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� Í¨μ´ ²Ó´μ£μ ¨¸¸²¥¤μ¢ É¥²Ó¸±μ£μ Í¥´É·  ®ŠÊ·Î Éμ¢¸±¨° ¨´¸É¨ÉÊÉ¯, ƒ ÉÎ¨´ , �μ¸¸¨Ö

�¡¸Ê¦¤ ¥É¸Ö ¸¶¥±É· ²¥£±¨Ì ³¥§μ´μ¢ ¢ ± ´ ²¥ NN̄ ¢ · ³± Ì ³μ¤¥²¨ ¸μ¸É ¢´μ° ¸Ê¶¥·±μ´Ëμ·³´μ°
¸É·Ê´Ò. „ ´Ò μÍ¥´±¨ ³ ¸¸ η-³¥§μ´μ¢.

We discuss spectrum of lightest mesons in NN̄ channel in the framework of composite supercon-
formal string model and give estimation for η-mesons masses.
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ŒÒ μ¶¨¸Ò¢ ¥³ ¢§ ¨³μ¤¥°¸É¢¨¥ ³¥§μ´μ¢ ¨ ¡ ·¨μ´μ¢. „²Ö ÔÉμ£μ ´¥μ¡Ìμ¤¨³  ³μ¤¥²Ó,
¸¶μ¸μ¡´ Ö ¶μ²ÊÎ ÉÓ  ³¶²¨ÉÊ¤Ò ¢§ ¨³μ¤¥°¸É¢¨Ö ¨ ¸¶¥±É· ¸μ¸ÉμÖ´¨°. �¡Ð¥¶·¨§´ ´´μ°
É¥μ·¨¥° ¸¨²Ó´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨Ö Ö¢²Ö¥É¸Ö ±¢ ´Éμ¢ Ö Ì·μ³μ¤¨´ ³¨± . �¤´ ±μ ¤²Ö ³ ²ÒÌ
Ô´¥·£¨° μ´  ¨³¥¥É ¸±μ²Ó Ê£μ¤´μ ¡μ²ÓÏÊÕ ±μ´¸É ´ÉÊ ¸¢Ö§¨ g � 1. �¥μ¡Ìμ¤¨³  ³μ¤¥²Ó
¸ ³ ²Ò³ ¶ · ³¥É·μ³. ˆ§¢¥¸É´μ, ÎÉμ ¸É·Ê´´Ò¥ ³μ¤¥²¨ ¢ ¤·¥¢¥¸´μ³ ¶·¨¡²¨¦¥´¨¨ ¤ ÕÉ
²¨´¥°´Ò¥ É· ¥±Éμ·¨¨ �¥¤¦¥. Šμ´¥Î´μ, ¶¥É²¥¢Ò¥ ¶μ¶· ¢±¨ ¨¸±·¨¢ÖÉ ÔÉ¨ É· ¥±Éμ·¨¨.
‚ ¶μ¸²¥¤μ¢ É¥²Ó´μ° ¸É·Ê´´μ° ³μ¤¥²¨ ³μ¦´μ μ¦¨¤ ÉÓ, ÎÉμ ÔÉ¨ ¶μ¶· ¢±¨ ¡Ê¤ÊÉ ³ ²Ò³¨.

�¤´ ±μ μ¶¨¸ ´¨¥  ¤·μ´μ¢ ¢ ±² ¸¸¨Î¥¸±¨Ì ¸É·Ê´´ÒÌ ³μ¤¥²ÖÌ μ¡´ ·Ê¦¨²μ ·Ö¤ ¶·μ-
¡²¥³. � ¨³¥´´μ, ±² ¸¸¨Î¥¸±¨¥  ¤·μ´´Ò¥ ¸É·Ê´Ò ¤μ²¦´Ò ¨³¥ÉÓ ¶¥·¥¸¥Î¥´¨¥ ¢¥¤ÊÐ¥°
³¥§μ´´μ° É· ¥±Éμ·¨¨ · ¢´Ò³ 1 ¨, ± ± ¸²¥¤¸É¢¨¥, ¨³¥ÉÓ ¢  ¤·μ´´μ³ ¸¶¥±É·¥ ¡¥§³ ¸¸μ¢ÊÕ
¢¥±Éμ·´ÊÕ Î ¸É¨ÍÊ. �Éμ ´¥Ë¨§¨Î¥¸±μ¥ §´ Î¥´¨¥, É ± ± ± Ô±¸¶¥·¨³¥´É ²Ó´μ¥ §´ Î¥´¨¥ ¶¥-
·¥¸¥Î¥´¨Ö ρ-³¥§μ´´μ° É· ¥±Éμ·¨¨ · ¢´μ 1/2. ‘¥±Éμ· § ³±´ÊÉÒÌ ¸É·Ê´ ¸μ¤¥·¦¨É ¢ ¸¶¥±É·¥
Ë¨§¨Î¥¸±¨Ì ¸μ¸ÉμÖ´¨° ¡¥§³ ¸¸μ¢ÊÕ É¥´§μ·´ÊÕ Î ¸É¨ÍÊ, É. ¥. £· ¢¨Éμ´. �·¨Î¥³ ´ ±²μ´Ò
É· ¥±Éμ·¨° μÉ±·ÒÉμ° ¨ § ³±´ÊÉμ° ¸É·Ê´Ò ¸¢Ö§ ´Ò: α′

open = 2α′
closed. ˆ§-§  £· ¢¨Éμ´ 

¥¸É¥¸É¢¥´´μ ¸¤¥² ÉÓ · §³¥·´Ò° ¶ · ³¥É· § ³±´ÊÉμ£μ ¸¥±Éμ·  ¶μ·Ö¤±  ¶² ´±μ¢¸±μ£μ, ÎÉμ
¶·¥¶ÖÉ¸É¢Ê¥É μ¡¸Ê¦¤¥´¨Õ ±² ¸¸¨Î¥¸±¨Ì ¸É·Ê´ ± ±  ¤·μ´´ÒÌ.

1E-mail: ala.semenova@gmail.com
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Œμ¤¥²Ó ¸μ¸É ¢´μ° ¸Ê¶¥·±μ´Ëμ·³´μ° ¸É·Ê´Ò ¤²Ö  ¤·μ´μ¢ ¡Ò²  ¶·¥¤²μ¦¥´  ¢ [1].
‚ ´¥° ¸Ê¶¥·¸¨³³¥É·¨Ö ¥¸ÉÓ Éμ²Ó±μ ´  ¤¢Ê³¥·´μ° ¶μ¢¥·Ì´μ¸É¨. ‘¶¥±É· Ë¨§¨Î¥¸±¨Ì ¸μ-
¸ÉμÖ´¨° ¸¢μ¡μ¤¥´ μÉ ¸μ¸ÉμÖ´¨° ¸ μÉ·¨Í É¥²Ó´μ° ´μ·³μ° ¶·¨ α0 = 1/2. ‡¤¥¸Ó ³Ò ¨³¥¥³
·¥ ²¨¸É¨Î´ÊÕ ρ-³¥§μ´´ÊÕ É· ¥±Éμ·¨Õ [2]. ‚ ¤ ´´μ° ³μ¤¥²¨ ¢μ§³μ¦´μ ¨³¥ÉÓ ¤¢  ´¥-
§ ¢¨¸¨³ÒÌ · §³¥·´ÒÌ ¶ · ³¥É· . „¢  ¶μ¸²¥¤´¨Ì ¸¢μ°¸É¢  ³μ¤¥²¨ ¸É ²¨ ¢μ§³μ¦´Ò³¨
¡² £μ¤ ·Ö ´μ¢μ° Éμ¶μ²μ£¨¨ (¸³. ·¨¸. 1). Š² ¸¸¨Î¥¸± Ö ¸É·Ê´  ¨³¥¥É μ¤´Ê ¤¢Ê³¥·´ÊÕ
¶μ¢¥·Ì´μ¸ÉÓ. „ ´´ Ö ³μ¤¥²Ó ¨³¥¥É ´¥¸±μ²Ó±μ ¤¢Ê³¥·´ÒÌ ¶μ¢¥·Ì´μ¸É¥°: ¡ §μ¢ÊÕ ¨ ¤¢¥
μ± °³²ÖÕÐ¨¥ ¤²Ö ³¥§μ´μ¢, ¢ ¸²ÊÎ ¥ ¡ ·¨μ´μ¢ ¥¸ÉÓ ¥Ð¥ μ¤´  ¤¢Ê³¥·´ Ö ¶μ¢¥·Ì´μ¸ÉÓ Å
£·¥¡´¥¢ Ö [3]. ‚ ´¥±μÉμ·μ³ ¸³Ò¸²¥ μ± °³²ÖÕÐ¨¥ ¨ £·¥¡´¥¢ Ö ¶μ¢¥·Ì´μ¸É¨ ¸μμÉ¢¥É¸É¢ÊÕÉ
±¢ ·± ³, μ´¨ ´¥¸ÊÉ ±¢ ·±μ¢Ò¥ ±¢ ´Éμ¢Ò¥ Î¨¸² . ’ ± Ö Éμ¶μ²μ£¨Ö ¸μμÉ¢¥É¸É¢Ê¥É Éμ¶μ²μ£¨¨
¤Ê ²Ó´ÒÌ ±¢ ·±μ¢ÒÌ ¤¨ £· ³³, ´μ ¸ μ± °³²ÖÕÐ¨³¨ ¤¢Ê³¥·´Ò³¨ ¶μ¢¥·Ì´μ¸ÉÖ³¨ ¢³¥¸Éμ
±¢ ·±μ¢ÒÌ ²¨´¨°.

