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

‚ · ³± Ì · ¸Ï¨·¥´´μ° ³μ¤¥²¨ � ³¡ÊÄˆμ´ -‹ §¨´¨μ μ¶¨¸ ´Ò ¶·μÍ¥¸¸Ò ·μ¦¤¥-
´¨Ö ³¥§μ´μ¢ ´  ¢¸É·¥Î´ÒÌ Ô²¥±É·μ´-¶μ§¨É·μ´´ÒÌ ¶ÊÎ± Ì ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ. �μ-
± § ´μ, ÎÉμ ¢ ÔÉ¨Ì ¶·μÍ¥¸¸ Ì ¢ ¦´ÊÕ ·μ²Ó ¨£· ÕÉ ¶·μ³¥¦ÊÉμÎ´Ò¥ ¢¥±Éμ·´Ò¥ ³¥§μ´Ò
± ± ¢ μ¸´μ¢´μ³, É ± ¨ ¢ ¶¥·¢μ³ · ¤¨ ²Ó´μ-¢μ§¡Ê¦¤¥´´μ³ ¸μ¸ÉμÖ´¨ÖÌ. �μ²ÊÎ¥´´Ò¥
·¥§Ê²ÓÉ ÉÒ ´ Ìμ¤ÖÉ¸Ö ¢ Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ³ ¸μ£² ¸¨¨ ¸ ¸ÊÐ¥¸É¢ÊÕÐ¨³¨ Ô±¸¶¥·¨³¥´-
É ²Ó´Ò³¨ ¤ ´´Ò³¨. ’ ±¦¥ ¤ ´Ò É¥μ·¥É¨Î¥¸±¨¥ ¶·¥¤¸± § ´¨Ö ¤²Ö ·Ö¤  ¶·μÍ¥¸¸μ¢, ±μ-
Éμ·Ò¥ ³μ£ÊÉ ¡ÒÉÓ ¶·μ¢¥·¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´μ ¢ ¡²¨¦ °Ï¥³ ¡Ê¤ÊÐ¥³.

In the framework of the extended NambuÄJona-Lasinio model, low-energy processes
of meson production in electronÄpositron collisions are described. It is shown that in these
processes intermediate vector mesons, both in the ground and in the ˇrst radial-excited
states, play an important role. Our results are in satisfactory agreement with the existing
experimental data. A set of theoretical predictions, which can be tested experimentally in
the nearest future, is given.

PACS: 12.39.Fe; 13.66.Bc; 13.35.Dx; 14.40.Be

�μ¸¢ÖÐ ¥É¸Ö ¶ ³ÖÉ¨ ´ Ï¥£μ Éμ¢ -
·¨Ð  ¨ ¸μ ¢Éμ·  ¶·μË¥¸¸μ·  �¤Ê ·¤ 
�²¥±¸¥¥¢¨Î  ŠÊ· ¥¢ 

‚‚…„…�ˆ…

�·¨ μ¶¨¸ ´¨¨ ¶·μÍ¥¸¸μ¢ ¢§ ¨³μ¤¥°¸É¢¨Ö  ¤·μ´μ¢ ¶·¨ Ô´¥·£¨¨ ´¨¦¥ §´ -
Î¥´¨Ö 2 ƒÔ‚, ± ¸μ¦ ²¥´¨Õ, ´¥¢μ§³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¸É ´¤ ·É´ÊÕ É¥μ·¨Õ
¢μ§³ÊÐ¥´¨° Š•„. �μÔÉμ³Ê §¤¥¸Ó ¨¸¶μ²Ó§ÊÕÉ¸Ö · §²¨Î´Ò¥ Ë¥´μ³¥´μ²μ£¨-
Î¥¸±¨¥ ³μ¤¥²¨, ± ± ¶· ¢¨²μ, μ¸´μ¢ ´´Ò¥ ´  ±¨· ²Ó´μ° ¸¨³³¥É·¨¨ ¸¨²Ó´ÒÌ
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¢§ ¨³μ¤¥°¸É¢¨°. �¤´μ° ¨§ ´ ¨¡μ²¥¥ ¨§¢¥¸É´ÒÌ ¨ Ê¸¶¥Ï´ÒÌ ³μ¤¥²¥° É ±μ£μ
É¨¶  Ö¢²Ö¥É¸Ö ±¨· ²Ó´ Ö ±¢ ·±μ¢ Ö ³μ¤¥²Ó � ³¡ÊÄˆμ´ -‹ §¨´¨μ (�ˆ‹) [1Ä5].
‚ ÔÉμ° ³μ¤¥²¨ ¶μ²ÊÎ¥´μ Ìμ·μÏ¥¥ μ¶¨¸ ´¨¥ ¸¶¥±É·  ³ ¸¸ Î¥ÉÒ·¥Ì ´μ´¥Éμ¢
(¸± ²Ö·´ÒÌ, ¶¸¥¢¤μ¸± ²Ö·´ÒÌ, ¢¥±Éμ·´ÒÌ ¨  ±¸¨ ²Ó´μ-¢¥±Éμ·´ÒÌ) ³¥§μ´μ¢,  
É ±¦¥ ¨Ì ¸¨²Ó´Ò¥, ¸² ¡Ò¥ ¨ Ô²¥±É·μ³ £´¨É´Ò¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶·¨ ´¨§±¨Ì
Ô´¥·£¨ÖÌ. ‚ Î ¸É´μ¸É¨, Ê¤ ²μ¸Ó ¶μ²ÊÎ¨ÉÓ Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ¥ μ¶¨¸ ´¨¥ ¶μÎÉ¨
¢¸¥Ì μ¸´μ¢´ÒÌ · ¸¶ ¤μ¢ ÔÉ¨Ì ³¥§μ´μ¢.

�¤´ ±μ ¤²Ö μ¶¨¸ ´¨Ö Í¥²μ£μ ·Ö¤  ¶·μÍ¥¸¸μ¢ ¶·¨ §´ Î¥´¨ÖÌ Ô´¥·£¨¨ ¤μ
2 ƒÔ‚ ´¥μ¡Ìμ¤¨³μ ÊÎ¨ÉÒ¢ ÉÓ ¶·μ³¥¦ÊÉμÎ´Ò¥ ³¥§μ´Ò ´¥ Éμ²Ó±μ ¢ μ¸´μ¢´μ³,
´μ ¨ ¢ · ¤¨ ²Ó´μ-¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨ÖÌ. �¸μ¡μ ¢ ¦´ÊÕ ·μ²Ó §¤¥¸Ó ¨£· ÕÉ
¶¥·¢Ò¥ · ¤¨ ²Ó´μ-¢μ§¡Ê¦¤¥´´Ò¥ ¸μ¸ÉμÖ´¨Ö ³¥§μ´μ¢. „²Ö μ¶¨¸ ´¨Ö ¢μ§¡Ê-
¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨° ³¥§μ´μ¢ ´¥ Ê¤ ¥É¸Ö μ£· ´¨Î¨ÉÓ¸Ö ²μ± ²Ó´Ò³ ¶·¨¡²¨¦¥-
´¨¥³ ³μ¤¥²¨ �ˆ‹. �μÔÉμ³Ê ¢¢μ¤¨É¸Ö ´¥²μ± ²Ó´ Ö Ëμ·³  ¢§ ¨³μ¤¥°¸É¢¨Ö
¸ ¶μ³μÐÓÕ ¶·μ¸É¥°Ï¥£μ Ëμ·³Ë ±Éμ·  ¶μ²¨´μ³¨ ²Ó´μ£μ É¨¶  ¶μ ¨³¶Ê²Ó¸Ê
±¢ ·± . ‚ μÉ²¨Î¨¥ μÉ ³´μ£¨Ì ¤·Ê£¨Ì Ë¥´μ³¥´μ²μ£¨Î¥¸±¨Ì ³μ¤¥²¥°, ¨¸¶μ²Ó-
§Ê¥³ÒÌ ¤²Ö μ¶¨¸ ´¨Ö ´¨§±μÔ´¥·£¥É¨Î¥¸±μ° Ë¨§¨±¨ ¸¨²Ó´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨°,
´ Ï ¢ ·¨ ´É · ¸Ï¨·¥´´μ° ³μ¤¥²¨ �ˆ‹ ¸μ¤¥·¦¨É ³¨´¨³ ²Ó´μ¥ ±μ²¨Î¥¸É¢μ
¶·μ¨§¢μ²Ó´ÒÌ ¶ · ³¥É·μ¢.

‚ · ³± Ì · ¸Ï¨·¥´´μ° ³μ¤¥²¨ �ˆ‹ Ê¤ ¥É¸Ö μ¶¨¸ ÉÓ ¸¶¥±É· ³ ¸¸ Î¥ÉÒ·¥Ì
´ §¢ ´´ÒÌ ¢ÒÏ¥ ´μ´¥Éμ¢ ³¥§μ´μ¢ ± ± ¢ μ¸´μ¢´μ³, É ± ¨ ¢ ¶¥·¢μ³ · ¤¨ ²Ó´μ-
¢μ§¡Ê¦¤¥´´μ³ ¸μ¸ÉμÖ´¨ÖÌ, · ¸¶ ¤Ò ¸ ÊÎ ¸É¨¥³ · ¤¨ ²Ó´μ-¢μ§¡Ê¦¤¥´´ÒÌ ³¥-
§μ´μ¢. ‚ ¤ ´´μ° · ¡μÉ¥ μ¸´μ¢´μ¥ ¢´¨³ ´¨¥ ¡Ê¤¥É Ê¤¥²¥´μ μ¶¨¸ ´¨Õ ¶·μÍ¥¸-
¸μ¢ ·μ¦¤¥´¨Ö ³¥§μ´μ¢ ´  ¢¸É·¥Î´ÒÌ Ô²¥±É·μ´-¶μ§¨É·μ´´ÒÌ ¶ÊÎ± Ì. ‚ ÔÉ¨Ì
¶·μÍ¥¸¸ Ì ¢ ¦´ÊÕ ·μ²Ó ¨£· ¥É ÊÎ¥É ¶·μ³¥¦ÊÉμÎ´ÒÌ ³¥§μ´μ¢ ± ± ¢ μ¸´μ¢-
´μ³, É ± ¨ ¢ ¶¥·¢μ³ · ¤¨ ²Ó´μ-¢μ§¡Ê¦¤¥´´μ³ ¸μ¸ÉμÖ´¨ÖÌ. ’¥μ·¥É¨Î¥¸±μ¥
μ¶¨¸ ´¨¥ ÔÉ¨Ì ¶·μÍ¥¸¸μ¢ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢ ¦´μ ¢¢¨¤Ê ¶·μ¢¥¤¥´¨Ö ·Ö¤ 
Ô±¸¶¥·¨³¥´Éμ¢ ´  Ê¸±μ·¨É¥²ÖÌ ¶·μ³¥¦ÊÉμÎ´ÒÌ Ô´¥·£¨°, É ±¨Ì ± ± ‚���-
2000 (�μ¢μ¸¨¡¨·¸±), BEPC-II (�¥±¨´), Belle (KEK, Ÿ¶μ´¨Ö), BaBar (SLAC,
‘˜�), DAFNE (”· ¸± É¨) ¨ ¤·.

1. ‹�ƒ���†ˆ�� Š‚��Š-Œ…‡���›• ‚‡�ˆŒ�„…‰‘’‚ˆ‰

1.1. ”μ·³Ë ±Éμ·Ò ¤²Ö ¶¥·¢ÒÌ · ¤¨ ²Ó´μ-¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨° ³¥-
§μ´μ¢. „²Ö ÊÎ¥É  · ¤¨ ²Ó´μ-¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨° ³¥§μ´μ¢ ´¥μ¡Ìμ¤¨³μ
· ¸¸³μÉ·¥ÉÓ · ¸Ï¨·¥´´ÊÕ ´¥²μ± ²Ó´ÊÕ ¢¥·¸¨Õ ³μ¤¥²¨ �ˆ‹ [6Ä10]. „²Ö μ¶¨-
¸ ´¨Ö ¶¥·¢ÒÌ · ¤¨ ²Ó´μ-¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨° ¤μ¸É ÉμÎ´μ μ£· ´¨Î¨ÉÓ¸Ö
¶·μ¸É¥°Ï¨³ ¢¨¤μ³ Ëμ·³Ë ±Éμ·  ¢ ¢¨¤¥ ¶μ²¨´μ³  ¢Éμ·μ° ¸É¥¶¥´¨ ¶μ ¶μ¶¥-
·¥Î´μ³Ê ¨³¶Ê²Ó¸Ê ±¢ ·± . ‚ ¨³¶Ê²Ó¸´μ³ ¶·μ¸É· ´¸É¢¥ μ´ ¨³¥¥É ¢¨¤

Fl,a(k⊥) ≡ cl,afa(k⊥), l = σ, ϕ, V, A, a = 1, . . . , 9,

fa(k⊥) = 1 + da|k⊥|2, k⊥ = k − kP

P 2
P,

(1)



�ˆ‡Š���…�ƒ…’ˆ—…‘Šˆ… ���–…‘‘› ��†„…�ˆŸ Œ…‡���‚ 915

£¤¥ k Å μÉ´μ¸¨É¥²Ó´Ò° ¨³¶Ê²Ó¸ ±¢ ·±μ¢; P Å ¨³¶Ê²Ó¸ ³¥§μ´ . ˆ´¤¥±¸ l
¶μ± §Ò¢ ¥É ¸μ·É ³¥§μ´  (¸± ²Ö·´Ò°, ¶¸¥¢¤μ¸± ²Ö·´Ò°, ¢¥±Éμ·´Ò° ¨²¨  ±¸¨-
 ²Ó´μ-¢¥±Éμ·´Ò°), ¨´¤¥±¸ a ¸μμÉ¢¥É¸É¢¥Ê¥É Î²¥´Ê ³¥§μ´´μ£μ ´μ´¥É . ‚ ¸¨-
¸É¥³¥ ¶μ±μÖ ³¥§μ´  |k⊥|2 = k2. � · ³¥É· cl,a ¥¸É¥¸É¢¥´´Ò³ μ¡· §μ³ μ¡Ñ¥¤¨-
´Ö¥É¸Ö ¸ ±μ´¸É ´Éμ° Î¥ÉÒ·¥Ì±¢ ·±μ¢μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¨ ¢²¨Ö¥É Éμ²Ó±μ ´ 
§´ Î¥´¨Ö ³ ¸¸ ³¥§μ´μ¢ [9]. ‚§ ¨³μ¤¥°¸É¢¨¥ ³¥§μ´μ¢ ¸ ±¢ ·± ³¨ μ¶·¥¤¥²Ö¥É¸Ö
Ëμ·³Ë ±Éμ·μ³ fa(k⊥). � · ³¥É· ´ ±²μ´  da μ¤´μ§´ Î´μ μ¶·¥¤¥²Ö¥É¸Ö É·¥-
¡μ¢ ´¨¥³ · ¢¥´¸É¢  ´Ê²Õ ¢±² ¤μ¢ ¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨° ¢ §´ Î¥´¨Ö ±¢ ·-
±μ¢μ£μ ±μ´¤¥´¸ É  ¨ ³ ¸¸ ¸μ¸É ¢²ÖÕÐ¨Ì ±¢ ·±μ¢. �Éμ ¸μμÉ¢¥É¸É¢Ê¥É Ê¸²μ¢¨Õ,
ÎÉμ ±¢ ·±μ¢ Ö ¶¥É²Ö ¸ μ¤´μ° ¢¥·Ï¨´μ° ¸ μ¤´¨³ Ëμ·³Ë ±Éμ·μ³ ¤μ²¦´  · ¢-
´ÖÉÓ¸Ö ´Ê²Õ:

If
1 = −iNc

∫
d4k

(2π)4
fa(k⊥)
m2

q − k2
Θ(Λ2

3 − k2) = 0, (2)

£¤¥ Nc = 3 Å Î¨¸²μ Í¢¥Éμ¢; Λ3 = 1,03 ƒÔ‚ Å Ê´¨¢¥·¸ ²Ó´Ò° ¶ · ³¥É·
Ê²ÓÉ· Ë¨μ²¥Éμ¢μ£μ μ¡·¥§ ´¨Ö ¶μ ¨³¶Ê²Ó¸Ê ±¢ ·±μ¢ ¢ ¶¥É²¥¢ÒÌ ¨´É¥£· ² Ì.
‚ ÔÉμ° · ¡μÉ¥ ³Ò μ£· ´¨Î¨³¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥³ Éμ²Ó±μ ¤¢ÊÌ §´ Î¥´¨° ¶ · -
³¥É·  ´ ±²μ´  da, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ÊÎ ¸É¨Õ ¢ ¶·μÍ¥¸¸¥ ²¨¡μ Éμ²Ó±μ ²¥£-
±¨Ì u- ¨ d-±¢ ·±μ¢, ²¨¡μ Éμ²Ó±μ s-±¢ ·±μ¢. ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ Ëμ·³Ë ±-
Éμ·Ò ¡Ê¤¥³ μ¡μ§´ Î ÉÓ ¤ ²¥¥ fu(k⊥) ¨ fs(k⊥). ‡´ Î¥´¨Ö ³ ¸¸ ¸μ¸É ¢²Ö-
ÕÐ¨Ì ²¥£±¨Ì ±¢ ·±μ¢ § Ë¨±¸¨·μ¢ ´Ò ¢ ³μ¤¥²¨: mu = md = 280 ŒÔ‚ ¨
ms = 405 ŒÔ‚. ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ §´ Î¥´¨Ö ¶ · ³¥É·μ¢ ´ ±²μ´  Ëμ·³Ë ±-
Éμ·μ¢ · ¢´Ò du = −1,78 ƒÔ‚−2 ¤²Ö ²¥£±¨Ì ±¢ ·±μ¢ ¨ ds = −1,73 ƒÔ‚−2 ¤²Ö
s-±¢ ·±μ¢.

� ¸¸³μÉ·¨³ ¸²ÊÎ ° U(3) × U(3) ¢¥·¸¨¨ · ¸Ï¨·¥´´μ° ³μ¤¥²¨ �ˆ‹. �μ-
¸²¥ ¸É ´¤ ·É´μ° ¶·μÍ¥¤Ê·Ò ¡μ§μ´¨§ Í¨¨ Î¥ÉÒ·¥Ì±¢ ·±μ¢μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö
(¤¥É ²¨ ¸³. ¢ μ¡§μ·¥ [9]) ¶μ²ÊÎ ¥É¸Ö ¸²¥¤ÊÕÐ¨° ² £· ´¦¨ ´:

L(q̄, q; σ, ϕ, V, A) = −
9∑

a,b=1

1
2

((
Mab

σ1

)2
σa

1σb
1 +

(
Mab

ϕ1

)2
ϕa

1ϕ
b
1

)
+

+
9∑

a=1

[
−

(
Ma

V1

)2

2

(
(V a,μ

1 )2 + (Aa,μ
1 )2

)
+

(
Ma

σ2

)2

2
(σa

2 )2 +

(
Ma

ϕ2

)2

2
(ϕa

2)2 −

−
(
Ma

V2

)2

2
(
V a,μ

2

)2 −
(
Ma

A2

)2

2
(
Aa,μ

2

)2

]
+

+ q̄

[
kμγμ − m +

9∑
a=1

τa
(
σa

1 + ϕa
1 + V a

1,μ + Aa
1,μ + σa

2fa(k⊥)+

+ϕa
2fa(k⊥) + V a

2,μfaγμ + Aa
2,μfaγ5γμ

)]
q, (3)

£¤¥ σa
i , ϕa

i , V a
i,μ ¨ Aa

i,μ Å ´μ´¥ÉÒ (a = 1, . . . , 9) ¸± ²Ö·´ÒÌ, ¶¸¥¢¤μ¸± ²Ö·´ÒÌ,
¢¥±Éμ·´ÒÌ ¨  ±¸¨ ²Ó´μ-¢¥±Éμ·´ÒÌ ³¥§μ´μ¢ ¸μμÉ¢¥cÉ¢¥´´μ. ˆ´¤¥±¸ i μ¡μ§´ -
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Î ¥É μ¸´μ¢´μ¥ (i = 1) ¨ ¶¥·¢μ¥ · ¤¨ ²Ó´μ-¢μ§¡Ê¦¤¥´´μ¥ (i = 2) ¸μ¸ÉμÖ´¨Ö.
‡¤¥¸Ó m = diag (mu, md, ms) Å ¤¨ £μ´ ²Ó´ Ö ³ É·¨Í  ³ ¸¸ ¸μ¸É ¢²ÖÕÐ¨Ì
±¢ ·±μ¢, ±μÉμ·Ò¥ ¢μ§´¨±²¨ ¶μ¸²¥ ¸¶μ´É ´´μ£μ ´ ·ÊÏ¥´¨Ö ±¨· ²Ó´μ° ¸¨³³¥-
É·¨¨. ‘μμÉ¢¥É¸É¢¥´´μ, q̄ = (ū, d̄, s̄). Œ ¸¸Ò Mi Ö¢²ÖÕÉ¸Ö ³ ¸¸ ³¨ ¡μ§μ´μ¢
¡¥§ ÊÎ¥É  ¢±² ¤μ¢ ±¢ ·±μ¢ÒÌ ¶¥É¥²Ó. Œ É·¨ÍÒ τa ¢ ¨´É¥·¢ ²¥ a = 1, . . . , 7
¸μ¢¶ ¤ ÕÉ ¸μ ¸É ´¤ ·É´Ò³¨ ³ É·¨Í ³¨ ƒ¥²²-Œ ´´  λ1,...,7. ‚ Éμ ¦¥ ¢·¥³Ö

τ8 = (λ0 + λ8)/
√

3 = diag (1, 1, 0),

τ9 = (−λ0 +
√

2λ8)/
√

3 = diag (0, 0,−
√

2).
(4)

1.2. �¶·¥¤¥²¥´¨¥ ¸¢μ¡μ¤´μ£μ ² £· ´¦¨ ´  Ë¨§¨Î¥¸±¨Ì ¶μ²¥°. �·μÍ¥-
¤Ê·Ê ¶μ²ÊÎ¥´¨Ö ¸¢μ¡μ¤´μ£μ ² £· ´¦¨ ´  ¤²Ö Ë¨§¨Î¥¸±¨Ì ¶μ²¥° ¶μ± ¦¥³ ´ 
¶·¨³¥·¥ ρ0-³¥§μ´μ¢ (¤¥É ²¨ ¸³. ¢ · ¡μÉ Ì [7, 9]). ‚ μ¤´μ¶¥É²¥¢μ³ ¶·¨¡²¨-
¦¥´¨¨ ¶μ ±¢ ·±μ¢Ò³ ¶¥É²Ö³ ¤²Ö ¸¢μ¡μ¤´μ£μ ² £· ´¦¨ ´  ¢¥±Éμ·´ÒÌ ¶μ²¥°
¶μ²ÊÎ ¥³

L(2)(ρ0) = −1
2

(
gμνp2 − pμpν

)[
ρμ
1ρν

1 + 2Rρρ
μ
1ρν

2 + ρμ
2ρν

2

]
+

+
M2

ρ1

2
(ρμ

1 )2 +
M2

ρ2

2
(ρμ

2 )2,

Rρ =
I
(1)
2 (mu)√

I
(0)
2 (mu)I(2)

2 (mu)
≈ 0,545,

(5)

£¤¥ ρμ
1,2 = V 3,μ

1,2 Å ´¥Ë¨§¨Î¥¸±¨¥ ¶μ²Ö ´¥°É· ²Ó´ÒÌ ρ-³¥§μ´μ¢. �¥É²¥¢Ò¥
±¢ ·±μ¢Ò¥ ¨´É¥£· ²Ò μ¶·¥¤¥²ÖÕÉ¸Ö μ¡Ð¥° Ëμ·³Ê²μ°

I(l)
n (m) = −iNc

∫
d4k

(2π)4
f l(k2

⊥)
(k2 − m2 + i0)n

Θ(Λ2
3 − k2), l = 0, 1, 2. (6)

�·¨¢¥¤¥³ ¨¸¶μ²Ó§Ê¥³Ò¥ ´¨¦¥ §´ Î¥´¨Ö ¨´É¥£· ²μ¢ I2 c · §²¨Î´Ò³ Î¨¸²μ³
Ëμ·³Ë ±Éμ·μ¢:

I
(0)
2 (mu) ≈ 0,0398, I

(1)
2 (mu) ≈ 0,0135, I

(2)
2 (mu) ≈ 0,0154,

(7)
I
(0)
2 (ms) ≈ 0,0278, I

(1)
2 (ms) ≈ 0,0084, I

(2)
2 (ms) ≈ 0,090.

“Î¥É ±¢ ·±μ¢ÒÌ ¶¥É¥²Ó ¶·¨¢¥² ± ¶¥·¥´μ·³¨·μ¢±¥ ³ ¸¸ ¡μ§μ´μ¢:

M2
ρ1

=
g2

ρ1

4
(
M3

V1

)2
, M2

ρ2
=

g2
ρ2

4
(
M3

V2

)2
. (8)

Šμ´¸É ´ÉÒ gρ1 =
√

3/

√
2I

(0)
2 (mu) ¨ gρ2 =

√
3/

√
2I

(2)
2 (mu) Ö¢²ÖÕÉ¸Ö ±μ´-

¸É ´É ³¨ ¶¥·¥´μ·³¨·μ¢±¨ ¢¥±Éμ·´ÒÌ ¶μ²¥°.
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„¨ £μ´ ²¨§ Í¨Ö ² £· ´¦¨ ´  (5) ¤μ¸É¨£ ¥É¸Ö ¶·¥μ¡· §μ¢ ´¨¥³ ± Ë¨§¨Î¥-
¸±¨³ ¶μ²Ö³ ρ ¨ ρ′ ≡ ρ(1450) ¢ μ¸´μ¢´μ³ ¨ ¶¥·¢μ³ · ¤¨ ²Ó´μ-¢μ§¡Ê¦¤¥´´μ³
¸μ¸ÉμÖ´¨ÖÌ ¸μμÉ¢¥É¸É¢¥´´μ:

ρ1 =
sin (β + β0)ρ − cos (β + β0)ρ′

sin (2β0)
,

ρ2 =
sin (β − β0)ρ − cos (β − β0)ρ′

sin (2β0)
.

(9)

�¡· É¨³ ¢´¨³ ´¨¥, ÎÉμ ¤ ´´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö ¶¨μ´´ÒÌ ¶μ²¥° ´μ¸ÖÉ ´¥-
Ê´¨É ·´Ò° Ì · ±É¥·, ¶μ¸±μ²Ó±Ê ¶μ³¨³μ ¶μ¢μ·μÉ  μ´¨ ¸μ¤¥·¦ É ¨ ¸¦ É¨¥,
¸¢Ö§ ´´μ¥ ¸ ¶¥·¥´μ·³¨·μ¢±μ°. “£²Ò ¸³¥Ï¨¢ ´¨Ö ´ Ìμ¤ÖÉ¸Ö ¨§ ¸μμÉ´μÏ¥´¨°

sin β0 =

√
1 + Rρ

2
⇒ β0 ≈ 61,5◦,

tg (2β − π) =

√
1

R2
ρ

− 1

[
M2

ρ1
− M2

ρ2

M2
ρ1

+ M2
ρ2

]
.

(10)

Œ ¸¸Ò ´¥Ë¨§¨Î¥¸±¨Ì ρ-³¥§μ´μ¢ Mρ1 ¨ Mρ2 ¸¢Ö§ ´Ò ¸ ³ ¸¸ ³¨ Ë¨§¨Î¥¸±¨Ì
ρ-³¥§μ´μ¢ ¸²¥¤ÊÕÐ¨³ ¸μμÉ´μÏ¥´¨¥³:

M2
1,2 =

1 − R2
ρ

2

[
M2

ρ + M2
ρ′(−, +)

√(
M2

ρ + M2
ρ′

)2

−
4M2

ρM2
ρ′

1 − R2
ρ

]
. (11)

ˆ¸¶μ²Ó§ÊÖ ¸μ¢·¥³¥´´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¤²Ö ³ ¸¸ ρ(770) ¨ ρ′ =
ρ(1450), ¶μ²ÊÎ ¥³ β ≈ 81,8◦.

�μ¸²¥ ¤¨ £μ´ ²¨§ Í¨¨ ² £· ´¦¨ ´  (5) ¶μ²ÊÎ ¥³ ¸É ´¤ ·É´Ò° ¢¨¤ ¸¢μ-
¡μ¤´μ£μ ² £· ´¦¨ ´  ¤²Ö Ë¨§¨Î¥¸±¨Ì ¶μ²¥°:

L(2)(ρ, ρ′) = −1
2
(
gμνp2 − pμpν

)
[ρμρν + ρ′

μ
ρ′

ν ] +
M2

ρ

2
(ρμ)2 +

M2
ρ′

2
(ρ′μ)2. (12)

1.3. Š¢ ·±-³¥§μ´´Ò° ² £· ´¦¨ ´ ¤²Ö Ë¨§¨Î¥¸±¨Ì ¶μ²¥°. �μ¸²¥ ¶·μ-
¢¥¤¥´¨Ö ¶μ¤μ¡´ÒÌ ¶·¥μ¡· §μ¢ ´¨° ¤²Ö ¶¸¥¢¤μ¸± ²Ö·´ÒÌ ¨ μ¸É ¢Ï¨Ì¸Ö ¢¥±-
Éμ·´ÒÌ ¶μ²¥° ¶μ²ÊÎ ¥³ ¸²¥¤ÊÕÐ¨° ² £· ´¦¨ ´ ±¢ ·±-³¥§μ´´μ£μ ¢§ ¨³μ¤¥°-
¸É¢¨Ö:

L(meson, q) = q̄(p′)
[
Aπγ5

3∑
a=1

τaπa(k) − Aπ′γ5

3∑
a=1

τa(π′)a(k)+

+ Aρ

3∑
a=1

τaρ̂a(k) + Aωτ8ω̂(k) + Aφτ9φ̂(k) − Aρ′

3∑
a=1

τa(ρ̂′)a(k)−

− Aω′τ8ω̂′(k) − Aφ′τ9φ̂′(k)
]
q(p), (13)
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Aπ = gπ1

sin (α + α0)
sin (2α0)

+ gπ2f(k2
⊥)

sin (α − α0)
sin (2α0)

,

Aπ′ = gπ1

cos (α + α0)
sin (2α0)

+ gπ2f(k2
⊥)

cos (α − α0)
sin (2α0)

,

Aρ = Aω =
gρ1

2
sin (βu + βu

0 )
sin (2βu

0 )
+

gρ2

2
f(k2

⊥)
sin (βu − βu

0 )
sin (2βu

0 )
,

Aρ′ = Aω′ =
gρ1

2
cos (βu + βu

0 )
sin (2βu

0 )
+

gρ2

2
f(k2

⊥)
cos (βu − βu

0 )
sin (2βu

0 )
,

Aφ =
gφ1

2
sin (βs + βs

0)
sin (2βs

0)
+

gφ2

2
f(k2

⊥)
sin (βs − βs

0)
sin (2βs

0)
,

Aφ′ =
gφ1

2
cos (βs + βs

0)
sin (2βs

0)
+

gφ2

2
f(k2

⊥)
cos (βs − βs

0)
sin (2βs

0)
,

k = p′ − p, V̂ ≡ V μγμ, βu = β, βu
0 = β0.

(14)

“£²Ò ¸³¥Ï¨¢ ´¨Ö ¢μ§¡Ê¦¤¥´´ÒÌ ¨ ´¥¢μ§¡Ê¦¤¥´´ÒÌ ¶¨μ´μ¢ α0 ≈ 59,12◦ ¨
α ≈ 59,48◦ ¶μ²ÊÎ¥´Ò ¢ · ¡μÉ Ì [7, 8]. ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ Ê£²Ò ¤²Ö φ-³¥§μ-

´μ¢ · ¢´Ò βs
0 ≈ 57,13◦ ¨ βs ≈ 68,4◦. Šμ´¸É ´ÉÒ gφ1 =

√
3/

√
2I

(0)
2 (ms)

¨ gφ2 =
√

3/

√
2I

(2)
2 (ms) ¢ÒÎ¨¸²ÖÕÉ¸Ö  ´ ²μ£¨Î´μ ±μ´¸É ´É ³ ¢§ ¨³μ¤¥°-

¸É¢¨Ö ρ-³¥§μ´μ¢, Éμ²Ó±μ ¸ § ³¥´μ° mu ´  ms ¨, ¸μμÉ¢¥É¸É¢¥´´μ, ¶ · ³¥-

É·  ´ ±²μ´  Ëμ·³Ë ±Éμ·  du ´  ds. Šμ´¸É ´ÉÒ gπ1 = 1/

√
4ZI

(0)
2 (mu) ¨

gπ2 = 1/

√
4I

(2)
2 (mu) Ö¢²ÖÕÉ¸Ö ±μ´¸É ´É ³¨ ¶¥·¥´μ·³¨·μ¢±¨ ¶¨μ´´ÒÌ ¶μ²¥°.

Šμ´¸É ´É  Z ¢μ§´¨±²  ¶μ¸²¥ ÊÎ¥É  ¶¥·¥Ìμ¤μ¢ π − a1, ÎÉμ ¶·¨¢μ¤¨É ± ¤μ¶μ²-
´¨É¥²Ó´μ° ¶¥·¥´μ·³¨·μ¢±¥ ¶¸¥¢¤μ¸± ²Ö·´ÒÌ ³¥§μ´μ¢ [3]

Z = 1 − 6m2
u

M2
a1

, (15)

£¤¥ Ma1 = 1230 ŒÔ‚ Å ³ ¸¸   ±¸¨ ²Ó´μ-¢¥±Éμ·´μ£μ a1-³¥§μ´ .
‚ ² £· ´¦¨ ´ (13) ³μ£ÊÉ ¡ÒÉÓ ¢±²ÕÎ¥´Ò ¸É· ´´Ò¥ K-³¥§μ´Ò ¨ ¨§μ¸± -

²Ö·´Ò¥ η-³¥§μ´Ò. ‚ ÔÉμ° · ¡μÉ¥ K-³¥§μ´Ò ³Ò · ¸¸³ É·¨¢ ÉÓ ´¥ ¡Ê¤¥³.
� ¢¢¥¤¥´¨¥ Ë¨§¨Î¥¸±¨Ì ¶¸¥¢¤μ¸± ²Ö·´ÒÌ ¨§μ¸± ²Ö·´ÒÌ ¶μ²¥° É·¥¡Ê¥É ÊÎ¥É 
¸³¥Ï¨¢ ´¨Ö ± ± ³¨´¨³Ê³ Î¥ÉÒ·¥Ì · §²¨Î´ÒÌ ¸μ¸ÉμÖ´¨°: η(550), η′(958),
η(1295) ¨ η(1475), ±μÉμ·Ò¥ μ¡μ§´ Î ÕÉ¸Ö ´¨¦¥ ± ± η, η′, η̂ ¨ η̂′ ¸μμÉ¢¥É-
¸É¢¥´´μ. �μ¸²¥¤´¨¥ ¤¢  · ¸¸³ É·¨¢ ÕÉ¸Ö ± ± ¶¥·¢Ò¥ · ¤¨ ²Ó´μ-¢μ§¡Ê¦¤¥´´Ò¥
¸μ¸ÉμÖ´¨Ö η- ¨ η′-³¥§μ´μ¢. �Éμ ¸³¥Ï¨¢ ´¨¥ μ¸ÊÐ¥¸É¢²Ö¥É ¤¨ £μ´ ²¨§ Í¨Õ
Ë¨§¨Î¥¸±¨Ì ¸μ¸ÉμÖ´¨° η-³¥§μ´μ¢ ¶μ¤μ¡´μ Éμ³Ê, ± ± ¸¤¥² ´μ ¢ÒÏ¥ ¤²Ö
ρ-³¥§μ´μ¢. ‘μμÉ¢¥É¸É¢ÊÕÐ Ö ³ É·¨Í  ¸³¥Ï¨¢ ´¨Ö ¶μ²ÊÎ¥´  ¢ · ¡μÉ¥ [11] (É -
¡²¨Í ). �É  ³ É·¨Í  ¶μ§¢μ²Ö¥É μ¶¨¸ ÉÓ ¢§ ¨³μ¤¥°¸É¢¨Ö Ë¨§¨Î¥¸±¨Ì η-³¥§μ´μ¢
¸ ±¢ ·± ³¨ Î¥·¥§ ¨§¢¥¸É´Ò¥ ¢ ¤ ´´μ° ³μ¤¥²¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥Ë¨§¨Î¥¸±¨Ì
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ŠμÔËË¨Í¨¥´ÉÒ ³ É·¨ÍÒ ¸³¥Ï¨¢ ´¨Ö ¤²Ö η-³¥§μ´μ¢

bϕ
η η η̂ η′ η̂′

ϕ8
1 0,71 0,62 Ä0,32 0,56

ϕ8
2 0,11 Ä0,87 Ä0,48 Ä0,54

ϕ9
1 0,62 0,19 0,56 Ä0,67

ϕ9
2 0,06 Ä0,66 0,30 0,82

³¥§μ´μ¢ (ϕ8,9
1,2):

Lint(η, q) = q̄(p′)
(

iγ5

∑
j=8,9

τ j
∑

η̃=η,η′,η̂,η̂′

Aj
η̃ η̃(k)

)
q(p),

Aj
η,η̂,η′,η̂′ = gj,1b

η,η̂,η′,η̂′

ϕj
1

+ gj,2b
η,η̂,η′,η̂′

ϕj
2

fj(k2
⊥),

(16)

£¤¥ g8,1 = gπ1 , g8,2 = gπ2 . Šμ´¸É ´ÉÒ g9,1 ¨ g9,2 μ¶·¥¤¥²ÖÕÉ¸Ö É ± ¦¥, ± ±
¨ gπ1 ¨ gπ2 ¸ § ³¥´ ³¨ mu ´  ms ¨ Ëμ·³Ë ±Éμ·  fu ´  fs. ŠμÔËË¨Í¨¥´ÉÒ

b
ϕj

1,2
η,η̂,η′,η̂′ Ö¢²ÖÕÉ¸Ö Ô²¥³¥´É ³¨ ³ É·¨ÍÒ ¸³¥Ï¨¢ ´¨Ö ¨§ É ¡²¨ÍÒ. � ¶·¨³¥·,

¢§ ¨³μ¤¥°¸É¢¨¥ ³¥§μ´  η(550) ¸ ±¢ ·± ³¨ ¨³¥¥É ¢¨¤

Lint(η(550), q) = (ū, d̄, s̄)iγ5

[
τ8

(
gπ1b

ϕ8
1

η + gπ2b
ϕ8

2
η fu(k2

⊥)
)

+

+ τ8

(
gφ1b

ϕ9
1

η + gφ2b
ϕ9

2
η fs(k2

⊥)
)]⎛

⎝ u
d
s

⎞
⎠ . (17)

2. �ˆ‡Š���…�ƒ…’ˆ—…‘Šˆ… ���–…‘‘› ��†„…�ˆŸ Œ…‡���‚
�� ‚‘’�…—�›• �‹…Š’���-��‡ˆ’����›• �“—Š�•

2.1. �·μÍ¥¸¸ e+e− → π0(π0′)γ. ‚ ÔÉμ³ · §¤¥²¥ ³Ò · ¸¸³μÉ·¨³ ¶·μ-
Í¥¸¸Ò  ´´¨£¨²ÖÍ¨¨ e+e− ¢ ¶ ·Ò π0γ ¨²¨ π0(1300)γ ¶·¨ §´ Î¥´¨ÖÌ Ô´¥·£¨¨
¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ ¤μ 2 ƒÔ‚, ¸²¥¤ÊÖ · ¡μÉ¥ [12]. ‚ ÔÉ¨Ì ·¥ ±Í¨ÖÌ § -
³¥É´ÊÕ ·μ²Ó ¨£· ÕÉ ¶·μ³¥¦ÊÉμÎ´Ò¥ ¢¥±Éμ·´Ò¥ ³¥§μ´Ò ¢ μ¸´μ¢´μ³ ¸μ¸Éμ-
Ö´¨¨ ρ0, ω, φ,   É ±¦¥ ¢μ§¡Ê¦¤¥´´Ò¥ ³¥§μ´Ò ρ′(1450) ¨ ω′(1420). ‚±² ¤
¶·μ³¥¦ÊÉμÎ´μ£μ ¢μ§¡Ê¦¤¥´´μ£μ ³¥§μ´  φ′(1680) ´¥ ¡Ê¤¥É · ¸¸³μÉ·¥´ ¨§-§ 
Éμ£μ, ÎÉμ μ´ ¶μ¤ ¢²¥´ Ë §μ¢Ò³ μ¡Ñ¥³μ³ ¨ ³ ²μ° ¢¥·μÖÉ´μ¸ÉÓÕ ¶¥·¥Ìμ¤  ¢
¸μ¸ÉμÖ´¨Ö ¨§ ²¥£±¨Ì u- ¨ d-±¢ ·±μ¢. � ¸¸³ É·¨¢ ¥³Ò¥ ¶·μÍ¥¸¸Ò ¶μ¤ ¢²¥´Ò
¤μ¶μ²´¨É¥²Ó´Ò³ Ë ±Éμ·μ³ α ≈ 1/137 μÉ´μ¸¨É¥²Ó´μ ¶·μÍ¥¸¸μ¢  ´´¨£¨²ÖÍ¨¨
¸ ·μ¦¤¥´¨¥³ Éμ²Ó±μ  ¤·μ´μ¢. �¤´ ±μ ¸¥Î¥´¨¥ ¶·μÍ¥¸¸  e+ + e− → π0 + γ ¨§-
³¥·¥´μ ¸ ¤μ¢μ²Ó´μ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ ¢ Ô±¸¶¥·¨³¥´É¥ [13Ä15] ¶·¨ §´ Î¥´¨ÖÌ
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Ô´¥·£¨¨ ¤μ 1 ƒÔ‚. ‘μ¢·¥³¥´´Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ´  ±μ²² °¤¥· Ì ‚���-2000
(�μ¢μ¸¨¡¨·¸±) ¨ BES-III (�¥±¨´) ´ ± ¶²¨¢ ÕÉ §´ Î¨É¥²Ó´Ò° μ¡Ñ¥³ ¤ ´´ÒÌ
¶μ · §²¨Î´Ò³ ± ´ ² ³  ´´¨£¨²ÖÍ¨¨, ¢±²ÕÎ Ö ¨ ¸²ÊÎ ¨ ·μ¦¤¥´¨Ö · ¤¨ ²Ó´μ-
¢μ§¡Ê¦¤¥´´μ£μ ³¥§μ´  π′(1300).

�·μÍ¥¸¸ e++e− → π0+γ μ¶¨¸Ò¢ ¥É¸Ö ¤¨ £· ³³ ³¨ ”¥°´³ ´  (·¨¸. 1Ä3).
‘μμÉ¢¥É¸É¢ÊÕÐ Ö  ³¶²¨ÉÊ¤  ¨³¥¥É ¢¨¤

T λ = ēγμeεμλαβ

pα
πpβ

γmu

s

{
Bγ + Bρ+ω+φ + Bρ′+ω′

}
, (18)

£¤¥ s = (p1(e+) + p2(e−))2. ‚±² ¤  ³¶²¨ÉÊ¤Ò ¸ ËμÉμ´´Ò³ μ¡³¥´μ³ (·¨¸. 1)
¶·μ¶μ·Í¨μ´ ²¥´ ¨´É¥£· ²Ê ¶μ É·¥Ê£μ²Ó´μ° ±¢ ·±μ¢μ° ¶¥É²¥:

Bγ = 2Vγ∗π0γ(s), Vγ∗π0γ = gπ1I
(3)
0 (mu). (19)

e�

e+

��

�

u d,

� ��� ��

�¨¸. 1. „¨ £· ³³  ”¥°´³ ´  ¸ ·μ¦¤¥´¨¥³ π0γ Î¥·¥§ ¶·μ³¥¦ÊÉμÎ´Ò° ËμÉμ´

e�

e+

��

�

u d,

� ��� ��

� � �� �

�¨¸. 2. „¨ £· ³³  ”¥°´³ ´  ¸ ·μ¦¤¥´¨¥³ π0γ Î¥·¥§ ¶·μ³¥¦ÊÉμÎ´Ò¥ ρ0-, ω- ¨
φ-³¥§μ´Ò

e�

e+

��

�

u d,

� ��� ��

� ��� �

�¨¸. 3. „¨ £· ³³  ”¥°´³ ´  ¸ ·μ¦¤¥´¨¥³ π0γ Î¥·¥§ ¢μ§¡Ê¦¤¥´´Ò¥ ¶·μ³¥¦ÊÉμÎ´Ò¥
ρ′- ¨ ω′-³¥§μ´Ò
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�¥É·Ê¤´μ ¢¨¤¥ÉÓ, ÎÉμ ¢ ² £· ´¦¨ ´¥ (13) ±μ³¶μ´¥´É  μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö
¶¨μ´ , ¸μ¤¥·¦ Ð Ö Ëμ·³Ë ±Éμ·, Ê³´μ¦ ¥É¸Ö ´  ¸¨´Ê¸ · §´μ¸É¨ Ê£²μ¢ α −
α0 ≈ 0,36◦. �μÔÉμ³Ê ¢ ¤ ²Ó´¥°Ï¥³ ³Ò ¡Ê¤¥³ ¶·¥´¥¡·¥£ ÉÓ ÔÉμ° ±μ³¶μ´¥´Éμ°.

‘Ê³³  ¢±² ¤μ¢ μ¸´μ¢´ÒÌ ¸μ¸ÉμÖ´¨° ¶·μ³¥¦ÊÉμÎ´ÒÌ ¢¥±Éμ·´ÒÌ ³¥§μ´μ¢
ρ, ω ¨ φ (·¨¸. 2) ¨³¥¥É ¢¨¤

Bρ+ω+φ =

=
{

γρs

s − M2
ρ + iMρΓρ

+ γωs

s − M2
ω + iMωΓω

+ γφs
√

2 sin θωφ

s − M2
φ + iMφΓφ

}
Vρπ0γ(s),

(20)

£¤¥ ÊÎÉ¥´Ò ¶¥·¥Ìμ¤Ò γ → ρ(ω, φ) Î¥·¥§ ±¢ ·±μ¢ÊÕ ¶¥É²Õ, ¤ ÕÐ¨¥ ³´μ¦¨É¥²¨

γρ = γω =
1

gρ1

{
sin (βu + βu

0 )
sin (2βu

0 )
+ Rρ

sin (βu − βu
0 )

sin (2βu
0 )

}
,

γφ =
1

gφ1

{
sin (βs + βs

0)
sin (2βs

0)
+ Rφ

sin (βs − βs
0)

sin (2βs
0)

}
.

(21)

�É³¥É¨³, ÎÉμ ¤²Ö ¸²ÊÎ Ö ω-³¥§μ´  μÉ´μ¸¨É¥²Ó´Ò° Ë ±Éμ· 1/3 ¢ ¶¥·¥Ìμ¤¥
γ → ω (¶μ ¸· ¢´¥´¨Õ ¸μ ¸²ÊÎ ¥³ ρ-³¥§μ´ ) ¸μ±· Ð ¥É¸Ö ¸ Ë ±Éμ·μ³ 3 ¢
¢¥·Ï¨´¥ ωπ0γ. ‚ ¢¥·Ï¨´¥ É·¥Ê£μ²Ó´¨±  ¸ φ-³¥§μ´μ³ ¨¸¶μ²Ó§μ¢ ´  ²¨ÏÓ
±μ³¶μ´¥´É  ÔÉμ£μ ³¥§μ´ , ¸μ¤¥·¦ Ð Ö ²¥£±¨¥ u- ¨ d-±¢ ·±¨, ÎÉμ μ¶¨¸ ´μ
Ë ±Éμ·μ³ sin θωφ §  ¸Î¥É ¸³¥Ï¨¢ ´¨Ö φ − ω, θωφ ≈ −3◦ [16].

‚±² ¤Ò ¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨° ¶·μ³¥¦ÊÉμÎ´ÒÌ ³¥§μ´μ¢ · ¸¸Î¨ÉÒ¢ -
ÕÉ¸Ö  ´ ²μ£¨Î´μ:

Bρ′+ω′ =
(
−cos (β + β0)

sin (2β0)
− Rρ

cos (β − β0)
sin (2β0)

)
1

gρ1

×

×
{

s

s − M2
ρ′ + iMρ′Γρ′

+
s

s − M2
ω′ + iMω′Γω′

}
Vρ′π0γ(s). (22)

ŒÒ ¶·μ¢¥·¨²¨ Éμ, ÎÉμ ÊÎ¥É § ¢¨¸¨³μ¸É¨ Ï¨·¨´ ³¥§μ´μ¢ μÉ Ô´¥·£¨¨ ¤²Ö
¤ ´´μ£μ ¶·μÍ¥¸¸  ´¥ ¤ ¥É § ³¥É´μ£μ ¨§³¥´¥´¨Ö ·¥§Ê²ÓÉ Éμ¢. ‚ Î¨¸²¥´´ÒÌ
· ¸Î¥É Ì ³Ò ¨¸¶μ²Ó§ ¢ ²¨ §´ Î¥´¨Ö ¨§ μ¡§μ·  [17]: Γρ = 146,2 ŒÔ‚, Γω =
8,49 ŒÔ‚, Γρ′ = 400 ŒÔ‚ ¨ Γω′ = 215 ŒÔ‚.

‚¥·Ï¨´Ò μ¶·¥¤¥²ÖÕÉ¸Ö É·¥Ê£μ²Ó´Ò³¨ ±¢ ·±μ¢Ò³¨ ¶¥É²¥¢Ò³¨ ¤¨ £· ³-
³ ³¨  ´μ³ ²Ó´μ£μ É¨¶ :

Vρπ0γ = gπ1

(
sin (β + β0)gρ1I

(3)
0 (mu)

sin (2β0)
+

sin (β − β0)gρ2I
(3)
1 (mu)

sin (2β0)

)
,

Vρ′π0γ = −gπ1

(
cos (β + β0)gρ1I

(3)
0 (mu)

sin (2β0)
+

cos (β − β0)gρ2I
(3)
1 (mu)

sin (2β0)

)
.
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�¨¸. 4. ‘· ¢´¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¨ ¶·¥¤¸± § ´¨° ³μ¤¥²¨ �ˆ‹ ¤²Ö
§ ¢¨¸¨³μ¸É¨ ¸¥Î¥´¨Ö ¶·μÍ¥¸¸  e+e− → π0γ μÉ Ô´¥·£¨¨

’¥¶¥·Ó ³Ò ³μ¦¥³ μÍ¥´¨ÉÓ ¶μ²´μ¥ ¸¥Î¥´¨¥ · ¸¸³ É·¨¢ ¥³μ£μ ¶·μÍ¥¸¸ :

σe+e−→πγ(s) =
α3

24π2s3f2
π

λ3/2(s, 0, M2
π)

1
g2

π1

|Bγ + Bρ+ω+φ + Bρ′+ω′ |2,

λ(s, 0, M2
π) = (s − M2

π)2.
(23)

�  ·¨¸. 4 ¶μ± § ´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ±μ²² ¡μ· Í¨¨ ‘�„
(SND) [14, 18] ¨ É¥μ·¥É¨Î¥¸±¨¥ ¶·¥¤¸± § ´¨Ö ¢ · ³± Ì μ¡¸Ê¦¤ ¥³μ° ³μ¤¥²¨.
‚¨¤´μ, ÎÉμ É¥μ·¥É¨Î¥¸±¨¥ ¶·¥¤¸± § ´¨Ö ´ Ìμ¤ÖÉ¸Ö ¢ Ìμ·μÏ¥³ ¸μ£² ¸¨¨ ¸ Ô±¸-
¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨. ‚ Î ¸É´μ¸É¨, ³Ò ¶μ²ÊÎ¨²¨ §´ Î¥´¨Ö ¤²Ö ¸¥Î¥´¨°
¢ μ¡² ¸É¨ ¶¨±μ¢ ω- ¨ φ-·¥§μ´ ´¸μ¢

σe+e−→πγ(mω
2) = 177 ´¡,

σe+e−→πγ(mφ
2) = 5,5 ´¡,

(24)

´ Ìμ¤ÖÐ¨¥¸Ö ¢ Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ³ ¸μ£² ¸¨¨ ¸ ¤ ´´Ò³¨ ‘�„ [14,18].
�´ ²μ£¨Î´Ò¥ ¢Ò· ¦¥´¨Ö ¤²Ö  ³¶²¨ÉÊ¤, μ¶¨¸Ò¢ ÕÐ¨Ì ·μ¦¤¥´¨¥ ¶ ·Ò

π′(1300)γ, ¤ ´Ò ¢ · ¡μÉ¥ [12]. �É²¨Î¨¥ μÉ ¸²ÊÎ Ö ·μ¦¤¥´¨Ö πγ § ±²ÕÎ -
¥É¸Ö ¢ Éμ³, ÎÉμ ¶·¨ ¢ÒÎ¨¸²¥´¨¨ É·¥Ê£μ²Ó´ÒÌ ±¢ ·±μ¢ÒÌ ¢¥·Ï¨´ ¸É ´μ¢¨É¸Ö
´¥μ¡Ìμ¤¨³Ò³ ÊÎ¨ÉÒ¢ ÉÓ · §¤¢μ¥´¨¥ (¤²Ö ÊÎ¥É  Î²¥´μ¢ ¸ Ëμ·³Ë ±Éμ· ³¨) ± ±
¢¥±Éμ·´μ° ¢¥·Ï¨´Ò, É ± ¨ ¢¥·Ï¨´Ò ¸ π′(1300). ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ É¥μ·¥-
É¨Î¥¸±¨¥ ¶·¥¤¸± § ´¨Ö ¤²Ö § ¢¨¸¨³μ¸É¨ ¸¥Î¥´¨Ö ÔÉμ£μ ¶·μÍ¥¸¸  μÉ Ô´¥·£¨¨
¶·¨¢¥¤¥´Ò ´  ·¨¸. 5, μ´¨ ³μ£ÊÉ ¡ÒÉÓ ¶·μ¢¥·¥´Ò ¢ ¸μ¢·¥³¥´´ÒÌ Ô±¸¶¥·¨³¥´É Ì
´  e+e−-±μ²² °¤¥· Ì ‚���-2000 (�μ¢μ¸¨¡¨·¸±) ¨ BEPC-II (�¥±¨´).
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�¨¸. 5. �·¥¤¸± § ´¨Ö · ¸Ï¨·¥´´μ° ³μ¤¥²¨ �ˆ‹ ¤²Ö § ¢¨¸¨³μ¸É¨ ¸¥Î¥´¨Ö ¶·μÍ¥¸¸ 
e+e− → π′γ μÉ Ô´¥·£¨¨

2.2. �·μÍ¥¸¸ e+e− → π0ω. �·μÍ¥¸¸  ´´¨£¨²ÖÍ¨¨ e+e− ¢ ¶ ·Ê π0ω ¸
¶μ¸²¥¤ÊÕÐ¨³ · ¸¶ ¤μ³ ω → π0γ ¨§ÊÎ ²¸Ö ¶·¨ §´ Î¥´¨ÖÌ Ô´¥·£¨¨ ¤μ 2 ƒÔ‚
¢ ·Ö¤¥ Ô±¸¶¥·¨³¥´Éμ¢: DM2 [19], ND [13], SND [20] ¨ CMD-2 [21]. „²Ö
É¥μ·¥É¨Î¥¸±μ£μ μ¶¨¸ ´¨Ö ÔÉμ£μ ¶·μÍ¥¸¸  ¨¸¶μ²Ó§μ¢ ²¸Ö Í¥²Ò° ·Ö¤ Ë¥´μ³¥-
´μ²μ£¨Î¥¸±¨Ì ³μ¤¥²¥°, ± ± ¶· ¢¨²μ, μ¸´μ¢ ´´ÒÌ ´  ¶·¨´Í¨¶ Ì ±¨· ²Ó´μ°
¸¨³³¥É·¨¨ ¨ ¢¥±Éμ·´μ° ¤μ³¨´ ´É´μ¸É¨. ‚ · ¡μÉ¥ [21] ¨¸¶μ²Ó§μ¢ ² ¸Ó μ¡μ¡-
Ð¥´´ Ö ³μ¤¥²Ó ¢¥±Éμ·´μ° ¤μ³¨´ ´É´μ¸É¨ ¸ ÊÎ¥Éμ³ ¢±² ¤μ¢ ¶·μ³¥¦ÊÉμÎ´ÒÌ
¢¥±Éμ·´ÒÌ ³¥§μ´μ¢ ρ(770), ρ′(1450) ¨ ρ′′(1700). �·¨ ÔÉμ³ ¨¸¶μ²Ó§μ¢ ²¨¸Ó
¶·μ¨§¢μ²Ó´Ò¥ ¸¢μ¡μ¤´Ò¥ ¶ · ³¥É·Ò, ±μÉμ·Ò¥ Ë¨É¨·μ¢ ²¨¸Ó ¶μ Ô±¸¶¥·¨³¥´-
É ²Ó´Ò³ ¤ ´´Ò³ ÔÉμ£μ ¦¥ ¶·μÍ¥¸¸ . � ´¥¥ ¶·μÍ¥¸¸ · ¸¶ ¤  ρ′ → ωπ · ¸¸³ É-
·¨¢ ²¸Ö ¢ ·¥²ÖÉ¨¢¨¸É¸±μ° μ¡μ¡Ð¥´´μ° ±¢ ·±μ¢μ° ³μ¤¥²¨ [22] ¨ ¢ ´¥·¥²ÖÉ¨-
¢¨¸É¸±μ° ±¢ ·±μ¢μ° ³μ¤¥²¨ [23]. ‚ · ¡μÉ¥ [24] μ¶¨¸Ò¢ ¥É¸Ö ¨§ÊÎ¥´¨¥ ¶·μ-
Í¥¸¸  e+e− → ωπ0 ¶·¨ §´ Î¥´¨ÖÌ Ô´¥·£¨¨, ¡²¨§±¨Ì ± §´ Î¥´¨Ö³ ·¥§μ´ ´¸ 
φ-³¥§μ´ ,   É ±¦¥ ¶·¥¤¸É ¢²¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ±μ²² ¡μ· Í¨¨
KLOE [25]. ‡¤¥¸Ó ³Ò ´¥ ¡Ê¤¥³ Ê¤¥²ÖÉÓ ¸¶¥Í¨ ²Ó´μ¥ ¢´¨³ ´¨¥ ÉμÎ±¥ Ô´¥·-
£¨¨, ¸¢Ö§ ´´μ° ¸ ·¥§μ´ ´¸μ³ φ-³¥§μ´ , ¨ ¶·¥´¥¡·¥¦¥³ ¥£μ ¢±² ¤μ³ ¢ μ¡² ¸É¨
§´ Î¥´¨° Ô´¥·£¨¨ ¢ÒÏ¥ §´ Î¥´¨° ³ ¸¸Ò mφ (¨ ´¨¦¥ 2 ƒÔ‚). ‚ ¦´μ μÉ³¥-
É¨ÉÓ, ÎÉμ ¢ · ¡μÉ Ì [21, 26, 27] ´  · §²¨Î´ÒÌ ³μ¤¥²ÖÌ ¶μ± § ´μ, ÎÉμ ¢±² ¤
¢Éμ·μ£μ · ¤¨ ²Ó´μ-¢μ§¡Ê¦¤¥´´μ£μ ¸μ¸ÉμÖ´¨Ö ρ′′(1700) ¢ μ¡¸Ê¦¤ ¥³Ò° ¶·μ-
Í¥¸¸ ´¥§´ Î¨É¥²¥´. ‚ · ¸Ï¨·¥´´μ° ³μ¤¥²¨ �ˆ‹ ¤ ´´Ò° ¶·μÍ¥¸¸ μ¶¨¸ ´ ¢
· ¡μÉ Ì [28, 29]. ‚ μÉ²¨Î¨¥ μÉ Ê± § ´´ÒÌ ¢ÒÏ¥ · ¡μÉ ´ ³ ´¥ É·¥¡μ¢ ²μ¸Ó
¨¸¶μ²Ó§μ¢ ÉÓ ± ±¨¥-²¨¡μ ¤μ¶μ²´¨É¥²Ó´Ò¥ ¶ · ³¥É·Ò.

‚ μÉ²¨Î¨¥ μÉ μ¶¨¸ ´´μ£μ ¢ÒÏ¥ ¶·μÍ¥¸¸  e+e− → πγ §¤¥¸Ó ¢ ± Î¥¸É¢¥
¶·μ³¥¦ÊÉμÎ´ÒÌ ³¥§μ´μ¢ (´ ·Ö¤Ê ¸ ËμÉμ´μ³) ¡Ê¤ÊÉ ÊÎ ¸É¢μ¢ ÉÓ Éμ²Ó±μ ρ0(770)
¨ ρ′(1450). ‘μμÉ¢¥É¸É¢ÊÕÐ Ö  ³¶²¨ÉÊ¤  ¨³¥¥É ¢¨¤

T = ēγμe
1
s
εμλνηpν

ωpη
π

{
Tγ + Tρ + Tρ′

}
ελ(ω), (25)
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£¤¥ s = (p1(e+) + p2(e−))2 ≡ q2. ‚ÒÎ¨¸²¥´¨Ö  ³¶²¨ÉÊ¤Ò ¶μ²´μ¸ÉÓÕ  ´ -
²μ£¨Î´Ò ¶·μ¢¥¤¥´´Ò³ ¢ ¶. 2.1, μÉ²¨Î¨¥ ¡Ê¤¥É ¢ ¢Ò· ¦¥´¨¨ ¤²Ö É·¥Ê£μ²Ó´μ°
¢¥·Ï¨´Ò, μ¶¨¸Ò¢ ÕÐ¥° ·μ¦¤¥´¨¥ ¶ ·Ò πω ¢³¥¸Éμ πγ. ‚ Î ¸É´μ¸É¨, ¢¥·Ï¨´ 
¶¥·¥Ìμ¤  ρ → πω ¢ · ¸Ï¨·¥´´μ° ³μ¤¥²¨ �ˆ‹ ¶·¨´¨³ ¥É ¢¨¤

Vρωπ = gπ1

[
gρ1

(
sin (β + β0)

sin (2β0)

)2

I3(mu)+

+
g2

ρ2

gρ1

(
sin (β − β0)

sin (2β0)

)2

Iff
3 (mu)+

+ 2gρ2

sin (β + β0)
sin (2β0)

sin (β − β0)
sin (2β0)

If
3 (mu)

]
. (26)

	μ²ÓÏ¥¥ ±μ²¨Î¥¸É¢μ Î²¥´μ¢ ¢ ¤ ´´μ° ¢¥·Ï¨´¥ ¸¢Ö§ ´μ ¸ ÊÎ¥Éμ³ Î²¥´μ¢ ¸
Ëμ·³Ë ±Éμ· ³¨ ¨ ¢ ¢¥·Ï¨´¥ ρ-³¥§μ´ , ¨ ¢ ¢¥·Ï¨´¥ ω-³¥§μ´ . „¥É ²Ó´μ¥ μ¶¨-
¸ ´¨¥ μ¸É ²Ó´ÒÌ ¢¥·Ï¨´ ³μ¦´μ ´ °É¨ ¢ ¸É ÉÓ¥ [29]. �μ²ÊÎ¥´´Ò¥  ³¶²¨ÉÊ¤Ò
¶μ§¢μ²ÖÕÉ ¶μ²ÊÎ¨ÉÓ ¶·¥¤¸± § ´¨¥ ¤²Ö § ¢¨¸¨³μ¸É¨ ¸¥Î¥´¨Ö · ¸¸³ É·¨¢ ¥³μ£μ
¶·μÍ¥¸¸  μÉ Ô´¥·£¨¨ (·¨¸. 6). ‚¨¤´μ, ÎÉμ ¶μ²ÊÎ¥´´Ò¥ ¶·¥¤¸± § ´¨Ö ´ Ìμ¤ÖÉ¸Ö
¢ Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ³ ¸μ£² ¸¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨. �¸μ¡¥´´μ
Ìμ·μÏ¥¥ ¸μ£² ¸¨¥ ¶μ²ÊÎ ¥É¸Ö ¶·¨ §´ Î¥´¨ÖÌ Ô´¥·£¨¨ ¤μ 1,4 ƒÔ‚. �·¨ ¡μ²¥¥
¢Ò¸μ±¨Ì §´ Î¥´¨ÖÌ Ô´¥·£¨¨ ¤²Ö ¡μ²¥¥ ÉμÎ´μ£μ μ¶¨¸ ´¨Ö ¸²¥¤Ê¥É ÊÎ¨ÉÒ¢ ÉÓ
¢±² ¤Ò μÉ · ¤¨ ²Ó´μ-¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨° ¶·μ³¥¦ÊÉμÎ´ÒÌ ¢¥±Éμ·´ÒÌ ³¥-
§μ´μ¢ ¡μ²¥¥ ¢Ò¸μ±μ£μ ¶μ·Ö¤± .

�´ ²μ£¨Î´Ò¥ ¢ÒÎ¨¸²¥´¨Ö ¢ · ³± Ì · ¸Ï¨·¥´´μ° ³μ¤¥²¨ �ˆ‹ ¡Ò²¨ ¶·μ-
¢¥¤¥´Ò ¤²Ö ¶·μÍ¥¸¸  e+ + e− → π0 + ρ0 ¢ · ¡μÉ¥ [31].
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�¨¸. 6. ‘· ¢´¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ SND-2 (±¢ ¤· ÉÒ [20] ¨ ±·Ê¦±¨ [30])
¤²Ö ¶·μÍ¥¸¸  e+e− → πω ¸ ¶·¥¤¸± § ´¨Ö³¨ · ¸Ï¨·¥´´μ° ³μ¤¥²¨ �ˆ‹ (¸¶²μÏ´ Ö
±·¨¢ Ö)
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2.3. �·μÍ¥¸¸Ò e+e− → η(η′, η(1295), η(1475))γ. �·μÍ¥¸¸ Ô²¥±É·μ´-
¶μ§¨É·μ´´μ°  ´´¨£¨²ÖÍ¨¨ ¢ ¶ ·Ê ηγ ¨§ÊÎ ²¸Ö Ô±¸¶¥·¨³¥´É ²Ó´μ ´  ±μ²² °-
¤¥·¥ ‚���-2Œ (�μ¢μ¸¨¡¨·¸±) [32]. �´ ²μ£¨Î´Ò¥ ¶·μÍ¥¸¸Ò ¸ ·μ¦¤¥´¨¥³ η′

¨ ¶¥·¢ÒÌ · ¤¨ ²Ó´μ-¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨° η-³¥§μ´μ¢ ¡Ê¤ÊÉ ¨¸¸²¥¤μ¢ ÉÓ¸Ö
´  ³μ¤¥·´¨§¨·μ¢ ´´μ³ ±μ²² °¤¥·¥ ‚���-2000. ‚ · ¸Ï¨·¥´´μ° ³μ¤¥²¨ �ˆ‹
¤ ´´Ò° ¶·μÍ¥¸¸ μ¶¨¸ ´ ¢ · ¡μÉ¥ [33].

‘É·Ê±ÉÊ·   ³¶²¨ÉÊ¤ ¶·μÍ¥¸¸μ¢ ¸ ·μ¦¤¥´¨¥³ ¶ · ηiγ μÎ¥´Ó ¡²¨§±  ± ¶·¨-
¢¥¤¥´´μ° ¢ ¶. 2.1. ‚ ´¥° ³Ò ÊÎ¨ÉÒ¢ ¥³ ¢±² ¤Ò ¶·μ³¥¦ÊÉμÎ´μ£μ ËμÉμ´ , ρ-,
ω- ¨ φ-³¥§μ´μ¢ ± ± ¢ μ¸´μ¢´μ³, É ± ¨ ¢ ¶¥·¢μ³ · ¤¨ ²Ó´μ-¢μ§¡Ê¦¤¥´´μ³ ¸μ-
¸ÉμÖ´¨ÖÌ. ‡¤¥¸Ó μ¸μ¡¥´´μ ¢ ¦´Ò³¨ ¸É ´μ¢ÖÉ¸Ö ¢±² ¤Ò ¶·μ³¥¦ÊÉμÎ´ÒÌ φ-
¨ φ′-³¥§μ´μ¢, ¶μ¸±μ²Ó±Ê η-³¥§μ´Ò ¸μ¤¥·¦ É ± ± u-, d-, É ± ¨ s-±¢ ·±μ¢Ò¥
¸É·Ê±ÉÊ·Ò. �³¶²¨ÉÊ¤  ¨³¥¥É ¢¨¤

T λ = ēγμe
pα

η pβ
γ

s
{Tγ + Tρ+ω + Tφ + Tρ′+ω′ + Tφ′}εμλαβ , (27)

£¤¥ ¢±² ¤Ò · §²¨Î´ÒÌ ¶·μ³¥¦ÊÉμÎ´ÒÌ ¸μ¸ÉμÖ´¨° μ¶¨¸Ò¢ ÕÉ¸Ö ¢Ò· ¦¥´¨Ö³¨

Tγ =
2
3

(
5
16
3

π2muVγu +
√

2
16
3

π2msVγs

)
,

Tρ+ω =
(

3s

m2
ρ − s − i

√
sΓρ

+
1
3

s

m2
ω − s − i

√
sΓω

)
Cγρ

gρ1

(
16
3

π2muVρ

)
,

Tφ = −2
√

2
3

s

m2
φ − s − i

√
sΓφ

Cγφ

gφ1

(
16
3

π2msVφ

)
,

(28)

Tρ′+ω′ =

(
3s

m2
ρ′ − s − i

√
sΓρ′(s)

+
1
3

s

m2
ω′ − s − i

√
sΓω′

)
×

× Cγρ′

gρ1

(
16
3

π2muVρ′

)
eiπ ,

Tφ′ = −2
√

2
3

s

m2
φ′ − s − i

√
sΓφ′

Cγφ′

gφ1

(
16
3

π2msVφ′

)
,

£¤¥ ±μÔËË¨Í¨¥´ÉÒ CγV μ¡μ§´ Î ÕÉ ±μ´¸É ´ÉÒ ¶¥·¥Ìμ¤  ¢¨·ÉÊ ²Ó´μ£μ ËμÉμ´ 
¢ ¢¥±Éμ·´Ò° ³¥§μ´:

CγV =
sin (βq + βq

0)
sin (2βq

0)
+ RV

sin (βq − βq
0)

sin (2βq
0)

,

CγV ′ = −
(

cos (βq + βq
0)

sin (2βq
0)

+ RV
cos (βq − βq

0)
sin (2βq

0)

)
.

(29)
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‡´ Î¥´¨Ö ¤²Ö ¢¥·Ï¨´ ¡¥·¥³ ¢ ¶·¨¡²¨¦¥´¨¨ ³ ²ÒÌ ¨³¶Ê²Ó¸μ¢:

V η,η′,η̂,η̂′

γq =
∑

i=1,2

b
ϕq,i

η,η̂,η′,η̂′gqiI3(mq), (30)

V η,η′,η̂,η̂′

Vq
=

sin (βq + βq
0)

sin (2βq
0)

b
ϕq,1
η,η̂,η′,η̂′gV1gq1I3(mq)+

+
sin (βq − βq

0)
sin (2βq

0)
b
ϕq,1
η,η̂,η′,η̂′gV2gq1I

f
3 (mq)+

+
sin (βq + βq

0)
sin (2βq

0)
b
ϕq,2
η,η̂,η′,η̂′gV1gq2I

f
3 (mq)+

+
sin (βq − βq

0)
sin (2βq

0)
b
ϕq,2
η,η̂,η′,η̂′gV2gq2I

f2

3 (mq), (31)

−V η,η′,η̂,η̂′

V ′
q

=
cos (βq + βq

0)
sin (2βq

0)
b
ϕq,1
η,η̂,η′,η̂′gV1gq1I3(mq)+

+
cos (βq − βq

0)
sin (2βq

0)
b
ϕq,1
η,η̂,η′,η̂′gV2gq1I

f
3 (mq)+

+
cos (βq + βq

0)
sin (2βq

0)
b
ϕq,2
η,η̂,η′,η̂′gV1gq2I

f
3 (mq)+

+
cos (βq − βq

0)
sin (2βq

0)
b
ϕq,2
η,η̂,η′,η̂′gV2gq2I

f2

3 (mq). (32)

‡ ¢¨¸¨³μ¸ÉÓ Ï¨·¨´Ò ρ′-³¥§μ´  μÉ Ô´¥·£¨¨ ³μ¦´μ ÊÎ¥¸ÉÓ, ¨¸¶μ²Ó§ÊÖ Ëμ·³Ê²Ê

Γρ′(s) = Θ(2mπ −
√

s)Γρ′→2π+

+ Θ(
√

s − 2mπ)
(

Γρ′→2π + Γρ′→ωπ

√
s − 2mπ

mω − mπ

)
Θ(mω + mπ −

√
s)+

+ Θ(mρ′ −
√

s)Θ(
√

s − mω − mπ)
(

Γρ′→2π + Γρ′→ωπ+

+ (Γρ′ − Γρ′→2π − Γρ′→ωπ)
√

s − mω − mπ

mρ′ − mω − mπ

)
+ Θ(

√
s − mρ′)Γρ′ , (33)

£¤¥ Γρ′→2π = 22 ŒÔ‚ ¨ Γρ′→ωπ = 75 ŒÔ‚ ¶μ²ÊÎ¥´Ò ¢ · ¡μÉ¥ [8],   Γρ′ =
400 ŒÔ‚ Å ¶μ²´ Ö Ï¨·¨´  ÔÉμ£μ ³¥§μ´ . „²Ö Ï¨·¨´ ¢μ§¡Ê¦¤¥´´ÒÌ ω′- ¨
φ′-³¥§μ´μ¢ ³Ò ¨¸¶μ²Ó§Ê¥³ §´ Î¥´¨Ö ¨Ì ¶μ²´ÒÌ Ï¨·¨´. �Éμ μ¶· ¢¤ ´μ É¥³,
ÎÉμ ¨Ì ¢±² ¤Ò ´¥¢¥²¨±¨ ¶μ ¸· ¢´¥´¨Õ ¸ ¢±² ¤μ³ ρ′-³¥§μ´ . �É³¥É¨³, ÎÉμ
¢±² ¤ φ′-³¥§μ´  § ³¥É¥´ Éμ²Ó±μ ¶·¨ §´ Î¥´¨ÖÌ Ô´¥·£¨¨

√
s > 1,5 ƒÔ‚.

”μ·³Ê²  ¤²Ö ¶μ²´μ£μ ¸¥Î¥´¨Ö · ¸¸³ É·¨¢ ¥³μ£μ ¶·μÍ¥¸¸  ¨³¥¥É ¢¨¤

σ(s) =
α

24π2s3
λ3/2(s, m, 0)|T |2, (34)
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£¤¥ λ(a, b, c) = (a − b − c)2 − 4bc, m = mη, mη′ , mη̂, mη̂′ . �¥§Ê²ÓÉ ÉÒ Î¨-
¸²¥´´ÒÌ · ¸Î¥Éμ¢ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 7Ä10. �  ·¨¸. 7 ¶·¨¢¥¤¥´μ ¸· ¢´¥-
´¨¥ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ [32], ´  £· Ë¨± Ì (¸³. ·¨¸. 8Ä10) ¶·¥¤-
¸É ¢²¥´Ò ¶·¥¤¸± § ´¨Ö · ¸Ï¨·¥´´μ° ³μ¤¥²¨ �ˆ‹. �μ £· Ë¨± ³ ¢¨¤´μ,
ÎÉμ ÊÎ¥É ¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨° μÎ¥´Ó ¢ ¦¥´ ¢ μ¡² ¸É¨ §´ Î¥´¨° ¢ÒÏ¥
1 ƒÔ‚. � Ï¨ ¶·¥¤¸± § ´¨Ö ³μ£ÊÉ ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¶·¨ μ¶·¥¤¥²¥´¨¨ Ë¨§¨Î¥-
¸±μ° ¶·μ£· ³³Ò ¤ ²Ó´¥°Ï¨Ì Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ´  ¸μ¢·¥³¥´-
´ÒÌ Ô²¥±É·μ´-¶μ§¨É·μ´´ÒÌ ±μ²² °¤¥· Ì.
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�¨¸. 7. ‘· ¢´¥´¨¥ ¶·¥¤¸± § ´¨° ³μ¤¥²¨ �ˆ‹ ¸ ¤ ´´Ò³¨ Ô±¸¶¥·¨³¥´É  [32] ¤²Ö ¶·μ-
Í¥¸¸  e+e− → ηγ
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�¨¸. 8. �·¥¤¸± § ´¨Ö ¤²Ö § ¢¨¸¨³μ¸É¨ ¸¥Î¥´¨Ö ¶·μÍ¥¸¸  e+e− → η′γ μÉ Ô´¥·£¨¨
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�¨¸. 9. �·¥¤¸± § ´¨Ö ¤²Ö § ¢¨¸¨³μ¸É¨ ¸¥Î¥´¨Ö ¶·μÍ¥¸¸  e+e− → η(1295)γ μÉ Ô´¥·£¨¨
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�¨¸. 10. �·¥¤¸± § ´¨Ö ¤²Ö § ¢¨¸¨³μ¸É¨ ¸¥Î¥´¨Ö ¶·μÍ¥¸¸  e+e− → η (1475) γ
μÉ Ô´¥·£¨¨

2.4. �·μÍ¥¸¸ e+e− → π+π−(ππ′). �·μÍ¥¸¸  ´´¨£¨²ÖÍ¨¨ e+e− ¢ ¶ ·Ê § -
·Ö¦¥´´ÒÌ ¶¨μ´μ¢ ÉÐ É¥²Ó´μ ¨§ÊÎ ²¸Ö ± ± Ô±¸¶¥·¨³¥´É ²Ó´μ [34] (¸³. É ±¦¥
¸¸Ò²±¨ ¢ ÔÉμ° · ¡μÉ¥), É ± ¨ É¥μ·¥É¨Î¥¸±¨ [35Ä40]. �¤´ ±μ ¢ ¡μ²ÓÏ¨´¸É¢μ
É¥μ·¥É¨Î¥¸±¨Ì · ¡μÉ ¶·¨Ìμ¤¨²μ¸Ó ¢¢μ¤¨ÉÓ ¤μ¶μ²´¨É¥²Ó´Ò¥ ¶·μ¨§¢μ²Ó´Ò¥ ¶ -
· ³¥É·Ò ¤²Ö Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ£μ μ¶¨¸ ´¨Ö ¢Ò¸μ±μÉμÎ´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó-
´ÒÌ ¤ ´´ÒÌ. ‚ Éμ ¦¥ ¢·¥³Ö ¢ · ¸Ï¨·¥´´μ° ³μ¤¥²¨ �ˆ‹ É ±μ¥ μ¶¨¸ ´¨¥
³μ¦¥É ¡ÒÉÓ ¶μ²ÊÎ¥´μ ¡¥§ ¢¢¥¤¥´¨Ö ± ±¨Ì-²¨¡μ ¤μ¶μ²´¨É¥²Ó´ÒÌ ¶·μ¨§¢μ²Ó-
´ÒÌ ¶ · ³¥É·μ¢. �Éμ ¶μ§¢μ²Ö¥É ´¥ Éμ²Ó±μ μ¶¨¸Ò¢ ÉÓ ¸ÊÐ¥¸É¢ÊÕÐ¨¥ Ô±¸¶¥-
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·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥, ´μ ¨ ¤¥² ÉÓ É¥μ·¥É¨Î¥¸±¨¥ ¶·¥¤¸± § ´¨Ö ¤²Ö ¶·μÍ¥¸¸ 
·μ¦¤¥´¨Ö ¶ ·Ò § ·Ö¦¥´´ÒÌ π- ¨ π′(1300)-³¥§μ´μ¢.

„²Ö μ¶¨¸ ´¨Ö ÔÉμ£μ ¶·μÍ¥¸¸  ¶·¨ §´ Î¥´¨ÖÌ Ô´¥·£¨¨ ´¨¦¥ 1 ƒÔ‚ ¤μ-
¸É ÉμÎ´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¸É ´¤ ·É´ÊÕ ³μ¤¥²Ó �ˆ‹ ¸ ÊÎ¥Éμ³ ¶·μ³¥¦ÊÉμÎ´ÒÌ
¸μ¸ÉμÖ´¨° ËμÉμ´ , ρ- ¨ ω-³¥§μ´μ¢ ¢ μ¸´μ¢´ÒÌ ¸μ¸ÉμÖ´¨ÖÌ. �¤´ ±μ ¶·¨ ¡μ²¥¥
¢Ò¸μ±¨Ì §´ Î¥´¨ÖÌ Ô´¥·£¨¨ § ³¥É´ÊÕ ·μ²Ó ´ Î¨´ ¥É ¨£· ÉÓ ¶·μ³¥¦ÊÉμÎ´μ¥
¸μ¸ÉμÖ´¨¥ ρ′(1450). ‚ · ³± Ì · ¸Ï¨·¥´μ° ³μ¤¥²¨ �ˆ‹ ÊÎ¥É ¢±² ¤μ¢ ¶¥·¢ÒÌ
· ¤¨ ²Ó´μ-¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨° ³¥§μ´μ¢ ¤²Ö ÔÉμ£μ ¶·μÍ¥¸¸  ¡Ò² ¸¤¥² ´
¢ · ¡μÉ¥ [41].

�³¶²¨ÉÊ¤  ¶·μÍ¥¸¸  e+e− → π+π− μ¶¨¸Ò¢ ¥É¸Ö ¤¨ £· ³³ ³¨, ¶·¨¢¥-
¤¥´´Ò³¨ ´  ·¨¸. 11 ¨ 12, ¨ ¨³¥¥É ¢¨¤

T = ēγμe
4πα

s
(Bγ + Bρ + Bω + Bρ′) fa1(s)(p

μ
π+ − pμ

π−), (35)

£¤¥ α ≈ 1/137, s = (pe+ + pe−)2,   fa1(s) μ¶¨¸Ò¢ ¥É ·μ¦¤¥´¨¥ ¶¨μ´μ¢ Î¥·¥§
¶·μ³¥¦ÊÉμÎ´Ò¥ a1-³¥§μ´Ò:

fa1(p
2) =

1
Z

+
(
1 − 1

Z

)
+

(
p2 − m2

π

(gρFπ)2

)
(1 − Z) = 1+

(
p2 − m2

π

(gρFπ)2

)
(1 − Z) , (36)

£¤¥ Z Å μ¶¨¸ ´´Ò° ¢ÒÏ¥ ¶¥·¥´μ·³¨·μ¢μÎ´Ò° ³´μ¦¨É¥²Ó, ÊÎ¨ÉÒ¢ ÕÐ¨°
¶¥·¥Ìμ¤Ò π − a1. �¥·¢μ¥ ¸² £ ¥³μ¥ μ¶¨¸Ò¢ ¥É ·μ¦¤¥´¨¥ ¤¢ÊÌ ¶¨μ´μ¢ ´¥-

e�

e+

�
u d,

��

��

�¨¸. 11. Šμ´É ±É´ Ö ¤¨ £· ³³ , μ¶¨¸Ò¢ ÕÐ Ö ·μ¦¤¥´¨¥ ¤¢ÊÌ ¶¨μ´μ¢ ¶·μ³¥¦ÊÉμÎ´Ò³
ËμÉμ´μ³

�¨¸. 12. �·μÍ¥¸¸ e+e− → π+π− ¸ ÊÎ¥Éμ³ ¶·μ³¥¦ÊÉμÎ´ÒÌ ¢¥±Éμ·´ÒÌ ³¥§μ´μ¢
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¶μ¸·¥¤¸É¢¥´´μ ¨§ ±¢ ·±μ¢μ° É·¥Ê£μ²Ó´μ° ¶¥É²¨, ¢Éμ·μ¥ ¸² £ ¥³μ¥ ¸μμÉ¢¥É-
¸É¢Ê¥É ¸¨ÉÊ Í¨¨, ±μ£¤  μ¤¨´ ¨§ ¶¨μ´μ¢ ·μ¦¤ ¥É¸Ö Î¥·¥§ ¶·μ³¥¦ÊÉμÎ´Ò° ³¥-
§μ´ a1(1260), ¨ É·¥ÉÓ¥ Å ±μ£¤  μ¡  ¶¨μ´  ·μ¦¤ ÕÉ¸Ö Î¥·¥§ ¶·μ³¥¦ÊÉμÎ´Ò¥
a1-³¥§μ´Ò.

‚±² ¤ ¤¨ £· ³³Ò ¸ μ¡³¥´μ³ ËμÉμ´μ³ ´μ·³¨·μ¢ ´ ´  ¥¤¨´¨ÍÊ: Bγ = 1.
‘ ÊÎ¥Éμ³ ¶¥·¥Ìμ¤μ¢ γÄρ ¢¥²¨Î´  Bρ ¨³¥¥É ¢¨¤

Bρ =
CγρCρππ

gρ

s

m2
ρ − s − i

√
sΓρ(s)

, (37)

Cγρ =
(

sin (β + β0)
sin (2β0)

+ Rρ
sin (β − β0)

sin (2β0)

)
. (38)

‚¥·Ï¨´  ρππ ¶·μ¶μ·Í¨μ´ ²Ó´  ±μÔËË¨Í¨¥´ÉÊ

Cρππ =

(
sin (β + β0)
sin (2β0)

gρ1 +
sin (β − β0)

sin (2β0)
If
2

I2
gρ2

)
. (39)

„²Ö ¢±² ¤  ¶·μ³¥¦ÊÉμÎ´μ£μ ω-³¥§μ´  ³Ò ¶μ²ÊÎ ¥³

Bω =
C(s)CρππCγρ

3g2
ρ

s

m2
ω − s − i

√
sΓω(s)

, (40)

£¤¥ ËÊ´±Í¨Ö C(s) = C1(s) + C2(s) μ¶¨¸Ò¢ ¥É ¶¥·¥Ìμ¤ ω-³¥§μ´  ¢ ρ-³¥§μ´ ¸
¶μ¸²¥¤ÊÕÐ¨³ ¥£μ · ¸¶ ¤μ³ ´  ¤¢  ¶¨μ´ . ”Ê´±Í¨Ö C1(s) ÊÎ¨ÉÒ¢ ¥É ¶·Ö³μ°
¶¥·¥Ìμ¤ ¢ ρ-³¥§μ´ §  ¸Î¥É · §´μ¸É¨ ³ ¸¸ u- ¨ d-±¢ ·±μ¢:

C1(s) =
g3

ρm2
ω

3(m2
ρ − s − i

√
sΓρ(s))

3
(4π)2

log
(

md

mu

)2

. (41)

C2 μ¶¨¸Ò¢ ¥É ¢±² ¤ ¶¥·¨μ¤  ω → γ → ρ:

C2(s) = − 4πα s

3gρ(m2
ρ − s − i

√
sΓρ(s))

. (42)

�μ¸²¥¤´ÖÖ Î ¸ÉÓ  ³¶²¨ÉÊ¤Ò c ¶·μ³¥¦ÊÉμÎ´Ò³ ρ′-³¥§μ´μ³  ´ ²μ£¨Î´ 
¢±² ¤Ê μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö ρ-³¥§μ´ :

Bρ′ = eiπ Cγρ′Cρ′ππ

gρ

s

m2
ρ′ − s − i

√
sΓρ′(s)

, (43)

Cγρ′ = −
(

cos (β + β0)
sin (2β0)

+ Rρ
cos (β − β0)

sin (2β0)

)
,

Cρ′ππ = −
(

cos (β + β0)
sin (2β0)

gρ1 +
cos (β − β0)

sin (2β0)
If
2

I2
gρ2

)
= 1,68.
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Š ¸μ¦ ²¥´¨Õ, ¨¸¶μ²Ó§Ê¥³ Ö ´ ³¨ ³μ¤¥²Ó ´¥ ¤ ¥É ¢μ§³μ¦´μ¸É¨ μ¶·¥¤¥²¨ÉÓ
μÉ´μ¸¨É¥²Ó´ÊÕ Ë §Ê  ³¶²¨ÉÊ¤ ¸ ¶·μ³¥¦ÊÉμÎ´Ò³¨ ρ-³¥§μ´ ³¨ ¢ μ¸´μ¢´μ³ ¨
¢μ§¡Ê¦¤¥´´μ³ ¸μ¸ÉμÖ´¨ÖÌ. �·¨¥´É¨·ÊÖ¸Ó ´  Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥, ³Ò
¢Ò¡· ²¨ · §´μ¸ÉÓ Ë §, · ¢´ÊÕ eiπ . “Î¥É § ¢¨¸¨³μ¸É¨ Ï¨·¨´Ò Γρ′ μÉ Ô´¥·£¨¨
³μ¦´μ ¸¤¥² ÉÓ, ¨¸¶μ²Ó§ÊÖ Ëμ·³Ê²Ê ¨§ · ¡μÉÒ [12].

„²Ö ¶μ²´μ£μ ¸¥Î¥´¨Ö ³Ò ¶μ²ÊÎ ¥³

σ(s) =
α2π

12s
f2

a1
(s)

(
1 − 4m2

π

s

)3/2

|Bγ + Bρ + Bω + Bρ′ |2 . (44)

�  ·¨¸. 13 ¢¨¤´μ Ìμ·μÏ¥¥ ¸μ£² ¸¨¥ ´ Ï¨Ì ·¥§Ê²ÓÉ Éμ¢ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨
¤ ´´Ò³¨ [34] ¤²Ö ¶·μÍ¥¸¸  e+e− → π+π− ¶·¨ §´ Î¥´¨ÖÌ Ô´¥·£¨¨ ¤μ 1 ƒÔ‚.

400 500 600 700 800 900 1000
0

200

400

600

800

1000

1200

1400

�
�

��s
n
b

	 �s MeV

�¨¸. 13. ‘· ¢´¥´¨¥ ¶·¥¤¸± § ´¨° ³μ¤¥²¨ �ˆ‹ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ [34]
¤²Ö ¸¥Î¥´¨Ö ¶·μÍ¥¸¸  e+e− → π+π−

�·¨ · ¸¸³μÉ·¥´¨¨ ¶·μÍ¥¸¸  e+e− → ππ′ ³μ¦´μ ¶·¥´¥¡·¥ÎÓ ¢±² ¤μ³
¤¨ £· ³³ ¸ ¶·μ³¥¦ÊÉμÎ´Ò³ ω-³¥§μ´μ³. ‘¥Î¥´¨¥ ¸É·μ¨É¸Ö  ´ ²μ£¨Î´μ ¸²ÊÎ Õ
·μ¦¤¥´¨Ö ¶ ·Ò π+π− ¨ ¨³¥¥É ¢¨¤

σ(s) =
α2π

12s2
Λ3/2(s, m2

π′ , m2
π)

∣∣∣Bππ′

γ + Bππ′

ρ + Bππ′

ρ′

∣∣∣2 . (45)

‚ μÉ²¨Î¨¥ μÉ ¶·¥¤Ò¤ÊÐ¥£μ ¶·μÍ¥¸¸  §¤¥¸Ó ´¥μ¡Ìμ¤¨³μ ÊÎ¨ÉÒ¢ ÉÓ ¢±² ¤ ±μ³-
¶μ´¥´ÉÒ ¸ Ëμ·³Ë ±Éμ·μ³ ¨ ¢ ¢¥·Ï¨´¥ ¸ ¨¸Ìμ¤ÖÐ¨³ π′(1300)-³¥§μ´μ³. �¥-
§Ê²ÓÉ ÉÒ ¤²Ö § ¢¨¸¨³μ¸É¨ ¸¥Î¥´¨Ö ¶·μÍ¥¸¸  e+e− → ππ′ μÉ Ô´¥·£¨¨ ¶·¨-
¢¥¤¥´Ò ´  ·¨¸. 14. � Ï¨ ·¥§Ê²ÓÉ ÉÒ ¤²Ö ¤ ´´μ£μ ¶·μÍ¥¸¸  Ö¢²ÖÕÉ¸Ö ± Î¥-
¸É¢¥´´Ò³¨, ¶μ¸±μ²Ó±Ê ¢±² ¤ ¶·μ³¥¦ÊÉμÎ´μ£μ ¸μ¸ÉμÖ´¨Ö ¢Éμ·μ£μ · ¤¨ ²Ó´μ-
¢μ§¡Ê¦¤¥´´μ£μ ¸μ¸ÉμÖ´¨Ö ρ(1700) ´¥ ÊÎÉ¥´.
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�¨¸. 14. �·¥¤¸± § ´¨Ö · ¸Ï¨·¥´´μ° ³μ¤¥²¨ �ˆ‹ ¤²Ö ¸¥Î¥´¨Ö ¶·μÍ¥¸¸  e+e− → ππ′.
‘¶²μÏ´ Ö ²¨´¨Ö Å ¶μ²´μ¥ ¸¥Î¥´¨¥, ÏÉ·¨Ìμ¢ Ö Å Éμ²Ó±μ ¢±² ¤ ρ′(1450)

2.5. �·μÍ¥¸¸ e+e− → η(η′)2π. ‚ § ±²ÕÎ¥´¨¥ · ¸¸³μÉ·¨³ ¶·μÍ¥¸¸Ò

e+ + e− → η(η′) + π+ + π−,

±μÉμ·Ò¥ É ±¦¥ ¨¤ÊÉ Î¥·¥§ ¶·μ³¥¦ÊÉμÎ´Ò¥ ρ- ¨ ρ′-³¥§μ´Ò. �É¨ ¶·μÍ¥¸¸Ò
¨§ÊÎ ²¨¸Ó Ô±¸¶¥·¨³¥´É ²Ó´μ ´  Í¥²μ³ ·Ö¤¥ Ê¸É ´μ¢μ±: DM1 [42], DM2 [43],
ND [13, 44], CMD-2 [45] ¨ BaBar [46]. ‘ É¥μ·¥É¨Î¥¸±μ° ÉμÎ±¨ §·¥´¨Ö μ´¨
É ±¦¥ μ¡¸Ê¦¤ ²¨¸Ó ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ · §²¨Î´ÒÌ Ë¥´μ³¥´μ²μ£¨Î¥¸±¨Ì ³μ¤¥-
²¥° [45, 47, 48]. ‡¤¥¸Ó ³Ò ¶·¨¢¥¤¥³ ¢ÒÎ¨¸²¥´¨Ö ÔÉ¨Ì ¶·μÍ¥¸¸μ¢ ¢ · ³± Ì
· ¸Ï¨·¥´´μ° ³μ¤¥²¨ �ˆ‹ [49] ¨ ¶·μ¢¥¤¥³ ¸· ¢´¥´¨¥ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨
¤ ´´Ò³¨ ¨ ·¥§Ê²ÓÉ É ³¨, ¶μ²ÊÎ¥´´Ò³¨ ¢ Ê± § ´´ÒÌ ¢ÒÏ¥ É¥μ·¥É¨Î¥¸±¨Ì
· ¡μÉ Ì.

�μ²´ Ö  ³¶²¨ÉÊ¤  · ¸¸³ É·¨¢ ¥³μ£μ ¶·μÍ¥¸¸  ¨³¥¥É ¢¨¤

T = −4πα

q2
ēγμeHμ, (46)

£¤¥ q = pe+ +pe− ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸. �¤·μ´´ Ö Î ¸ÉÓ  ³¶²¨ÉÊ¤Ò ¸μ¤¥·¦¨É
¢±² ¤Ò ¶·μ³¥¦ÊÉμÎ´ÒÌ ËμÉμ´  ¨ ¢¥±Éμ·´ÒÌ ρ- ¨ ρ′-³¥§μ´μ¢ (§¤¥¸Ó η = η, η′):

Hμ = Vμ

⎛
⎝Tγ(q2, s) +

∑
V =ρ,ρ′

TV (q2, s)

⎞
⎠ ,

Vμ = pα
ηpβ

π+pγ
π−εμαβγ .

(47)

‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ Ë¥°´³ ´μ¢¸±¨¥ ¤¨ £· ³³Ò ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 15 ¨ 16,
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e�

e+

�
��

��

	 	� ��

�¨¸. 15. ”¥°´³ ´μ¢¸± Ö ¤¨ £· ³³  ¸ ¶·μ³¥¦ÊÉμÎ´Ò³ ËμÉμ´μ³. ‡ ÏÉ·¨Ìμ¢ ´´Ò° ±·Ê-
¦μ± μ¡μ§´ Î ¥É ¸Ê³³Ê ¤¢ÊÌ ¶μ¤¤¨ £· ³³ (¸³. ·¨¸. 17, 18)

�¨¸. 16. ”¥°´³ ´μ¢¸± Ö ¤¨ £· ³³  ¸ ¶·μ³¥¦ÊÉμÎ´Ò³¨ ¢¥±Éμ·´Ò³¨ ³¥§μ´ ³¨ ρ(770)
¨ ρ(1450)

¨Ì ¢±² ¤Ò · ¢´Ò

Tγ(q2, s) =
2∑

i=1

gπiχ
i
η

(
T

(i−1)
� (s) + T

(i−1)
� (s)

)
,

TV (q2, s) =
(CγV /gV1)q2

m2
V − q2 − i

√
q2ΓV (q2)

× (48)

×
2∑

i=1

2∑
j=1

gπiχ
i
ηgVj χ

j
V

(
T

(i+j−2)
� (s) + T

(i+j−2)
� (s)

)
.

„²Ö Ê¶·μÐ¥´¨Ö Ëμ·³Ê² ³Ò ¢¢¥²¨ μ¡μ§´ Î¥´¨Ö ¤²Ö Î ¸Éμ ¢¸É·¥Î ÕÐ¨Ì¸Ö ±μ³-
¡¨´ Í¨° Ê£²μ¢ ¸³¥Ï¨¢ ´¨Ö:

χπ =
1

sin (2α0)

(
sin (α + α0)
sin (α − α0)

)
,

χη =
(

0,71
0,11

)
, χη′ =

(
−0,32
−0,48

)
,

χρ =
1

sin (2β0)

(
sin (β + β0)
sin (β − β0)

)
,

χρ′ = − 1
sin (2β0)

(
cos (β + β0)
cos (β − β0)

)
.

(49)



934 ‚�‹Š�‚ Œ. Š., ��	“‡�‚ �.	.

‚¥·Ï¨´Ò γηππ ¨ V ηππ ¸μ¤¥·¦ É ¸Ê³³Ê ¤¢ÊÌ ¢±² ¤μ¢:

T
(n)
� (s) = −24Fπg3

πI
(n)
4 ,

T
(n)
� (s) = 16Fπgπ

∑
V =ρ,ρ′

gV →ππ

m2
V − s − i

√
sΓV (s)

2∑
i=1

gρiχ
i
V I

(n+i−1)
3 ≈ (50)

≈ 16Fπgπ
gρ→ππ

m2
ρ − s − i

√
sΓρ(s)

2∑
i=1

gρiχ
i
ρI

(n+i−1)
3 .

‚±² ¤ T
(n)
� (s) ¸μμÉ¢¥É¸É¢Ê¥É É ± ´ §Ò¢ ¥³μ° ±¢ ·±μ¢μ° ¤¨ £· ³³¥ É¨¶  ¡μ±¸

 ´μ³ ²Ó´μ£μ É¨¶  (·¨¸. 17). ‚±² ¤ T
(n)
� (s) ¶·μ¨¸Ìμ¤¨É ¨§ ÊÎ¥É  ¤¢ÊÌ É·¥-

Ê£μ²Ó´ÒÌ ±¢ ·±μ¢ÒÌ ¶¥É¥²Ó, ¸μ¥¤¨´¥´´ÒÌ ¢¨·ÉÊ ²Ó´Ò³ ¢¥±Éμ·´Ò³ ³¥§μ´μ³

(·¨¸. 18). ŒÒ ¶·¥´¥¡·¥£²¨ ¢±² ¤μ³ ¶·μ³¥¦ÊÉμÎ´μ£μ ³¥§μ´  ρ(1450) ¢ T
(n)
� (s),

¶μ¸±μ²Ó±Ê μ´ ¸¨²Ó´μ ¶μ¤ ¢²¥´ ¶μ μÉ´μÏ¥´¨Õ ±μ ¢±² ¤Ê ρ(770) §  ¸Î¥É ±¨´¥-
³ É¨±¨ ¨ ³ ²μ° ¶ ·Í¨ ²Ó´μ° Ï¨·¨´Ò · ¸¶ ¤  ρ(1450) → 2π (¸³. [8]).

��

��

	 	� ��

u d,

�¨¸. 17. ‚¥·Ï¨´´ Ö ¶μ¤¤¨ £· ³³  V ηππ ¸ ±¢ ·±μ¢μ° ¶¥É²¥° É¨¶  ¡μ±¸

��

��

	 	� ��

u d,

u d,
� �� �

�¨¸. 18. ‚¥·Ï¨´´ Ö ¶μ¤¤¨ £· ³³  V ηππ ¸ ¤¢Ê³Ö É·¥Ê£μ²Ó´Ò³¨ ±¢ ·±μ¢Ò³¨ ¶¥É²Ö³¨

�μ¸±μ²Ó±Ê gπ1χ
1
π � gπ2χ

2
π ≈ 0, ³Ò ¶·¥´¥¡·¥£ ¥³ ¢±² ¤ ³¨, ¸μ¤¥·¦ -

Ð¨³¨ Ëμ·³Ë ±Éμ· ¢ ¶¨μ´´ÒÌ ¢¥·Ï¨´ Ì, ¶μ¤μ¡´μ Éμ³Ê, ± ± ÔÉμ ¤¥² ²μ¸Ó ¢
¢ÒÎ¨¸²¥´¨ÖÌ ¤·Ê£¨Ì ¶·μÍ¥¸¸μ¢:

n∏
i=1

2∑
j=1

gπjχ
j
πT (k)

non-πI
(k+ij−i)
n+k

∣∣∣∣
gπ2χ2

π→0

= gn
π1

T (k)
non-πI

(k)
n+k. (51)
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‚Éμ· Ö É·¥Ê£μ²Ó´ Ö ¤¨ £· ³³  (¸³. ·¨¸. 18) · ¸¸Î¨É ´  ¢ · ³± Ì · ¸Ï¨·¥´´μ°
³μ¤¥²¨ �ˆ‹ ¢ · ¡μÉ¥ [8]:

gV →ππ ≈ gρ1χ
1
V + gρ2χ

2
V

I
(1)
2

I
(0)
2

. (52)

�¥·¥Ìμ¤ ËμÉμ´  ¢ ¢¥±Éμ·´Ò¥ ³¥§μ´Ò (ρ, ρ′) μ¶¨¸Ò¢ ¥É¸Ö ³´μ¦¨É¥²¥³

CγV = χ1
V + χ2

V

I
(1)
2√

I
(0)
2 I

(2)
2

. (53)

‡¤¥¸Ó ³Ò ¨¸¶μ²Ó§Ê¥³ Ë¨±¸¨·μ¢ ´´μ¥ §´ Î¥´¨¥ ¤²Ö Ï¨·¨´Ò μ¸´μ¢´μ£μ ¸μ-
¸ÉμÖ´¨Ö ρ(770), · ¢´μ¥ Γρ = 147,8 ŒÔ‚ ¨ § ¢¨¸ÖÐ¥¥ μÉ Ô´¥·£¨¨ [41] ¤²Ö
ρ(1450):

Γρ(s) = Γρ, (54)

Γρ′(s) = Θ(2mπ −
√

s)Γρ′→2π+

+ Θ(
√

s − 2mπ)
(

Γρ′→2π + Γρ′→ωπ

√
s − 2mπ

mω − mπ

)
Θ(mω + mπ −

√
s)+

+ Θ(mρ′ −
√

s)Θ(
√

s − mω − mπ)
(

Γρ′→2π + Γρ′→ωπ+

+ (Γρ′ − Γρ′→2π − Γρ′→ωπ)
√

s − mω − mπ

mρ′ − mω − mπ

)
+

+ Θ(
√

s − mρ′)Γρ′(m2
ρ′ ), (55)

£¤¥ ¶μ²´ Ö Ï¨·¨´  · ¸¶ ¤  ´  ³ ¸¸μ¢μ° ¶μ¢¥·Ì´μ¸É¨ Γρ′(m2
ρ′) = 400 ŒÔ‚ [17].

‚¥²¨Î¨´Ò Γ(ρ′ → 2π) = 22 ŒÔ‚ ¨ Γ(ρ′ → ωπ0) = 75 ŒÔ‚ · ¸¸Î¨É ´Ò ¢
· ¡μÉ¥ [8].

�μ²´μ¥ ¸¥Î¥´¨¥ ¶·μÍ¥¸¸  ¶·¨´¨³ ¥É ¢¨¤

σ(q2) =
α2

192πq6

s+∫
s−

ds

t+∫
t−

dt|T (q, s, t)|2 , (56)

£¤¥ s = (pη + pπ+)2, t = (pη + pπ−)2 ¨ ¶·¥¤¥²Ò ¨´É¥£·¨·μ¢ ´¨Ö μ¶·¥¤¥²¥´Ò
± ±

t∓ =
1
4s

(
[q2 + m2

η − 2m2
π]2 − [λ1/2(q2, s, m2

π) ± λ1/2(m2
η, m2

π, s)]2
)

,

s− = (mη + mπ)2, s+ = (
√

q2 − mπ)2,

λ(a, b, c) = (a − b − c)2 − 4bc.

(57)
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�¨¸. 19. ‘· ¢´¥´¨¥ ¶·¥¤¸± § ´¨° · ¸Ï¨·¥´´μ° ³μ¤¥²¨ �ˆ‹ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨
·¥§Ê²ÓÉ É ³¨ ±μ²² ¡μ· Í¨¨ BaBar [46] ¤²Ö ¶·μÍ¥¸¸  e+e− → η2π

�¨¸. 20. �·¥¤¸± § ´¨Ö · ¸Ï¨·¥´´μ° ³μ¤¥²¨ �ˆ‹ ¤²Ö ¸¥Î¥´¨Ö ¶·μÍ¥¸¸  e+e− → η′2π

—¨¸²¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¤²Ö § ¢¨¸¨³μ¸É¨ ¢¥²¨Î¨´Ò ¸¥Î¥´¨Ö μÉ Ô´¥·£¨¨ ¶·¨¢¥-
¤¥´Ò ´  ·¨¸. 19 ¨ 20.

�μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ± §Ò¢ ÕÉ, ÎÉμ · ¸Ï¨·¥´´ Ö ³μ¤¥²Ó �ˆ‹ ¶μ-
§¢μ²Ö¥É μ¶¨¸Ò¢ ÉÓ § ¢¨¸¨³μ¸ÉÓ ¶μ²´μ£μ ¸¥Î¥´¨Ö ¶·μÍ¥¸¸  e+e− → η2π ¢ Ê¤μ-
¢²¥É¢μ·¨É¥²Ó´μ³ ¸μ£² ¸¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¶·¨ §´ Î¥´¨ÖÌ
Ô´¥·£¨¨ ¤μ 2 ƒÔ‚. �Éμ ¶μ§¢μ²Ö¥É · ¸¸Î¨ÉÒ¢ ÉÓ ´  · §Ê³´μ¸ÉÓ ¶μ²ÊÎ¥´´ÒÌ
´ ³¨ ¶·¥¤¸± § ´¨° ¤²Ö ¶·μÍ¥¸¸  e+e− → η′2π ¢ ÔÉμ° ¦¥ μ¡² ¸É¨ Ô´¥·£¨¨.

�¤´  ¨§ ¶¥·¢ÒÌ ¶μ¶ÒÉμ± É¥μ·¥É¨Î¥¸±μ° ¨´É¥·¶·¥É Í¨¨ Ô±¸¶¥·¨³¥´É ²Ó-
´ÒÌ ¤ ´´ÒÌ ¤²Ö ¶·μÍ¥¸¸  e+e− → η2π ¶·¥¤¸É ¢²¥´  ¢ · ¡μÉ¥ [45]. ‚ ´¥°
¨¸¶μ²Ó§μ¢ ´  μ¡μ¡Ð¥´´ Ö ³μ¤¥²Ó ¢¥±Éμ·´μ° ¤μ³¨´ ´É´μ¸É¨ ¸ ÊÎ¥Éμ³ ¶·μ³¥-
¦ÊÉμÎ´ÒÌ ³¥§μ´μ¢ ρ(770), ρ(1450) ¨ ρ(1700). �É³¥É¨³, ÎÉμ ¶·¨ ÔÉμ³ ¢¢μ¤¨-
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²μ¸Ó ´¥¸±μ²Ó±μ ¤μ¶μ²´¨É¥²Ó´ÒÌ ¶·μ¨§¢μ²Ó´ÒÌ ¶ · ³¥É·μ¢, ±μÉμ·Ò¥ Ë¨É¨·μ-
¢ ²¨¸Ó ¶μ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³. Š·μ³¥ Éμ£μ, ¶·¨´¨³ ² ¸Ó ¢μ ¢´¨³ ´¨¥
Éμ²Ó±μ ¸É·Ê±ÉÊ·  ¸ ¤¢Ê³Ö É·¥Ê£μ²Ó´Ò³¨ ¤¨ £· ³³ ³¨. ‚ ¦´μ É ±¦¥ μÉ³¥É¨ÉÓ,
ÎÉμ ·¥§Ê²ÓÉ ÉÒ Ë¨É¨·μ¢ ´¨Ö ¤ ´´ÒÌ Ê± § ²¨ ´  Î¨¸²¥´´ÊÕ ´¥§´ Î¨É¥²Ó´μ¸ÉÓ
¢±² ¤  ¢Éμ·μ£μ · ¤¨ ²Ó´μ-¢μ§¡Ê¦¤¥´´μ£μ ¸μ¸ÉμÖ´¨Ö ρ(1700).

‚ · ¡μÉ¥ [47] ¨¸¶μ²Ó§μ¢ ² ¸Ó ·¥§μ´ ´¸´ Ö ±¨· ²Ó´ Ö É¥μ·¨Ö. �É  ³μ¤¥²Ó
É ±¦¥ ¸μ¤¥·¦¨É ¡μ²ÓÏμ¥ ±μ²¨Î¥¸É¢μ ¶·μ¨§¢μ²Ó´ÒÌ ¸¢μ¡μ¤´ÒÌ ¶ · ³¥É·μ¢.
�¤´ ±μ ¢ ¤ ´´μ° · ¡μÉ¥ ´¥ ¡Ò² ÊÎÉ¥´ ¢±² ¤ ¶·μ³¥¦ÊÉμÎ´μ£μ ¸μ¸ÉμÖ´¨Ö ³¥-
§μ´  ρ(1450), ±μÉμ·Ò°, μÎ¥¢¨¤´μ, ¨£· ¥É ¸ÊÐ¥¸É¢¥´´ÊÕ ·μ²Ó ¢ μ¡¸Ê¦¤ ¥³μ°
μ¡² ¸É¨ Ô´¥·£¨¨. �μ§¤´¥¥ ¢ · ¡μÉ¥ [48] ¢ · ³± Ì Éμ° ¦¥ ³μ¤¥²¨ ¡Ò²¨ ÊÎÉ¥´Ò
¶·μ³¥¦ÊÉμÎ´Ò¥ ¸μ¸ÉμÖ´¨Ö ³¥§μ´μ¢ ρ(770), ρ(1450) ¨ ρ(1700) ¸ ¨¸¶μ²Ó§μ¢ -
´¨¥³ ¤μ¶μ²´¨É¥²Ó´ÒÌ ¶·μ¨§¢μ²Ó´ÒÌ ¶ · ³¥É·μ¢. ‚ ÔÉμ° · ¡μÉ¥ É ±¦¥ ¡Ò²μ
¶μ± § ´μ, ÎÉμ ¢±² ¤ ρ(1700) ´¥§´ Î¨É¥²¥´.

‡�Š‹	—…�ˆ…

�·¥¤¸É ¢²¥´´Ò¥ ¢ ¤ ´´μ° · ¡μÉ¥ ¶·¨³¥·Ò μ¶¨¸ ´¨Ö ¶·μÍ¥¸¸μ¢ ·μ¦¤¥´¨Ö
³¥§μ´μ¢ ´  ¢¸É·¥Î´ÒÌ Ô²¥±É·μ´-¶μ§¨É·μ´´ÒÌ ¶ÊÎ± Ì ¶μ± §Ò¢ ÕÉ, ÎÉμ · ¸Ï¨-
·¥´´ Ö ³μ¤¥²Ó � ³¡ÊÄˆμ´ -‹ §¨´¨μ ¶μ§¢μ²Ö¥É ´¥ Éμ²Ó±μ Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ
μ¶¨¸ ÉÓ ¨§¢¥¸É´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¡¥§ ¢¢¥¤¥´¨Ö ± ±¨Ì-²¨¡μ ¤μ-
¶μ²´¨É¥²Ó´ÒÌ ¶ · ³¥É·μ¢, ´μ ¨ ¸¤¥² ÉÓ ·Ö¤ ¶·¥¤¸± § ´¨° ¤²Ö ¡Ê¤ÊÐ¨Ì Ô±¸-
¶¥·¨³¥´Éμ¢. ’¥³ ¸ ³Ò³ ¨¸¶μ²Ó§Ê¥³ Ö ´ ³¨ ³μ¤¥²Ó ¢Ò£μ¤´μ μÉ²¨Î ¥É¸Ö μÉ
³´μ£¨Ì ¶·μÎ¨Ì Ë¥´μ³¥´μ²μ£¨Î¥¸±¨Ì ³μ¤¥²¥°, ¶·¥¤²μ¦¥´´ÒÌ ¤·Ê£¨³¨  ¢Éμ-
· ³¨. ‚ μ¡² ¸É¨ Ô´¥·£¨¨ μÉ 1 ¤μ 2 ƒÔ‚ ³μ¤¥²Ó �ˆ‹ ´¥ ³μ¦¥É ¶·¥É¥´¤μ¢ ÉÓ
´  μ¸μ¡μ ¢Ò¸μ±ÊÕ ÉμÎ´μ¸ÉÓ, μ¤´ ±μ μ´  ¤ ¥É ¤μ¸É ÉμÎ´μ Ìμ·μÏ¥¥ μ¶¨¸ ´¨¥
Ï¨·μ±μ£μ ±² ¸¸  Ë¨§¨Î¥¸±¨Ì ¶·μÍ¥¸¸μ¢ ¸ ÊÎ ¸É¨¥³ ³¥§μ´μ¢.

� ¸Ï¨·¥´´ Ö ³μ¤¥²Ó �ˆ‹ É ±¦¥ ¶μ§¢μ²Ö¥É μ¶¨¸ ÉÓ μ¸´μ¢´Ò¥ ¶μ²Ê²¥¶-
Éμ´´Ò¥ ³μ¤Ò · ¸¶ ¤μ¢ τ -²¥¶Éμ´μ¢. �μ¤Î¥·±´¥³, ÎÉμ ¨ §¤¥¸Ó ³μ¦´μ μ¡μ°É¨¸Ó
¡¥§ ¢¢¥¤¥´¨Ö ¤μ¶μ²´¨É¥²Ó´ÒÌ ¶·μ¨§¢μ²Ó´ÒÌ ¶ · ³¥É·μ¢. Œ¥Ì ´¨§³ ¶μ¸É·μ-
¥´¨Ö  ³¶²¨ÉÊ¤ ÔÉ¨Ì · ¸¶ ¤μ¢ μÎ¥´Ó ¡²¨§μ± ± Éμ³Ê, ÎÉμ ¨¸¶μ²Ó§μ¢ ²¸Ö ¶·¨
¢ÒÎ¨¸²¥´¨¨ ¸¥Î¥´¨° μ¶¨¸ ´´ÒÌ ¢ÒÏ¥ ¶·μÍ¥¸¸μ¢ Ô²¥±É·μ´-¶μ§¨É·μ´´μ°  ´-
´¨£¨²ÖÍ¨¨. �μ²Ó ¶·μ³¥¦ÊÉμÎ´ÒÌ ËμÉμ´μ¢ ¢ · ¸¶ ¤ Ì τ -²¥¶Éμ´μ¢ ¡Ê¤ÊÉ ¨£· ÉÓ
W±-¡μ§μ´Ò, ±μÉμ·Ò¥ ³μ£ÊÉ ¶μ·μ¦¤ ÉÓ § ·Ö¦¥´´Ò¥ ¶·μ³¥¦ÊÉμÎ´Ò¥ ¢¥±Éμ·-
´Ò¥ ³¥§μ´Ò ± ± ¢ μ¸´μ¢´μ³, É ± ¨ ¢ ¶¥·¢μ³ · ¤¨ ²Ó´μ-¢μ§¡Ê¦¤¥´´μ³ ¸μ¸Éμ-
Ö´¨ÖÌ. ‚ ¦´μ μÉ³¥É¨ÉÓ, ÎÉμ ¶μ¸±μ²Ó±Ê ³ ¸¸  τ -²¥¶Éμ´  · ¢´  1777 ŒÔ‚,
Éμ ·μ²Ó ¡μ²¥¥ ¢Ò¸μ±¨Ì · ¤¨ ²Ó´μ-¢μ§¡Ê¦¤¥´´ÒÌ ¶·μ³¥¦ÊÉμÎ´ÒÌ ¸μ¸ÉμÖ´¨°
§¤¥¸Ó ¢¥¸Ó³  ´¥§´ Î¨É¥²Ó´ . �μÔÉμ³Ê ¸²¥¤Ê¥É μ¦¨¤ ÉÓ, ÎÉμ · ¸Ï¨·¥´´ Ö ³μ-
¤¥²Ó �ˆ‹, ÊÎ¨ÉÒ¢ ÕÐ Ö ¨³¥´´μ μ¸´μ¢´Ò¥ ¨ ¶¥·¢Ò¥ · ¤¨ ²Ó´μ-¢μ§¡Ê¦¤¥´´Ò¥
¸μ¸ÉμÖ´¨Ö ³¥§μ´μ¢, ¤μ²¦´  ¤ ¢ ÉÓ ¢¶μ²´¥ Ê¤μ¢²¥É¢μ·¨É¥²Ó´Ò¥ É¥μ·¥É¨Î¥¸±¨¥
¶·¥¤¸± § ´¨Ö ¤²Ö μ¸´μ¢´ÒÌ ¶μ²Ê²¥¶Éμ´´ÒÌ ³μ¤ · ¸¶ ¤μ¢ τ -²¥¶Éμ´μ¢. „¥°-
¸É¢¨É¥²Ó´μ, ÔÉμ ¶μ¤É¢¥·¦¤ ¥É¸Ö ·Ö¤μ³ ¢ÒÎ¨¸²¥´¨° ¶ ·Í¨ ²Ó´ÒÌ Ï¨·¨´ ¨
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¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨° ¤²Ö ³μ¤ · ¸¶ ¤μ¢ ¸μ ¸²¥¤ÊÕÐ¨³¨ ±μ´¥Î-
´Ò³¨ ¸μ¸ÉμÖ´¨Ö³¨:

1) τ → ντπ, ντπ(1300) [50];
2) τ → ντρ, ντρ(1450) [51];
3) τ → ντK∗(892), ντK∗(1410) [51];
4) τ → ντππ, ντππ(1300) [52];
5) τ → ντηπ, ντη′π [53];
6) τ → ντωπ [29];
7) τ → ντf1π [54];
8) τ → ντηππ, ντη′ππ [49].
‚ ¡μ²¥¥ · ´´¨Ì · ¡μÉ Ì ¢ · ³± Ì ¸É ´¤ ·É´μ° ³μ¤¥²¨ �ˆ‹ É ±¦¥ μ¶¨-

¸ ´Ò · ¸¶ ¤Ò τ → 3πντ [55] ¨ τ → πγντ [56]. ‚ ¤ ²Ó´¥°Ï¥³ ³Ò ¸μ¡¨· ¥³¸Ö
μ¶¨¸ ÉÓ ·Ö¤ · ¸¶ ¤μ¢ τ -²¥¶Éμ´μ¢ ¸ ·μ¦¤¥´¨¥³ ¸É· ´´ÒÌ ³¥§μ´μ¢ ¸ ¨¸¶μ²Ó§μ-
¢ ´¨¥³ · ¸Ï¨·¥´´μ° ³μ¤¥²¨ �ˆ‹.

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¶·μÍ¥¸¸Ò ¸ ÊÎ ¸É¨¥³ τ -²¥¶Éμ´μ¢  ±É¨¢´μ ¨§ÊÎ ÕÉ¸Ö
± ± ´  Ô²¥±É·μ´-¶μ§¨É·μ´´ÒÌ, É ± ¨ ´   ¤·μ´´ÒÌ Ê¸±μ·¨É¥²ÖÌ, ¢±²ÕÎ Ö
	μ²ÓÏμ°  ¤·μ´´Ò° ±μ²² °¤¥·. �μÔÉμ³Ê É¥μ·¥É¨Î¥¸±μ¥ ¨§ÊÎ¥´¨¥ · §²¨Î´ÒÌ
³μ¤ · ¸¶ ¤μ¢ τ -²¥¶Éμ´μ¢ Ö¢²Ö¥É¸Ö  ±ÉÊ ²Ó´μ° § ¤ Î¥° ¸μ¢·¥³¥´´μ° Ë¨§¨±¨
Î ¸É¨Í.


² £μ¤ ·´μ¸É¨. �¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ ¸μ ¢Éμ· ³ · ¡μÉ, ¶μ
±μÉμ·Ò³ ´ ¶¨¸ ´ ¤ ´´Ò° μ¡§μ·.
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