μÉμ¡· ¦¥´Ò ´ °¤¥´´Ò¥ ¸É·Ê¨ ¶μ¸²¥ ´ ¦ É¨Ö ´  ±´μ¶±Ê FindJet
¶ ´¥²¨ Ê¶· ¢²¥´¨Ö
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´ °É¨ ¢ [2]. ‚¸¥ ¶μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¡Ê¤¥³ ¶μ¤É¢¥·¦¤ ÉÓ Ë· £³¥´É ³¨ ¨§
¸¶¨¸±  ·μ¤¨¢Ï¨Ì¸Ö Î ¸É¨Í ¨§ ²¨¸É¨´£ .

�Ê¤¥³ · ¸¸³ É·¨¢ ÉÓ Éμ ¦¥ ¸ ³μ¥ ¸μ¡ÒÉ¨¥ (NEvent = 1), ÎÉμ ¨ ¢ [2] (·¨¸. 6,  
¢ [2]). �μ¸²¥ § £·Ê§±¨ ¸μ¡ÒÉ¨Ö ¢ ·¥¦¨³¥ History (¶. 2.1) ´ °¤¥³ ¸É·Ê¨. „²Ö
ÔÉμ£μ ´ ¦³¥³ ´  ±´μ¶±Ê FindJet. ‚ μ±´¥ History (·¨¸. 11) ¶μÖ¢ÖÉ¸Ö ¤¢¥ ¡¥-
²Ò¥ μ±·Ê¦´μ¸É¨, μ¡μ§´ Î ÕÐ¨¥ ´ °¤¥´´Ò¥ ¸É·Ê¨. „μ¶Ê¸É¨³, ÎÉμ ³Ò ÌμÉ¨³
Ê§´ ÉÓ, ± ± ¶μÖ¢¨² ¸Ó ¢¥·Ì´ÖÖ ¸É·ÊÖ ´  ·¨¸. 11, É. ¥. ± ±¨¥ Î ¸É¨ÍÒ ¢ ´¥¥ ¢Ìμ-
¤ÖÉ. „²Ö ÔÉμ° Í¥²¨ ¶·μ¸²¥¤¨³ μÉ ¸ ³μ£μ ´ Î ²  μ¡· §μ¢ ´¨¥ Î ¸É¨Í ¶μ¸²¥
¢§ ¨³μ¤¥°¸É¢¨Ö ¶·μÉμ´  ¨  ´É¨¶·μÉμ´ .

� ¦³¥³ ´  ÖÎ¥°±Ê ¸ ¡Ê±¢μ° Q Å ±¢ ·± ¢ ¢Ò¡· ´´μ° ¸É·Ê¥. �μÖ¢¨É¸Ö ¨´-
Ëμ·³ Í¨Ö μ ¸É·Ê¥ (¸³. ¶· ¢μ¥ ¢¥·Ì´¥¥ μ±´μ JetInfo ´  ·¨¸. 11), ¨´Ëμ·³ Í¨Ö
μ ±¢ ·±¥ (¸³. ²¥¢μ¥ ¢¥·Ì´¥¥ μ±´μ ParticleInfo ´  ·¨¸. 11) ¨ ¨´Ëμ·³ Í¨Ö μ Î -
¸É¨Í Ì, ¢Ìμ¤ÖÐ¨Ì ¢ ¢Ò¤¥²¥´´ÊÕ ÖÎ¥°±Ê (¸³. ´¨¦´¥¥ μ±´μ CellInfo ´  ·¨¸. 11).
‚ ´ Ï¥³ ¸²ÊÎ ¥ ±¢ ·±μ³ μ± § ²¸Ö dbar (I = 7), ¤ ²¥¥ μ´ ®±μ¶¨·Ê¥É¸Ö¯ ¢ ²¨-
´¨Õ I = 11.

”· £³¥´É ²¨¸É¨´£ 

I Part KS KF Orig Px Py Pz E M
. . .

7 !dbar! 21 -1 0 -3.941 5.775 -64.036 64.417 0.33
8 !dbar! 21 -1 0 3.941 -5.775 5.551 8.933 0.33
9 (Delta+) 11 2214 1 0.009 0.619 -464.597 464.600 1.32
10 n0 1 2112 2 0.101 -0.010 377.201 377.202 0.94
11 (dbar A) 12 -1 7 -3.941 5.775 -64.036 64.417 0.33
12 (u) V 11 2 2 -0.101 0.010 590.111 590.111 0.33
13 (dbar) A 12 -1 8 3.941 -5.775 5.551 8.933 0.33
14 (d) V 11 1 1 -0.009 -0.619 -456.814 456.814 0.33
15 (g) A 12 21 0 -2.391 1.441 25.022 25.177 0.00
16 (g) V 11 21 0 2.391 -1.441 -12.436 12.746 0.00

. . .

