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�²¥¥¢ �.�. ¨ ¤·. P1-2006-87
ˆ§³¥·¥´¨¥ Ì · ±É¥·¨¸É¨± ρ0(770)-³¥§μ´  ¢ Ô±¸¶¥·¨³¥´É¥ �Š‘—��Œ

ˆ§³¥·¥´Ò Ì · ±É¥·¨¸É¨±¨ ρ0(770)-³¥§μ´μ¢, ·μ¦¤¥´´ÒÌ ¢ ´¥°É·μ´-Ê£²¥·μ¤´ÒÌ
¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¶·¨ ¸·¥¤´¥° Ô´¥·£¨¨ ´¥°É·μ´μ¢ 51 ƒÔ‚ ¢ Ô±¸¶¥·¨³¥´É¥
�Š‘—��Œ. ˆ¸¸²¥¤μ¢ ´μ ¢²¨Ö´¨¥ ±μ³¡¨´ Éμ·´μ£μ Ëμ´  ´  ³ ¸¸Ê ¨ Ï¨·¨´Ê
ρ-³¥§μ´μ¢. �μ²ÊÎ¥´Ò §´ Î¥´¨Ö ³ ¸¸Ò ¨ Ï¨·¨´Ò ρ0(770)-³¥§μ´  ¸ ÊÎ¥Éμ³ ¨´É¥·-
Ë¥·¥´Í¨¨ ·¥§μ´ ´¸´μ£μ ¨ ´¥·¥§μ´ ´¸´μ£μ ·μ¦¤¥´¨Ö § ·Ö¦¥´´ÒÌ ¶¨μ´μ¢: Mρ =
(762,7± 0,8(¸É É.)± 6,5(¸¨¸É.)) ŒÔ‚/c2, Γρ = (151± 2(¸É É.)+12

−20(¸¨¸É.)) ŒÔ‚/c2.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ë¨§¨±¨ Î ¸É¨Í �ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2006

Aleev A.N. et al. P1-2006-87
Measurement of the ρ0(770) Characteristics in the EXCHARM Experiment

The ρ0(770)-meson characteristics have been measured in nC interactions at
an average neutron energy of 51 GeV in the EXCHARM experiment. The combi-
natorial background in�uence on the values of the ρ0-meson invariant mass and
resonance width has been investigated. The interference of resonant and non-
resonant production of two pions was taken into account. The measured mass
and width of the ρ0-meson are equal to (762.7± 0.8(stat.)± 6.5(syst.)) MeV/c2 and
(151 ± 2(stat.)+12

−20(syst.)) MeV/c2, correspondingly.

The investigation has been performed at the Laboratory of Particle Physics, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2006



‚‚…„…�ˆ…

ˆ§¢¥¸É´μ, ÎÉμ ³ ¸¸Ò ¨ Ï¨·¨´Ò ·¥§μ´ ´¸´ÒÌ ¸μ¸ÉμÖ´¨°, ¢ Î ¸É´μ¸É¨
ρ(770)-³¥§μ´μ¢, ³μ£ÊÉ ¨§³¥´ÖÉÓ¸Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ Ê¸²μ¢¨° ¨Ì μ¡· §μ¢ ´¨Ö
[1]. �μÔÉμ³Ê ¸·¥¤´¨¥ §´ Î¥´¨Ö ¶ · ³¥É·μ¢ ρ(770) ¶·¨¢μ¤ÖÉ¸Ö ¢ É ¡²¨Í Ì PDG
¢ μÉ¤¥²Ó´μ¸É¨ ¤²Ö ²¥¶Éμ´´ÒÌ ·¥ ±Í¨°, ¤²Ö ËμÉμ·μ¦¤¥´¨Ö ¨ ¤²Ö μ¸É ²Ó´ÒÌ
¶·μÍ¥¸¸μ¢. „ ´´Ò¥ Ô±¸¶¥·¨³¥´Éμ¢ ¸ ¡μ²ÓÏ¨³ ±μ³¡¨´ Éμ·´Ò³ Ëμ´μ³ ¢μμ¡Ð¥
¨¸±²ÕÎ ÕÉ¸Ö ¨§ · ¸¸³μÉ·¥´¨Ö.

‚ ´¥¤ ¢´¥³ ¨¸¸²¥¤μ¢ ´¨¨, μ¸´μ¢ ´´μ³ ´  ¤ ´´ÒÌ ¶μ ¨§ÊÎ¥´¨Õ ¸Éμ²±´μ¢¥-
´¨° ÉÖ¦¥²ÒÌ Ö¤¥· ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ ´  Ê¸É ´μ¢±¥ STAR [2], Ê± §Ò¢ ¥É¸Ö
´  ´ ²¨Î¨¥ ¸¤¢¨£  ³ ¸¸Ò ρ0-³¥§μ´  ´  70 ŒÔ‚/c2 μÉ É ¡²¨Î´μ£μ §´ Î¥´¨Ö ¢
¸Éμ·μ´Ê ³¥´ÓÏ¨Ì ÔËË¥±É¨¢´ÒÌ ³ ¸¸. ’ ±μ° ·¥§Ê²ÓÉ É μ¡ÑÖ¸´Ö¥É¸Ö ¢Ò¸μ±μ°
É¥³¶¥· ÉÊ·μ° ¢ μ¡² ¸É¨ ¢§ ¨³μ¤¥°¸É¢¨Ö, ¤¨´ ³¨±μ° μ¡· §μ¢ ´¨Ö ρ0-³¥§μ´ 
¶·¨ ¡μ²ÓÏμ° ³´μ¦¥¸É¢¥´´μ¸É¨ ¢Éμ·¨Î´ÒÌ Î ¸É¨Í,   É ±¦¥ ¢²¨Ö´¨¥³ ¢§ ¨³μ-
¤¥°¸É¢¨Ö ¢Éμ·¨Î´ÒÌ Î ¸É¨Í ¢ ±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨. ‚ Éμ³ ¦¥ ¨¸¸²¥¤μ¢ ´¨¨
¡Ò²¨ ¶·μ ´ ²¨§¨·μ¢ ´Ò ¤ ´´Ò¥ ¨ ¶μ ¶·μÉμ´-¶·μÉμ´´μ³Ê ¢§ ¨³μ¤¥°¸É¢¨Õ.
„²Ö ³ ¸¸Ò ρ-³¥§μ´  É ±¦¥ ¶μ²ÊÎ¥´ ·¥§Ê²ÓÉ É, μÉ²¨Î´Ò° μÉ ¸·¥¤´¥£μ §´ Î¥-
´¨Ö ¤²Ö É ±¨Ì ¶·μÍ¥¸¸μ¢ ´  40 ŒÔ‚/c2, ¤ ´´Ò¥ ¤·Ê£¨Ì Ô±¸¶¥·¨³¥´Éμ¢ É ±μ£μ
¡μ²ÓÏμ£μ ¸¤¢¨£  ¢ ·¥ ±Í¨ÖÌ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶·μÉμ´μ¢ ´¥ μÉ³¥Î ÕÉ. ‚ ¸²ÊÎ ¥
pp-¢§ ¨³μ¤¥°¸É¢¨Ö ¢μ¶·μ¸ μ ¶·¨Î¨´¥ É ±μ£μ μÉ²¨Î¨Ö ³ ¸¸Ò ·¥§μ´ ´¸  μ¸É -
¥É¸Ö μÉ±·ÒÉÒ³, É ± ± ± ÔËË¥±ÉÒ, μ¡Ê¸²μ¢²¥´´Ò¥ ¢§ ¨³μ¤¥°¸É¢¨¥³ ¸μ ¸·¥¤μ°
¨ ¨³¥ÕÐ¨¥ ³¥¸Éμ ¢ ¸Éμ²±´μ¢¥´¨ÖÌ ÉÖ¦¥²ÒÌ Ö¤¥·, §¤¥¸Ó μÉ¸ÊÉ¸É¢ÊÕÉ.

’ ±¨³ μ¡· §μ³, ¨§³¥·¥´¨¥ Ì · ±É¥·¨¸É¨± ρ0(770)-³¥§μ´  ¢ ´¥°É·μ´-Ê£²¥-
·μ¤´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¢ Ô±¸¶¥·¨³¥´É¥ �Š‘—��Œ, ¶·¥¤¸É ¢²¥´´μ¥ ¢ ¤ ´-
´μ¥ · ¡μÉ¥, ¤μ¶μ²´Ö¥É ¤ ´´Ò¥ ¢ ÔÉμ° μ¡² ¸É¨.

1. �’��� ‘��›’ˆ‰

� ¡μÉ  ¢Ò¶μ²´¥´  ´  μ¸´μ¢¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, ¶μ²ÊÎ¥´´ÒÌ ´ 
³ £´¨É´μ³ ¸¶¥±É·μ³¥É·¥ �Š‘—��Œ. ‘¶¥±É·μ³¥É· �Š‘—��Œ · ¸¶μ²μ¦¥´
¢ ´¥°É·μ´´μ³ ± ´ ²¥ 5H ¸¥·¶ÊÌμ¢¸±μ£μ Ê¸±μ·¨É¥²Ö “-70. ‚ ¸μ¸É ¢ ¸¶¥±É·μ-
³¥É·  ¢Ìμ¤ÖÉ ¸²¥¤ÊÕÐ¨¥ Ô²¥³¥´ÉÒ:  ´ ²¨§¨·ÊÕÐ¨° ³ £´¨É ‘�-40�, ¸¨¸É¥³ 
¨§ 11 ³´μ£μ¶·μ¢μ²μÎ´ÒÌ ¶·μ¶μ·Í¨μ´ ²Ó´ÒÌ ± ³¥·, ¤¢  £μ¤μ¸±μ¶  ¸Í¨´É¨²²Ö-
Í¨μ´´ÒÌ ¸Î¥ÉÎ¨±μ¢, ³μ´¨Éμ· ´¥°É·μ´´μ£μ ¶ÊÎ± ,  ¤·μ´´Ò° ± ²μ·¨³¥É·, ¤¢ 
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³´μ£μ± ´ ²Ó´ÒÌ ¶μ·μ£μ¢ÒÌ £ §μ¢ÒÌ Î¥·¥´±μ¢¸±¨Ì ¸Î¥ÉÎ¨±  (Œ�ƒ—‘). �¥-
§Ê²ÓÉ É  ´ ²¨§  ¤ ´´ÒÌ ¸ Œ�ƒ—‘ ¤²Ö ± ¦¤μ£μ É·¥±  Ì · ±É¥·¨§Ê¥É¸Ö É·¥³Ö
§´ Î¥´¨Ö³¨ É ± ´ §Ò¢ ¥³ÒÌ ®¢¥¸μ¢¯, μ¶·¥¤¥²ÖÕÐ¨Ì ¢¥·μÖÉ´μ¸ÉÓ Éμ£μ, ÎÉμ
¤ ´´ Ö Î ¸É¨Í  Ö¢²Ö¥É¸Ö ¶¨μ´μ³, ± μ´μ³ ¨²¨ ¶·μÉμ´μ³. �É¨ ¢¥¸  ´μ·³¨·μ-
¢ ´Ò ´  μ¡ÐÊÕ ¸Ê³³Ê, · ¢´ÊÕ É·¥³, Éμ ¥¸ÉÓ §´ Î¥´¨¥ Î¥·¥´±μ¢¸±μ£μ ¢¥¸ ,
· ¢´μ¥ 3,0, ¸μμÉ¢¥É¸É¢Ê¥É 100% ¢¥·μÖÉ´μ¸É¨ ¤²Ö É·¥±  ¡ÒÉÓ Î ¸É¨Í¥° Ê± § ´-
´μ£μ É¨¶ . ‡´ Î¥´¨¥, · ¢´μ¥ 1,0, ¤²Ö ¢¸¥Ì É·¥Ì £¨¶μÉ¥§ ¶μ± §Ò¢ ¥É, ÎÉμ É·¥±
³μ¦¥É ¡ÒÉÓ ¶¨μ´μ³, ± μ´μ³ ¨²¨ ¶·μÉμ´μ³ ( ´É¨¶·μÉμ´μ³) ¸ · ¢´μ° ¢¥·μÖÉ-
´μ¸ÉÓÕ. —¥·¥´±μ¢¸±¨° ¤¥É¥±Éμ· ¢ ¤ ´´μ³ Ô±¸¶¥·¨³¥´É¥ ¶μ§¢μ²Ö¥É μÉ¤¥²ÖÉÓ
¶¨μ´Ò μÉ ± μ´μ¢ ¨ ¶·μÉμ´μ¢ ¢ ¤¨ ¶ §μ´¥ ¨³¶Ê²Ó¸μ¢ 3,1 < Pch < 20 ƒÔ‚/c.

�μ¤·μ¡´μ Ê¸É ´μ¢±  �Š‘—��Œ μ¶¨¸ ´  ¢ · ¡μÉ¥ [3].
„²Ö  ´ ²¨§  ¨¸¶μ²Ó§μ¢ ² ¸Ó ¸É É¨¸É¨±  ¤¥¸ÖÉμ£μ ¸¥ ´¸ , ±μÉμ· Ö ¸μ¸É -

¢²Ö¥É ¶μ·Ö¤±  180 ³²´ É·¨££¥·´ÒÌ ¸μ¡ÒÉ¨° ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°É·μ´μ¢ ¸μ
¸·¥¤´¥° Ô´¥·£¨¥° 51 ƒÔ‚ ¸ Ê£²¥·μ¤´μ° ³¨Ï¥´ÓÕ. „²Ö μ¡· ¡μÉ±¨ ¨¸Ìμ¤´ÒÌ
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ ³μ¤¥²¨·μ¢ ´´ÒÌ ¤ ´´ÒÌ ¨¸¶μ²Ó§μ¢ ²¸Ö ¶·μ£· ³³´Ò°
±μ³¶²¥±¸ BISON [4Ä6], ¢ · ³± Ì ±μÉμ·μ£μ ¶·μ¨§¢μ¤¨²¨¸Ó £¥μ³¥É·¨Î¥¸± Ö ¨
³ £´¨É´ Ö ± ²¨¡·μ¢± , · ¸¶μ§´ ¢ ´¨¥ É· ¥±Éμ·¨° § ·Ö¦¥´´ÒÌ Î ¸É¨Í, μ¶·¥-
¤¥²Ö²¨¸Ó ¶ · ³¥É·Ò ÔÉ¨Ì É· ¥±Éμ·¨°, ¨³¶Ê²Ó¸Ò ¨ § ·Ö¤Ò ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì
Î ¸É¨Í. 	 §  ¤ ´´ÒÌ (μ¸´μ¢´μ° ¨ ·¥§¥·¢´Ò° ¢ ·¨ ´É) · §³¥Ð¥´Ò ¢  ¢Éμ³ -
É¨Î¥¸±μ° ¶ ³ÖÉ¨ linux-±² ¸É¥·μ¢ �ˆŸˆ. Œ ¸¸μ¢ Ö μ¡· ¡μÉ± , ·¥§Ê²ÓÉ Éμ³
±μÉμ·μ° Ö¢²Ö¥É¸Ö ´ ¡μ· ¤ ´´ÒÌ ¤²Ö μÉ¡μ·  ¸μ¡ÒÉ¨° ¨ Ë¨§¨Î¥¸±μ£μ  ´ ²¨§ ,
·¥ ²¨§μ¢ ´  ¢ · ¸¶·¥¤¥²¥´´μ° ¸¨¸É¥³¥ CHARM [7].

ˆ§ÊÎ ² ¸Ó ¸²¥¤ÊÕÐ Ö ·¥ ±Í¨Ö:

nC → π+π− + X, (1)

ρ-³¥§μ´ ¢μ¸¸É ´ ¢²¨¢ ²¸Ö ¶μ ¨´¢ ·¨ ´É´μ° ³ ¸¸¥ ¶ ·Ò § ·Ö¦¥´´ÒÌ ¶¨μ´μ¢:

ρ0 → π+π−. (2)

�·¨ μÉ¡μ·¥ ± ´¤¨¤ Éμ¢ ¤²Ö ÔÉμ° ·¥ ±Í¨¨ ´ ±² ¤Ò¢ ²¨¸Ó ¸²¥¤ÊÕÐ¨¥ É·¥¡μ¢ -
´¨Ö:

• Î¥·¥´±μ¢¸±¨¥ ¢¥¸  ¤²Ö § ·Ö¦¥´´μ£μ É·¥±  ¤μ²¦´Ò Ê¤μ¢²¥É¢μ·ÖÉÓ Ê¸²μ-
¢¨Ö³: ¢¥¸ ¶¨μ´´μ° £¨¶μÉ¥§Ò ¡μ²ÓÏ¥ ¨²¨ · ¢¥´ 1,1, ¢¥¸  ± μ´´μ° ¨ ¶·μÉμ´´μ°
£¨¶μÉ¥§ ³¥´ÓÏ¥ ¨²¨ · ¢´Ò 1,0;

• ¶μ²´Ò° ¨³¶Ê²Ó¸ ± ´¤¨¤ É  ¢ ¶¨μ´Ò ¤μ²¦¥´ ´ Ìμ¤¨ÉÓ¸Ö ¢ ¤¨ ¶ §μ´¥
3,1 < Pπ < 20 ƒÔ‚/c;

• É·¥± ´¥ ¤μ²¦¥´ ¢Ìμ¤¨ÉÓ ¢ ¸μ¸É ¢ ´¥°É· ²Ó´μ° ¢¨²±¨ V 0, É. ¥. Ö¢²ÖÉÓ¸Ö
¶·μ¤Ê±Éμ³ · ¸¶ ¤  K0-³¥§μ´  ¨²¨ Λ(Λ̄)-£¨¶¥·μ´ ;

• ´ ¨³¥´ÓÏ¥¥ · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê É·¥± ³¨, ± ± Ì · ±É¥·¨¸É¨±  ¢μ¸¸É ´μ-
¢²¥´´μ° ¢¥·Ï¨´Ò, ´¥ ¤μ²¦´μ ¶·¥¢ÒÏ ÉÓ 0,2 ¸³;

• ¶·μ¤μ²Ó´ Ö ±μμ·¤¨´ É  ¢μ¸¸É ´μ¢²¥´´μ° ¢¥·Ï¨´Ò ¸μμÉ¢¥É¸É¢Ê¥É ¥¥ ¶μ-
²μ¦¥´¨Õ ¢´ÊÉ·¨ ³¨Ï¥´¨.
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‘ ¶μ³μÐÓÕ ¶¥·¥Î¨¸²¥´´ÒÌ μ£· ´¨Î¥´¨° ¡Ò²μ μÉμ¡· ´μ ¶μ·Ö¤±  20 ³²´
±μ³¡¨´ Í¨° ¶ · · §´μ¨³¥´´μ § ·Ö¦¥´´ÒÌ ¶¨μ´μ¢. „μ¶μ²´¨É¥²Ó´μ¥ Ê¸²μ-
¢¨¥, μ£· ´¨Î¨¢ ÕÐ¥¥ ³´μ¦¥¸É¢¥´´μ¸ÉÓ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ ¸μ¡ÒÉ¨¨ ¤¢Ê³Ö
É·¥± ³¨ · §´μ£μ §´ ± , ¸μ±· Ð ¥É ±μ²¨Î¥¸É¢μ ±μ³¡¨´ Í¨° ¶ · ¶¨μ´μ¢ ¤μ
1,5 ³²´.

2. ˆ‡Œ…�…�ˆ… ����Œ…’��‚ ρ-Œ…‡���

2.1. � ¸¶·¥¤¥²¥´¨¥ ¶μ ¨´¢ ·¨ ´É´μ° ³ ¸¸¥ ¸¨¸É¥³Ò π+π−. �É¸ÊÉ¸É¢¨¥
¢μ§³μ¦´μ¸É¨ · §¤¥²¨ÉÓ ¶¨μ´Ò, ·μ¦¤¥´´Ò¥ ¢ ·¥§Ê²ÓÉ É¥ · ¸¶ ¤  ρ-³¥§μ´ , ¨
¶¨μ´Ò, μ¡· §μ¢ ´´Ò¥ ¢ ¤·Ê£¨Ì ¶·μÍ¥¸¸ Ì, μ¡Ê¸² ¢²¨¢ ¥É ¤μ¸É ÉμÎ´μ ¢Ò¸μ-
±¨° ±μ³¡¨´ Éμ·´Ò° Ëμ´. Š ± ¸± § ´μ ¢ÒÏ¥, PDG Ê± §Ò¢ ÕÉ ´  ¢μ§³μ¦´μ¥
¢²¨Ö´¨¥ ¡μ²ÓÏμ£μ ±μ³¡¨´ Éμ·´μ£μ Ëμ´  ´  ¨§³¥·¥´¨Ö ¨ ¨¸±²ÕÎ ÕÉ ¨§ · ¸-
¸³μÉ·¥´¨Ö Ô±¸¶¥·¨³¥´ÉÒ ¸ É ±¨³ Ëμ´μ³. �μÔÉμ³Ê ¤²Ö Ê³¥´ÓÏ¥´¨Ö Ëμ´  ¢
¤ ´´μ° · ¡μÉ¥ ¡Ò²μ ¨¸¶μ²Ó§μ¢ ´μ μ£· ´¨Î¥´¨¥ ´  ³´μ¦¥¸É¢¥´´μ¸ÉÓ § ·Ö¦¥´-
´ÒÌ Î ¸É¨Í. �É¡¨· ²¨¸Ó ¸μ¡ÒÉ¨Ö, ¸μ¤¥·¦ Ð¨¥ ¶μ μ¤´μ³Ê ¶μ²μ¦¨É¥²Ó´μ³Ê
¨ μÉ·¨Í É¥²Ó´μ³Ê É·¥±Ê. ’ ±μ¥ μ£· ´¨Î¥´¨¥ ´  ³´μ¦¥¸É¢¥´´μ¸ÉÓ ¸μ±· Ð ¥É
±μ³¡¨´ Éμ·´Ò° Ëμ´ ¡μ²¥¥ Î¥³ ´  ¶μ·Ö¤μ± ¨ ¤ ¥É Ê¢¥²¨Î¥´¨¥ μÉ´μÏ¥´¨Ö
¸¨£´ ²ÄËμ´ ¶μÎÉ¨ ¢ ¤¢  · § . � ¸¶·¥¤¥²¥´¨¥ ¶μ ¨´¢ ·¨ ´É´μ° ³ ¸¸¥ ¸¨¸É¥³Ò
π+π− ¶·¥¤¸É ¢²¥´μ ´  ·¨¸. 1. •μ·μÏμ ¢¨¤¥´ Ì · ±É¥·´Ò° ´ ¶²Ò¢ ¢ μ¡² -
¸É¨ 600Ä900 ŒÔ‚/c2, μÉμ¦¤¥¸É¢²Ö¥³Ò° ¸ ρ-³¥§μ´μ³. Šμ²¨Î¥¸É¢μ ¸μ¡ÒÉ¨° ¢

�¨¸. 1. � ¸¶·¥¤¥²¥´¨¥ ¶μ ¨´¢ ·¨ ´É´μ° ³ ¸¸¥ ¸¨¸É¥³Ò π+π−. ‘¶²μÏ´ Ö ²¨´¨Ö Å
·¥§Ê²ÓÉ É  ¶¶·μ±¸¨³ Í¨¨ ¸Ê³³μ° ËÊ´±Í¨¨ 	·¥°É -‚¨£´¥·  ¨ Ëμ´μ¢μ° ËÊ´±Í¨¨ (3).
�Ê´±É¨·´μ° ²¨´¨¥° ¶μ± § ´ ¢¨¤ Ëμ´μ¢μ° ËÊ´±Í¨¨
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¸¨£´ ²¥ ¢ ¤¨ ¶ §μ´¥ ±Γ ¶·¨³¥·´μ μÍ¥´¨¢ ¥É¸Ö ¢ 80 ÉÒ¸. �É´μÏ¥´¨¥ ±μ²¨-
Î¥¸É¢  ¸μ¡ÒÉ¨° ¢ ¸¨£´ ²¥ ¨ Ëμ´¥ ¢ ÔÉμ³ ¤¨ ¶ §μ´¥ ¸μ¸É ¢²Ö¥É ¶·¨³¥·´μ 1/5.
‘ÊÐ¥¸É¢¥´´ Ö ¸É É¨¸É¨Î¥¸± Ö μ¡¥¸¶¥Î¥´´μ¸ÉÓ μ¡Ê¸² ¢²¨¢ ¥É ¸É É¨¸É¨Î¥¸±¨¥
¶μ£·¥Ï´μ¸É¨ ´  Ê·μ¢´¥ ¤¥¸ÖÉÒÌ ¤μ²¥° ¶·μÍ¥´É , ¶μÔÉμ³Ê ¢ ¦´μ μÍ¥´¨ÉÓ ¸¨-
¸É¥³ É¨Î¥¸±¨¥ ¶μ£·¥Ï´μ¸É¨ ¨§³¥·Ö¥³ÒÌ ¢¥²¨Î¨´ ³ ¸¸Ò ¨ Ï¨·¨´Ò ρ-³¥§μ´ .

�  ·¨¸. 1, ±·μ³¥ μ¡² ¸É¨, ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ρ-³¥§μ´Ê, Ìμ·μÏμ § ³¥É¥´Ò
¸¨£´ ²Ò ¢ μ¡² ¸É¨ 0.5 ¨ 0.4 ƒÔ‚/c2, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ K0-³¥§μ´Ê ¨ μÉ· ¦¥´¨Õ
η-³¥§μ´ .

2.2. “Î¥É Ëμ´ . ˆ§-§  ¡μ²ÓÏμ° Ï¨·¨´Ò ρ-³¥§μ´  ±μ³¡¨´ Éμ·´Ò° Ëμ´,
³ ¸¸μ¢ Ö § ¢¨¸¨³μ¸ÉÓ ±μÉμ·μ£μ ¸ÊÐ¥¸É¢¥´´μ ´¥²¨´¥°´ , § É·Ê¤´Ö¥É ¨§³¥·¥-
´¨¥ Ì · ±É¥·¨¸É¨± ·¥§μ´ ´¸ . � ¸¶·μ¸É· ´¥´´ Ö ³¥Éμ¤¨±  ¢ÒÎ¨É ´¨Ö Ëμ´ 
¢ ´ Ï¥³ ¸²ÊÎ ¥ ´¥¶·¨£μ¤´  ¨§-§  ³ ²μ° ³´μ¦¥¸É¢¥´´μ¸É¨ Å ¶·¨³¥´Ö¥³μ¥
μ¡ÒÎ´μ ¶·¨ ¢ÒÎ¨É ´¨¨ · ¸¶·¥¤¥²¥´¨¥ ¶μ ¨´¢ ·¨ ´É´μ° ³ ¸¸¥ Éμ¦¤¥¸É¢¥´-
´ÒÌ ¶¨μ´μ¢ ¸¨²Ó´μ μÉ²¨Î ¥É¸Ö ¢ ¤ ´´μ³ Ô±¸¶¥·¨³¥´É¥ ¶μ Ëμ·³¥ μÉ ¨¸¸²¥-
¤Ê¥³μ£μ, ¤ ¦¥ ¤²Ö ¸μ¡ÒÉ¨° ¡¥§ Ê± § ´´ÒÌ μ£· ´¨Î¥´¨° ´  ³´μ¦¥¸É¢¥´´μ¸ÉÓ
(·¨¸. 2). �·¨ ¢ÒÎ¨É ´¨¨ μ´μ ´¥ Ê¸É· ´Ö¥É ¶μ²´μ¸ÉÓÕ ±μ³¡¨´ Éμ·´Ò° Ëμ´,
  ²¨ÏÓ ¨§³¥´Ö¥É ¥£μ ¢¨¤. ‚ Éμ ¦¥ ¢·¥³Ö ¸³μ¤¥²¨·μ¢ ´´μ¥ · ¸¶·¥¤¥²¥´¨¥,
É ±¦¥ ¨¸¶μ²Ó§Ê¥³μ¥ ¤²Ö ¢ÒÎ¨É ´¨Ö, μÉ²¨Î ¥É¸Ö ´¥¡μ²ÓÏμ° ¸É É¨¸É¨±μ°. �Éμ
´¥ ¶μ§¢μ²Ö¥É ¶·μ¢μ¤¨ÉÓ ¨§³¥·¥´¨Ö ¸ ¦¥² ¥³μ° ÉμÎ´μ¸ÉÓÕ.

�¨¸. 2. ‘· ¢´¥´¨¥ · ¸¶·¥¤¥²¥´¨° ¶μ ¨´¢ ·¨ ´É´μ° ³ ¸¸¥ ¸¨¸É¥³ π+π− (◦) ¨ π±π± (•)
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‚ ¤ ´´μ° · ¡μÉ¥ ¤²Ö ÊÎ¥É  ±μ³¡¨´ Éμ·´μ£μ Ëμ´  ¢ ¸¶¥±É·¥ ¨´¢ ·¨ ´É-
´ÒÌ ³ ¸¸ ¸¨¸É¥³Ò π+π− ³Ò ¨¸¶μ²Ó§μ¢ ²¨ ¥£μ ¶·¨¡²¨¦¥´´μ¥ μ¶¨¸ ´¨¥ ¢
μ¡² ¸É¨ ·¥§μ´ ´¸  ¸ ¶μ³μÐÓÕ £² ¤±μ° ËÊ´±Í¨¨. ‚Ò¡μ· ¶μ¤Ìμ¤ÖÐ¥° ËÊ´±-
Í¨¨ μ¸´μ¢Ò¢ ²¸Ö ´  ¸· ¢´¥´¨¨ ·¥§Ê²ÓÉ Éμ¢  ¶¶·μ±¸¨³ Í¨¨ · ¸¶·¥¤¥²¥´¨° ¶μ
ÔËË¥±É¨¢´μ° ³ ¸¸¥ ¤²Ö ¸¨¸É¥³ Éμ¦¤¥¸É¢¥´´ÒÌ π-³¥§μ´μ¢ · §²¨Î´Ò³¨ ËÊ´±-
Í¨Ö³¨. �μ ±·¨É¥·¨Õ ± Î¥¸É¢   ¶¶·μ±¸¨³ Í¨¨ χ2 ¡Ò²  ¢Ò¡· ´  ËÊ´±Í¨Ö ¤²Ö
μ¶¨¸ ´¨Ö ±μ³¡¨´ Éμ·´μ£μ Ëμ´ 

FBG(Mππ) = A + BMππ + CM2
ππ + De−Mππ , (3)

£¤¥ A, B, C, D Å ¸¢μ¡μ¤´Ò¥ ¶ · ³¥É·Ò.
�  ·¨¸. 1 ¸¶²μÏ´ Ö ²¨´¨Ö ¸μμÉ¢¥É¸É¢Ê¥É ·¥§Ê²ÓÉ ÉÊ  ¶¶·μ±¸¨³ Í¨¨ ¸Ê³-

³μ° Ëμ´μ¢μ° ËÊ´±Í¨¨ (3) ¨ ·¥²ÖÉ¨¢¨¸É¸±μ° ËÊ´±Í¨¨ 	·¥°É Ä‚¨£´¥· 

BWρ(Mππ) = N · MππMρΓρ
(
M2

ρ − M2
ππ

)2 + M2
ρΓ2

ρ

, (4)

£¤¥ Γρ ¨ Mρ Å Ï¨·¨´  ¨ ³ ¸¸  ρ-³¥§μ´ ; N Å ´μ·³¨·μ¢μÎ´Ò° ³´μ¦¨É¥²Ó.
�μ²ÊÎ¥´´Ò¥ ¢ ·¥§Ê²ÓÉ É¥ Ë¨É¨·μ¢ ´¨Ö §´ Î¥´¨Ö ³ ¸¸Ò ¨ Ï¨·¨´Ò ρ-³¥§μ´ 
¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1.

’ ¡²¨Í  1. �¥§Ê²ÓÉ ÉÒ  ¶¶·μ±¸¨³ Í¨¨ · ¸¶·¥¤¥²¥´¨° ¶μ ¨´¢ ·¨ ´É´μ° ³ ¸¸¥ ¶ ·
· §´μ¨³¥´´μ § ·Ö¦¥´´ÒÌ ¶¨μ´μ¢. �·¨¢¥¤¥´Ò Éμ²Ó±μ ¸É É¨¸É¨Î¥¸±¨¥ ¶μ£·¥Ï´μ¸É¨

”¨É ËÊ´±Í¨¥° ”¨É ¸ ÊÎ¥Éμ³
’¨¶ · ¸¶·¥¤¥²¥´¨Ö 	·¥°É Ä‚¨£´¥·  ¨´É¥·Ë¥·¥´Í¨¨∗

(·¥ ±Í¨Ö) Mρ, ŒÔ‚/c2 Γρ, ŒÔ‚/c2 Mρ, ŒÔ‚/c2 Γρ, ŒÔ‚/c2

�±¸¶¥·¨³¥´É
Nch = 2 758,7±0,8 147,7±1,7 762,7±0,8 150,8±1,6
Nch � 2 751,1±0,3 149,2±0,6 − −

Nch � 2, ¸ ÊÎ¥Éμ³ 757,9±0,3 147,2±0,7 760,9±0,4 150,2±0,9
ÔËË¥±É¨¢´μ¸É¨
„ ´´Ò¥ PDG 769,0±0,9 150,9±1,7 − −

Œμ¤¥²¨·μ¢ ´¨¥
FRITIOF (1) 768,3±0,5 147,5±1,1 − −

FRITIOF (1), GEANT 761,9±4,5 150,8±9,1 − −
FRITIOF (7), GEANT 765,8±2,5 146,0±5,4 − −
∗ �¶¶·μ±¸¨³ Í¨Ö ¸¨£´ ²  ¶·μ¢μ¤¨² ¸Ó ¸Ê³³μ° ËÊ´±Í¨¨ 	·¥°É Ä‚¨£´¥·  ¨ Î²¥´ ,
μ¶¨¸Ò¢ ÕÐ¥£μ ¨´É¥·Ë¥·¥´Í¨Õ ·¥§μ´ ´¸´μ£μ ¨ ´¥·¥§μ´ ´¸´μ£μ ·μ¦¤¥´¨Ö ¶¨μ´μ¢.

2.3. ˆ´É¥·Ë¥·¥´Í¨Ö ·¥§μ´ ´¸´μ£μ ¨ ´¥·¥§μ´ ´¸´μ£μ ·μ¦¤¥´¨Ö ¶¨μ´μ¢.
‚²¨Ö´¨¥ ¨´É¥·Ë¥·¥´Í¨¨ ·¥§μ´ ´¸´μ£μ ¨ ´¥·¥§μ´ ´¸´μ£μ ·μ¦¤¥´¨Ö ¶¨μ´μ¢
´  ¶μ²μ¦¥´¨¥ ¨ Ëμ·³Ê ¶¨±  ρ0(770)-³¥§μ´  Ìμ·μÏμ ¨§¢¥¸É´μ, ´ ¶·¨³¥·, ¢
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¶·μÍ¥¸¸ Ì ËμÉμ·μ¦¤¥´¨Ö [8, 9]. „²Ö ÊÎ¥É  É ±μ° ¨´É¥·Ë¥·¥´Í¨¨ ³μ£ÊÉ ¨¸-
¶μ²Ó§μ¢ ÉÓ¸Ö · §´Ò¥ ¶μ¤Ìμ¤Ò, ´ ¶·¨³¥·, Ë¥´μ³¥´μ²μ£¨Î¥¸±¨° ³¥Éμ¤ �μ¸¸  ¨
‘Éμ¤μ²Ó¸±μ£μ [10] ¨²¨ ¨´É¥·Ë¥·¥´Í¨μ´´ Ö ³μ¤¥²Ó ‘μ¤¨´£  [11]. ‡¤¥¸Ó ³Ò
¨¸¶μ²Ó§μ¢ ²¨ ¶μ¸²¥¤´ÕÕ ¸ Ê¶·μÐ¥´´μ° ¶ · ³¥É·¨§ Í¨¥°:

F¸¨£´(Mππ) = BWρ(Mππ) + I(Mππ), (5)

£¤¥ BWρ(Mππ) μ¶·¥¤¥²¥´  ¢ (4). ˆ´É¥·Ë¥·¥´Í¨μ´´Ò° Î²¥´ μ¶·¥¤¥²Ö¥É¸Ö ± ±

I(Mππ) = F ·
M2

ρ − M2
ππ

(
M2

ρ − M2
ππ

)2 + M2
ρΓ2

ρ

, (6)

£¤¥ F Å · §³¥·´Ò° ¶ · ³¥É· (ƒÔ‚). �¥§Ê²ÓÉ ÉÒ Ë¨É¨·μ¢ ´¨Ö ¸¨£´ ²  ¢ · ¸-
¶·¥¤¥²¥´¨¨ ¶μ ¨´¢ ·¨ ´É´μ° ³ ¸¸¥ π+π− ËÊ´±Í¨¥° (5) (·¨¸. 3) É ±¦¥ ¶·¥¤-
¸É ¢²¥´Ò ¢ É ¡². 1. Œμ¦´μ ¢¨¤¥ÉÓ, ÎÉμ ¢±² ¤ ¨´É¥·Ë¥·¥´Í¨¨ ·¥§μ´ ´¸´μ£μ ¨
´¥·¥§μ´ ´¸´μ£μ ·μ¦¤¥´¨Ö ¶¨μ´μ¢ ¸μ¸É ¢²Ö¥É 4 ŒÔ‚/c2 ¤²Ö ¨§³¥·¥´´μ° ³ ¸¸Ò
·¥§μ´ ´¸  ¨ 3 ŒÔ‚/c2 ¤²Ö Ï¨·¨´Ò.

�¨¸. 3. � ¸¶·¥¤¥²¥´¨¥ ¶μ ¨´¢ ·¨ ´É´μ° ³ ¸¸¥ ¸¨¸É¥³ π+π− ¤²Ö Nch = 2. ‡¤¥¸Ó
ÏÉ·¨Ìμ¢ Ö ²¨´¨Ö Å ËÊ´±Í¨Ö (3), μ¶¨¸Ò¢ ÕÐ Ö Ëμ´, ÏÉ·¨Ì¶Ê´±É¨·´ Ö ²¨´¨Ö Å
ËÊ´±Í¨Ö 	·¥°É Ä‚¨£´¥·  (5), ¸¶²μÏ´ Ö ²¨´¨Ö Å Ë¨É ¨Ì ¸Ê³³μ°, ¶Ê´±É¨·´ Ö Å
¨´É¥·Ë¥·¥´Í¨μ´´Ò° Î²¥´

2.4. �Í¥´±  ¸¨¸É¥³ É¨Î¥¸±¨Ì ¶μ£·¥Ï´μ¸É¥°. „²Ö ±μ´¸¥·¢ É¨¢´μ° μÍ¥´±¨
¸¨¸É¥³ É¨Î¥¸±μ° ¶μ£·¥Ï´μ¸É¨ ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¶·μÍ¥¤Ê·  Ë¨É¨·μ¢ -
´¨Ö ¡Ò²  ³μ¤¨Ë¨Í¨·μ¢ ´ :
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• ˆ§³¥´¥´  ¶ · ³¥É·¨§ Í¨Ö ¸¨£´ ² . �μ³¨³μ P -¢μ²´μ¢μ° ËÊ´±Í¨¨ 	·¥°-
É Ä‚¨£´¥·  ¨¸¶μ²Ó§μ¢ ² ¸Ó É ±¦¥ S-¢μ²´μ¢ Ö.

• ˆ§³¥´¥´ ¨´É¥·¢ ² Ë¨É¨·μ¢ ´¨Ö ¨ ¶ · ³¥É·¨§ Í¨Ö Ëμ´ : ¨¸¶μ²Ó§μ¢ -
²μ¸Ó ¤μ Î¥ÉÒ·¥Ì ¨´É¥·¢ ²μ¢ Ë¨É¨·μ¢ ´¨Ö; ¨¸¶μ²Ó§μ¢ ´μ ´¥¸±μ²Ó±μ ËÊ´±Í¨°
¤²Ö ¶ · ³¥É·¨§ Í¨¨ ±μ³¡¨´ Éμ·´μ£μ Ëμ´ , ¢±²ÕÎ Ö ¶μ²¨´μ³Ò · §´ÒÌ ¸É¥¶¥-
´¥°, ¶·μ¨§¢¥¤¥´¨Ö ¨ ¸Ê³³Ò ¶μ²¨´μ³  ¨ Ô±¸¶μ´¥´ÉÒ.

• ‚ ·Ó¨·μ¢ ²¨¸Ó ±·¨É¥·¨¨ μÉ¡μ· .
’ ±¦¥ μÍ¥´¨¢ ² ¸Ó ¶μ£·¥Ï´μ¸ÉÓ μ¶·¥¤¥²¥´¨Ö  ±¸¥¶É ´¸  Ê¸É ´μ¢±¨.
‘¨¸É¥³ É¨Î¥¸± Ö ¶μ£·¥Ï´μ¸ÉÓ μÉ ± ¦¤μ£μ ¢±² ¤  ¡Ò²  μ¶·¥¤¥²¥´  ± ±

³ ±¸¨³ ²Ó´μ¥ μÉ±²μ´¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ Ë¨É¨·μ¢ ´¨Ö μÉ μ¸´μ¢´ÒÌ ·¥§Ê²ÓÉ Éμ¢,
¶μ²ÊÎ¥´´ÒÌ ¤²Ö μ¶É¨³ ²Ó´ÒÌ Ê¸²μ¢¨° μÉ¡μ·  ¨  ¶¶·μ±¸¨³ Í¨¨. „²Ö ¶μ²ÊÎ¥-
´¨Ö ¶μ²´μ° ¸¨¸É¥³ É¨Î¥¸±μ° ¶μ£·¥Ï´μ¸É¨ ¸¨¸É¥³ É¨Î¥¸±¨¥ ¶μ£·¥Ï´μ¸É¨ μÉ
· §´ÒÌ ¨¸ÉμÎ´¨±μ¢ ¡Ò²¨ ¸²μ¦¥´Ò ±¢ ¤· É¨Î´μ. ‚ É ¡². 2 ¶·¨¢¥¤¥´Ò ¶μ£·¥Ï-
´μ¸É¨ ¤²Ö ± ¦¤μ£μ ¨§ ¢±² ¤μ¢.

’ ¡²¨Í  2. C¨¸É¥³ É¨Î¥¸±¨¥ ¶μ£·¥Ï´μ¸É¨ μÉ · §´ÒÌ ¢±² ¤μ¢

ˆ¸ÉμÎ´¨± ¶μ£·¥Ï´μ¸É¨ σ(Mρ), ŒÔ‚/c2 σ(Γρ), ŒÔ‚/c2

� · ³¥É·¨§ Í¨Ö ¸¨£´ ²  2,1 3,9
� · ³¥É·¨§ Í¨Ö Ëμ´  4,1 +5,9

−11

ˆ´É¥·¢ ² Ë¨É¨·μ¢ ´¨Ö 4,4 +8,8
−16

Š·¨É¥·¨¨ μÉ¡μ·  1,2 0,8
�μ²´ Ö ¸¨¸É¥³ É¨Î¥¸± Ö ¶μ£·¥Ï´μ¸ÉÓ 6,5 +12

−20

’ ±¨³ μ¡· §μ³, ¶μ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö ³ ¸¸Ò ¨ Ï¨·¨´Ò ρ0(770)-³¥§μ´  ¸
ÊÎ¥Éμ³ ¨´É¥·Ë¥·¥´Í¨¨ ·¥§μ´ ´¸´μ£μ ¨ ´¥·¥§μ´ ´¸´μ£μ ·μ¦¤¥´¨Ö § ·Ö¦¥´-
´ÒÌ ¶¨μ´μ¢ ¨ ¸¨¸É¥³ É¨Î¥¸±μ° ¶μ£·¥Ï´μ¸É¨ ¸μ¸É ¢²ÖÕÉ Mρ = (762,7 ±
0,8(¸É É.)±6,5(¸¨¸É.)) ŒÔ‚/c2, Γρ = (151±2(¸É É.)+12

−20(¸¨¸É.)) ŒÔ‚/c2. �¸´μ¢-
´μ° ¢±² ¤ ¢ ¶μ²´ÊÕ ¶μ£·¥Ï´μ¸ÉÓ ¤ ²¨ ¨§³¥´¥´¨¥ ¨´É¥·¢ ² , ¨¸¶μ²Ó§μ¢ ´´μ£μ
¢ ¶·μÍ¥¤Ê·¥ Ë¨É¨·μ¢ ´¨Ö, ¨ ¨§³¥´¥´¨¥ ¶ · ³¥É·¨§ Í¨¨ Ëμ´ .

3. ˆ‘‘‹…„�‚��ˆ… ‚‹ˆŸ�ˆŸ ��‹œ˜�‰ Œ��†…‘’‚…���‘’ˆ

�¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö Ì · ±É¥·¨¸É¨± ρ-³¥§μ´  ¢ ¤ ´´μ³ Ô±¸¶¥·¨³¥´É¥
¨³¥ÕÉ ¶· ±É¨Î¥¸±ÊÕ Í¥´´μ¸ÉÓ ¤²Ö ÊÎ¥É  ¥£μ ¢²¨Ö´¨Ö ´  ±μ··¥²ÖÍ¨μ´´ÊÕ
ËÊ´±Í¨Õ ¶ ·Ò Éμ¦¤¥¸É¢¥´´ÒÌ ¶¨μ´μ¢. �Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ,   É ±¦¥ ¤ ´´Ò¥ μ
¸¤¢¨£¥ ³ ¸¸Ò ρ-³¥§μ´μ¢ ¢ pp-¢§ ¨³μ¤¥°¸É¢¨ÖÌ, μ¶Ê¡²¨±μ¢ ´´Ò¥ ¢ [2], μ¡Ê¸² -
¢²¨¢ ÕÉ ¨´É¥·¥¸ ± ¨§³¥·¥´¨Õ ¶ · ³¥É·μ¢ ρ-³¥§μ´μ¢ ¡¥§ ¨¸¶μ²Ó§μ¢ ´¨Ö μ£· -
´¨Î¥´¨° ´  ³´μ¦¥¸É¢¥´´μ¸ÉÓ § ·Ö¦¥´´ÒÌ É·¥±μ¢ ¢ ¸μ¡ÒÉ¨¨. „²Ö ¶μ¸É·μ¥´¨Ö
· ¸¶·¥¤¥²¥´¨Ö ¨¸¶μ²Ó§μ¢ ²¨¸Ó É¥ ¦¥ Ê¸²μ¢¨Ö μÉ¡μ· . ‚¨¤ · ¸¶·¥¤¥²¥´¨Ö  ´ -
²μ£¨Î¥´ ¶μ± § ´´μ³Ê ´  ·¨¸. 1, μÉ´μÏ¥´¨¥ ¸¨£´ ²ÄËμ´ ¸μ¸É ¢²Ö¥É ¶·¨³¥·´μ
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1/8, ±μ²¨Î¥¸É¢μ ¸μ¡ÒÉ¨° ¢ ¸¨£´ ²¥ Å ¶·¨³¥·´μ 720 ÉÒ¸. �¶¶·μ±¸¨³ Í¨Ö
ËÊ´±Í¨Ö³¨ (3) ¨ (4) ¤ ¥É ¸³¥Ð¥´¨¥ ³ ¸¸Ò ´  18 ŒÔ‚/c2 ¢ ¸Éμ·μ´Ê ³¥´ÓÏ¨Ì
§´ Î¥´¨° ¶μ ¸· ¢´¥´¨Õ ¸ ³¨·μ¢Ò³¨ ¤ ´´Ò³¨ ¤²Ö  ¤·μ´´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨°
(MPDG

ρ = (769,0±0,9) ŒÔ‚/c2).
3.1. �´ ²¨§ ¶·¨Î¨´ ¸¤¢¨£  ³ ¸¸Ò ρ-³¥§μ´ . ˆ¸± ¦¥´¨¥ Ëμ·³Ò ¶¨±  ¨

¥£μ ¸¤¢¨£ ¢ ¸Éμ·μ´Ê ³¥´ÓÏ¨Ì ÔËË¥±É¨¢´ÒÌ ³ ¸¸ μ¶¨¸ ´Ò ¢μ ³´μ£¨Ì · ¡μÉ Ì
¶μ ¨§³¥·¥´¨Õ Ì · ±É¥·¨¸É¨± ρ0(770)-³¥§μ´  (´ ¶·¨³¥·, [2, 8, 9] ¨ ¸¸Ò²±¨
É ³). „²Ö μ¡ÑÖ¸´¥´¨Ö É ±μ£μ ¶μ¢¥¤¥´¨Ö ¨¸¶μ²Ó§ÊÕÉ¸Ö · §²¨Î´Ò¥ ³μ¤¥²¨, ¢
Î ¸É´μ¸É¨, ¤²Ö Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¸Éμ²±´μ¢¥´¨Õ Ö¤¥· ¸¤¢¨£ ¶·¥¤¶μ²μ¦¨É¥²Ó´μ
¸Î¨É ¥É¸Ö ¸²¥¤¸É¢¨¥³ ¶¥·¥· ¸¸¥Ö´¨Ö, ·μ¦¤¥´¨Ö ρ-³¥§μ´  ¢μ ¢Éμ·¨Î´ÒÌ ¢§ ¨-
³μ¤¥°¸É¢¨ÖÌ, ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ ±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨ ¶·¨ ¢Ò¸μ±μ° ¶²μÉ´μ¸É¨
¨ É¥³¶¥· ÉÊ·¥. ‘¤¢¨£ ³μ¦¥É ¡ÒÉÓ É ±¦¥ ¶·μÖ¢²¥´¨¥³ ¨´É¥·Ë¥·¥´Í¨¨ ³¥¦¤Ê
·¥§μ´ ´¸´Ò³ ¨ ´¥·¥§μ´ ´¸´Ò³ ·μ¦¤¥´¨¥³ ¶ ·Ò ¶¨μ´μ¢. ‚ § ¢¨¸¨³μ¸É¨ μÉ
Ê¸²μ¢¨° Ô±¸¶¥·¨³¥´É  ÔÉμÉ ¸¤¢¨£ ³μ¦¥É ¸μ¸É ¢²ÖÉÓ μÉ 20 ¤μ 70 ŒÔ‚/c2.

„²Ö ¨§ÊÎ¥´¨Ö ¶·¨Î¨´Ò ¸¤¢¨£  ¢ ´ ¸ÉμÖÐ¥³ Ô±¸¶¥·¨³¥´É¥ ¡Ò²μ ¨¸¶μ²Ó§μ-
¢ ´μ ³μ¤¥²¨·μ¢ ´¨¥ ·¥ ±Í¨¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°É·μ´  ¸ Ö¤·μ³ Ê£²¥·μ¤  ³¥-
Éμ¤μ³ Œμ´É¥-Š ·²μ ¸ ¶μ¸²¥¤ÊÕÐ¨³ ¶·μ¢¥¤¥´¨¥³ ¶·μ¤Ê±Éμ¢ Î¥·¥§ ¶μ¤·μ¡´ÊÕ
³μ¤¥²Ó Ê¸É ´μ¢±¨ �Š‘—��Œ. ‚ ·¥§Ê²ÓÉ É¥ É ±μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ¶μ²ÊÎ ¥É¸Ö
´ ¡μ· ¤ ´´ÒÌ, ¸Ìμ¤´Ò° ¶μ Ëμ·³ ÉÊ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³. �¥±μ´¸É·Ê±Í¨Ö ¨
 ´ ²¨§ · ¸Î¥É´ÒÌ ¸μ¡ÒÉ¨° μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¶μ³μÐÓÕ Éμ£μ ¦¥ ¶·μ£· ³³´μ£μ
μ¡¥¸¶¥Î¥´¨Ö, ±μÉμ·μ¥ ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö μ¡· ¡μÉ±¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´-
´ÒÌ. ‚ ± Î¥¸É¢¥ £¥´¥· Éμ·  ¸μ¡ÒÉ¨° ¡Ò² ¢Ò¡· ´ ¶ ±¥É FRITIOF [12], ¤²Ö
ÊÎ¥É  ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ Ê¸É ´μ¢±¨ ¨¸¶μ²Ó§μ¢ ²¸Ö ¶ ±¥É ¶·μ£· ³³
[13] ´  μ¸´μ¢¥ ¸¨¸É¥³Ò GEANT-3 [14]. ‚ £¥´¥· Éμ· § ±² ¤Ò¢ ² ¸Ó ³ ¸¸  ¨
Ï¨·¨´  ρ-³¥§μ´ , ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¸·¥¤´¨³ §´ Î¥´¨Ö³ ¤²Ö  ¤·μ´´ÒÌ ¶·μÍ¥¸-
¸μ¢, ¶·¥¤¸É ¢²¥´´Ò³ ¢ [1]: MPDG

ρ = 769,0 ŒÔ‚/c2, ΓPDG
ρ = 150,9 ŒÔ‚/c2.

�  ·¨¸. 4, a ¶μ± § ´μ · ¸¶·¥¤¥²¥´¨¥ ¶μ ¨´¢ ·¨ ´É´μ° ³ ¸¸¥ ¶ ·Ò π+π−,
¶μ¸É·μ¥´´μ¥ ´  ¢ÒÌμ¤¥ £¥´¥· Éμ· . Š ± ¢¨¤´μ ¨§ ·¨¸Ê´± , · ¸¶·¥¤¥²¥´¨¥ ¢ Í¥-
²μ³ ¶μ¢Éμ·Ö¥É ¢¨¤ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ ¸¶¥±É· , ¸μμÉ´μÏ¥´¨¥ ¸¨£´ ²  ¨ ±μ³-
¡¨´ Éμ·´μ£μ Ëμ´  É ±¦¥ ´ Ìμ¤¨É¸Ö ´  Ê·μ¢´¥ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ. ‘¶²μÏ-
´ Ö ²¨´¨Ö Å Ë¨É ¸Ê³³μ° (3) ¨ (4). �¥§Ê²ÓÉ ÉÒ É ±¦¥ ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1.
‚¨¤´μ, ÎÉμ ³ ¸¸  ¨ Ï¨·¨´  ¢ ¶·¥¤¥² Ì ¶μ£·¥Ï´μ¸É¥° ¸μμÉ¢¥É¸É¢ÊÕÉ § ²μ¦¥´-
´Ò³ ¢ £¥´¥· Éμ·. �Éμ £μ¢μ·¨É μ Éμ³, ÎÉμ ³μ¤¥²Ó £¥´¥· Éμ·  ´¥ ¶·¨¢μ¤¨É ±
¨§³¥´¥´¨Õ Ì · ±É¥·¨¸É¨± ρ-³¥§μ´ .

�¤´ ±μ  ´ ²μ£¨Î´μ¥ · ¸¶·¥¤¥²¥´¨¥, ´μ ¶μ¸É·μ¥´´μ¥ ¤²Ö ¸μ¡ÒÉ¨°, ¶·μ¢¥-
¤¥´´ÒÌ Î¥·¥§ ³μ¤¥²Ó Ê¸É ´μ¢±¨ ¨ ¶·μÏ¥¤Ï¨Ì ·¥±μ´¸É·Ê±Í¨Õ,   É ±¦¥ μ¶¨-
¸ ´´Ò° ¢ · §¤. 1 μÉ¡μ· (·¨¸. 4, ¡), ¶μ± §Ò¢ ¥É μÉ²¨Î¨¥ §´ Î¥´¨Ö ³ ¸¸Ò μÉ
¤ ´´ÒÌ PDG ´  Ê·μ¢´¥ 7 ŒÔ‚/c2. ‘²¥¤μ¢ É¥²Ó´μ, Î ¸É¨Î´μ ¸¤¢¨£ ³μ¦´μ
μ¡ÑÖ¸´¨ÉÓ ³¥Éμ¤¨Î¥¸±¨³ ÔËË¥±Éμ³ ¢²¨Ö´¨Ö  ±¸¥¶É ´¸  Ê¸É ´μ¢±¨.

„²Ö ÊÎ¥É  ÔÉμ£μ ¢²¨Ö´¨Ö ¡Ò²  ¨§³¥·¥´  § ¢¨¸¨³μ¸ÉÓ ÔËË¥±É¨¢´μ¸É¨ ·¥-
£¨¸É· Í¨¨ ¶·μ¤Ê±Éμ¢ · ¸¶ ¤  ρ-³¥§μ´  μÉ ¨´¢ ·¨ ´É´μ° ³ ¸¸Ò. „²Ö ÔÉμ£μ
· §Ò£·Ò¢ ² ¸Ó ·¥ ±Í¨Ö ·μ¦¤¥´¨Ö ρ-³¥§μ´  ¸ · §²¨Î´Ò³¨ §´ Î¥´¨Ö³¨ ³ ¸¸Ò
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�¨¸. 4. � ¸Î¥É´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¶μ ¨´¢ ·¨ ´É´μ° ³ ¸¸¥ ¸¨¸É¥³Ò π+π− ´  ¢ÒÌμ¤¥
£¥´¥· Éμ·  FRITIOF ( ) ¨ ¶μ¸²¥ ¶·μ¢¥¤¥´¨Ö Î¥·¥§ GEANT-³μ¤¥²Ó Ê¸É ´μ¢±¨ (¡)

¢ ¤¨ ¶ §μ´¥ MPDG
ρ ±50 ŒÔ‚/c2 ¸ ´Ê²¥¢μ° Ï¨·¨´μ°. „²Ö  ´ ²¨§  μÉ¡¨· -

²¨¸Ó ¸μ¡ÒÉ¨Ö, ¢ ±μÉμ·ÒÌ ¥¸ÉÓ ¨ Éμ²Ó±μ μ¤¨´ ρ-³¥§μ´, ¨¸¶μ²Ó§μ¢ ²¨¸Ó É¥
¦¥ ±·¨É¥·¨¨ μÉ¡μ· , ±μÉμ·Ò¥ μ¶¨¸ ´Ò ¢ · §¤. 1. �  ·¨¸. 5 ¶μ± § ´Ò ¨Éμ-
£μ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¤²Ö ¶ÖÉ¨ §´ Î¥´¨° · §Ò£·Ò¢ ¥³ÒÌ ³ ¸¸. �¥μ¡Ìμ¤¨³μ
μÉ³¥É¨ÉÓ, ÎÉμ ¶μ²μ¦¥´¨¥ ¶¨±μ¢ ¨ §´ Î¥´¨Ö ³ ¸¸, ¶μ²ÊÎ¥´´ÒÌ ¢ ·¥§Ê²ÓÉ É¥

�¨¸. 5. � ¸¶·¥¤¥²¥´¨Ö, ¶μ²ÊÎ¥´´Ò¥ ¶μ¸²¥ ¶·μ¢¥¤¥´¨Ö Î¥·¥§ GEANT-³μ¤¥²Ó · §Ò£· ´-
´ÒÌ · ¸¶ ¤μ¢ ρ-³¥§μ´  ¸ ´Ê²¥¢μ° Ï¨·¨´μ° ¤²Ö · §²¨Î´ÒÌ §´ Î¥´¨° ¥£μ ³ ¸¸Ò
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 ¶¶·μ±¸¨³ Í¨¨ ËÊ´±Í¨¥° ƒ Ê¸¸ , ¸μμÉ¢¥É¸É¢ÊÕÉ § ²μ¦¥´´Ò³ ¶·¨ ³μ¤¥²¨·μ-
¢ ´¨¨. „²Ö ± ¦¤μ£μ ¨§ ÔÉ¨Ì · ¸¶·¥¤¥²¥´¨° ¡Ò²¨ ¶μ¸Î¨É ´Ò ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥
¨³ ÔËË¥±É¨¢´μ¸É¨. 	Ò²μ ¶μ± § ´μ, ÎÉμ § ¢¨¸¨³μ¸ÉÓ ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· -
Í¨¨ ¶·μ¤Ê±Éμ¢ · ¸¶ ¤  ρ-³¥§μ´  μÉ ¨´¢ ·¨ ´É´μ° ³ ¸¸Ò ¢ μ¡² ¸É¨ ·¥§μ´ ´¸ 
¡²¨§±  ± ±μ´¸É ´É¥ ¨, É ±¨³ μ¡· §μ³, ´¥ Ö¢²Ö¥É¸Ö ¶·¨Î¨´μ° ¸¤¢¨£  ¶μ²μ¦¥-
´¨Ö ¶¨± . �Éμ μ§´ Î ¥É, ÎÉμ μ¸´μ¢´μ° ¢±² ¤ ¢ ¨§³¥´¥´¨¥ Ëμ·³Ò ¨ ¶μ²μ¦¥´¨Ö
·¥§μ´ ´¸  ¶·¨ ³μ¤¥²¨·μ¢ ´¨¨ ¤ ¥É ¢²¨Ö´¨¥  ±¸¥¶É ´¸  Ê¸É ´μ¢±¨ ´  ±μ³-
¡¨´ Éμ·´Ò° Ëμ´. �Éμ ¶μ¤É¢¥·¦¤ ¥É¸Ö ·¥§Ê²ÓÉ É ³¨ · ¸Î¥Éμ¢ ¤²Ö ¶·μÍ¥¸¸ 
·μ¦¤¥´¨Ö ρ-³¥§μ´  ¸ Ê³¥´ÓÏ¥´´Ò³ ±μ³¡¨´ Éμ·´Ò³ Ëμ´μ³ ¶μ ·¥ ±Í¨¨

nC → ρ0 + X, (7)

£¤¥ μÉ¡¨· ²¨¸Ó ¸μ¡ÒÉ¨Ö, ¢ ±μÉμ·ÒÌ ¶·¨¸ÊÉ¸É¢Ê¥É Éμ²Ó±μ μ¤¨´ ρ-³¥§μ´ (·¨¸. 6).

�¨¸. 6. � ¸Î¥É´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¸ Ê³¥´ÓÏ¥´´Ò³ ±μ³¡¨´ Éμ·´Ò³ Ëμ´μ³

—Éμ¡Ò ¢¢¥¸É¨ ¢ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¶μ¶· ¢±Ê ´  ¨§³¥´¥-
´¨¥ Ëμ´ , μ¡Ê¸²μ¢²¥´´μ¥ ³ ¸¸μ¢μ° § ¢¨¸¨³μ¸ÉÓÕ ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· -
Í¨¨, ¡Ò²μ ¶μ²ÊÎ¥´μ μÉ´μÏ¥´¨¥ · ¸¶·¥¤¥²¥´¨°, ¶·¥¤¸É ¢²¥´´ÒÌ ´  ·¨¸. 4.
�Éμ μÉ´μÏ¥´¨¥  ¶¶·μ±¸¨³¨·μ¢ ²μ¸Ó £² ¤±μ° ËÊ´±Í¨¥°, ´  ±μÉμ·ÊÕ Ê³´μ¦ -
²μ¸Ó Ô±¸¶¥·¨³¥´É ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥. Š ± ¢¨¤´μ ¨§ É ¡². 1, É ± Ö ¶μ¶· ¢± 
¤ ¥É Ê¢¥²¨Î¥´¨¥ §´ Î¥´¨Ö ³ ¸¸Ò ρ-³¥§μ´  ´  6,8 ŒÔ‚/c2. �ÉμÉ ·¥§Ê²ÓÉ É
´ Ìμ¤¨É¸Ö ¢ ¸μ£² ¸¨¨ ¸μ §´ Î¥´¨¥³ ³ ¸¸Ò ¤²Ö ¸μ¡ÒÉ¨° ¸ ³´μ¦¥¸É¢¥´´μ¸ÉÓÕ
§ ·Ö¦¥´´ÒÌ Î ¸É¨Í, · ¢´μ° ¤¢Ê³. �É´μÏ¥´¨¥ · ¸¶·¥¤¥²¥´¨Ö Minv(π+π−) ¸
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Nch = 2 ± · ¸¶·¥¤¥²¥´¨Õ, ¶μ²ÊÎ¥´´μ³Ê ´  ¢ÒÌμ¤¥ £¥´¥· Éμ· , ¤¥³μ´¸É·¨·Ê¥É
²¨´¥°´ÊÕ § ¢¨¸¨³μ¸ÉÓ ¢ μ¡² ¸É¨ ·¥§μ´ ´¸ , ÎÉμ £μ¢μ·¨É μ ³¨´¨³ ²Ó´μ³ ¨¸-
± ¦¥´¨¨  ±¸¥¶É ´¸μ³ Ëμ·³Ò Ëμ´μ¢μ£μ · ¸¶·¥¤¥²¥´¨Ö ¤²Ö ¸μ¡ÒÉ¨° ¸ ¤¢Ê³Ö
§ ·Ö¦¥´´Ò³¨ É·¥± ³¨.

’ ±¨³ μ¡· §μ³, ¶μ± § ´μ, ÎÉμ ¢ ´ Ï¥³ Ô±¸¶¥·¨³¥´É¥ § ¢¨¸¨³μ¸ÉÓ ÔË-
Ë¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ μÉ ¨´¢ ·¨ ´É´μ° ³ ¸¸Ò ¶ ·Ò ¶¨μ´μ¢ ¢²¨Ö¥É ´ 
±μ³¡¨´ Éμ·´Ò° Ëμ´ ¤²Ö ¸μ¡ÒÉ¨° ¸ ³´μ¦¥¸É¢¥´´μ¸ÉÓÕ ¡μ²ÓÏ¥ ¤¢ÊÌ ¨ μ¡Ê¸² -
¢²¨¢ ¥É ¸¤¢¨£ §´ Î¥´¨Ö ¨§³¥·¥´´μ° ³ ¸¸Ò ρ-³¥§μ´  ´  7 ŒÔ‚/c2 ¢ ¸Éμ·μ´Ê
³¥´ÓÏ¨Ì ÔËË¥±É¨¢´ÒÌ ³ ¸¸.

‡�Š‹
—…�ˆ…

‚ § ±²ÕÎ¥´¨¥ ¶¥·¥Î¨¸²¨³ μ¸´μ¢´Ò¥ ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¢ · ¡μÉ¥.
ˆ¸¸²¥¤μ¢ ´Ò Ì · ±É¥·¨¸É¨±¨ ρ0-³¥§μ´ , μ¡· §μ¢ ´´μ£μ ¢ ´¥°É·μ´-Ê£²¥-

·μ¤´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¶·¨ ¸·¥¤´¥° Ô´¥·£¨¨ ´ ²¥É ÕÐ¥£μ ´¥°É·μ´  51 ƒÔ‚.
ˆ§³¥·¥´¨Ö ³ ¸¸Ò ¨ Ï¨·¨´Ò ρ-³¥§μ´  ¢Ò¶μ²´¥´Ò ± ± ¤²Ö ¸μ¡ÒÉ¨° ¸ ³´μ¦¥-
¸É¢¥´´μ¸ÉÓÕ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, · ¢´μ° ¤¢Ê³, É ± ¨ ¤²Ö ¸μ¡ÒÉ¨° ¸ ¶·μ¨§-
¢μ²Ó´μ° ³´μ¦¥¸É¢¥´´μ¸ÉÓÕ.

ˆ§ÊÎ¥´μ ¢²¨Ö´¨¥ ±μ³¡¨´ Éμ·´μ£μ Ëμ´  ´  ¨§³¥·Ö¥³Ò¥ ¢¥²¨Î¨´Ò,   É ±¦¥
´  Ëμ·³Ê ¨ ¸·¥¤´¥¥ §´ Î¥´¨¥ ¸¨£´ ² . �μ± § ´μ, ÎÉμ ÔËË¥±É¨¢´μ¸ÉÓ Ê¸É -
´μ¢±¨ ¶μ μÉ´μÏ¥´¨Õ ± ±μ³¡¨´ Éμ·´μ³Ê Ëμ´Ê ¸ ³´μ¦¥¸É¢¥´´μ¸ÉÓÕ ¡μ²ÓÏ¥
¤¢ÊÌ § ¢¨¸¨É μÉ ÔËË¥±É¨¢´μ° ³ ¸¸Ò ¤¢ÊÌ ¶¨μ´μ¢ ¨ ³μ¦¥É ¡ÒÉÓ ÊÎÉ¥´  ¢
μ±μ´Î É¥²Ó´μ³ ·¥§Ê²ÓÉ É¥.

�μ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö ³ ¸¸Ò ¨ Ï¨·¨´Ò ρ0(770)-³¥§μ´  ¸ ÊÎ¥Éμ³ ¨´-
É¥·Ë¥·¥´Í¨¨ ·¥§μ´ ´¸´μ£μ ¨ ´¥·¥§μ´ ´¸´μ£μ ·μ¦¤¥´¨Ö § ·Ö¦¥´´ÒÌ ¶¨μ´μ¢
¸μ¸É ¢¨²¨ Mρ = (762,7 ± 0,8(¸É É.) ± 6, 5(¸¨¸É.)) ŒÔ‚/c2, Γρ = (151 ±
2(¸É É.)+12

−20(¸¨¸É.)) ŒÔ‚/c2. ‘¨¸É¥³ É¨Î¥¸± Ö ¶μ£·¥Ï´μ¸ÉÓ, ¢ μ¸´μ¢´μ³, μ¡Ê-
¸²μ¢²¥´  ´ ²¨Î¨¥³ ¡μ²ÓÏμ£μ ±μ³¡¨´ Éμ·´μ£μ Ëμ´  ¨ ¸²μ¦´μ¸ÉÓÕ ¶· ¢¨²Ó-
´μ° ¥£μ μÍ¥´±¨ ¨ ¶ · ³¥É·¨§ Í¨¨.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ ¶·μ£· ³³ BRHE (£· ´É Y3-P-11-05),
”¥¤¥· ²Ó´μ£μ  £¥´É¸É¢  ¶μ μ¡· §μ¢ ´¨Õ (£· ´É 2.2.2.3.4938) ¨ �μ¸¸¨°¸±μ£μ
Ëμ´¤  ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨° (¶·μ¥±É 06-07-89035).
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