�¤·μ´´Ò° ³ ¸ÏÉ ¡ α′
H ¢μ§´¨± ¥É ¡² £μ¤ ·Ö μ± °³²ÖÕÐ¨³ ¶μ¢¥·Ì´μ¸ÉÖ³, ¶² ´±μ¢-

¸±¨° ³ ¸ÏÉ ¡ α′
Pl ¢μ§´¨± ¥É ¡² £μ¤ ·Ö £·¥¡´¥¢μ° ¶μ¢¥·Ì´μ¸É¨. ˆ³¶Ê²Ó¸ ³¥§μ´  Ö¢²Ö¥É¸Ö

¸Ê³³μ° ¨³¶Ê²Ó¸μ¢ i-° ¨ j-° μ± °³²ÖÕÐ¨Ì ¶μ¢¥·Ì´μ¸É¥°:

p =
√

α′
H(ki − kj), α′

H ∼ 1 ƒÔ‚−2. (1)

ˆ³¶Ê²Ó¸ ¡ ·¨μ´  (j, l Å μ± °³²ÖÕÐ¨¥, f Å £·¥¡´¥¢ Ö ¶μ¢¥·Ì´μ¸É¨):

p =
√

α′
H(kj + kl) +

√
α′

Plkf , α′
Pl ∼ 10−38 ƒÔ‚−2. (2)

‘ÊÐ¥¸É¢ÊÕÉ · §´Ò¥ ¸¶μ¸μ¡Ò Ëμ·³Ê²¨·μ¢±¨ ¸É·Ê´´ÒÌ ³μ¤¥²¥°. Œμ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ
ËÊ´±Í¨μ´ ²Ó´Ò° ¨´É¥£· ². ‚ ¸²ÊÎ ¥ ¸μ¸É ¢´μ° ¸Ê¶¥·±μ´Ëμ·³´μ° ¸É·Ê´Ò ¤²Ö  ³¶²¨ÉÊ¤Ò
¢§ ¨³μ¤¥°¸É¢¨Ö  ¤·μ´μ¢ ³Ò ¨³¥¥³ ¸¢μ¡μ¤´Ò¥ ¤¥°¸É¢¨Ö ¤²Ö ¢¸¥Ì ¤¢Ê³¥·´ÒÌ ¶μ¢¥·Ì´μ¸É¥°.
„²Ö  ³¶²¨ÉÊ¤Ò ¢§ ¨³μ¤¥°¸É¢¨Ö ³¥§μ´μ¢ ¨³¥¥³:

AN =
∫ ∏

dzi

∫
DX(z)

∑
p

∫
Dgp(z) eS(z) V1(z1) · · ·VN (zN )×

×
∫

DXed
12 (z)

∫
Dged

12,p=0(z) eSed
12 (z) V ed

1 (z1)V ed
2 (z2) × · · · ×

×
∫

DXed
i,i+1(z)

∫
Dged

i,i+1,p=0(z) eSed
i,i+1(z) V ed

i (zi)V ed
i+1(zi+1) × · · ·×

×
∫

DXed
N1(z)

∫
Dged

N1,p=0(z) eSed
N1(z) V ed

N (zN )V ed
1 (z1), (3)

£¤¥ p Å ·μ¤ ¤¢Ê³¥·´μ° ¶μ¢¥·Ì´μ¸É¨; z Å ±μμ·¤¨´ É  ´  ¶μ¢¥·Ì´μ¸É¨; X(z) Å ¶μ²Ö
´  ¡ §μ¢μ° ¶μ¢¥·Ì´μ¸É¨; g(z) Å ³¥É·¨±  ¡ §μ¢μ° ¶μ¢¥·Ì´μ¸É¨; eS(z) ¨ Vi(zi) § ¢¨¸ÖÉ μÉ

‘μ¸É ¢´ Ö ¸É·Ê´  ¤²Ö ³¥§μ´μ¢ ¨ ¡ ·¨μ´μ¢
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¶μ²¥° ´  ¡ §μ¢μ° ¶μ¢¥·Ì´μ¸É¨, μ¡Ñ¥±ÉÒ ¸ ¢¥·Ì´¨³ ¨´¤¥±¸μ³ ed ¸μμÉ¢¥É¸É¢ÊÕÉ μ± °³²ÖÕ-
Ð¨³ ¶μ¢¥·Ì´μ¸ÉÖ³. �¥·¢ Ö ¸É·μ±  ¢ Ëμ·³Ê²¥ (3) Ö¢²Ö¥É¸Ö  ´ ²μ£μ³ μ¡ÒÎ´μ£μ ¸É·Ê´´μ£μ
¤¥°¸É¢¨Ö, ¶μ¸²¥¤´¨¥ É·¨ ¸É·μ±¨ Ëμ·³Ê²Ò (3) Å ´¥±μÉμ·Ò³ ¤¨´ ³¨Î¥¸±¨³ μ¡μ¡Ð¥´¨¥³
Ë ±Éμ·  —¥´ Ä� Éμ´  ¤²Ö ¸É·Ê´´ÒÌ  ³¶²¨ÉÊ¤.

�μ¸±μ²Ó±Ê ³Ò ¨³¥¥³ ¸¢μ¡μ¤´Ò¥ ¤¥°¸É¢¨Ö ¤²Ö ± ¦¤μ° ¤¢Ê³¥·´μ° ¶μ¢¥·Ì´μ¸É¨, ±μÉμ-
·Ò¥ ¶·¨¢μ¤ÖÉ ± ¶·μ¸ÉÒ³ ËÊ´±Í¨Ö³ ƒ·¨´  ¤²Ö ¢¸¥Ì ¤¢Ê³¥·´ÒÌ ¶μ²¥° ´  ÔÉ¨Ì ¶μ¢¥·Ì´μ-
¸ÉÖÌ, Ê¤μ¡´μ ¶¥·¥°É¨ ± ¡μ²¥¥ ¶·μ¸Éμ³Ê V V -Ëμ·³ ²¨§³Ê:

AN =
∫ ∏

dzi〈0|V1(z1) · · ·VN (zN )|0〉, (4)

£¤¥ Vi(zi) = z−L0
i V (1)zL0

i Å ¢¥·Ï¨´´Ò° μ¶¥· Éμ·. ‚ ¸²ÊÎ ¥ ¤¢Ê³¥·´μ° ¸Ê¶¥·±μ´Ëμ·³-
´μ° ¸¨³³¥É·¨¨ ¢¥·Ï¨´´Ò° μ¶¥· Éμ· ¨¸¶Ê¸± ´¨Ö μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö ¨³¥¥É ¸²¥¤ÊÕÐÊÕ
¸É·Ê±ÉÊ·Ê:

V̂ (zi) = z−L0
i

{
G, Ŵ

}
zL0

i , (5)

£¤¥ μ¶¥· Éμ· Ŵ ∼: eikX : Å ´μ·³ ²Ó´μ Ê¶μ·Ö¤μÎ¥´´ Ö Ô±¸¶μ´¥´É  μÉ ¤¢Ê³¥·´ÒÌ ¶μ²¥°
±μ´Ëμ·³´μ£μ ¸¶¨´  J = 1, ¢Ìμ¤ÖÐ¨Ì ¢ ÔÉÊ ¢¥·Ï¨´Ê. G Å £¥´¥· Éμ·  ²£¥¡·Ò ¸Ê¶¥·-
‚¨· ¸μ·μ ¤²Ö ¸²ÊÎ Ö �Ô¢¥Ä˜¢ ·Í . ‚¥·Ï¨´´Ò¥ μ¶¥· Éμ·Ò (5) ¤μ²¦´Ò ±μ³³ÊÉ¨·μ¢ ÉÓ ¸
£¥´¥· Éμ· ³¨ G. �¤´ ±μ ¤²Ö Éμ£μ ÎÉμ¡Ò ¸¤¥² ÉÓ ¸¶¥±É· Ë¨§¨Î¥¸±¨Ì ¸μ¸ÉμÖ´¨° ¸¢μ¡μ¤-
´Ò³ μÉ ¸μ¸ÉμÖ´¨Ö ¸ μÉ·¨Í É¥²Ó´μ° ´μ·³μ°, ´¥μ¡Ìμ¤¨³μ ¢¢¥¸É¨ ¤μ¶μ²´¨É¥²Ó´μ¥ Ê¸²μ¢¨¥
¸¨³³¥É·¨¨:

[V̂ , Yiki] = 0. (6)

�Éμ ¸Ê¶¥·Éμ±μ¢μ¥ Ê¸²μ¢¨¥ ¶·¨¢μ¤¨É ± ¡¥§³ ¸¸μ¢μ³Ê π-³¥§μ´Ê ¢ ÔÉμ° ³μ¤¥²¨ ¢ ¤·¥¢¥¸´μ³
¶·¨¡²¨¦¥´¨¨.