ˆ§ Ë· £³¥´É  ¢¨¤´μ, ÎÉμ ³¥¦¤Ê ¤¢Ê³Ö Î ¸É¨Í ³¨ (²¨´¨¨ I = 11 ¨ 12) ´ ÉÖ-
£¨¢ ¥É¸Ö ¸É·Ê´  (string). „²Ö Éμ£μ ÎÉμ¡Ò Ê§´ ÉÓ, ÎÉμ μ´  ¸μ¡μ° ¶·¥¤¸É ¢²Ö¥É,
´¥μ¡Ìμ¤¨³μ Ê Î ¸É¨ÍÒ dbar ´ °É¨ ®¤¥É¥°¯ (·¨¸. 12).

’¥¶¥·Ó ¢¨¤´μ, £¤¥ μ¡· §Ê¥É¸Ö ¸É·Ê´  ³¥¦¤Ê dbar ¨ u.

I Part KS KF Orig Px Py Pz E M
. . .

11 (dbar) A 12 -1 7 -3.941 5.775 -64.036 64.417 0.33
12 (u) V 11 2 2 -0.101 0.010 590.111 590.111 0.33

. . .
19 (string) 11 92 11 -4.043 5.785 526.075 654.529 89.362

. . .
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�¨¸. 12. � ÉÖ¦¥´¨¥ ¸É·Ê´Ò, μ±´μ μÉμ¡· ¦ ¥É¸Ö ¶μ¸²¥ ¢Ò¡μ·  ¶Ê´±É  Show Children
¨§ ±μ´É¥±¸É´μ£μ ³¥´Õ μ±´  CellInfo (¤²Ö Î ¸É¨ÍÒ dbar)

�¨¸. 13. 	Éμ¡· ¦¥´¨¥ · ¸¶ ¤  ¸É·Ê´Ò ´  ¢Éμ·¨Î´Ò¥ Î ¸É¨ÍÒ: μ±´μ μÉμ¡· ¦ ¥É¸Ö
¶μ¸²¥ ¢Ò¡μ·  ¶Ê´±É  Show Children ¨§ ±μ´É¥±¸É´μ£μ ³¥´Õ μ±´  CellInfo (¤²Ö Î ¸É¨ÍÒ)
string. ‚ μ±´¥ ChildrenInfo (¢¥·Ì´¥¥ μ±´μ) μÉμ¡· ¦ ¥É¸Ö ¨´Ëμ·³ Í¨Ö μ ®Î ¸É¨Í Ì-
¤¥ÉÖÌ¯

’ ±¦¥ ´ ¤μ μÉ³¥É¨ÉÓ, ÎÉμ Î¥ÉÒ·¥ Ì · ±É¥·¨¸É¨±¨ (Px, Py, Pz, E) Ê
string ¶μ²ÊÎ ÕÉ¸Ö ¸Ê³³¨·μ¢ ´¨¥³ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì Ì · ±É¥·¨¸É¨± ±¢ ·±μ¢
dbar ¨ u.
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�μ¸³μÉ·¨³ É¥¶¥·Ó, ´  ÎÉμ · ¸¶ ¤ ¥É¸Ö string. „²Ö ÔÉμ£μ ´ ¤μ ´ °É¨ ¥¥
®¤¥É¥°¯ (·¨¸. 13).

‘μ£² ¸´μ ²¨¸É¨´£Ê ¸É·Ê´  · ¸¶ ¤ ¥É¸Ö ´  ³´μ¦¥¸É¢μ Î ¸É¨Í.

I Part KS KF Orig Px Py Pz E M
. . .

19 (string) 11 92 11 -4.043 5.785 526.075 654.529 89.36
. . .

20 (omega) 11 223 19 -3.600 5.276 -58.611 58.963 0.786
21 (omega) 11 223 19 -0.025 -0.153 -2.066 2.214 0.779
22 (rho+) 11 213 19 -0.093 0.346 -1.805 2.117 1.046
23 (omega) 11 223 19 -0.129 0.379 -0.591 1.060 0.784
24 pi- 1 -211 19 -0.456 -0.277 1.080 1.213 0.140
25 (pi0) 11 111 19 0.342 -0.145 0.703 0.807 0.135
26 (rho+) 11 213 19 0.201 0.098 1.410 1.611 0.746
27 nbar0 1 -2112 19 0.376 -0.098 2.909 3.081 0.940
28 (rho-) 11 -213 19 -0.644 0.452 2.333 2.567 0.727
29 p+ 1 2212 19 -0.038 0.127 9.003 9.052 0.938
30 (rho-) 11 -213 19 -0.424 -0.097 5.552 5.642 0.907
31 pi+ 1 211 19 0.547 -0.158 89.369 89.371 0.140
32 (rho-) 11 -213 19 0.138 0.411 20.153 20.165 0.535
33 (omega) 11 223 19 0.065 -0.157 20.013 20.029 0.788
34 (rho+) 11 213 19 0.081 -0.063 38.004 38.011 0.728
35 (rho-) 11 -213 19 -0.419 0.085 268.842 268.844 0.769
36 (rho+) 11 213 19 0.036 -0.242 129.778 129.780 0.807

. . .

‚¨¤´μ, ÎÉμ Ê ¢¸¥Ì ¶·¥¤¸É ¢²¥´´ÒÌ Î ¸É¨Í ´μ³¥· ®Î ¸É¨ÍÒ-·μ¤¨É¥²Ö¯ Orig
¸μ¢¶ ¤ ¥É ¸ ´μ³¥·μ³ ²¨´¨¨ string (²¨´¨Ö I = 19). 	É³¥É¨³ É ±¦¥, ÎÉμ ¥¸²¨
¶·μ¸Ê³³¨·μ¢ ÉÓ ¨³¶Ê²Ó¸Ò ¨ Ô´¥·£¨Õ ¢Éμ·¨Î´ÒÌ Î ¸É¨Í, Éμ μ´  ¸ ÉμÎ´μ¸ÉÓÕ
¸μ¢¶ ¤¥É ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ §´ Î¥´¨Ö³¨ string ¸ ÊÎ¥Éμ³ μ±·Ê£²¥´¨Ö.

’¥¶¥·Ó,  ´ ²¨§¨·ÊÖ É ±¨³ μ¡· §μ³ ¢Éμ·¨Î´Ò¥ Î ¸É¨ÍÒ μÉ string, ³Ò ³μ-
¦¥³ ¢Ò¤¥²¨ÉÓ ¸²¥¤ÊÕÐ¨¥:

 ) Î ¸É¨Í  Ω-³¥§μ´ (²¨´¨Ö I = 20), ±μÉμ· Ö · ¸¶ ¤ ¥É¸Ö ´  ËμÉμ´ Å γ
(²¨´¨Ö I = 68, NLPar 20) ¨ ´  π0-³¥§μ´ (²¨´¨Ö I = 69, NLPar 20). 	É³¥É¨³,

”· £³¥´É ²¨¸É¨´£ 

I Part KS KF Orig Px Py Pz E M
. . .

20 (omega) 11 223 19 -3.600 5.276 -58.611 58.963 0.786
. . .

67 (K*0) 11 313 47 -0.094 -0.926 -0.091 1.331 0.947
68 gamma 1 22 20 -0.317 0.252 -5.263 5.279 0.000
69 (pi0) 11 111 20 -3.283 5.023 -53.348 53.685 0.135
70 pi- 1 -211 21 -0.137 -0.179 -0.979 1.014 0.140

. . .
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�¨¸. 14. � ¸¶ ¤ Ω-³¥§μ´ , ¶μ²ÊÎ¥´¨¥ ËμÉμ´ . ‚ ´¨¦´¥³ μ±´¥ (CellInfo) ¤²Ö Î ¸É¨ÍÒ Ω-
³¥§μ´ ¢Ò¡¨· ¥É¸Ö ¨§ ±μ´É¥±¸É´μ£μ ³¥´Õ ¶Ê´±É Show Children. ‚ ¢¥·Ì´¥³ μ±´¥ (Chil-
drenInfo) μÉμ¡· ¦ ¥É¸Ö ¨´Ëμ·³ Í¨Ö μ ®Î ¸É¨Í Ì-¤¥ÉÖÌ¯ ®·μ¤¨É¥²Ó¸±μ°¯ Î ¸É¨ÍÒ Ω-
³¥§μ´ 

�¨¸. 15. � ¸¶ ¤ π0-³¥§μ´  ´  ¤¢  ËμÉμ´ . ‚ ´¨¦´¥³ μ±´¥ (CellInfo) ¤²Ö Î ¸É¨ÍÒ pi0 ¢Ò-
¡¨· ¥É¸Ö ¨§ ±μ´É¥±¸É´μ£μ ³¥´Õ ¶Ê´±É Show Children. ‚ ¢¥·Ì´¥³ μ±´¥ (ChildrenInfo)
μÉμ¡· ¦ ¥É¸Ö ¨´Ëμ·³ Í¨Ö μ ®Î ¸É¨Í Ì-¤¥ÉÖÌ¯ ®·μ¤¨É¥²Ó¸±μ°¯ Î ¸É¨ÍÒ π0-³¥§μ´ 
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ÎÉμ ¡ ² ´¸ ³¥¦¤Ê Î ¸É¨Í ³¨ ¶μ Px, Py, Pz, E ¸μÌ· ´Ö¥É¸Ö. �μ¸±μ²Ó±Ê Ëμ-
Éμ´ Ö¢²Ö¥É¸Ö ¸É ¡¨²Ó´μ° Î ¸É¨Í¥°, Éμ μ´ ´¨ ´  ÎÉμ ´¥ · ¸¶ ¤ ¥É¸Ö. 
Éμ
¸É ¡¨²Ó´ Ö Î ¸É¨Í , ±μÉμ· Ö ¢Ìμ¤¨É ¢ ¨¸¸²¥¤Ê¥³ÊÕ ¢¥·Ì´ÕÕ ¸É·ÊÕ (·¨¸. 14).

‚ ¸¢μÕ μÎ¥·¥¤Ó ´¥°É· ²Ó´Ò° π0-³¥§μ´ (²¨´¨Ö I = 69) · ¸¶ ¤ ¥É¸Ö ´ 
¤¢  ËμÉμ´  (²¨´¨¨ I = 137 ¨ 138, NLPar 20), ±μÉμ·Ò¥ Ö¢²ÖÕÉ¸Ö ¸μ¸É ¢´Ò³¨
Î ¸ÉÖ³¨ ¸É·Ê¨ (·¨¸. 15).

”· £³¥´É ²¨¸É¨´£ 

I Part KS KF Orig Px Py Pz E M
. . .

69 (pi0) 11 111 20 -3.283 5.023 -53.348 53.685 0.135
. . .

137 gamma 1 22 69 -2.096 3.201 -33.431 33.650 0.000
138 gamma 1 22 69 -1.187 1.823 -19.917 20.035 0.000

. . .

¡) Î ¸É¨Í  Ω-³¥§μ´ (²¨´¨Ö I = 21), É ±¦¥ μ¡· §μ¢ ¢Ï Ö¸Ö ¨§ string (²¨´¨Ö
I = 19), ¢ ¸¢μÕ μÎ¥·¥¤Ó · ¸¶ ¤ ¥É¸Ö ´  É·¨ ³¥§μ´  Å π− (²¨´¨Ö I = 70,
NLPar 21), π+ (²¨´¨Ö I = 71, NLPar 21), π0 (²¨´¨Ö I = 72, NLPar 21) (·¨¸. 16).
„²Ö ´ ¸ ¶·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸ ¸É ¡¨²Ó´Ò° ¶μ²μ¦¨É¥²Ó´Ò° π+-³¥§μ´ (²¨´¨Ö I
= 71), ±μÉμ·Ò° ¢Ìμ¤¨É ¢ ¸É·ÊÕ.

”· £³¥´É ²¨¸É¨´£ 

I Part KS KF Orig Px Py Pz E M
. . .

21 (omega) 11 223 19 -0.025 -0.153 -2.066 2.214 0.779
. . .

70 pi- 1 -211 21 -0.137 -0.179 -0.979 1.014 0.140
71 pi+ 1 211 21 -0.089 0.052 -0.817 0.835 0.140
72 (pi0) 11 111 21 0.202 -0.026 -0.271 0.365 0.135

. . .

¢) „²Ö ´ ¸ ³μ¦¥É ¶·¥¤¸É ¢²ÖÉÓ ¨´É¥·¥¸ ¥Ð¥ μ¤´  Î ¸É¨Í , ±μÉμ· Ö μ¡· §μ-
¢ ² ¸Ó ¢ ·¥§Ê²ÓÉ É¥ · §·ÊÏ¥´¨Ö ¸É·Ê¨ Å ÔÉμ ¶μ²μ¦¨É¥²Ó´Ò° ρ+-³¥§μ´ (²¨´¨Ö
I = 22), μ¤´ ±μ μ´ · ¸¶ ¤ ¥É¸Ö ´  ¤¢  π-³¥§μ´  (²¨´¨¨ I = 73 ¨ 74, NLPar 22),
±μÉμ·Ò¥ ¢ ¸É·ÊÕ ´¥ ¢Ìμ¤ÖÉ (·¨¸. 17).

”· £³¥´É ²¨¸É¨´£ 

I Part KS KF Orig Px Py Py E M
. . .

22 (rho+) 11 213 19 -0.093 0.346 -1.805 2.117 1.046
. . .

73 pi+ 1 211 22 -0.297 0.448 -1.763 1.849 0.140
74 (pi0) 11 111 22 0.204 -0.102 -0.042 0.268 0.135

. . .
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�¨¸. 16. � ¸¶ ¤ Ω-³¥§μ´ . ‚ ´¨¦´¥³ μ±´¥ (CellInfo) ¤²Ö Î ¸É¨ÍÒ Ω-³¥§μ´ ¢Ò¡¨· -
¥É¸Ö ¨§ ±μ´É¥±¸É´μ£μ ³¥´Õ ¶Ê´±É Show Children. ‚ ¢¥·Ì´¥³ μ±´¥ (ChildrenInfo)
μÉμ¡· ¦ ¥É¸Ö ¨´Ëμ·³ Í¨Ö μ ®Î ¸É¨Í Ì-¤¥ÉÖÌ¯ ®·μ¤¨É¥²Ó¸±μ°¯ Î ¸É¨ÍÒ Ω-³¥§μ´ 

�¨¸. 17. � ¸¶ ¤ ·μ-³¥§μ´ . ‚ ´¨¦´¥³ μ±´¥ (CellInfo) ¤²Ö Î ¸É¨ÍÒ ·μ-³¥§μ´ ¢Ò¡¨-
· ¥É¸Ö ¨§ ±μ´É¥±¸É´μ£μ ³¥´Õ ¶Ê´±É Show Children. ‚ ¢¥·Ì´¥³ μ±´¥ (ChildrenInfo)
μÉμ¡· ¦ ¥É¸Ö ¨´Ëμ·³ Í¨Ö μ ®Î ¸É¨Í Ì-¤¥ÉÖÌ¯ ®·μ¤¨É¥²Ó¸±μ°¯ Î ¸É¨ÍÒ ·μ-³¥§μ´ 
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’ ±¨³ μ¡· §μ³, ³Ò ¶·μ ´ ²¨§¨·μ¢ ²¨ ³¥Ì ´¨§³ μ¡· §μ¢ ´¨Ö ¸É·Ê¨, ´ -
Ï²¨ ¢¸¥ Î ¸É¨ÍÒ, ±μÉμ·Ò¥ ¢ ´¥¥ ¢Ìμ¤ÖÉ (¶μ²μ¦¨É¥²Ó´Ò° π-³¥§μ´ ¨ É·¨ Ëμ-
Éμ´ ),   É ±¦¥ ¶·μ¸²¥¤¨²¨ ¸μÌ· ´¥´¨¥ ¨³¶Ê²Ó¸μ¢ ¨ Ô´¥·£¨¨ ³¥¦¤Ê ¶¥·¢¨Î-
´Ò³¨ (®·μ¤¨É¥²¨¯) ¨ ¢Éμ·¨Î´Ò³¨ (®¤¥É¨¯) Î ¸É¨Í ³¨. ’ ±¦¥ ¸²¥¤Ê¥É μ¡· -
É¨ÉÓ ¢´¨³ ´¨¥ ´  Éμ, ÎÉμ ¸É·ÊÖ ¢ ηÄφ-¶·μ¸É· ´¸É¢¥, ¸μ£² ¸´μ ·¨¸. 11, μ¡· §Ê-
¥É¸Ö ¢μ±·Ê£ ¨¸Ìμ¤´μ£μ ±¢ ·±  Q.

�´ ²μ£¨Î´μ ³¥Ì ´¨§³Ê ¶μ¨¸±  ®¤¥É¥°¯ ¢ ¶·μ£· ³³¥ ¶·¥¤Ê¸³μÉ·¥´  ¢μ§-
³μ¦´μ¸ÉÓ ¶μ¨¸±  ®·μ¤¨É¥²¥°¯, É. ¥. ¶μ¨¸± ¢ ®μ¡· É´ÊÕ¯ ¸Éμ·μ´Ê μÉ ®¤¥É¥°¯ ±
®·μ¤¨É¥²Ö³¯.

3. �‹ƒ��ˆ’Œ ��ˆ‘Š� �„����›• ‘’�“‰ PYCLUS

‚ ¶¥·¢μ° Î ¸É¨ · ¡μÉÒ ¡Ò² μ¶¨¸ ´  ²£μ·¨É³ ¶μ¨¸±   ¤·μ´´ÒÌ ¸É·Ê°
PYCELL. ‡¤¥¸Ó ¶·¥¤¸É ¢²¥´ ³¥Ì ´¨§³ · ¡μÉÒ ¸ ¥Ð¥ μ¤´¨³  ²£μ·¨É³μ³ ¶μ-
¨¸±   ¤·μ´´ÒÌ ¸É·Ê° PYCLUS, μ¶¨¸ ´¨¥ μ¸´μ¢´ÒÌ ¶·¨´Í¨¶μ¢ ±μÉμ·μ£μ ³μ¦-
´μ ´ °É¨ ¢ PYTHIA [3].

„²Ö Éμ£μ ÎÉμ¡Ò ´ Î ÉÓ · ¡μÉÊ ¸  ²£μ·¨É³μ³, ´Ê¦´μ, ¢μ-¶¥·¢ÒÌ, ´ ¦ ÉÓ ´ 
®±´μ¶±Ê¯ £² ¢´μ£μ ³¥´Õ Ê¶· ¢²¥´¨Ö ¶ · ³¥É· ³¨ ¶μ¤¶·μ£· ³³Ò PYCLUS.
‡ É¥³ ¢ μÉ±·Ò¢Ï¥³¸Ö μ±´¥ ´¥μ¡Ìμ¤¨³μ § ¶μ²´¨ÉÓ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¶μ²Ö
¢¢μ¤  ¶ ´¥²¨ ¶ · ³¥É·μ¢ (¨²¨ μ¸É ¢¨ÉÓ ¨Ì ¸μ£² ¸´μ §´ Î¥´¨Ö³, ¶·¥¤Ê¸³μ-
É·¥´´Ò³ ¶μ Ê³μ²Î ´¨Õ ¢ PYTHIA) ¨ ´ ¦ ÉÓ ´  ±´μ¶±Ê FindJet. �μ²ÊÎ¥´´Ò°
·¥§Ê²ÓÉ É ³μ¦´μ Ê¢¨¤¥ÉÓ ´  ·¨¸. 18.

� ¡μÉ   ²£μ·¨É³  Ê¶· ¢²Ö¥É¸Ö ¢Ò¡μ·μ³ É ± ´ §Ò¢ ¥³ÒÌ ´ ¸É·μ¥Î´ÒÌ ¶ -
· ³¥É·μ¢, ¨¸¶μ²Ó§Ê¥³ÒÌ ¢ PYTHIA:

• MSTU46 Å ¶ · ³¥É·, μÉ¢¥Î ÕÐ¨° §  ¢Ò¡μ· ¶·μ¸É· ´¸É¢¥´´μ£μ ±·¨É¥-
·¨Ö, ¨¸¶μ²Ó§Ê¥³μ£μ ¤²Ö ¶μ¨¸±  ¸É·Ê°;

• MSTU47 Å ¶ · ³¥É·, μ¶·¥¤¥²ÖÕÐ¨° ³¨´¨³ ²Ó´μ¥ Î¨¸²μ ´ °¤¥´´ÒÌ
¸É·Ê°, ¸μ¤¥·¦ Ð¨Ì¸Ö ¢ ¸μ¡ÒÉ¨¨;

• PARU43 Å ¶ · ³¥É·, μÉ¢¥Î ÕÐ¨° §  ³¨´¨³ ²Ó´μ¥ §´ Î¥´¨¥ ¶μ¶¥·¥Î-
´μ£μ ¨³¶Ê²Ó¸  ³¨´¨-¸É·Ê¨;

• PARU44 Å ³ ±¸¨³ ²Ó´μ¥ ¶μ·μ£μ¢μ¥ ®· ¸¸ÉμÖ´¨¥¯ ³¥¦¤Ê ¤¢Ê³Ö ³¨´¨-
¸É·ÊÖ³¨; ¥¸²¨ · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ¤¢Ê³Ö ³¨´¨-¸É·ÊÖ³¨ ³¥´ÓÏ¥, Î¥³ §´ -
Î¥´¨¥ ÔÉμ£μ ¶ · ³¥É· , Éμ μ´¨ μ¡Ñ¥¤¨´ÖÕÉ¸Ö ¢ μ¤´Ê ¸É·ÊÕ (¶ · ³¥É·
¨¸¶μ²Ó§Ê¥É¸Ö ¶·¨ MSTU46 = 1, 2, 3 ¨ 5);

• PARU45 Å ¶μ·μ£μ¢Ò° ¶ · ³¥É·, μ¶·¥¤¥²ÖÕÐ¨° ³ ±¸¨³ ²Ó´μ¥ §´ Î¥-
´¨¥ · ¸¸ÉμÖ´¨Ö, ±μÉμ·Ò° ¶·¨ ¢Ò¶μ²´¥´¨¨ ´¥μ¡Ìμ¤¨³ÒÌ Ê¸²μ¢¨° ¶μ-
§¢μ²Ö¥É μ¡Ñ¥¤¨´ÖÉÓ ¤¢¥ ³¨´¨-¸É·Ê¨ ¢ μ¤´Ê (¶ · ³¥É· ¨¸¶μ²Ó§Ê¥É¸Ö ¶·¨
MSTU46 = 4 ¨ 6).

�μ²¥ JetCount μÉμ¡· ¦ ¥É ±μ²¨Î¥¸É¢μ ´ °¤¥´´ÒÌ ¸É·Ê°.
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�¨¸. 18. 	Éμ¡· ¦¥´¨¥  ¤·μ´´ÒÌ ¸É·Ê° ( ²£μ·¨É³ PYCLUS), μ±´μ ¢Ò§Ò¢ ¥É¸Ö ¨§ ¶Ê´±É 
PYCLUS ¶μ¤³¥´Õ JetFinder £² ¢´μ£μ ³¥´Õ

� §´Ò³¨ Í¢¥É ³¨ ¢Ò¤¥²¥´Ò ÖÎ¥°±¨, Î ¸É¨ÍÒ ±μÉμ·ÒÌ ¶·¨´ ¤²¥¦ É ¸μ-
μÉ¢¥É¸É¢ÊÕÐ¨³ ¸É·ÊÖ³. ŸÎ¥°±¨, μÉ³¥Î¥´´Ò¥ ±·¥¸É¨±μ³, ¸μ¤¥·¦ É Î ¸É¨ÍÒ-
¨´¨Í¨ Éμ·Ò ¸É·Ê¨, É. ¥. Î ¸É¨ÍÒ ¸ ¸ ³Ò³ ¡μ²ÓÏ¨³ §´ Î¥´¨¥³ ¨³¶Ê²Ó¸  ¶μ¶¥-
·¥Î´μ£μ ¸¥Î¥´¨Ö.

„²Ö Éμ£μ ÎÉμ¡Ò ¶·μ¸³μÉ·¥ÉÓ ¨´Ëμ·³ Í¨Õ ¶μ ¸É·ÊÖ³ ¨ ¨Ì Î ¸É¨Í ³, ´¥-
μ¡Ìμ¤¨³μ ´ ¦ ÉÓ ´  ±´μ¶±Ê TreeViewJets.

‡�Š‹�—…�ˆ…


ÉμÉ ¶ ±¥É ´¥μ¡Ìμ¤¨³ ¤²Ö Ë¨§¨Î¥¸±μ£μ  ´ ²¨§  ·¥§Ê²ÓÉ Éμ¢ ³μ¤¥²¨·μ¢ -
´¨Ö ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ £²Ê¡μ±μ´¥Ê¶·Ê£¨Ì ´Ê±²μ´-´Ê±²μ´´ÒÌ ¸Éμ²-
±´μ¢¥´¨°.

