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ƒμ³¥²Ó¸±¨° £μ¸Ê¤ ·¸É¢¥´´Ò° É¥Ì´¨Î¥¸±¨° Ê´¨¢¥·¸¨É¥É ¨³. �.�. ‘ÊÌμ£μ, ƒμ³¥²Ó, 	¥²μ·Ê¸¸¨Ö

�μ²ÊÎ¥´Ò Ê£²Ò ¸³¥Ï¨¢ ´¨Ö η- ¨ η′-³¥§μ´μ¢ ± ± ¢ ¸Ì¥³¥ μ±É¥É-¸¨´£²¥É´μ£μ ¸³¥Ï¨¢ ´¨Ö
θη = −15,4◦, θ′

η = −17,9◦, É ± ¨ ¢ ¸Ì¥³¥, ¸¢Ö§ ´´μ° ¸ · §²μ¦¥´¨¥³ ¶μ ±¢ ·±μ¢μ³Ê ¡ §¨¸Ê q̄q − s̄s
ϕ = 39,3◦. ‚ÒÎ¨¸²¥´Ò ±μ´¸É ´ÉÒ gV ηγ , gη′V γ · ¤¨ Í¨μ´´ÒÌ · ¸¶ ¤μ¢ η′ → V γ ¨ V → ηγ
(V ≡ ρ, ω,ϕ), μÉ´μÏ¥´¨Ö ±μ´¸É ´É ¸² ¡ÒÌ · ¸¶ ¤μ¢ η- ¨ η′-³¥§μ´μ¢. �μ²ÊÎ¥´´Ò¥ Î¨¸²¥´´Ò¥
§´ Î¥´¨Ö ´ Ìμ¤ÖÉ¸Ö ¢ ¸μ£² ¸¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨.

The mixing angles of η − η′ have been obtained both in the octet-singlet basis θη = −15.4◦,
θ′

η = −17.9◦ and in the quark basis q̄q − s̄s ϕ = 39.3◦ . The decay constants gV ηγ , gη′V γ of V → ηγ,
η′ → V γ transitions (V ≡ ρ, ω,ϕ) and the relations of weak decays constants were calculated. The
numerical results are in the agreement with experimental data.

PACS: 12.39.-x; 13.20.-v; 13.40.-f; 14.40.Be

‚‚…„…�ˆ…

�  ¸¥£μ¤´ÖÏ´¨° ¤¥´Ó ´¨±Éμ ´¥ ¸μ³´¥¢ ¥É¸Ö ¢ Éμ³, ÎÉμ  ¤·μ´Ò ¸μ¸ÉμÖÉ ¨§ ±¢ ·±μ¢.
�  ¤ ´´Ò° ³μ³¥´É ¶·¨² £ ÕÉ¸Ö §´ Î¨É¥²Ó´Ò¥ Ê¸¨²¨Ö ¤²Ö Éμ£μ, ÎÉμ¡Ò ¶μ²ÊÎ¨ÉÓ  ¤¥±¢ É-
´μ¥ μ¶¨¸ ´¨¥ ´¨§±μÔ´¥·£¥É¨Î¥¸±μ°  ¤·μ´´μ° Ë¨§¨±¨, ¨¸Ìμ¤Ö ¨§ ËÊ´¤ ³¥´É ²Ó´ÒÌ ¶·¥¤-
¸É ¢²¥´¨° Š•„. �¤´ ±μ μ¸´μ¢´ Ö É·Ê¤´μ¸ÉÓ ¶·¨ ÔÉμ³ § ±²ÕÎ ¥É¸Ö ¢ Éμ³, ÎÉμ É¥μ·¨Ö
¢μ§³ÊÐ¥´¨° Š•„, μ¸´μ¢ ´´ Ö ´   ¸¨³¶ÉμÉ¨Î¥¸±μ° ¸¢μ¡μ¤¥, μ± §Ò¢ ¥É¸Ö ´¥¶·¨³¥´¨³μ°
¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ. � ·Ö¤Ê ¸ ÔÉ¨³ ´¥Ö¸´Ò³ μ¸É ¥É¸Ö ¢μ¶·μ¸  ¤·μ´¨§ Í¨¨, É. ¥. ¢μ§-
´¨±´μ¢¥´¨Ö ¡¥¸Í¢¥É´ÒÌ  ¤·μ´μ¢ ¢ ·¥§Ê²ÓÉ É¥ ±¢ ·±-£²Õμ´´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö,   É ±¦¥
¨ ¶·μ¡²¥³  ±μ´Ë °´³¥´É , É. ¥. μÉ¸ÊÉ¸É¢¨Ö ±¢ ·±μ¢ ¨ £²Õμ´μ¢ ¢ ´ ¡²Õ¤ ¥³μ³ ¸¶¥±É·¥.
‚ ²¨É¥· ÉÊ·¥ ¸ÊÐ¥¸É¢Ê¥É Í¥²Ò° ·Ö¤ Ë¥´μ³¥´μ²μ£¨Î¥¸±¨Ì ¨ ¶μ²ÊË¥´μ³¥´μ²μ£¨Î¥¸±¨Ì
¶μ¤Ìμ¤μ¢ ± μ¶¨¸ ´¨Õ ¢§ ¨³μ¤¥°¸É¢¨Ö  ¤·μ´μ¢ ¢ μ¡² ¸É¨ ±μ´Ë °´³¥´É  (´  · ¸¸ÉμÖ´¨ÖÌ
0,3Ä1,0 Ë³), §´ Î¨É¥²Ó´μ¥ · §¢¨É¨¥ ¶μ²ÊÎ¨²¨ ±¢ ·±μ¢Ò¥ ³μ¤¥²¨. �¸μ¡μ ¨´É¥·¥¸´Ò³ ¶·¨
¢ÒÖ¸´¥´¨¨ ³¥Ì ´¨§³   ¤·μ´¨§ Í¨¨ ¨ ±μ´Ë °´³¥´É  Ö¢²Ö¥É¸Ö ¨§ÊÎ¥´¨¥ ¶¸¥¢¤μ¸± ²Ö·´ÒÌ
η- ¨ η′-³¥§μ´μ¢. ”¨§¨Î¥¸±¨¥ ¸μ¸ÉμÖ´¨Ö η ¨ η′ ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° ¸³¥¸Ó η8 ¨ η0, ¨ ¶·¨-
·μ¤  É ±μ£μ ¸³¥Ï¨¢ ´¨Ö ¤μ ±μ´Í  ´¥ ¨§ÊÎ¥´ . ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ·Ö¤μ³ ±μ²² ¡μ· Í¨°
¢¥¤ÊÉ¸Ö ¨´É¥´¸¨¢´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö η, η′-¸¨¸É¥³Ò [1Ä7].