„²Ö ± ¦¤μ° ¶μ¢¥·Ì´μ¸É¨ ¸ÊÐ¥¸É¢Ê¥É ´ ¡μ· ¤¢Ê³¥·´ÒÌ ¶μ²¥°. �μ²Ö ¡ §μ¢μ° ¶μ¢¥·Ì´μ-
¸É¨: ∂Xμ, Ia ¨  ´É¨±μ³³ÊÉ¨·ÊÕÐ¨¥ ¸Ê¶¥·¶ ·É´¥·Ò Hμ, θa. ‹μ·¥´Í¥¢ ¨´¤¥±¸ ¶·¨´¨³ ¥É
§´ Î¥´¨Ö μ = 0−3, ¨´¤¥±¸ a ¶·¨´¨³ ¥É §´ Î¥´¨Ö 1−6. �μ²Ö I6 ¨£· ÕÉ μ¶·¥¤¥²¥´´ÊÕ
·μ²Ó ¤²Ö ¸¨²Ó´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö, ¶μ²Ö I1−I5 ¤ ÕÉ ¶·¥´¥¡·¥¦¨³Ò° ¢±² ¤ ¢ ¤·¥¢¥¸´μ¥

¶·¨¡²¨¦¥´¨¥ ¤²Ö  ¤·μ´μ¢. �μ²Ö i-° μ± °³²ÖÕÐ¥° ¶μ¢¥·Ì´μ¸É¨: Y
(i)
μ ¨  ´É¨±μ³³ÊÉ¨-

·ÊÕÐ¨¥ ¸Ê¶¥·¶ ·É´¥·Ò f
(i)
μ ;  ´É¨±μ³³ÊÉ¨·ÊÕÐ¨¥ ¶μ²Ö φ

(i)
(1), φ

(i)
(2), φ

(i)
(3) ·¥ ²¨§ÊÕÉ ±μ´-

Ëμ·³´ÊÕ ¸Ê¶¥·¸¨³³¥É·¨Õ ´¥²¨´¥°´Ò³ μ¡· §μ³ ´  μ± °³²ÖÕÐ¨Ì ¶μ¢¥·Ì´μ¸ÉÖÌ. �μ²Ö

£·¥¡´¥¢μ° ¶μ¢¥·Ì´μ¸É¨: Y
(f)
μ ¨  ´É¨±μ³³ÊÉ¨·ÊÕÐ¨¥ ¸Ê¶¥·¶ ·É´¥·Ò f

(f)
μ .

�± °³²ÖÕÐ¨¥ ¨ £·¥¡´¥¢Ò¥ ¶μ¢¥·Ì´μ¸É¨ ´¥¸ÊÉ ¸¶¨´μ·´Ò¥ ¨ ¨§μ¸¶¨´μ·´Ò¥ μ¶¥· -
Éμ·Ò λi,   ´¥ ¶μ²Ö ÉμÎ¥Î´ÒÌ ±¢ ·±μ¢. ‚ É¥·³¨´ Ì É ±¨Ì λi ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¸É·Ê±ÉÊ·Ê
´Ê±²μ´´μ° ¢¥·Ï¨´Ò ¶μ ¸¶¨´-Î¥É´μ¸É¨ ¨ ¨§μ¸¶¨´Ê IJP = (1/2)(1/2)+ ± ±

(λ̃iλj)λr , (λ̃iγ5λj)λrγ5,
∑

a

(λ̃iτ
aλj)λrτ

a,
∑

a

(λ̃iγ5τ
aλj)λrτ

aγ5, (7)

£¤¥ ¨´¤¥±¸Ò i ¨ j μÉ´μ¸ÖÉ¸Ö ± μ± °³²ÖÕÐ¨³ ¶μ¢¥·Ì´μ¸ÉÖ³, ¨´¤¥±¸ r μÉ´μ¸¨É¸Ö ± £·¥¡-
´¥¢μ° ¶μ¢¥·Ì´μ¸É¨, τa Å ³ É·¨ÍÒ � Ê²¨.

„²Ö π-³¥§μ´  ¨ η-³¥§μ´  ¨³¥¥³ ¸μμÉ¢¥É¸É¢¥´´μ

(λ̄kτ (i)γ5λj), (λ̄kγ5λj). (8)
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„²Ö Éμ£μ ÎÉμ¡Ò ¸¤¥² ÉÓ ¢μ§³μ¦´Ò³ μ¶¨¸ ´¨¥ ¶¥·¥Ìμ¤  NN̄ → π, ´¥μ¡Ìμ¤¨³μ, ÎÉμ¡Ò
¢¥·Ï¨´  ´Ê±²μ´  ¸μ¸ÉμÖ²  ¨§ ¤¢ÊÌ ¸² £ ¥³ÒÌ VN = V NS + V BH:

V̂ NS
i,i+1(zj) = z−L0

j

{
Gr, Ŵi,i+1

}
zL0

j ,

(9)

V̂ BH
i,i+1(zj) = z−L0

j

{
Gr, F̂ Ŵi,i+1

}
zL0

j ,

£¤¥ ¢¥·Ï¨´  É¨¶  �Ô¢¥Ä˜¢ ·Í  V̂ NS ¨³¥¥É ´¥Î¥É´μ¥ Î¨¸²μ ±μ³¶μ´¥´É  ´É¨±μ³³ÊÉ¨·Ê-
ÕÐ¨Ì ¶μ²¥°, ¢¥·Ï¨´  É¨¶  	 ·¤ ±Î¨Ä• ²¶¥·´  V̂ BH ¨³¥¥É Î¥É´μ¥ Î¨¸²μ ±μ³¶μ´¥´É  ´-
É¨±μ³³ÊÉ¨·ÊÕÐ¨Ì ¶μ²¥°, μ¶¥· Éμ· F̂ ¸μ¸Éμ¨É ¨§ ¤¢Ê³¥·´ÒÌ  ´É¨±μ³³ÊÉ¨·ÊÕÐ¨Ì ¶μ²¥°
±μ´Ëμ·³´μ£μ ¸¶¨´  J = 1/2. ‘ÊÐ¥¸É¢Ê¥É ´¥¸±μ²Ó±μ μ£· ´¨Î¥´¨° ¤²Ö ¢¥·Ï¨´. �¶¥· Éμ·
F̂ ¤μ²¦¥´ Ê¤μ¢²¥É¢μ·ÖÉÓ Ê¸²μ¢¨Õ ±μ´Ëμ·³´μ° ¸Ê¶¥·¸¨³³¥É·¨¨:

[{
GrF̂

}
, Ŵ

]
= 0. (10)

‚¥·Ï¨´´Ò° μ¶¥· Éμ· ¤²μ¦¥´ ¨³¥ÉÓ ±μ´Ëμ·³´Ò° ¸¶¨´ J = 1. „¢Ê³¥·´Ò¥ ¶μ²Ö ∂X , Ia

±μ´Ëμ·³´μ£μ ¸¶¨´  J = 1 ¤μ²¦´Ò ±μ³³ÊÉ¨·μ¢ ÉÓ ¤·Ê£ ¸ ¤·Ê£μ³. ‘μ¸ÉμÖ´¨¥ ¸ ±¢ ´Éμ¢Ò³¨
Î¨¸² ³¨ π-³¥§μ´  ¤μ²¦´μ ¡ÒÉÓ ¸μ¸ÉμÖ´¨¥³ ¸ ³¨´¨³ ²Ó´μ° ³ ¸¸μ°.

„²Ö ¤¢ÊÌ Î ¸É¥° ´Ê±²μ´´μ° ¢¥·Ï¨´Ò (9) ³Ò ¢Ò¡¨· ¥³ ¸²¥¤ÊÕÐ¨¥ ·¥ ²¨§ Í¨¨ (7)
±¢ ´Éμ¢ÒÌ Î¨¸¥² ´Ê±²μ´ :

A1(λ̃iλj)λf + A2(λ̃iγ5λj)λfγ5 ¤²Ö V̂ BH,
(11)

B1

∑
a

(λ̃iτ
aλj)λf τa + B2

∑
a

(λ̃iγ5τ
aλj)λfγ5τ

a ¤²Ö V̂ NS.

2. Œ…‡��› ‚ Š���‹… NN̄

‚ ¶·¥¤Ò¤ÊÐ¥³ · §¤¥²¥ ¡Ò² ¸Ëμ·³Ê²¨·μ¢ ´ ¢¥·Ï¨´´Ò° μ¶¥· Éμ· ¨¸¶Ê¸± ´¨Ö ´Ê-
±²μ´  (9) ¨ ¶· ¢¨²  ¶·¥¤¸É ¢²¥´¨Ö ±¢ ´Éμ¢ÒÌ Î¨¸¥² (8), (11). ’¥¶¥·Ó μ¡¸Ê¤¨³ π- ¨
η-³¥§μ´Ò ¢ ± ´ ²¥ NN̄ .

‚ ¦´ÊÕ ·μ²Ó ¨£· ¥É ´Ê²¥¢ Ö ±μ³¶μ´¥´É  ¶μ²Ö I6. �´  ¨³¥¥É ¸²¥¤ÊÕÐÊÕ ¸É·Ê±ÉÊ·Ê:

I6
0 = g6

⎡
⎣
(∑

a

(∑
l

T (a)(l)

)
T (a)(i)ridge

)
+ δ

∑
a,l �=m

T (a)(l)T (a)(m)

⎤
⎦ , (12)

£¤¥ l, m Å ´μ³¥·  μ± °³²ÖÕÐ¨Ì ¶μ¢¥·Ì´μ¸É¥°; i, j Å ´μ³¥·  £·¥¡´¥¢ÒÌ ¶μ¢¥·Ì´μ¸É¥°;
a Å ´μ³¥· ¨§μÉμ¶¨Î¥¸±μ° ±μ³¶μ´¥´ÉÒ, T (a)(l) = (1/2)λ̄(l)τaλ(l). � §´ Ö ¨§μ¸¶¨´μ¢ Ö
¸É·Ê±ÉÊ·  VBH ¨ VNS (11) ¶·¨¢μ¤¨É ± · §²¨Î´Ò³ ¸μ¡¸É¢¥´´Ò³ §´ Î¥´¨Ö³ ´Ê²¥¢μ° ±μ³-
¶μ´¥´ÉÒ ¶μ²Ö I6 ¤²Ö (λiτ

aλj) ¨ (λiλj): I6,NS
0 �= I6,BH

0 . Š¢ ¤· É ¶μ²´μ£μ ¨§μÉμ¶¨Î¥¸±μ£μ
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³μ³¥´É  ¤²Ö qqq-¡ ·¨μ´ :

T 2
tot =

[∑
a

(
T

(a)
l1

+ T
(a)
l2

+ T
(a)
i

)]2

=

=

[∑
a

(
T

(a)
l1

+ T
(a)
l2

)]2

+ 2

[∑
a

(
T

(a)
l1

+ T
(a)
l2

)
T

(a)
i

]
+

∑
a

(T (a)
i )2. (13)

‘²¥¤Ê¥É § ³¥É¨ÉÓ, ÎÉμ ¢Éμ·μ¥ ¸² £ ¥³μ¥ ¢ (13) ¸μ¢¶ ¤ ¥É ¸ ¶¥·¢Ò³ ¸² £ ¥³Ò³ ¢ (12).
‡´ Î¥´¨Ö I6,NS

0 , I6,BH
0 ´ Ìμ¤ÖÉ¸Ö ¨§ Ê· ¢´¥´¨Ö ´  · ¢¥´¸É¢μ ¥¤¨´¨Í¥ ±μ´Ëμ·³´μ£μ ¸¶¨´ 

¢¥·Ï¨´ VNS ¨ VBH:

−m2
N

2
+ ξ2 +

I
(6,NS)2
0

2
=

1
2
, −m2

N

2
+ ξ2 +

I
(6,BH)2
0

2
= 0. (14)

� ¸¸³μÉ·¨³ ¶¥·¥Ìμ¤ N̄N → meson (¸¨¸É¥³  qq̄). �¸¥¢¤μ¸± ²Ö·´Ò° ¨ ¨§μ¢¥±Éμ·´Ò° π-
³¥§μ´ (8) ¶μÖ¢²Ö¥É¸Ö ¢  ³¶²¨ÉÊ¤¥ V̄BHVNS → π. „²Ö Éμ£μ ÎÉμ¡Ò ¨§¡¥¦ ÉÓ ¶μÖ¢²¥´¨Ö
¡¥§³ ¸¸μ¢μ£μ ¸± ²Ö·´μ£μ ¨§μ¢¥±Éμ·´μ£μ ¸μ¸ÉμÖ´¨Ö, ´¥μ¡Ìμ¤¨³μ ´ ²μ¦¨ÉÓ Ê¸²μ¢¨¥ ´  ±μ-
ÔËË¨Í¨¥´ÉÒ ¢ (11): A2 = −(A1B1/B2). �¸¥¢¤μ¸± ²Ö·´Ò° ¨ ¨§μ¸± ²Ö·´Ò° η-³¥§μ´ (8)
¶μÖ¢²ÖÕÉ¸Ö ¢  ³¶²¨ÉÊ¤ Ì V̄BHVBH → η ¨ V̄NSVNS → η. Œ ¸¸μ¢μ¥ Ê¸²μ¢¨¥ L0 = 1 ¤²Ö π-
¨ η-³¥§μ´ :

1
2
− m2

π

2
+ ξ2 +

I
(6,π)2
0

2
= 1,

(15)

1
2
−

m2
η

2
+ ξ2 +

I
(6,η)2
0

2
= 1,

£¤¥ ξ ¸¢Ö§ ´μ ¸ ¶μ²Ö³¨ φ ´  μ± °³²ÖÕÐ¨Ì ¶μ¢¥·Ì´μ¸ÉÖÌ. I
(6,π)2
0 ¨ I

(6,η)2
0 μ¶·¥¤¥²ÖÕÉ¸Ö

¢Éμ·Ò³ ¸² £ ¥³Ò³ (12). ‚Ò¡μ· §´ Î¥´¨° mN ¨ mπ μ¶·¥¤¥²Ö¥É §´ Î¥´¨Ö ¶ · ³¥É·μ¢ g6

¨ δ ¢ (12). ‚Ò· ¦¥´¨¥ (15) ¤ ¥É ¸¢Ö§Ó ³ ¸¸ π- ¨ η-³¥§μ´μ¢:

m2
π +

1
2
m2

ρ = m2
η. (16)

ˆ´É¥·¥¸´μ, ÎÉμ ¶·¨ ¶μ²ÊÎ¥´¨¨ ¢Ò· ¦¥´¨Ö (16) ¨¸¶μ²Ó§μ¢ ²¨¸Ó Éμ²Ó±μ ¸Ê¶¥·±μ´Ëμ·³´Ò¥
¸¢μ°¸É¢  ³μ¤¥²¨.

‚ ¤ ´´μ° ³μ¤¥²¨ ³ ¸¸  ´Ê±²μ´  Ö¢²Ö¥É¸Ö ¶ · ³¥É·μ³, ¥£μ §´ Î¥´¨¥ ¢Ò¡· ´μ m2
N =

(3/2)m2
ρ. “Î¨ÉÒ¢ Ö, ÎÉμ ¡² £μ¤ ·Ö ¤μ¶μ²´¨É¥²Ó´μ° ¸¨³³¥É·¨¨ ³μ¤¥²¨ m2

π = 0, ³μ¦´μ
¶μ²ÊÎ¨ÉÓ ³ ¸¸Ê η-³¥§μ´ : mη = 544 ŒÔ‚. „²Ö μ¸´μ¢´ÒÌ ¸μ¸ÉμÖ´¨° ´  ¶¥·¢μ° ¨ ¢Éμ·μ°
¤μÎ¥·´¨Ì É· ¥±Éμ·¨ÖÌ �¥¤¦¥ ¶μ²ÊÎ ¥³ μÍ¥´±¨ ³ ¸¸ mη1 = 1140 ŒÔ‚ ¨ mη2 = 1520 ŒÔ‚
¸μμÉ¢¥É¸É¢¥´´μ. �É¨ ¸μ¸ÉμÖ´¨Ö ³μ¦´μ ¨´É¥·¶·¥É¨·μ¢ ÉÓ ± ± η(1295) ¨ η(1405).

‡�Š‹�—…�ˆ…

‘Ëμ·³Ê²¨·μ¢ ´ ¢¥·Ï¨´´Ò° μ¶¥· Éμ· ¨¸¶Ê¸± ´¨Ö ´Ê±²μ´  ¢ ³μ¤¥²¨ ¸μ¸É ¢´μ° ¸Ê¶¥·-
±μ´Ëμ·³´μ° ¸É·Ê´Ò. � ¸¸³μÉ·¥´Ò π- ¨ η-³¥§μ´Ò ¢ ± ´ ²¥ NN̄ . �·¨ ¨¸¶μ²Ó§μ¢ ´¨¨
¶ · ³¥É·  m2

N = (3/2)m2
ρ μÍ¥´¥´Ò ³ ¸¸Ò η-³¥§μ´μ¢.
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�² £μ¤ ·´μ¸É¨. ŒÒ ¡² £μ¤ ·¨³ ÊÎ ¸É´¨±μ¢ 11-£μ APCTPÄ BLTP JINRÄ PNPI NRC
KI Ä SPbU · ¡μÎ¥£μ ¸μ¢¥Ð ´¨Ö ®‘μ¢·¥³¥´´Ò¥ ¶·μ¡²¥³Ò Ö¤¥·´μ° Ë¨§¨±¨ ¨ Ë¨§¨±¨ Ô²¥-
³¥´É ·´ÒÌ Î ¸É¨Í¯ §  ¢´¨³ ´¨¥ ¨ ¶μ²¥§´Ò¥ μ¡¸Ê¦¤¥´¨Ö.
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