‚ ¤ ´´μ° · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¶μ · §¢¨É¨Õ ¶·μ£· ³³´μ£μ
¶ ±¥É , ¶μ§¢μ²ÖÕÐ¥£μ μ¸ÊÐ¥¸É¢²ÖÉÓ ¢¨§Ê ²Ó´Ò°  ´ ²¨§ Ë¨§¨Î¥¸±¨Ì ¶·μÍ¥¸-
¸μ¢  ¤·μ´- ¤·μ´´ÒÌ ¸μÊ¤ ·¥´¨° ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ, ¸μ¶·μ¢μ¦¤ ÕÐ¨Ì¸Ö
μ¡· §μ¢ ´¨¥³  ¤·μ´´ÒÌ ¸É·Ê° ¢ ±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨. ‚ ¤μ¶μ²´¥´¨¥ ± É¥³
¢μ§³μ¦´μ¸ÉÖ³, ±μÉμ·Ò¥ ¡Ò²¨ μ¶¨¸ ´Ò ¢ · ¡μÉ¥ [2], ¢ μ¸´μ¢´μ³ ÔÉμ ³¥Éμ¤¨± 
¢¨§Ê ²¨§ Í¨¨ ¸É·Ê° ± ± μ¡Ñ¥±Éμ¢, ·¥£¨¸É·¨·Ê¥³ÒÌ  ¤·μ´´Ò³ ± ²μ·¨³¥É·μ³,
¨³¥ÕÐ¨³ ÖÎ¥¨¸ÉÊÕ ¸É·Ê±ÉÊ·Ê, ¢ ´ ¸ÉμÖÐ¥° ¸É ÉÓ¥ μ¶¨¸ ´Ò ¢μ§³μ¦´μ¸É¨ ¢¨-
§Ê ²Ó´μ£μ ¶·μ¸²¥¦¨¢ ´¨Ö ¶·μÍ¥¸¸   ¤·μ´¨§ Í¨¨ ¨§´ Î ²Ó´ÒÌ ±¢ ·±μ¢, ·μ¤¨¢-
Ï¨Ì¸Ö ¢ ËÊ´¤ ³¥´É ²Ó´μ³ ¶ ·Éμ´-¶ ·Éμ´´μ³ ¶·μÍ¥¸¸¥ ¸Éμ²±´μ¢¥´¨Ö.
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‚ · ¡μÉ¥ · ¸Ï¨·¥´Ò ¢μ§³μ¦´μ¸É¨ ¡μ²¥¥ ¤¥É ²Ó´μ£μ ¨§ÊÎ¥´¨Ö ¶·μ¤Ê±Éμ¢,
μ¡· §ÊÕÐ¨Ì ±μ´¥Î´μ¥ ¸μ¸ÉμÖ´¨¥, ¢ Î ¸É´μ¸É¨  ´ ²¨§  ¨³¶Ê²Ó¸´μ-Ô´¥·£¥É¨Î¥¸-
±¨Ì Ì · ±É¥·¨¸É¨± É¥Ì Î ¸É¨Í, ±μÉμ·Ò¥ ³μ£ÊÉ ·μ¦¤ ÉÓ¸Ö ¢ ¶·μÍ¥¸¸¥, ´μ ´¥
³μ£ÊÉ ¡ÒÉÓ § ·¥£¨¸É·¨·μ¢ ´Ò ¢ ¤¥É¥±Éμ·¥ ¢ ¸¨²Ê ¥£μ ´¥£¥·³¥É¨Î´μ¸É¨. ’ ± ¦¥
¢ ¦´μ, ÎÉμ ¸μ§¤ ´´Ò° ¶ ±¥É ¶μ§¢μ²Ö¥É μ¶¥· É¨¢´μ ¶·μ¢μ¤¨ÉÓ ¨´É¥· ±É¨¢´μ¥
¸· ¢´¨¢ ´¨¥ ´ ¡²Õ¤ ¥³μ° ¢¨§Ê ²Ó´Ò³ μ¡· §μ³ ¶·μ¸É· ´¸É¢¥´´μ° ¸É·Ê±ÉÊ·Ò
¸É·Ê° ¨ ¨´Ëμ·³ Í¨¨ μ¡ Ô´¥·£μ¢Ò¤¥²¥´¨¨ ¢ ÖÎ¥°± Ì ± ²μ·¨³¥É· . �·¨ ÔÉμ³
¶·¥¤¸É ¢²Ö¥³Ò° §¤¥¸Ó ¶·μ£· ³³´Ò° ¶ ±¥É ¶μ§¢μ²Ö¥É ¶μ²ÊÎ ÉÓ ¨´Ëμ·³ Í¨Õ μ
¸μ·É¥ ¶μ¶ ¤ ÕÐ¨Ì ¢ μÉ¤¥²Ó´Ò¥ ÖÎ¥°±¨ ± ²μ·¨³¥É·  Î ¸É¨Í,  ±±Ê³Ê²¨·ÊÖ ¢
Í¥²μ³ ´ ¡μ·¥ μÉ±·Ò¢ ¥³ÒÌ μ±μ´ ¸¢μ¤´Ò¥ É ¡²¨ÍÒ, ¶μ²ÊÎ¥´´Ò¥ μ¡· ¡μÉ±μ°
¤ ´´ÒÌ, ¸μ¤¥·¦ Ð¨Ì¸Ö ¢ ¤μ±Ê³¥´É ²Ó´ÒÌ ²¨¸É¨´£ Ì, ¢Ò¤ ¢ ¥³ÒÌ ¢ ± Î¥¸É¢¥
±μ´¥Î´μ£μ ¶·μ¤Ê±É  ¶·μ£· ³³Ò £¥´¥· Í¨¨ Ë¨§¨Î¥¸±¨Ì ¸μ¡ÒÉ¨°.
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