•μ·μÏμ ¨§¢¥¸É´μ, ÎÉμ SU (3) ±¢ ·±μ¢ Ö ³μ¤¥²Ó ¶·¥¤¸± §Ò¢ ¥É ¸ÊÐ¥¸É¢μ¢ ´¨¥ μ±É¥É 
¡¥§³ ¸¸μ¢ÒÌ ¶¸¥¢¤μ¸± ²Ö·μ¢ η8 = 1/

√
6(uū + dd̄ − ss̄) ¨ ³ ¸¸¨¢´μ£μ ¸¨´£²¥É  η1 =

1/
√

3(uū + dd̄ + ss̄). ”¨§¨Î¥¸±¨¥ ¸μ¸ÉμÖ´¨Ö η ¨ η′ ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° ¸³¥¸Ó η8 ¨ η0:(
η
η′

)
=

(
cos θ − sin θ
sin θ cos θ

) (
η8

η0

)
. (1)
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ˆ§ÊÎ¥´¨¥ ηÄη′-¸³¥Ï¨¢ ´¨Ö Ö¢²Ö¥É¸Ö ±· °´¥ ¢ ¦´Ò³ ¤²Ö ¶μ´¨³ ´¨Ö ±¢ ·±μ¢ÒÌ ³μ¤¥-
²¥° ¨ Š•„. �Éμ³Ê ¢μ¶·μ¸Ê ¶μ¸¢ÖÐ¥´ Í¥²Ò° ·Ö¤ μ¡§μ·μ¢, ´ ¶·¨³¥· [8]. ’¥μ·¥É¨Î¥¸±¨°
 ´ ²¨§ μ¡ÒÎ´μ ³μ¤¥²Ó´μ-§ ¢¨¸¨³, ¨ ¶·¥¤¸± § ´¨Ö ¤²Ö Ê£²  ¸³¥Ï¨¢ ´¨Ö θ ±μ²¥¡²ÕÉ¸Ö ¢
¶·¥¤¥² Ì μÉ −12◦ [9] ¤μ −20◦ [10]. �μ³¨³μ Ê£²  ¸³¥Ï¨¢ ´¨Ö, ± ± ¶· ¢¨²μ, ¢¢μ¤ÖÉ¸Ö ¥Ð¥
¤¢  ¶ · ³¥É·  f8 ¨ f0, ¶·¥¤¸É ¢²ÖÕÐ¨¥ ¸μ¡μ° ±μ´¸É ´ÉÒ · ¸¶ ¤μ¢ η8 ¨ η0. �Í¥´±¨ ÔÉ¨Ì
¶ · ³¥É·μ¢ É ±¦¥ ³μ¤¥²Ó´μ-§ ¢¨¸¨³Ò ¨ ¤μ¸É ÉμÎ´μ ¸¨²Ó´μ · §´ÖÉ¸Ö: f8 μÍ¥´¨¢ ¥É¸Ö μÉ
0,71fπ ¢ [11] ¤μ 1,28fπ ¢ [12]; f0 μÍ¥´¨¢ ¥É¸Ö ¢ ¶·¥¤¥² Ì μÉ 0,94fπ ¢ [11] ¤μ 1,25fπ

¢ [12]. ‚ · ¡μÉ¥ [12] ¡Ò²  ¶·¥¤²μ¦¥´  ¸Ì¥³  ¸³¥Ï¨¢ ´¨Ö ¸ ¤¢Ê³Ö Ê£² ³¨, ¢ ±μÉμ·μ°
±μ´¸É ´ÉÒ ¸¢Ö§ ´Ò ¸μμÉ´μÏ¥´¨¥³(

fη

fη′

)
=

(
cos θ8 − sin θ0

sin θ8 cos θ0

) (
fη8

fη0

)
. (2)

�μ³¨³μ Ê¶μ³Ö´ÊÉμ° ¢ÒÏ¥, ¢ [8] · ¸¸³ É·¨¢ ¥É¸Ö ¸Ì¥³  ¸³¥Ï¨¢ ´¨Ö, μ¸´μ¢ ´´ Ö ´ 

±¢ ·±μ¢μ³ ¡ §¨¸¥ qq̄ =
uū + dd̄√

2
¨ ss̄. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¶·¥¤¶μ² £ ¥É¸Ö, ÎÉμ ¸³¥Ï¨¢ ´¨¥

¤²Ö ±μ´¸É ´É É ±μ¥ ¦¥, ± ± ¨ ¤²Ö ¸ ³¨Ì ³¥§μ´´ÒÌ ¸μ¸ÉμÖ´¨°:(
η (fη)
η′ (fη′)

)
=

(
cosϕ − sinϕ
sin ϕ cosϕ

) (
η8(fη8)
η0(fη0)

)
. (3)

�´ ²¨§ · ¸¸³μÉ·¥´´ÒÌ ¸Ì¥³ ³μ¦¥É ¡ÒÉÓ ¶·μ¢¥¤¥´ ¶·¨ ¢ÒÎ¨¸²¥´¨¨ ±μ´¸É ´É ¤¢ÊÌ
ËμÉμ´´ÒÌ · ¸¶ ¤μ¢ ¶¨μ´ , η- ¨ η′-³¥§μ´μ¢. ‚ÒÎ¨¸²¥´¨¥  ¤·μ´´ÒÌ ³ É·¨Î´ÒÌ Ô²¥³¥´-
Éμ¢, ´¥μ¡Ìμ¤¨³ÒÌ ¤²Ö ¶μ²ÊÎ¥´¨Ö Ê± § ´´ÒÌ ±μ´¸É ´É, ¡Ê¤¥³ ¶·μ¢μ¤¨ÉÓ ¢ · ³± Ì ³μ¤¥²¨
±μ´Ë °´³¨·μ¢ ´´ÒÌ ±¢ ·±μ¢ (ŒŠŠ) [13]. ‚ ¤ ´´μ° · ¡μÉ¥ ¶ · ³¥É·Ò ¸³¥Ï¨¢ ´¨Ö
η- ¨ η′-³¥§μ´μ¢ ¶μ²ÊÎ¥´Ò ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ §´ Î¥´¨° Ï¨·¨´ ¤¢ÊÌ-
ËμÉμ´´ÒÌ · ¸¶ ¤μ¢ η- ¨ η′-³¥§μ´μ¢. „ ²¥¥ ´ ³¨ ¢ÒÎ¨¸²¥´Ò ±μ´¸É ´ÉÒ fη, fη′ · ¸¶ ¤μ¢
η, η′ → μν, ÎÉμ Ö¢²Ö¥É¸Ö ¤μ¶μ²´¨É¥²Ó´μ° ¶·μ¢¥·±μ° ¤²Ö ¶μ²ÊÎ¥´´ÒÌ §´ Î¥´¨° Ê£²μ¢
¸³¥Ï¨¢ ´¨Ö. �μ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö Ê£²μ¢ ¸³¥Ï¨¢ ´¨Ö ¨¸¶μ²Ó§μ¢ ´Ò ¤²Ö ¢ÒÎ¨¸²¥´¨Ö
±μ´¸É ´É · ¤¨ Í¨μ´´ÒÌ · ¸¶ ¤μ¢ V → Pγ ¨ P → V γ (P ≡ η, η′; V ≡ ρ, ω, ϕ).

1. Š‚��Š�‚�Ÿ Œ�„…‹œ

Š¢ ·±μ¢Ò¥ ¸¨¸É¥³Ò, ¸μ¤¥·¦ Ð¨¥ Éμ²Ó±μ u-, d-, s-±¢ ·±¨, Ê¸¶¥Ï´μ μ¶¨¸Ò¢ ÕÉ¸Ö ¢
· ³± Ì ŒŠŠ [13]. Œμ¤¥²Ó ¡ §¨·Ê¥É¸Ö ´  ¸²¥¤ÊÕÐ¨Ì ¶·¥¤¶μ²μ¦¥´¨ÖÌ.

• �·¥¤¶μ² £ ¥É¸Ö, ÎÉμ  ¤·μ´´Ò¥ ¶μ²Ö ¢μ§´¨± ÕÉ ¢ ·¥§Ê²ÓÉ É¥ ¨´É¥£·¨·μ¢ ´¨Ö ¶μ
£²Õμ´´Ò³ ¨ ±¢ ·±μ¢Ò³ ¶¥·¥³¥´´Ò³ ¢ ¶·μ¨§¢μ¤ÖÐ¥³ ËÊ´±Í¨μ´ ²¥ Š•„. ‚ ·¥§Ê²ÓÉ É¥
¶μ²ÊÎ ¥É¸Ö ² £· ´¦¨ ´ ¢§ ¨³μ¤¥°¸É¢¨Ö  ¤·μ´μ¢ ¸ ±¢ ·± ³¨:

LM =
gM√

2
Mi q̄a

mΓμλmnqa
n.

‡¤¥¸Ó qa
j = (ua, da, sa) Å ±¢ ·±μ¢Ò¥ ¶μ²Ö; Mi Å ¥¢±²¨¤μ¢Ò ¶μ²Ö, ¸¢Ö§ ´´Ò¥ ¸ ¶μ²Ö³¨

Ë¨§¨Î¥¸±¨Ì Î ¸É¨Í; λi Å ³ É·¨ÍÒ ƒ¥²²-Œ ´´ ; Γμ Å ¤¨· ±μ¢¸±¨¥ ³ É·¨ÍÒ; a Å Í¢¥-
Éμ¢μ° ¨´¤¥±¸; gM Å ±μ´¸É ´ÉÒ ¢§ ¨³μ¤¥°¸É¢¨Ö ³¥§μ´μ¢ ¸ ±¢ ·± ³¨. ‚¸¥ ¢§ ¨³μ¤¥°¸É¢¨Ö
 ¤·μ´μ¢ ¸ ±¢ ·± ³¨ μ¶¨¸Ò¢ ÕÉ¸Ö ±¢ ·±μ¢Ò³¨ ¤¨ £· ³³ ³¨, ¶μ²ÊÎ¥´´Ò³¨ ¨§ S-³ É·¨ÍÒ,
Ê¸·¥¤´¥´´μ° ¶μ £²Õμ´´μ³Ê ¢ ±ÊÊ³Ê:

S =
∫

dσvacT exp
{

i

∫
dxLint

}
.
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�·μ¶ £ Éμ· ±¢ ·±  ¨³¥¥É ¸²¥¤ÊÕÐ¨° ¢¨¤:

S(x1, x2|Bvac) = 〈0|T (q(x1)q̄(x2))|0〉 = i(p̂ + B̂vac)−1δ(x1 − x2).

• ‚Éμ·μ¥ μ¸´μ¢´μ¥ ¶·¥¤¶μ²μ¦¥´¨¥ ŒŠŠ ¸μ¸Éμ¨É ¢ Éμ³, ÎÉμ ±μ´Ë °´³¥´É ±¢ ·-
±μ¢ μ¡¥¸¶¥Î¨¢ ¥É¸Ö ´ ²¨Î¨¥³ ´¥É·¨¢¨ ²Ó´μ£μ £²Õμ´´μ£μ ¢ ±ÊÊ³ . �·¥¤¶μ² £ ¥É¸Ö, ÎÉμ
Ê¸·¥¤´¥´¨¥ ¶μ ¢ ±ÊÊ³´Ò³ £²Õμ´´Ò³ ¶μ²Ö³ B̂vac ±¢ ·±μ¢ÒÌ ¤¨ £· ³³, £¥´¥·¨·Ê¥³ÒÌ
S-³ É·¨Í¥°, ¤μ²¦´μ μ¡¥¸¶¥Î¨¢ ÉÓ ±μ´Ë °´³¥´É ±¢ ·±μ¢ ¨ ¤¥² ÉÓ É¥μ·¨Õ ±μ´¥Î´μ°.

�´§ Í ±μ´Ë °´³¥´É  ¢ ŒŠŠ ¸μ¸Éμ¨É ¢ ¸²ÊÎ ¥ μ¤´μ¶¥É²¥¢ÒÌ ±¢ ·±μ¢ÒÌ ¤¨ £· ³³
¢ § ³¥´¥∫

dσvac Tr |M(x1)S(x1, x2|Bvac) · · ·M(xn)S(xn, x1|Bvac)| −→

−→
∫

dσv Tr |M(x1)Sv(x1 − x2) · · ·M(xn)Sv(xn − x1)|, (4)

£¤¥

Sv(x1 − x2) =
∫

d4p

i(2π)4
e−ip(x1−x2)

1
vΛq − p̂

. (5)

� · ³¥É· Λq Ì · ±É¥·¨§Ê¥É · §³¥· μ¡² ¸É¨ ±μ´Ë °´³¥´É  ±¢ ·±  ¸  ·μ³ Éμ³ q = u, d, s.
Œ¥·  ¨´É¥£·¨·μ¢ ´¨Ö dσv μ¶·¥¤¥²¥´  É ±, ÎÉμ∫

dσv

v − ẑ
= G(z) = a(−z2) + ẑb(−z2). (6)

”Ê´±Í¨Ö G(z) ´ §Ò¢ ¥É¸Ö ËÊ´±Í¨¥° ±μ´Ë °´³¥´É . G(z) ´¥ § ¢¨¸¨É ´¨ μÉ Í¢¥É , ´¨ μÉ
 ·μ³ É  ±¢ ·±μ¢ ¨ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° Í¥²ÊÕ ËÊ´±Í¨Õ, Ê¡Ò¢ ÕÐÊÕ ¢ ¥¢±²¨¤μ¢μ° μ¡² ¸É¨
¡Ò¸É·¥¥ ²Õ¡μ° ¸É¥¶¥´¨ z ¶·¨ z2 → ∞. ‚Ò¡μ· ËÊ´±Í¨¨ G(z), ¨²¨, ÎÉμ Éμ ¦¥ ¸ ³μ¥,
a(−z2) ¨ b(−z2), Ö¢²Ö¥É¸Ö μ¤´¨³ ¨§ ³μ¤¥²Ó´ÒÌ ¶·¥¤¶μ²μ¦¥´¨°. ŒÒ ¡Ê¤¥³ ¨¸¶μ²Ó§μ¢ ÉÓ
a(−z2) ¨ b(−z2) ¢ ¢¨¤¥

a(u) = a0 e−u2−a1u, b(u) = b0 e−u2−b1u. (7)

Šμ´¸É ´ÉÒ ¢§ ¨³μ¤¥°¸É¢¨Ö gM ³¥§μ´μ¢ ¸ ±¢ ·± ³¨ μ¶·¥¤¥²ÖÕÉ¸Ö ¨§ É ± ´ §Ò¢ ¥³μ£μ
Ê¸²μ¢¨Ö ¸¢Ö§´μ¸É¨ [14]:

ZM = 1 +
3g2

M

4π2
Π̃′

M (mM ) = 0, (8)

�¨¸. 1

£¤¥ Π̃′
M (P ) Å ¶·μ¨§¢μ¤´ Ö μÉ ³ ¸¸μ¢μ£μ

μ¶¥· Éμ·  ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ³¥§μ´ . „²Ö
¤ ²Ó´¥°Ï¨Ì · ¸Î¥Éμ¢ Ê¤μ¡´μ ¢³¥¸Éμ gM

¨¸¶μ²Ó§μ¢ ÉÓ ¢¥²¨Î¨´Ê

hM =
3g2

M

4π2
=

1
Π̃′

M (m2
M )

. (9)

Œ ¸¸μ¢Ò° μ¶¥· Éμ· Π̃M (P ), ¢Ìμ¤ÖÐ¨° ¢ (8), μ¶·¥¤¥²Ö¥É¸Ö ¤¨ £· ³³μ°, ¶·¨¢¥¤¥´´μ°
´  ·¨¸. 1.
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�¥É²¥¢μ° ¨´É¥£· ² ¤²Ö Π̃M (P ) ¢ ŒŠŠ ¢ ¸¨²Ê (4) ¨ (5) ¨³¥¥É ¢¨¤

∏̃
M

=
∫

dσv

∫
d4k

i(2π)4
Tr

∣∣∣∣∣ΓM
1

vΛq1 − k̂
ΓM

1

vΛq2 − (k̂ + p̂)

∣∣∣∣∣ . (10)

’·¥¡μ¢ ´¨¥ ¢Ò¶μ²´¥´¨Ö ¢ ŒŠŠ  ´μ³ ²Ó´ÒÌ Éμ¦¤¥¸É¢ “μ·¤  ¤ ¥É ¤μ¶μ²´¨É¥²Ó´Ò¥ ¸μμÉ-
´μÏ¥´¨Ö ³¥¦¤Ê a(0) ¨ b(0): b(0) = −a′(0), a(0) = 2. ˆ¸¶μ²Ó§ÊÖ a(u) ¨ b(u) ¢ Ëμ·³¥ (7),
³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¸μμÉ´μÏ¥´¨Ö a0 = 2, a1 = b0/4. ’ ±¨³ μ¡· §μ³, ¸¢μ¡μ¤´Ò³¨ ¶ · ³¥-
É· ³¨ ³μ¤¥²¨ Ö¢²ÖÕÉ¸Ö Λq, b0, b1. � · ³¥É·Ò ³μ¤¥²¨ ¡Ò²¨ § Ë¨±¸¨·μ¢ ´Ò Ë¨É¨·μ¢ ´¨¥³
¶μ Ìμ·μÏμ ¨§¢¥¸É´Ò³ ±μ´¸É ´É ³ ´¨§±μÔ´¥·£¥É¨Î¥¸±μ° Ë¨§¨±¨ (fπ, fK , gργ , gϕγ , gπγγ,
gωπγ , gρππ, gK∗ππ):

Λn = 460 ŒÔ‚, n ≡ u, d, Λs = 506 ŒÔ‚, b0 = 2, b1 = 0, 2.

2. ����Œ…’�› ‘Œ…˜ˆ‚��ˆŸ η- ˆ η′-Œ…‡���‚

„²Ö μ¶·¥¤¥²¥´¨Ö §´ Î¥´¨° Ê£²μ¢ ¸³¥Ï¨¢ ´¨Ö ¢μ¸¶μ²Ó§Ê¥³¸Ö Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨
¤ ´´Ò³¨ μ ±μ´¸É ´É Ì · ¤¨ Í¨μ´´ÒÌ · ¸¶ ¤μ¢ η- ¨ η′-³¥§μ´μ¢. �±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ -
Î¥´¨Ö Ï¨·¨´ ¤ ´´ÒÌ · ¸¶ ¤μ¢ [15]:

Wexp (η → γγ) = (0,46 ± 0,04) ±Ô‚,

Wexp (η′ → γγ) = (4,27 ± 0,19) ±Ô‚.

ˆ, ¸μμÉ¢¥É¸É¢¥´´μ, ±μ´¸É ´ÉÒ ¤ ´´ÒÌ · ¸¶ ¤μ¢ ¨³¥ÕÉ ¸²¥¤ÊÕÐ¨¥ §´ Î¥´¨Ö:

gexp
ηγγ = 0,259 ƒÔ‚−1, gexp

η′γγ = 0,341 ƒÔ‚−1.

�¨¸. 2

�³¶²¨ÉÊ¤  ¤ ´´μ£μ · ¸¶ ¤  μ¶·¥¤¥²Ö¥É¸Ö
¤¨ £· ³³μ°, ¶·¨¢¥¤¥´´μ° ´  ·¨¸. 2.

‚ μ¡Ð¥³ ¢¨¤¥ ¸μμÉ¢¥É¸É¢ÊÕÐ Ö  ³¶²¨-
ÉÊ¤  ³μ¦¥É ¡ÒÉÓ § ¶¨¸ ´  ¢ ¢¨¤¥

A(P → γγ) = e2gPγγεμναβεμενqα
1 qβ

2 ,

£¤¥ gPγγ Å ±μ´¸É ´É  · ¸¶ ¤ , ±μÉμ· Ö ¢
ŒŠŠ ¸¢Ö§ ´  ¸ ¢ÒÎ¨¸²¥´¨¥³ ¶¥É²¥¢μ£μ ¨´-
É¥£· ²  Iμν

PVV, ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ¤¨ £· ³³¥,
¶·¨¢¥¤¥´´μ° ´  ·¨¸. 2:

Iμν
PVV =

∫
dσv

∫
d4k

i(2π)4
Tr

∣∣∣∣∣iγ5 1

vΛq − k̂
γμ 1

vΛq − (k̂ + q̂1)
γν 1

vΛq − (k̂ + p̂)

∣∣∣∣∣ =

= FPVV

(
p2, q2

1 , q
2
2 , Λq

)
εμναβqα

1 qβ
2 . (11)
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�´ ²¨É¨Î¥¸±¨¥ ¢Ò· ¦¥´¨Ö ¤²Ö ±μ´¸É ´ÉÒ · ¤¨ Í¨μ´´ÒÌ · ¸¶ ¤μ¢ η- ¨ η′-³¥§μ´μ¢ ¶μ²Ê-
Î¥´Ò ¢ μ¡¥¨Ì ¢ÒÏ¥Ê± § ´´ÒÌ ¸Ì¥³ Ì. ‚ ¸Ì¥³¥, ¸¢Ö§ ´´μ° ¸ μ±É¥É-¸¨´£²¥É´Ò³ ¸³¥Ï¨¢ -
´¨¥³, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ±μ´¸É ´ÉÒ ¶μ²ÊÎ¥´Ò ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

gηγγ (θη) =
√

3
π

(
gη8γγ

(
m2

η

)
cos θη − gη0γγ

(
m2

η

)
sin θη

)
,

(12)

gη′γγ (θη′) =
√

3
π

(
gη8γγ

(
m2

η′
)
sin θη′ + gη0γγ

(
m2

η′
)
cos θη′

)
,

£¤¥

gη0γγ(x) =
√

hη0(x)
1√
3

(
5
9
FPVV (x, 0, 0, Λn) +

1
9
FPVV (x, 0, 0, Λs)

)
,

(13)

gη8γγ(x) =
√

hη8(x)
1√
6

(
5
9
FPVV (x, 0, 0, Λn) − 2

9
FPVV (x, 0, 0, Λs)

)
.

hM (x) Å ±μ´¸É ´ÉÒ ¢§ ¨³μ¤¥°¸É¢¨Ö ³¥§μ´μ¢, ¨³¥ÕÐ¨Ì ³ ¸¸Ê x, ¸ ±¢ ·± ³¨, μ¶·¥¤¥-
²¥´´Ò¥ Ëμ·³Ê² ³¨ (8)Ä(10). ”Ê´±Í¨¨ FPVV, ¢Ìμ¤ÖÐ¨¥ ¢ (13), μ¶·¥¤¥²ÖÕÉ¸Ö ¶¥É²¥¢Ò³
¨´É¥£· ²μ³ (11) ¨ ¶μ²ÊÎ¥´Ò ¢ ¢¨¤¥

FPVV

(
p2, q2

1 , q2
2 , Λ

)
=

1
Λ

1∫
0

{
d3α

}
a

(
−p2α2α3 + q2

1α1α3 + q2
2α1α2

Λ2

)
. (14)

‡´ Î¥´¨Ö Ê£²μ¢ θη , θη′ ´ Ìμ¤¨³, ·¥Ï Ö É·¨£μ´μ³¥É·¨Î¥¸±¨¥ Ê· ¢´¥´¨Ö (12). �μ²ÊÎ¥´Ò
¸²¥¤ÊÕÐ¨¥ ·¥Ï¥´¨Ö:

θη = −15,4◦, θη′ = 58◦ ¨²¨ θη′ = −17,9◦.

‚ ¸Ì¥³¥, ¸¢Ö§ ´´μ° ¸ · §²μ¦¥´¨¥³ ¶μ ±¢ ·±μ¢μ³Ê ¡ §¨¸Ê (3),

gηγγ (ϕ) =

√
3hη(ϕ)
9π

(
5FPVV

(
m2

η, 0, 0, Λn

)
√

2
cosϕ − FPVV

(
m2

η, 0, 0, Λs

)
sinϕ

)
,

gη′γγ (ϕ) =

√
3hη′(ϕ)
9π

(
5FPVV

(
m2

η′ , 0, 0, Λn

)
√

2
sinϕ + FPVV

(
m2

η′ , 0, 0, Λs

)
cosϕ

)
.

�± § ²μ¸Ó, ÎÉμ ´ ¨²ÊÎÏ¥¥ ¸μ£² ¸¨¥ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¤μ¸É¨£ ¥É¸Ö ¶·¨
ϕ = 39,3◦.

3. Š��‘’��’› ‘‹��›• ��‘��„�‚ η-, η′-Œ…‡���‚

‚ÒÎ¨¸²¥´¨¥ ¸² ¡ÒÌ ±μ´¸É ´É,  ´ ²μ£¨Î´ÒÌ ±μ´¸É ´É¥ fπ, ¶·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸ ± ±
¸ É¥μ·¥É¨Î¥¸±μ° ÉμÎ±¨ §·¥´¨Ö, É ± ¨ ± ± ¤μ¶μ²´¨É¥²Ó´ Ö ¶·μ¢¥·±  ¶μ²ÊÎ¥´´ÒÌ §´ Î¥´¨°
¤²Ö Ê£²μ¢ ¸³¥Ï¨¢ ´¨Ö. ‚ ¸Ì¥³¥ ¸ μ±É¥É-¸¨´£²¥É´Ò³ ¸³¥Ï¨¢ ´¨¥³ ¢ ¶·¥¤¶μ²μ¦¥´¨¨, ÎÉμ
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�¨¸. 3

¨³¥ÕÉ¸Ö ¤¢  Ê£²  ¸³¥Ï¨¢ ´¨Ö, ¸μμÉ´μÏ¥´¨¥
¸² ¡ÒÌ ±μ´¸É ´É ¨³¥¥É ¢¨¤ (2). ‚ ¸Ì¥³¥ ¸³¥-
Ï¨¢ ´¨Ö, μ¸´μ¢ ´´μ° ´  ±¢ ·±μ¢μ³ ¡ §¨¸¥

qq̂ =
uû + dd̂√

2
¨ sŝ, ¶·¥¤¶μ² £ ¥É¸Ö, ÎÉμ ¸³¥-

Ï¨¢ ´¨¥ ¤²Ö ±μ´¸É ´É É ±μ¥ ¦¥, ± ± ¨ ¤²Ö
¸ ³¨Ì ³¥§μ´´ÒÌ ¸μ¸ÉμÖ´¨°, ¨ μ¶·¥¤¥²Ö¥É¸Ö
Ëμ·³Ê²μ° (3). Šμ´¸É ´ÉÒ fη, fη′ , ¢Ìμ¤ÖÐ¨¥

¢ (2), (3), μ¶·¥¤¥²ÖÕÉ¸Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ±μ³¡¨´ Í¨¥° ±¢ ·±μ¢ÒÌ ¤¨ £· ³³ É¨¶  ¶·¨¢¥-
¤¥´´μ° ´  ·¨¸. 3.

‘² ¡Ò¥ ±μ´¸É ´ÉÒ μ¶·¥¤¥²ÖÕÉ¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

〈0|Jμ5|M(P )〉 = ifMpμ.

‚ ¸Ì¥³¥, ¸¢Ö§ ´´μ° ¸ · §²μ¦¥´¨¥³ ¶μ ±¢ ·±μ¢μ³Ê ¡ §¨¸Ê, ¨³¥¥³

Jq
μ5 =

1√
2

(
ūγμγ5u + d̄γμγ5d

)
, Js

μ5 = s̄γμγ5s.

’ ±¨³ μ¡· §μ³,

fη = f q
η cosϕ − fs

η sin ϕ, fη′ = f q
η′ sinϕ + fs

η′ cosϕ,

£¤¥

f q,s
P =

√
3hP (ϕ)
2π

Λn,sFPW

(
m2

p, Λn,s

)
, P = η, η′,

FPW Å ¸É·Ê±ÉÊ·´Ò° ¨´É¥£· ², ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¤¨ £· ³³¥, ¶·¨¢¥¤¥´´μ° ´  ·¨¸. 3,

Iμ
PW =

∫
dσv

∫
d4k

i2π2
Tr

∣∣∣∣∣iγ5 1

vΛq − k̂
Oμ 1

vΛq − (k̂ + p̂)

∣∣∣∣∣ = pμΛqFPW

(
p2, Λq

)
.

FPW(p2, Λq), ¶μ²ÊÎ¥´´Ò° ¸μ£² ¸´μ (6), (7), ¨³¥¥É ¸²¥¤ÊÕÐ¨° ¢¨¤:

FPW

(
p2, Λq

)
=

∞∫
0

dua(u) +
p2

4Λ2
q

1∫
0

du
√

1 − ua

(
−u

p2

4Λ2
q

)
.

�μ²ÊÎ¥´Ò ¸²¥¤ÊÕÐ¨¥ Î¨¸²¥´´Ò¥ ¸μμÉ´μÏ¥´¨Ö:

f q
η

fπ
= 1,263;

fs
η

fπ
= 1,304;

f q
η′

fπ
= 1,97;

fs
η′

fπ
= 1,95. (15)

‚ ¸Ì¥³¥, ¸¢Ö§ ´´μ° ¸ μ±É¥É-¸¨´£²¥É´Ò³ ¸³¥Ï¨¢ ´¨¥³, ¨³¥¥³〈
0

∣∣Ja
μ5

∣∣ η〉
=

〈
0

∣∣Ja
μ5

∣∣ η8

〉
cos θη −

〈
0

∣∣Ja
μ5

∣∣ η0

〉
sin θη,〈

0
∣∣Ja

μ5

∣∣ η′〉 =
〈
0

∣∣Ja
μ5

∣∣ η8

〉
sin θη′ −

〈
0

∣∣Ja
μ5

∣∣ η0

〉
cos θη′ .
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‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ ±μ´¸É ´ÉÒ ¶μ²ÊÎ¥´Ò ´ ³¨ ¢ ¢¨¤¥

fa
η = fa

8 cos θη − fa
0 sin θη, (16)

fa
η′ = fa

8 sin θη′ + fa
0 cos θη′ . (17)

‡¤¥¸Ó

f8
8 (mp) =

√
3h8

(
m2

p

)
6π

√
2

(
ΛnFPW

(
m2

p, Λn

)
+ 2ΛsFPW

(
m2

p, Λs

))
,

f0
0 (mp) =

√
3h0

(
m2

p

)
6π

(
ΛnFPW

(
m2

p, Λn

)
+ ΛsFPW

(
m2

p, Λs

))
,

f0
8 (mp) =

√
3h8

(
m2

p

)
6π

(
ΛnFPW

(
m2

p, Λn

)
− ΛsFPW

(
m2

p, Λs

))
,

f8
0 (mp) =

√
3h0

(
m2

p

)
3π

√
2

(
ΛnFPW

(
m2

p, Λn

)
+ 2ΛsFPW

(
m2

p, Λs

))
.

�± § ²μ¸Ó, ÎