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� ¸¶·¥¤¥²¥´¨Ö ³´μ¦¥¸É¢¥´´μ¸É¨ ¢Éμ·¨Î´ÒÌ § ·Ö¦¥´´ÒÌ  ¤·μ´μ¢ ¢ pp- ¨ pp̄-¸Éμ²±´μ¢¥´¨ÖÌ
¶·¨´Í¨¶¨ ²Ó´μ · §²¨Î ÕÉ¸Ö. ‚ pp̄-· ¸¸¥Ö´¨¨ ¨³¥ÕÉ¸Ö É·¨ É¨¶  ´¥Ê¶·Ê£¨Ì ¶·μÍ¥¸¸μ¢. �¥·¢Ò°
¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° μ¡· §μ¢ ´¨¥ ²¨¢´Ö ¢Éμ·¨Î´ÒÌ  ¤·μ´μ¢ ¶·¨ · ¸¶ ¤¥ £²Õμ´´μ° ¸É·Ê´Ò. ‚Éμ-
·μ° É¨¶ Ö¢²Ö¥É¸Ö ²¨¢´¥³, μ¡· §μ¢ ¢Ï¨³¸Ö ¨§ · ¸¶ ¤  ¤¢ÊÌ ±¢ ·±μ¢ÒÌ ¸É·Ê´, É·¥É¨° Å ¨§ · ¸¶ ¤ 
É·¥Ì ±¢ ·±μ¢ÒÌ ¸É·Ê´. ‚ Éμ ¦¥ ¢·¥³Ö ¸ÊÐ¥¸É¢Ê¥É Éμ²Ó±μ ¤¢  É¨¶  ´¥Ê¶·Ê£¨Ì ¶·μÍ¥¸¸μ¢ ¤²Ö pp-
· ¸¸¥Ö´¨Ö Å ²¨¢¥´Ó ¨§ £²Õμ´´μ° ¸É·Ê´Ò ¨ ²¨¢¥´Ó ¨§ ¤¢ÊÌ ±¢ ·±μ¢ÒÌ ¸É·Ê´. �·¥¤¸± § ´μ · ¸¶·¥-
¤¥²¥´¨¥ ³´μ¦¥¸É¢¥´´μ¸É¨ ¨ ¸·¥¤´ÖÖ ³´μ¦¥¸É¢¥´´μ¸ÉÓ § ·Ö¦¥´´ÒÌ  ¤·μ´μ¢ ¤²Ö Ô´¥·£¨¨ 14 ’Ô‚.

Secondary charged hadrons multiplicity distributions in pp and pp̄ collisions differ on principle.
There are three types of inelastic processes in pp̄ scattering. The ˇrst is production of secondary
hadrons shower at gluon string decay. The second type is shower produced from two quark strings
decay, the third type is shower produced from three quark strings decay. At the same time there are
only two types of inelastic processes for pp scattering Å gluon string shower and two quark strings
shower. Multiplicity distribution and mean charged multiplicity for energy 14 TeV are predicted.

PACS: 11.25.Sq, 25.40.Ep, 25.55.Ci

‚‚…„…�ˆ…

‡´ Î¨É¥²Ó´μ¥ ÊÏ¨·¥´¨¥ · ¸¶·¥¤¥²¥´¨° ³´μ¦¥¸É¢¥´´μ¸É¨ ¢Éμ·¨Î´ÒÌ  ¤·μ´μ¢ ¢ pp- ¨
pp̄-¸Éμ²±´μ¢¥´¨ÖÌ, ´ ¡²Õ¤ ¥³μ¥ Ô±¸¶¥·¨³¥´É ²Ó´μ ¸ ·μ¸Éμ³ ¶μ²´μ° Ô´¥·£¨¨

√
s, ¸¢¨¤¥-

É¥²Ó¸É¢Ê¥É μ Éμ³, ÎÉμ ¢ μ¸´μ¢¥ ÔÉ¨Ì ¶·μÍ¥¸¸μ¢ ²¥¦¨É ¸²μ¦´ Ö ¸É·Ê±ÉÊ·  ³´μ¦¥¸É¢¥´-
´μ£μ ·μ¦¤¥´¨Ö. ‘ÊÐ¥¸É¢μ¢ ´¨¥ É ±μ° ¸²μ¦´μ° ¸É·Ê±ÉÊ·Ò ´¥Ê¶·Ê£¨Ì ¶·μÍ¥¸¸μ¢ ¢¶¥·¢Ò¥
¡Ò²μ ¶·μ¤¥³μ´¸É·¨·μ¢ ´μ ¢ · ¡μÉ¥ [1]. 	Ò²μ ¶μ± § ´μ, ÎÉμ ¶μ²´μ¥ · ¸¶·¥¤¥²¥´¨¥ ³´μ-
¦¥¸É¢¥´´μ¸É¨ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¸Ê³³Ê · ¸¶·¥¤¥²¥´¨° ¢ ´¥Ê¶·Ê£¨Ì ¶μ¤¶·μÍ¥¸¸ Ì, É ±
´ §Ò¢ ¥³ÒÌ ¶μ³¥·μ´´ÒÌ ²¨¢´ÖÌ. �É¨ ¶μ¤¶·μÍ¥¸¸Ò ¸μμÉ¢¥É¸É¢ÊÕÉ · §·¥§ ³ μ¤´μ£μ, ¤¢ÊÌ,
É·¥Ì, . . . ¶μ³¥·μ´μ¢. ‚¥¸  · ¸¶·¥¤¥²¥´¨° ¶μ³¥·μ´´ÒÌ ²¨¢´¥° ¢ ¶μ²´μ³ · ¸¶·¥¤¥²¥-
´¨¨ ¢ÒÎ¨¸²ÖÕÉ¸Ö ¸μ£² ¸´μ ¶· ¢¨² ³ �¡· ³μ¢¸±μ£μÄƒ·¨¡μ¢ ÄŠ ´Î¥²¨ [2]. Œ ±¸¨³Ê³Ò
· ¸¶·¥¤¥²¥´¨° ¢ ¶μ³¥·μ´´ÒÌ ²¨¢´ÖÌ ±· É´Ò ³ ±¸¨³Ê³Ê ¢ · ¸¶·¥¤¥²¥´¨¨, ±μÉμ·μ¥ ¸μ-
μÉ¢¥É¸É¢Ê¥É · §·¥§Ê ¶μ²Õ¸  �μ³¥· ´ÎÊ±  ¶·¨ n � 〈n〉P . �´¨ · ¸¶μ²μ¦¥´Ò ¢ ÉμÎ± Ì
n � 2〈n〉P , n � 3〈n〉P , . . . �μ¸±μ²Ó±Ê ¢¥²¨Î¨´  〈n〉P · ¸É¥É ¸ ·μ¸Éμ³

√
s, ¶¨±¨ · ¸¶·¥-

¤¥²¥´¨° ¢ ¶μ³¥·μ´´ÒÌ ²¨¢´ÖÌ · §¤¢¨£ ÕÉ¸Ö, ¨ ¶μ²´ Ö ËÊ´±Í¨Ö · ¸¶·¥¤¥²¥´¨Ö ³´μ¦¥-
¸É¢¥´´μ¸É¨ ¢  ¤·μ´- ¤·μ´´ÒÌ ¸Éμ²±´μ¢¥´¨ÖÌ ÊÏ¨·Ö¥É¸Ö. �¥·¢μ´ Î ²Ó´μ ¶·¥¤¶μ² £ ²μ¸Ó,
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ÎÉμ · ¸¶·¥¤¥²¥´¨¥ ³´μ¦¥¸É¢¥´´μ¸É¨ ¢ ¶μ³¥·μ´´μ³ ²¨¢´¥ Ö¢²Ö¥É¸Ö ¶Ê ¸¸μ´μ¢¸±¨³. �·¨
´¥ μÎ¥´Ó ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ (

√
s = 9,8−53 ƒÔ‚) ¡Ò²μ ¶μ²ÊÎ¥´μ Ìμ·μÏ¥¥ ¸μ£² ¸¨¥ ¸ Ô±¸-

¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ [3].
‚ ´ ¸ÉμÖÐ¨° ³μ³¥´É ´ ¨¡μ²¥¥ ¶μ¶Ê²Ö·´μ° ³μ¤¥²ÓÕ ¤²Ö μ¶¨¸ ´¨Ö Ô±¸¶¥·¨³¥´É ²Ó-

´ÒÌ ¤ ´´ÒÌ Ö¢²Ö¥É¸Ö ³μ¤¥²Ó ±· É´μ£μ ¶ ·Éμ´´μ£μ · ¸¸¥Ö´¨Ö [4], ±μÉμ· Ö ¨¸¶μ²Ó§Ê¥É¸Ö
¤²Ö μ¶¨¸ ´¨Ö · ¸¶·¥¤¥²¥´¨° ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ [5, 6],   É ±¦¥ ¤²Ö μ¶¨¸ ´¨Ö ¦¥¸É-
±μ£μ · ¸¸¥Ö´¨Ö ¨ μ¡· §μ¢ ´¨Ö ¦¥¸É±¨Ì ¸É·Ê° [7]. Œμ¤¥²Ó ±· É´μ£μ · ¸¸¥Ö´¨Ö ¶·¥¤¶μ-
² £ ¥É Ë ±Éμ·¨§ Í¨Õ ± ¦¤μ£μ ¨§ ¶ ·Éμ´´ÒÌ ¶μ¤¶·μÍ¥¸¸μ¢ ¨ Ö¢²Ö¥É¸Ö Î ¸É´Ò³ ¸²ÊÎ ¥³
Ë¨§¨Î¥¸±μ° ± ·É¨´Ò, ¶·¥¤²μ¦¥´´μ° ¢ [1], ¢ ±μÉμ·μ° μÉ¡·μÏ¥´Ò ¢¸¥ Ê¸¨²¥´´Ò¥ ¤¨ -
£· ³³Ò. �·¥¤¶μ²μ¦¥´¨¥ μ Ë ±Éμ·¨§ Í¨¨ ¶ ·Éμ´´ÒÌ ¶·μÍ¥¸¸μ¢ μ± § ²μ¸Ó ´¥¢¥·´Ò³.
‚ · ¡μÉ Ì [8, 9] ¶μ± § ´μ, ÎÉμ ¤ ¦¥ ¤²Ö ¦¥¸É±¨Ì ¶·μÍ¥¸¸μ¢ ±μ··¥²ÖÍ¨μ´´Ò¥ ¢±² ¤Ò
¸μ¸É ¢²ÖÕÉ μ±μ²μ 30% ¸ ³μ£μ ÔËË¥±É . �É¨ ±μ··¥²ÖÍ¨¨ μ¡Ê¸²μ¢²¥´Ò É¥³, ÎÉμ ¢§ ¨³μ-
¤¥°¸É¢¨¥ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö Í¢¥É´Ò³ μ¡³¥´μ³. ” ±Éμ·¨§ Í¨Ö ¢μ§³μ¦´  ²¨ÏÓ ¢ μÉ¤¥²Ó´ÒÌ
±μ´Ë¨£Ê· Í¨ÖÌ Í¢¥É´μ£μ μ¡³¥´  [10], ¤ ÕÐ¨Ì ³ ²Ò° ¢±² ¤.

Š·μ³¥ ¶Ê ¸¸μ´μ¢¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö ¨¸¶μ²Ó§Ê¥É¸Ö É ±¦¥ μÉ·¨Í É¥²Ó´μ¥ ¡¨´μ³¨ ²Ó-
´μ¥ · ¸¶·¥¤¥²¥´¨¥ (negative binomial distribution, NBD) [11], ±μÉμ·μ¥ Ê¸¶¥Ï´μ ¶·¨³¥´Ö-
¥É¸Ö ¤²Ö μ¶¨¸ ´¨Ö · ¸¶·¥¤¥²¥´¨° ³´μ¦¥¸É¢¥´´μ¸É¨ ¢ · §²¨Î´ÒÌ ·¥ ±Í¨ÖÌ ¶·¨ · §´ÒÌ
Ô´¥·£¨ÖÌ ¨ ±¨´¥³ É¨Î¥¸±¨Ì μ£· ´¨Î¥´¨ÖÌ [12]. —Éμ¡Ò μ¶¨¸ ÉÓ · ¸¶·¥¤¥²¥´¨¥ ³´μ¦¥-
¸É¢¥´´μ¸É¨ ¢ pp̄-· ¸¸¥Ö´¨¨ ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ, · ¸¸³ É·¨¢ ²¨¸Ó ¸¢¥·É±¨ ¤¢ÊÌ [13],
É·¥Ì ¨ ¤ ¦¥ Î¥ÉÒ·¥Ì NBD [14]. � ¸¶·¥¤¥²¥´¨Ö ³´μ¦¥¸É¢¥´´μ¸É¨ É ±¦¥ ¤μ¸É ÉμÎ´μ
Ê¸¶¥Ï´μ μ¶¨¸Ò¢ ÕÉ¸Ö Ë¥´μ³¥´μ²μ£¨Î¥¸±¨³¨ ³μ¤¥²Ö³¨, ¢μ§´¨± ÕÐ¨³¨ ¨§ É¥μ·¨¨ ¢¥É¢Ö-
Ð¨Ì¸Ö ¶·μÍ¥¸¸μ¢ [15].

ŒÒ ¤μ²¦´Ò ¶μ¤Î¥·±´ÊÉÓ, ÎÉμ ¢¸¥ ¢ÒÏ¥Ê¶μ³Ö´ÊÉÒ¥ · ¡μÉÒ ¶·¥¤¶μ² £ ÕÉ, ÎÉμ · ¸-
¶·¥¤¥²¥´¨Ö ³´μ¦¥¸É¢¥´´μ¸É¨ ¢ pp- ¨ pp̄-¸Éμ²±´μ¢¥´¨ÖÌ μ¤¨´ ±μ¢Ò.

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ³Ò ¶μ± ¦¥³, ÎÉμ ¶μ ±· °´¥° ³¥·¥ ¤μ Ô´¥·£¨¨
√

s = 14 ’Ô‚
μ¸´μ¢´μ° ¢±² ¤ ¢ ´¥Ê¶·Ê£μ¥ ·μ¦¤¥´¨¥ ¢Éμ·¨Î´ÒÌ  ¤·μ´μ¢ ¤ ÕÉ ¶·μÍ¥¸¸Ò, ¸μ¢¥·Ï¥´´μ
μÉ²¨Î ÕÐ¨¥¸Ö μÉ ¶·μÍ¥¸¸μ¢ ·μ¦¤¥´¨Ö ³´μ£μ¶μ³¥·μ´´ÒÌ ²¨¢´¥° ¨ ¶·μÍ¥¸¸μ¢ ±· É´μ£μ
¶ ·Éμ´´μ£μ · ¸¸¥Ö´¨Ö. ŒÒ ¶μ± ¦¥³, ÎÉμ Éμ¶μ²μ£¨Î¥¸±¨¥ ¸¥Î¥´¨Ö σn, Éμ ¥¸ÉÓ ¸¥Î¥´¨Ö
μ¡· §μ¢ ´¨Ö n § ·Ö¦¥´´ÒÌ  ¤·μ´μ¢, · §²¨Î´Ò ¤²Ö pp- ¨ pp̄-· ¸¸¥Ö´¨Ö.

‘É ÉÓÖ μ·£ ´¨§μ¢ ´  ¸²¥¤ÊÕÐ¨³ μ¡· §μ³. ‚ · §¤. 1 ³Ò μ¶¨¸Ò¢ ¥³ É·¨ É¨¶  ¶·μÍ¥¸-
¸μ¢ ·μ¦¤¥´¨Ö  ¤·μ´μ¢ ¢ pp- ¨ pp̄-· ¸¸¥Ö´¨¨. ‚ · §¤. 2 ¢ÒÎ¨¸²Ö¥É¸Ö ¶μ¢¥¤¥´¨¥ ¢ ±ÊÊ³-
´μ£μ ¢±² ¤  ¢ σnsd ¢ § ¢¨¸¨³μ¸É¨ μÉ Ô´¥·£¨¨. ‚ · §¤. 3 ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ μ¡· -
¡μÉ±¨ · ¸¶·¥¤¥²¥´¨° ³´μ¦¥¸É¢¥´´μ¸É¨ ¢ pp- ¨ pp̄-¸Éμ²±´μ¢¥´¨ÖÌ. ‚ · §¤. 4 ¸¤¥² ´Ò
¶·¥¤¸± § ´¨Ö ¤²Ö · ¸¶·¥¤¥²¥´¨Ö ³´μ¦¥¸É¢¥´´μ¸É¨ ¨ ¤²Ö ¢¥²¨Î¨´Ò ¸·¥¤´¥° ³´μ¦¥¸É¢¥´-
´μ¸É¨ ¢ pp-· ¸¸¥Ö´¨¨ ´  LHC. �·¨¢¥¤¥´μ É ±¦¥ · ¸¶·¥¤¥²¥´¨¥ ³´μ¦¥¸É¢¥´´μ¸É¨ ¤²Ö
pp̄-¢§ ¨³μ¤¥°¸É¢¨Ö ¶·¨ Ô´¥·£¨¨

√
s = 14 ’Ô‚, ¨ μ¡¸Ê¦¤ ÕÉ¸Ö · §²¨Î¨Ö ³¥¦¤Ê ÔÉ¨³¨

· ¸¶·¥¤¥²¥´¨Ö³¨. ‚ § ±²ÕÎ¥´¨¨ ¸μ¤¥·¦ É¸Ö μ¸´μ¢´Ò¥ ¢Ò¢μ¤Ò ¸É ÉÓ¨.

1. ’�ˆ ’ˆ�� ���–…‘‘�‚ ��†„…�ˆŸ �„����‚
‚ pp̄- ˆ pp-‚‡�ˆŒ�„…‰‘’‚ˆŸ•

‚ · ¡μÉ¥ [10]  ¢Éμ· ³¨ ¡Ò²μ ¶μ± § ´μ, ÎÉμ ¢¶²μÉÓ ¤μ Ô´¥·£¨¨ LHC ¢ ¶μ²´Ò¥ ¸¥Î¥´¨Ö
pp- ¨ pp̄-· ¸¸¥Ö´¨Ö ¤ ÕÉ ¢±² ¤ ±μ³¶μ´¥´É  Éμ²Ó±μ ¸ ¢ ²¥´É´Ò³¨ ±¢ ·± ³¨, ±μ³¶μ´¥´ÉÒ
¸ ¢ ²¥´É´Ò³¨ ±¢ ·± ³¨ ¨ ¸ μ¤´¨³ ¨²¨ ¤¢Ê³Ö £²Õμ´ ³¨. �É¨ ±μ³¶μ´¥´ÉÒ ¶·¨¢μ¤ÖÉ ± ¸μ-
¢¥·Ï¥´´μ · §´Ò³ É¨¶ ³ ¶·μÍ¥¸¸μ¢ ·μ¦¤¥´¨Ö  ¤·μ´μ¢. ‘Ì¥³ É¨Î¥¸±¨ ÔÉ¨ ¶·μÍ¥¸¸Ò ¤²Ö
pp̄-· ¸¸¥Ö´¨Ö ¨§μ¡· ¦¥´Ò ´  ·¨¸. 1.
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�¨¸. 1. „¨ £· ³³Ò, μ¶¨¸Ò¢ ÕÐ¨¥ É·¨ É¨¶  ¶·μÍ¥¸¸μ¢ μ¡· §μ¢ ´¨Ö ¢Éμ·¨Î´ÒÌ  ¤·μ´μ¢ ¢ pp̄-

¢§ ¨³μ¤¥°¸É¢¨¨. �Ê´±É¨·´Ò³¨ ²¨´¨Ö³¨ ¢Ò¤¥²¥´Ò ±μ´¥Î´Ò¥ ¸μ¸ÉμÖ´¨Ö ¸ £²Õμ´´μ° ¸É·Ê´μ° ( ),
¤¢Ê³Ö ±¢ ·±μ¢Ò³¨ ¸É·Ê´ ³¨ (¡), É·¥³Ö ±¢ ·±μ¢Ò³¨ ¸É·Ê´ ³¨ (¢)

�¨¸. 2. �¡· §μ¢ ´¨¥  ¤·μ´μ¢ ¢ £²Õμ´´μ°

¸É·Ê´¥.  ) �³¶²¨ÉÊ¤  ¶¥·¥Ìμ¤  ¤¢ÊÌ μ±É¥É´ÒÌ

¸μ¸ÉμÖ´¨°, μ¡· §μ¢ ¢Ï¨Ì¸Ö ¢ ·¥§Ê²ÓÉ É¥ £²Õ-
μ´´μ£μ μ¡³¥´ , ¢  ¤·μ´Ò; ¶Ê´±É¨·´Ò³¨ ¸É·¥²-

± ³¨ Ê± § ´μ ´ ¶· ¢²¥´¨¥ · §²¥É  μ±É¥É´ÒÌ
¸μ¸ÉμÖ´¨°. ¡) �¤´  ¨§ ¢μ§³μ¦´ÒÌ ¤¨ £· ³³

·¨¸. 1,  ; ¶Ê´±É¨·μ³ ¢Ò¤¥²¥´  μ¤´  ¨§ ¢μ§³μ¦-

´ÒÌ ¤¨ £· ³³  ³¶²¨ÉÊ¤Ò ¶¥·¥Ìμ¤  ¤¢ÊÌ μ±É¥É-
´ÒÌ ¸μ¸ÉμÖ´¨° ·¨¸. 1,   ¢  ¤·μ´Ò

�¨¸. 1,   μ¶¨¸Ò¢ ¥É ¶·μÍ¥¸¸ ¢§ ¨³μ¤¥°-
¸É¢¨Ö pp̄ ¢ ¸²ÊÎ ¥, ±μ£¤  Éμ²Ó±μ ¢ ²¥´É´Ò¥
±¢ ·±¨ ´ Ìμ¤ÖÉ¸Ö ¢ ´ Î ²Ó´μ³ ¸μ¸ÉμÖ´¨¨.
�É  ¤¨ £· ³³  ¤ ¥É ¶μ¸ÉμÖ´´ÊÕ Î ¸ÉÓ ¶μ²-
´μ£μ ¸¥Î¥´¨Ö pp̄-· ¸¸¥Ö´¨Ö. ‚§ ¨³μ¤¥°¸É¢¨¥
¶·μ¨¸Ìμ¤¨É ¢ ·¥§Ê²ÓÉ É¥ £²Õμ´´μ£μ μ¡³¥´ 
³¥¦¤Ê ¡¥¸Í¢¥É´Ò³¨ ¸μ¸ÉμÖ´¨Ö³¨. �·¨ ÔÉμ³
¡¥¸Í¢¥É´Ò¥ ¸μ¸ÉμÖ´¨Ö ¶·¨μ¡·¥É ÕÉ μ±É¥É-
´Ò¥ Í¢¥É´Ò¥ § ·Ö¤Ò ¨ · §²¥É ÕÉ¸Ö, μ¡· -
§ÊÖ ¸É·Ê´Ê Í¢¥É´μ£μ ¶μ²Ö, ±μÉμ· Ö ¶·¨ Ê¢¥-
²¨Î¥´¨¨ ¥¥ ¤²¨´Ò · ¸¶ ¤ ¥É¸Ö ´  ¢Éμ·¨Î-
´Ò¥  ¤·μ´Ò. �ÉμÉ ¶·μÍ¥¸¸ ¨§μ¡· ¦¥´ ´ 
·¨¸. 2,  . �  ·¨¸. 2, ¡ ¶·¨¢¥¤¥´  μ¤´  ¨§ ¢μ§-
³μ¦´ÒÌ ¤¨ £· ³³ ·¨¸. 1,  , ¢ ±μÉμ·μ° ±μ´-
±·¥É¨§¨·Ê¥É¸Ö · ¸¶ ¤ £²Õμ´´μ° ¸É·Ê´Ò ¢
 ¤·μ´Ò. �·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ¢ ±μ´¥Î´μ³ ¸μ-
¸ÉμÖ´¨¨, ±μÉμ·μ¥ ¢Ò¤¥²¥´μ ¶Ê´±É¨·μ³, ¶μ-
¸²¥¤μ¢ É¥²Ó´μ ·μ¦¤ ÕÉ¸Ö ¶ ·Ò £²Õμ´μ¢. �μ-
¦¤¥´¨¥ ¶·μ¨¸Ìμ¤¨É ¤μ É¥Ì ¶μ·, ¶μ±  Ô´¥·-
£¨Ö ÔÉ¨Ì ¶ · ´¥ ¸É ´¥É ¶·¨¡²¨¦¥´´μ · ¢´μ°
³ ¸¸¥  ¤·μ´μ¢. ‚ ¤ ²Ó´¥°Ï¥³ ± ¦¤ Ö ¨§ £²Õμ´´ÒÌ ¶ · · ¸¶ ¤ ¥É¸Ö ´  ´¥¸±μ²Ó±μ ´ ¡²Õ-
¤ ¥³ÒÌ  ¤·μ´μ¢.

Š ¦¤ Ö ¨§ ¤¨ £· ³³ É¨¶  ·¨¸. 2, ¡ ¤ ¥É ± ±μ¥-Éμ μ¶·¥¤¥²¥´´μ¥ Î¨¸²μ ¢Éμ·¨Î´ÒÌ  ¤·μ-
´μ¢. —¨¸²μ É ±¨Ì ¤¨ £· ³³ ¢¥²¨±μ (¶· ±É¨Î¥¸±¨ ¡¥¸±μ´¥Î´μ), É ± ± ± ¶·μ¨¸Ìμ¤¨É μ¡-
³¥´ £²Õμ´ ³¨ ¨ ´¥É ´¨± ±μ£μ ¶μ¤ ¢²¥´¨Ö ¶μ ¸É¥¶¥´Ö³ ¶μ²´μ° Ô´¥·£¨¨. ‘²¥¤μ¢ É¥²Ó´μ,
¢±² ¤Ò ÔÉ¨Ì ¤¨ £· ³³ ¨³¥ÕÉ μ¤¨´ ¨ ÉμÉ ¦¥ ¶μ·Ö¤μ± ¢¥²¨Î¨´Ò. �μÔÉμ³Ê ¸²ÊÎ °´ Ö ¢¥-
²¨Î¨´  Å ³´μ¦¥¸É¢¥´´μ¸ÉÓ ¢Éμ·¨Î´ÒÌ  ¤·μ´μ¢ Å ¤μ²¦´  Ê¤μ¢²¥É¢μ·ÖÉÓ ´μ·³ ²Ó´μ³Ê
· ¸¶·¥¤¥²¥´¨Õ, ÎÉμ ¸²¥¤Ê¥É ¨§ Í¥´É· ²Ó´μ° ¶·¥¤¥²Ó´μ° É¥μ·¥³Ò É¥μ·¨¨ ¢¥·μÖÉ´μ¸É¨.
’ ±¨³ μ¡· §μ³, · ¸¶·¥¤¥²¥´¨¥ ³´μ¦¥¸É¢¥´´μ¸É¨ ¢ £²Õμ´´μ° ¸É·Ê´¥ ¤μ²¦´μ ¡ÒÉÓ £ Ê¸-
¸μ¢Ò³.

ŒÒ ¶·¥¤¶μ² £ ¥³, ÎÉμ ¶·μÍ¥¸¸Ò, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¤¨ £· ³³ ³ ¸ μ¤´¨³ £²Õμ´μ³
(·¨¸. 1, ¡), Ö¢²ÖÕÉ¸Ö ¶·μÍ¥¸¸ ³¨ ¸ ·μ¦¤¥´¨¥³ ¤¢ÊÌ · §¤¥²¥´´ÒÌ ±¢ ·±μ¢ÒÌ ¸É·Ê´. ‚μ-
μ¡Ð¥ £μ¢μ·Ö, ¶μ¶¥·¥Î´Ò¥ · §³¥·Ò ±¢ ·±μ¢μ° ¸É·Ê´Ò ¤μ²¦´Ò ¡ÒÉÓ ¶μ·Ö¤±  · ¤¨Ê¸  ±μ´-
Ë °´³¥´É , Éμ ¥¸ÉÓ ¶μ·Ö¤±  · §³¥·   ¤·μ´μ¢. �μ É ± ± ± ¶μ¶¥·¥Î´Ò¥ ¨³¶Ê²Ó¸Ò £²Õμ-
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´μ¢ Ö¢²ÖÕÉ¸Ö ¤μ¸É ÉμÎ´μ ¡μ²ÓÏ¨³¨, ¶μ·Ö¤±  1,5Ä2 ƒÔ‚ [10], Éμ ±μ³¶Éμ´μ¢¸± Ö ¤²¨´ 
¢μ²´Ò £²Õμ´  ¤μ¸É ÉμÎ´μ ³ ² . �ÉμÉ £²Õμ´ ¤μ²¦¥´ ¡ÒÉÓ ¶μ£²μÐ¥´ ¶·¨  ¤·μ´¨§ Í¨¨
μ¤´μ° ¨§ ±¢ ·±μ¢ÒÌ ¸É·Ê´. �μÔÉμ³Ê ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ±¢ ·±μ¢Ò¥ ¸É·Ê´Ò ¤μ²¦´Ò ¨³¥ÉÓ
¶μ¶¥·¥Î´Ò¥ · §³¥·Ò, ¸· ¢´¨³Ò¥ ¸ ±μ³¶Éμ´μ¢¸±μ° ¤²¨´μ° ¢μ²´Ò £²Õμ´ , ¨ ´¥ ¡Ê¤ÊÉ ¶¥-
·¥±·Ò¢ ÉÓ¸Ö. �É¨ ¤¨ £· ³³Ò ¤ ÕÉ ¢±² ¤ ¢ ¶μ²´μ¥ ¸¥Î¥´¨¥, · ¸ÉÊÐ¥¥ ¶·μ¶μ·Í¨μ´ ²Ó´μ
ln s [10].

„¢  £²Õμ´  ¤ ÕÉ ± ± ±μ´Ë¨£Ê· Í¨Õ ¸ ¤¢Ê³Ö ±¢ ·±μ¢Ò³¨ ¸É·Ê´ ³¨, É ± ¨ ±μ´Ë¨£Ê· -
Í¨Õ ¸ É·¥³Ö ±¢ ·±μ¢Ò³¨ ¸É·Ê´ ³¨. �μ¸²¥¤´ÖÖ ¶·¨¢¥¤¥´  ´  ·¨¸. 1, ¢. „¨ £· ³³Ò ¸ ¤¢Ê³Ö
£²Õμ´ ³¨ ¤ ÕÉ ¢±² ¤ ¢ ¶μ²´μ¥ ¸¥Î¥´¨¥, ¶·μ¶μ·Í¨μ´ ²Ó´Ò° (ln s)2 [10].

�¨¸. 3. �·μÍ¥¸¸Ò μ¡· §μ¢ ´¨Ö  ¤·μ´μ¢ ¢ pp-¢§ ¨³μ¤¥°¸É¢¨¨.  ) �¡· §μ¢ ´¨¥  ¤·μ´μ¢ ¢ £²Õμ´´μ°
¸É·Ê´¥. ¡, ¢) �¡· §μ¢ ´¨¥  ¤·μ´μ¢ ¢ ¤¢ÊÌ ±¢ ·±μ¢ÒÌ ¸É·Ê´ Ì

�·μÍ¥¸¸Ò ·μ¦¤¥´¨Ö  ¤·μ´μ¢ ¢ pp-¸Éμ²±´μ¢¥´¨¨ (·¨¸. 3) ¶·¨´Í¨¶¨ ²Ó´μ μÉ²¨Î ÕÉ¸Ö
μÉ ¶·μÍ¥¸¸μ¢ ·μ¦¤¥´¨Ö ¢ pp̄-¸Éμ²±´μ¢¥´¨¨. ‡¤¥¸Ó ´¥É ±μ´Ë¨£Ê· Í¨¨ ¸ É·¥³Ö ±¢ ·±μ¢Ò³¨
¸É·Ê´ ³¨, É ± ± ± ¢ pp-¢§ ¨³μ¤¥°¸É¢¨¨ ¸É·Ê´Ò μ¡· §ÊÕÉ¸Ö ³¥¦¤Ê ±¢ ·±μ³ ¨ ¤¨±¢ ·±μ³.

‚ ¶·μÍ¥¸¸ Ì e+e−- ´´¨£¨²ÖÍ¨¨ ¢  ¤·μ´Ò ¶·¨ ´¥ μÎ¥´Ó ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ μ¡· §Ê¥É¸Ö
μ¤´  ±¢ ·±μ¢ Ö ¸É·Ê´  ³¥¦¤Ê · §²¥É ÕÐ¨³¨¸Ö ±¢ ·± ³¨. � ¸¶·¥¤¥²¥´¨¥ ³´μ¦¥¸É¢¥´´μ-
¸É¨ ¢Éμ·¨Î´ÒÌ § ·Ö¦¥´´ÒÌ  ¤·μ´μ¢ ¢ ÔÉμ³ ¶·μÍ¥¸¸¥ Ìμ·μÏμ μ¶¨¸Ò¢ ¥É¸Ö μÉ·¨Í É¥²Ó´Ò³
¡¨´μ³¨ ²Ó´Ò³ · ¸¶·¥¤¥²¥´¨¥³. ‘²¥¤ÊÖ ÔÉμ³Ê ·¥§Ê²ÓÉ ÉÊ, ³Ò ¶·¥¤¶μ²μ¦¨³, ÎÉμ ¢ ± ¦¤μ°
¨§ ±¢ ·±μ¢ÒÌ ¸É·Ê´ ¢  ¤·μ´- ¤·μ´´μ³ ¢§ ¨³μ¤¥°¸É¢¨¨ · ¸¶·¥¤¥²¥´¨¥ ³´μ¦¥¸É¢¥´´μ¸É¨
Ê¤μ¢²¥É¢μ·Ö¥É NBD-· ¸¶·¥¤¥²¥´¨Õ:

Pn

(
k, 〈n〉

)
=

k(k + 1) . . . (k + n − 1)
n!

(
〈n〉

〈n〉 + k

)n (
k

〈n〉 + k

)k

. (1)

�Éμ · ¸¶·¥¤¥²¥´¨¥ ¨³¥¥É ¤¢  ¶ · ³¥É· : ¶ · ³¥É· Ëμ·³Ò k ¨ ³ É¥³ É¨Î¥¸±μ¥ μ¦¨¤ ´¨¥
〈n〉 Å ¸·¥¤´ÕÕ ³´μ¦¥¸É¢¥´´μ¸ÉÓ. ‘¢¥·É±  ¤¢ÊÌ μÉ·¨Í É¥²Ó´ÒÌ ¡¨´μ³¨ ²Ó´ÒÌ · ¸¶·¥-
¤¥²¥´¨° ¸ É¥³¨ ¦¥ 〈n〉 ¨ k ¨ ¸¢¥·É±  É·¥Ì μÉ·¨Í É¥²Ó´ÒÌ ¡¨´μ³¨ ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨°
¸ É¥³¨ ¦¥ 〈n〉 ¨ k Ö¢²ÖÕÉ¸Ö É ±¦¥ μÉ·¨Í É¥²Ó´Ò³¨ ¡¨´μ³¨ ²Ó´Ò³¨ · ¸¶·¥¤¥²¥´¨Ö³¨ ¸
〈n〉2 = 2〈n〉, k2 = 2k ¨ 〈n〉3 = 3〈n〉, k3 = 3k

Pn

(
k2, 〈n〉2

)
=

∑
n1+n2=n

Pn1

(
k, 〈n〉

)
Pn2

(
k, 〈n〉

)
, (2)

Pn

(
k3, 〈n〉3

)
=

∑
n1+n2+n3=n

Pn1

(
k, 〈n〉

)
Pn2

(
k, 〈n〉

)
Pn3

(
k, 〈n〉

)
. (3)

ŒÒ ¸Î¨É ¥³, ÎÉμ ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ · ¸¶·¥¤¥²¥´¨¥ ³´μ¦¥¸É¢¥´´μ¸É¨ ¢ ¤¢ÊÌ ±¢ ·-
±μ¢ÒÌ ¸É·Ê´ Ì ± ± ¢ pp-, É ± ¨ ¢ pp̄-¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¶·¥¤¸É ¢²Ö¥É¸Ö ¸¢¥·É±μ° (2), ¤¢μ°-
´Ò³ μÉ·¨Í É¥²Ó´Ò³ ¡¨´μ³¨ ²Ó´Ò³ · ¸¶·¥¤¥²¥´¨¥³ (2NBD). ŒÒ É ±¦¥ ¡Ê¤¥³ ¸Î¨É ÉÓ,
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ÎÉμ · ¸¶·¥¤¥²¥´¨¥ ³´μ¦¥¸É¢¥´´μ¸É¨ ¢ É·¥Ì ±¢ ·±μ¢ÒÌ ¸É·Ê´ Ì ¶·¥¤¸É ¢²Ö¥É¸Ö ¸¢¥·É-
±μ° (3), É·μ°´Ò³ μÉ·¨Í É¥²Ó´Ò³ ¡¨´μ³¨ ²Ó´Ò³ · ¸¶·¥¤¥²¥´¨¥³ (3NBD).

2. ��‚…„…�ˆ… ‘…—…�ˆ‰ σnsd

�±¸¶¥·¨³¥´É ²Ó´μ μÎ¥´Ó É·Ê¤´μ ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ ¶μ²ÊÎ¨ÉÓ · ¸¶·¥¤¥²¥´¨Ö ³´μ-
¦¥¸É¢¥´´μ¸É¨, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¢±² ¤ ³ ¢ ¶μ²´Ò¥ ¸¥Î¥´¨Ö. �Éμ ¸¢Ö§ ´μ ¸ É¥³, ÎÉμ
²¨¤¨·ÊÕÐ¨¥ Î ¸É¨ÍÒ ´¥ ¢ÒÌμ¤ÖÉ ¨§ É·Ê¡Ò Ê¸±μ·¨É¥²Ö. �μÔÉμ³Ê Ô±¸¶¥·¨³¥´É ²Ó´μ ¶·¨-
Ìμ¤¨É¸Ö μ¡·¥§ ÉÓ ¸¶¥±É· ¢Éμ·¨Î´ÒÌ Î ¸É¨Í ´  ¢¥²¨Î¨´ Ì Ë¥°´³ ´μ¢¸±μ° ¶¥·¥³¥´´μ°
x ∼ 1. ’¥³ ¸ ³Ò³ ¨§ · ¸¸³μÉ·¥´¨Ö ¨¸±²ÕÎ ÕÉ¸Ö ¢±² ¤Ò Ê¶·Ê£μ£μ ¸¥Î¥´¨Ö σel ¨ ¢±² ¤Ò
¸¥Î¥´¨Ö μ¤¨´μÎ´μ° ¤¨Ë· ±Í¨¨ σsd. �μ²ÊÎ¥´´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´μ · ¸¶·¥¤¥²¥´¨Ö ³´μ-
¦¥¸É¢¥´´μ¸É¨ ¤μ²¦´Ò ¡ÒÉÓ ´μ·³¨·μ¢ ´Ò ´  ¸¥Î¥´¨¥ σnsd (non single diffraction cross
section), ±μÉμ·μ¥ μ¶·¥¤¥²Ö¥É¸Ö ¸μμÉ´μÏ¥´¨¥³

σnsd = σtot − σel − σsd. (4)

�±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ σnsd ¡Ò²¨ ¢§ÖÉÒ ¨§ · ¡μÉ [16, 21]. ‡ ¢¨¸¨³μ¸ÉÓ σnsd μÉ
Ô´¥·£¨¨ ¸μ¢¥·Ï¥´´μ  ´ ²μ£¨Î´  § ¢¨¸¨³μ¸É¨ σtot [10], ¶μÔÉμ³Ê σnsd ³Ò ¶·¥¤¸É ¢¨³ ¢
¢¨¤¥

σnsd = A1s
−ΔR1 + A2s

−ΔR2 + σnsd
0 + σnsd

1 ln s + σnsd
2 (ln s)2. (5)

‡¤¥¸Ó ¶¥·¢Ò¥ ¤¢  ¸² £ ¥³ÒÌ ¸μμÉ¢¥É¸É¢ÊÕÉ ¢±² ¤ ³ ´¥¢ ±ÊÊ³´ÒÌ ·¥¤¦¨μ´μ¢,   ¶μ¸²¥¤Ê-
ÕÐ¨¥ É·¨ ¸² £ ¥³ÒÌ ¸μμÉ¢¥É¸É¢ÊÕÉ ¢ ±ÊÊ³´Ò³ ¢±² ¤ ³ ±μ³¶μ´¥´É Éμ²Ó±μ ¸ ¢ ²¥´É´Ò³¨
±¢ ·± ³¨, ¸ μ¤´¨³ £²Õμ´μ³ ¨ ¸ ¤¢Ê³Ö £²Õμ´ ³¨ ¸μμÉ¢¥É¸É¢¥´´μ.

‚±² ¤Ò ¢ ¸¥Î¥´¨¥ μ¤¨´μÎ´μ° ¤¨Ë· ±Í¨¨ ¤ ÕÉ¸Ö ¸Ê³³μ° ¤¨ £· ³³ ¢ μ¡² ¸É¨ É·¥Ì-
·¥¤¦¨μ´´μ£μ ¶·¥¤¥² . ‚±² ¤Ò ¤¨ £· ³³ PPP , PPR μ¶·¥¤¥²ÖÕÉ ¢ ±ÊÊ³´Ò¥ ¢±² ¤Ò ¢
¸¥Î¥´¨¥ μ¤¨´μÎ´μ° ¤¨Ë· ±Í¨¨; PRP , PRR, RRR ¤ ÕÉ ´¥¢ ±ÊÊ³´Ò¥ ¢±² ¤Ò. ˆ´É¥·Ë¥-
·¥´Í¨μ´´Ò¥ ¢±² ¤Ò PRP ¨ PRR ¶·¥´¥¡·¥¦¨³μ ³ ²Ò [17], ¢±² ¤ RRR ¡Ò¸É·μ ¢Ò¶ ¤ ¥É
¸ ·μ¸Éμ³ Ô´¥·£¨¨. ‚±² ¤Ò ´¥¢ ±ÊÊ³´ÒÌ ·¥¤¦¨μ´μ¢ ¢ Ê¶·Ê£¨¥ ¸¥Î¥´¨Ö É ±¦¥ ³ ²Ò ¶·¨
¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ. �Éμ ¸¢Ö§ ´μ, ¢μ-¶¥·¢ÒÌ, ¸μ ¸É¥¶¥´´Ò³ ¶ ¤¥´¨¥³ ¸ ·μ¸Éμ³ Ô´¥·£¨¨
´¥¢ ±ÊÊ³´μ°  ³¶²¨ÉÊ¤Ò, ¢μ-¢Éμ·ÒÌ, ¸ ¡μ²ÓÏ¨³ §´ Î¥´¨¥³ ´ ±²μ´  ´¥¢ ±ÊÊ³´ÒÌ É· ¥±-
Éμ·¨° α′

R � 1 ƒÔ‚−2. �μÔÉμ³Ê ´¥¢ ±ÊÊ³´Ò° μ¡³¥´ ¶·¨ ¤μ¸É ÉμÎ´μ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ
¤ ¥É ¢±² ¤ Éμ²Ó±μ ¢ σnsd. ŒÒ ¢ÒÎ¨É ¥³ ÔÉμÉ ¢±² ¤ ¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ §´ Î¥´¨°
σnsd ¤²Ö pp- ¨ pp̄-· ¸¸¥Ö´¨Ö ¶·¨ Ô´¥·£¨ÖÌ, ´ Î¨´ ÕÐ¨Ì¸Ö ¸

√
s = 44,5 ƒÔ‚, ¨ ¶μ²ÊÎ ¥³

¢ ±ÊÊ³´Ò¥ ¢±² ¤Ò ¢ σnsd. �¡· ¡ ÉÒ¢ ¥³ ÔÉ¨ ¢¥²¨Î¨´Ò Ëμ·³Ê²μ°

σnsd
vac = σnsd

0

(
1 + δnsd

1 ln s + δnsd
2 (ln s)2

)
, (6)

£¤¥ δnsd
1 = σnsd

1 /σnsd
0 , δnsd

2 = σnsd
2 /σnsd

0 .
�·¨ μ¡· ¡μÉ±¥ É·¥³Ö ¸¢μ¡μ¤´Ò³¨ ¶ · ³¥É· ³¨ σnsd

0 , δnsd
1 ¨ δnsd

2 ¶ · ³¥É· σnsd
0 Ö¢²Ö-

¥É¸Ö ¨§²¨Ï´¨³ (±μÔËË¨Í¨¥´É ±μ··¥²ÖÍ¨¨ ¡²¨§μ± ± ¥¤¨´¨Í¥), ¶μÔÉμ³Ê ¥£μ ´¥μ¡Ìμ¤¨³μ
Ë¨±¸¨·μ¢ ÉÓ. ŒÒ § Ë¨±¸¨·μ¢ ²¨ σnsd

0 ¸²¥¤ÊÕÐ¨³ μ¡· §μ³. �μ¸ÉμÖ´´ Ö Î ¸ÉÓ Ê¶·Ê£μ£μ
¸¥Î¥´¨Ö · ¢´ 

σel
0 =

1
16πB(0)

(σtot
0 )2

(
1 + ρ2

)
, (7)
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£¤¥ σtot
0 = (20,08 ± 0,42) ³¡ [10]; B(0) Å ¶μ¸ÉμÖ´´ Ö Î ¸ÉÓ ´ ±²μ´  ¤¨Ë· ±Í¨μ´´μ£μ

±μ´Ê¸ 
dσ

dt
=

dσ

dt

∣∣∣∣
t=0

e−(B(0)+2α′ ln s)|t|.

ˆ§ μ¡· ¡μÉ±¨ ¤ ´´ÒÌ ¶μ ´ ±²μ´Ê ¤¨Ë· ±Í¨μ´´μ£μ ±μ´Ê¸  [18] ¨³¥¥³

B(s) = (8,8 ± 0,6) + (0,53 ± 0,05) ln s, χ2/ndf = 4/5.

“Î¨ÉÒ¢ Ö É ±¦¥, ÎÉμ μÉ´μÏ¥´¨¥ ¤¥°¸É¢¨É¥²Ó´μ° Î ¸É¨  ³¶²¨ÉÊ¤Ò Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö
± ¥¥ ³´¨³μ° Î ¸É¨ ρ = Re Ael/Im Ael ¤²Ö ¢ ±ÊÊ³´μ£μ ¢±² ¤  (¶μ³¥·μ´ ) ³ ²μ, ρ �
0,125−0,147 [19], ³Ò ¶μ²ÊÎ¨³ μÍ¥´±Ê ¤²Ö σel

0 � 2,5 ³¡.
„²Ö μÍ¥´±¨ ¶μ¸ÉμÖ´´μ£μ ¢±² ¤  ¢ ¸¥Î¥´¨¥ μ¤¨´μÎ´μ° ¤¨Ë· ±Í¨¨ ³Ò ¨¸¶μ²Ó§Ê¥³ ·¥-

§Ê²ÓÉ É ´ ¨¡μ²¥¥ ¶μ¶Ê²Ö·´μ° · ¡μÉÒ [20]

σsd = 4,3 + 0,3 ln s.

‚ÒÎ¨É Ö ¨§ σtot
0 ¢¥²¨Î¨´Ê σel

0 ¨ σsd
0 , ¶μ²ÊÎ¨³ σnsd

0 � 13,3 ³¡. ‘ ÔÉ¨³ §´ Î¥´¨¥³ σnsd
0 ³Ò

μ¡· ¡μÉ ²¨ ¢¥²¨Î¨´Ê σnsd
vac . �¥§Ê²ÓÉ É ¶·¨¢¥¤¥´ ´  ·¨¸. 4.

�¨¸. 4. �μ¢¥¤¥´¨¥ ¢ ±ÊÊ³´μ£μ ¢±² ¤  ¢ ¸¥Î¥´¨¥ σnsd ¢ § ¢¨¸¨³μ¸É¨ μÉ Ô´¥·£¨¨

�μ²ÊÎ¥´Ò ¸²¥¤ÊÕÐ¨¥ §´ Î¥´¨Ö ¸¢μ¡μ¤´ÒÌ ¶ · ³¥É·μ¢ ¢ Ëμ·³Ê²¥ (6): δnsd
1 = 0,0746±

0,0114 ¨ δnsd
2 = 0,0069 ± 0,0010, χ2/ndf = 14/8. ’ ± Ö ¢¥²¨Î¨´  χ2 ¸¢Ö§ ´  ¸ É¥³,

ÎÉμ ÉμÎ±¨, ¶μ²ÊÎ¥´´Ò¥ ±μ²² ¡μ· Í¨Ö³¨ UA4 ¨ UA5 ¶·¨ Ô´¥·£¨¨
√

s = 546 ƒÔ‚, ´¥
¶¥·¥±·Ò¢ ÕÉ¸Ö ¢ ¶·¥¤¥² Ì ¶μ£·¥Ï´μ¸É¥°.

3. ��‘��…„…‹…�ˆ… Œ��†…‘’‚…���‘’ˆ ‚ pp- ˆ pp̄-‚‡�ˆŒ�„…‰‘’‚ˆŸ•

	Ò²¨ ¶·μ ´ ²¨§¨·μ¢ ´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ³´μ¦¥¸É¢¥´´μ¸É¨ ¤²Ö pp-
· ¸¸¥Ö´¨Ö ¶·¨ Ô´¥·£¨ÖÌ

√
s = 44,5, 52,6, 62,2 ƒÔ‚ (ISR [21]) ¨ ¤²Ö pp̄- ¶·¨

√
s = 200,

546, 900 ƒÔ‚ (UA5 [16,22]) ¨
√

s = 300, 546, 1000, 1800 ƒÔ‚ (E735 [5]), ·¨¸. 5Ä8.
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�¨¸. 5. � ¸¶·¥¤¥²¥´¨¥ ³´μ¦¥¸É¢¥´´μ¸É¨

¤²Ö pp-· ¸¸¥Ö´¨Ö,
√

s = 62,2 ƒÔ‚. ˜É·¨-

Ìμ¢ Ö ²¨´¨Ö Å 2NBD-· ¸¶·¥¤¥²¥´¨¥; ÏÉ·¨Ì-
¶Ê´±É¨·´ Ö Å ´μ·³ ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥;

¸¶²μÏ´ Ö Å ¸Ê³³ ·´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¸
χ2/ndf = 13/15

�¨¸. 6. � ¸¶·¥¤¥²¥´¨¥ ³´μ¦¥¸É¢¥´´μ¸É¨ ¤²Ö

pp̄-· ¸¸¥Ö´¨Ö,
√

s = 200 ƒÔ‚. �Ê´±É¨·-

´ Ö ²¨´¨Ö Å 3NBD-· ¸¶·¥¤¥²¥´¨¥; ÏÉ·¨Ìμ-
¢ Ö Å 2NBD-· ¸¶·¥¤¥²¥´¨¥; ÏÉ·¨Ì¶Ê´±É¨·-

´ Ö Å ´μ·³ ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥; ¸¶²μÏ´ Ö Å
¸Ê³³ ·´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¸ χ2/ndf = 4/28

�¨¸. 7. � ¸¶·¥¤¥²¥´¨¥ ³´μ¦¥¸É¢¥´´μ¸É¨ ¤²Ö

pp̄-· ¸¸¥Ö´¨Ö,
√

s = 900 ƒÔ‚. �Ê´±É¨·-

´ Ö ²¨´¨Ö Å 3NBD-· ¸¶·¥¤¥²¥´¨¥; ÏÉ·¨Ìμ-
¢ Ö Å 2NBD-· ¸¶·¥¤¥²¥´¨¥; ÏÉ·¨Ì¶Ê´±É¨·-

´ Ö Å ´μ·³ ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥; ¸¶²μÏ-
´ Ö Å ¸Ê³³ ·´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¸ χ2/ndf =

8/52

�¨¸. 8. � ¸¶·¥¤¥²¥´¨¥ ³´μ¦¥¸É¢¥´´μ¸É¨ ¤²Ö

pp̄-· ¸¸¥Ö´¨Ö,
√

s = 1800 ƒÔ‚. �Ê´±É¨·´ Ö

²¨´¨Ö Å 3NBD-· ¸¶·¥¤¥²¥´¨¥; ÏÉ·¨Ìμ¢ Ö Å
2NBD-· ¸¶·¥¤¥²¥´¨¥; ÏÉ·¨Ì¶Ê´±É¨·´ Ö Å ´μ·-

³ ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥; ¸¶²μÏ´ Ö Å ¸Ê³³ ·´μ¥
· ¸¶·¥¤¥²¥´¨¥ ¸ χ2/ndf = 136/115

� ¸¶·¥¤¥²¥´¨Ö ³´μ¦¥¸É¢¥´´μ¸É¨ ¤²Ö ± ¦¤μ£μ §´ Î¥´¨Ö Ô´¥·£¨¨ ¢ pp-· ¸¸¥Ö´¨¨ ¶·¥¤-
¸É ¢²ÖÕÉ ¸μ¡μ° ²¨´¥°´ÊÕ ±μ³¡¨´ Í¨Õ ´μ·³ ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö (£²Õμ´´ Ö ¸É·Ê´ ) ¨
2NBD-· ¸¶·¥¤¥²¥´¨Ö (¤¢¥ ±¢ ·±μ¢Ò¥ ¸É·Ê´Ò). ‘¢μ¡μ¤´Ò¥ ¶ · ³¥É·Ò, ±μÉμ·Ò¥ ÊÎ ¸É¢ÊÕÉ
¢ μ¡· ¡μÉ±¥, Å ÔÉμ 1) ¶ · ³¥É·Ò £²Õμ´´μ° ¸É·Ê´Ò Å ³ É¥³ É¨Î¥¸±μ¥ μ¦¨¤ ´¨¥ 〈n〉g
(¸·¥¤´ÖÖ ³´μ¦¥¸É¢¥´´μ¸ÉÓ ¢ £²Õμ´´μ° ¸É·Ê´¥) ¨ ¤¨¸¶¥·¸¨Ö σ, 2) ³ É¥³ É¨Î¥¸±μ¥ μ¦¨-
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¤ ´¨¥ ¤²Ö μÉ·¨Í É¥²Ó´μ£μ ¡¨´μ³¨ ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö 〈n〉 (¸·¥¤´ÖÖ ³´μ¦¥¸É¢¥´´μ¸ÉÓ
¢ ±¢ ·±μ¢μ° ¸É·Ê´¥) ¨ k Å ¶ · ³¥É· Ëμ·³Ò NBD. � ¶μ³´¨³, ÎÉμ ¶ · ³¥É·Ò 2NBD-
· ¸¶·¥¤¥²¥´¨Ö 〈n〉2 ¨ k2 ³Ò ¢Ò· ¦ ¥³ Î¥·¥§ ¶ · ³¥É·Ò NBD-· ¸¶·¥¤¥²¥´¨Ö 〈n〉2 = 2〈n〉,
k2 = 2k. ‚¥¸ ´μ·³ ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö · ¢¥´ 1/

[
1 + δnsd

1 ln s + δnsd
2 (ln s)2

]
¨ μ¶·¥¤¥-

²Ö¥É¸Ö ¢±² ¤μ³ £²Õμ´´μ° ¸É·Ê´Ò ¢ σnsd
vac . ‚¥¸ 2NBD-· ¸¶·¥¤¥²¥´¨Ö μ¶·¥¤¥²Ö¥É¸Ö ¢±² ¤μ³

¤¢ÊÌ ¨ É·¥Ì £²Õμ´μ¢ ¢ σnsd
vac ¨ · ¢¥´

[
δnsd
1 ln s + δnsd

2 (ln s)2
]
/

[
1 + δnsd

1 ln s + δnsd
2 (ln s)2

]
.

� ¸¶·¥¤¥²¥´¨Ö ³´μ¦¥¸É¢¥´´μ¸É¨ ¤²Ö ± ¦¤μ£μ §´ Î¥´¨Ö Ô´¥·£¨¨ ¢ pp̄-· ¸¸¥Ö´¨¨ ¶·¥¤-
¸É ¢²ÖÕÉ ¸μ¡μ° ²¨´¥°´ÊÕ ±μ³¡¨´ Í¨Õ ´μ·³ ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö, 2NBD-· ¸¶·¥¤¥²¥´¨Ö
¨ 3NBD-· ¸¶·¥¤¥²¥´¨Ö (É·¨ ±¢ ·±μ¢Ò¥ ¸É·Ê´Ò). ŒÒ μ¶ÖÉÓ ¨³¥¥³ Î¥ÉÒ·¥ ¸¢μ¡μ¤´ÒÌ ¶ -
· ³¥É·  ¶·¨ ± ¦¤μ³ §´ Î¥´¨¨ Ô´¥·£¨¨: 〈n〉g , σ, 〈n〉 ¨ k. � · ³¥É·Ò 3NBD-· ¸¶·¥¤¥²¥´¨Ö
³Ò ¢Ò· ¦ ¥³ 〈n〉3 = 3〈n〉, k3 = 3k.

‚¥¸ ´μ·³ ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö ¢ pp̄-· ¸¸¥Ö´¨¨, ± ± ¨ ¤²Ö ¸²ÊÎ Ö pp, · ¢¥´ 1/[1+
δnsd
1 ln s+δnsd

2 (ln s)2]. ‚¥¸ 3NBD-· ¸¶·¥¤¥²¥´¨Ö ¢Ò· §¨³ ± ± [c δnsd
2 (ln s)2]/[1+δnsd

1 ln s+
δnsd
2 (ln s)2], £¤¥ ±μÔËË¨Í¨¥´É c μ¶·¥¤¥²Ö¥É ¢±² ¤ ±μ´Ë¨£Ê· Í¨¨ ¸ ¤¢Ê³Ö £²Õμ´ ³¨ ¢ ¸μ-

¸ÉμÖ´¨¥ ¸ É·¥³Ö ±¢ ·±μ¢Ò³¨ ¸É·Ê´ ³¨ (·¨¸. 1, ¢). ŠμÔËË¨Í¨¥´É c μ¶·¥¤¥²Ö¥É¸Ö Éμ²Ó±μ
Í¢¥Éμ¢Ò³¨ ³´μ¦¨É¥²Ö³¨ ¨ ´¥ § ¢¨¸¨É μÉ Ô´¥·£¨¨. �μÔÉμ³Ê μ´ ³μ¦¥É ¡ÒÉÓ § Ë¨±¸¨-
·μ¢ ´ ¶·¨ ± ±μ°-Éμ μ¤´μ° Ô´¥·£¨¨ (³Ò Ë¨±¸¨·Ê¥³ ¥£μ ¤²Ö · ¸¶·¥¤¥²¥´¨Ö, ¶μ²ÊÎ¥´´μ£μ
±μ²² ¡μ· Í¨¥° UA5 ¶·¨ Ô´¥·£¨¨ 200 ƒÔ‚, c = 0,23) ¨ ¤ ²¥¥ ¨¸¶μ²Ó§μ¢ ´ ¶·¨ ¤·Ê£¨Ì Ô´¥·-
£¨ÖÌ. ‚¥¸ 2NBD-· ¸¶·¥¤¥²¥´¨Ö, É ±¨³ μ¡· §μ³, · ¢¥´ [δnsd

1 ln s + (1 − c)δnsd
2 (ln s)2]/[1+

δnsd
1 ln s+δnsd

2 (ln s)2]. �¥·¢μ¥ ¸² £ ¥³μ¥ ¢ Î¨¸²¨É¥²¥ ¶·¥¤¸É ¢²Ö¥É ¢±² ¤ μÉ ±μ´Ë¨£Ê· Í¨¨
¸ μ¤´¨³ £²Õμ´μ³, ¢Éμ·μ¥ Å ¢±² ¤ μÉ ±μ´Ë¨£Ê· Í¨¨ ¸ ¤¢Ê³Ö £²Õμ´ ³¨, ±μÉμ· Ö ¸μμÉ¢¥É-
¸É¢Ê¥É μ¡· §μ¢ ´¨Õ ¤¢ÊÌ ±¢ ·±μ¢ÒÌ ¸É·Ê´. ‚¸¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ · ¸¶·¥¤¥²¥´¨Ö, ± ±
¢ ¸²ÊÎ ¥ pp-, É ± ¨ ¢ ¸²ÊÎ ¥ pp̄-· ¸¸¥Ö´¨Ö, Ìμ·μÏμ ¶μ¤£μ´ÖÕÉ¸Ö Å ¤²Ö ± ¦¤μ£μ · ¸¶·¥-
¤¥²¥´¨Ö χ2/ndf � 1. ‚μ ¢¸¥Ì ¸²ÊÎ ÖÌ ¢¨¤´μ, ÎÉμ μÎ¥´Ó Ìμ·μÏμ μ¶¨¸Ò¢ ¥É¸Ö ¸É·Ê±ÉÊ· 
· ¸¶·¥¤¥²¥´¨Ö.

ˆ§ μ¡· ¡μÉ±¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨° ¡Ò²¨ ¶μ²ÊÎ¥´Ò Î¥ÉÒ·¥ ¸¢μ¡μ¤´ÒÌ
¶ · ³¥É·  ¶·¨ ¢¸¥Ì · ¸¸³ É·¨¢ ¥³ÒÌ Ô´¥·£¨ÖÌ. ‚¸¥ ÔÉ¨ ¶ · ³¥É·Ò Ìμ·μÏμ ¸μ£² ¸ÊÕÉ¸Ö
¸ ËÊ´±Í¨μ´ ²Ó´Ò³¨ § ¢¨¸¨³μ¸ÉÖ³¨

〈n〉g = (−5,56 ± 1,66) + (3,74 ± 0,34) ln
√

s, χ2/ndf = 3/8, (8)

σ = (−2,44 ± 1,16) + (1,48 ± 0,24) ln
√

s, χ2/ndf = 2/8, (9)

k−1 = (−0,23 ± 0,10) + (0,11 ± 0,02) ln
√

s, χ2/ndf = 3/8, (10)

〈n〉 = (3,45 ± 0,15) + (0,47 ± 0,01)(ln
√

s)2, χ2/ndf = 40/47. (11)

�·¨Î¥³ ¤²Ö ³´μ¦¥¸É¢¥´´μ¸É¨ ¢ ±¢ ·±μ¢μ° ¸É·Ê´¥ 〈n〉 ³Ò ¤μ¡ ¢¨²¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥
¤ ´´Ò¥ ¶μ ¸·¥¤´¥° ³´μ¦¥¸É¢¥´´μ¸É¨ ¨§ e+e−- ´´¨£¨²ÖÍ¨¨ ¢  ¤·μ´Ò ¶·¨ ³ ²ÒÌ Ô´¥·£¨ÖÌ
(
√

s = 2,6Ä7,8 ƒÔ‚) [23]. �·¨ ÔÉ¨Ì Ô´¥·£¨ÖÌ £²Õμ´Ò ¢ ±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨ ´¥ ¶μÖ¢²Ö-
ÕÉ¸Ö [24]. •μ·μÏ¨¥ §´ Î¥´¨Ö χ2/ndf ¢ (8)Ä(11) É ±¦¥ £μ¢μ·ÖÉ μ ¸ ³μ¸μ£² ¸μ¢ ´´μ¸É¨
´ Ï¥° μ¡· ¡μÉ±¨.

4. ��…„‘Š�‡��ˆŸ „‹Ÿ ��…�ƒˆˆ
√

s = 14 ’Ô‚,
‘��‚�…�ˆ… ��‘��…„…‹…�ˆ‰ pp- ˆ pp̄-‚‡�ˆŒ�„…‰‘’‚ˆ‰

ˆ¸¶μ²Ó§ÊÖ ¸μμÉ´μÏ¥´¨Ö (8)Ä(11), ³Ò ¶μ²ÊÎ¨²¨ ¶ · ³¥É·Ò 〈n〉g , σ, 〈n〉 ¨ k ¶·¨ Ô´¥·-
£¨¨

√
s = 14 ’Ô‚. ‘μμÉ¢¥É¸É¢ÊÕÐ¥¥ ¶·¥¤¸± § ´¨¥ ¤²Ö · ¸¶·¥¤¥²¥´¨Ö ³´μ¦¥¸É¢¥´´μ¸É¨
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§ ·Ö¦¥´´ÒÌ  ¤·μ´μ¢ ¢ pp-· ¸¸¥Ö´¨¨ ¶·¨ ÔÉμ° Ô´¥·£¨¨ ¶·¨¢¥¤¥´μ ´  ·¨¸. 9 ¨ 10. ‘·¥¤´ÖÖ
³´μ¦¥¸É¢¥´´μ¸ÉÓ § ·Ö¦¥´´ÒÌ  ¤·μ´μ¢ ¤²Ö pp-· ¸¸¥Ö´¨Ö ¶·¨

√
s = 14 ’Ô‚ · ¢´ 

〈n〉ch = 69,97 ± 4,30.

�É  ¢¥²¨Î¨´  ¸μ£² ¸Ê¥É¸Ö ¸ ¶·¥¤¸± § ´¨¥³ 〈n〉ch = 70 ± 8, ¶·¨¢¥¤¥´´Ò³ ¢ · ¡μÉ¥ [25].

�¨¸. 9. ‘¶²μÏ´ Ö ²¨´¨Ö Å ¶·¥¤¸± § ´¨¥ · ¸-
¶·¥¤¥²¥´¨Ö ³´μ¦¥¸É¢¥´´μ¸É¨ ¤²Ö pp-· ¸¸¥Ö´¨Ö,√

s = 14 ’Ô‚. „²Ö ¸· ¢´¥´¨Ö ¶·¨¢¥¤¥´μ ¸μμÉ-

¢¥É¸É¢ÊÕÐ¥¥ · ¸¶·¥¤¥²¥´¨¥ ¤²Ö pp̄-· ¸¸¥Ö´¨Ö Å
¶Ê´±É¨·´ Ö ²¨´¨Ö

�¨¸. 10. ‹μ£ ·¨Ë³¨Î¥¸±¨° ³ ¸ÏÉ ¡ ¤²Ö ·¨¸. 9

‘· ¢´¥´¨¥ Ëμ·³Ò · ¸¶·¥¤¥²¥´¨° pp ¨ pp̄ ´  ·¨¸. 9 ¨ 10 ¶μ± §Ò¢ ¥É, ÎÉμ ±·¨¢ Ö ¤²Ö
pp-· ¸¸¥Ö´¨Ö Ì · ±É¥·¨§Ê¥É¸Ö ¡μ²¥¥ ¢Ò¸μ±¨³¨ §´ Î¥´¨Ö³¨ ¢ ¶¨±¥ ¨ ¡μ²¥¥ ´¨§±¨³¨ §´ -
Î¥´¨Ö³¨ ¢ Ì¢μ¸É¥ · ¸¶·¥¤¥²¥´¨Ö ¶μ ¸· ¢´¥´¨Õ ¸ pp̄-· ¸¸¥Ö´¨¥³. 	μ²¥¥ ¢Ò¸μ±¨¥ §´ Î¥´¨Ö
¢ ¶¨±¥ pp-· ¸¶·¥¤¥²¥´¨Ö ¸¢Ö§ ´Ò ¸ É¥³, ÎÉμ ¢¥¸ 2NBD-· ¸¶·¥¤¥²¥´¨Ö ¡μ²ÓÏ¨°, Î¥³ ¤²Ö
pp̄. 	μ²¥¥ ¢Ò¸μ±¨¥ §´ Î¥´¨Ö ¢ Ì¢μ¸É¥ pp̄-· ¸¶·¥¤¥²¥´¨Ö ¸¢Ö§ ´Ò ¸ ¶·¨¸ÊÉ¸É¢¨¥³ 3NBD-
· ¸¶·¥¤¥²¥´¨Ö, ±μÉμ·μ£μ ´¥É ¢ ¸²ÊÎ ¥ pp-¢§ ¨³μ¤¥°¸É¢¨Ö. •μÉÖ ¢¥¸ 3NBD-· ¸¶·¥¤¥²¥´¨Ö
¤μ¸É ÉμÎ´μ ³ ², μ´μ Ì · ±É¥·¨§Ê¥É¸Ö ¡μ²ÓÏμ° ¸·¥¤´¥° ³´μ¦¥¸É¢¥´´μ¸ÉÓÕ, ÎÉμ Ê¢¥²¨Î¨-
¢ ¥É ¢¥·μÖÉ´μ¸ÉÓ ¸μ¡ÒÉ¨° ¸ ¡μ²ÓÏ¨³ Î¨¸²μ³ Î ¸É¨Í ¨ · ¸Ï¨·Ö¥É Ì¢μ¸É · ¸¶·¥¤¥²¥´¨Ö
pp̄-¸Éμ²±´μ¢¥´¨Ö.

‡�Š‹�—…�ˆ…

ŒÒ ¶μ¤Î¥·±¨¢ ¥³, ÎÉμ · ¸¶·¥¤¥²¥´¨Ö ³´μ¦¥¸É¢¥´´μ¸É¨ ¢ pp- ¨ pp̄-¸Éμ²±´μ¢¥´¨ÖÌ
· §²¨Î ÕÉ¸Ö ¶·¨´Í¨¶¨ ²Ó´μ. �Éμ ¸¢Ö§ ´μ ¸ É¥³, ÎÉμ ´¥Ê¶·Ê£¨¥ ¶·μÍ¥¸¸Ò pp- ¨ pp̄-
¢§ ¨³μ¤¥°¸É¢¨° · §²¨Î´Ò. �É¨ ¶·μÍ¥¸¸Ò Å μ¡· §μ¢ ´¨¥  ¤·μ´μ¢ ¢ £²Õμ´´μ° ¸É·Ê´¥,
¤¢ÊÌ ¨ É·¥Ì ±¢ ·±μ¢ÒÌ ¸É·Ê´ Ì Å μÉ²¨Î ÕÉ¸Ö μÉ ´¥Ê¶·Ê£¨Ì ¶·μÍ¥¸¸μ¢, ¸¢Ö§ ´´ÒÌ ¸ · §-
·¥§ ³¨ ¶μ³¥·μ´´ÒÌ ¤¨ £· ³³ (¶μ³¥·μ´´Ò¥ ²¨¢´¨) ¨ μÉ ´¥Ê¶·Ê£¨Ì ¶·μÍ¥¸¸μ¢ ¢ ±· É´ÒÌ
¶ ·Éμ´´ÒÌ ¸Éμ²±´μ¢¥´¨ÖÌ, μ¤¨´ ±μ¢ÒÌ ¤²Ö pp- ¨ pp̄-¢§ ¨³μ¤¥°¸É¢¨°.

�¢Éμ·Ò ¡² £μ¤ ·´Ò �.‚.Š ´Î¥²¨ §  μ¡¸Ê¦¤¥´¨Ö ¨ § ³¥Î ´¨Ö.
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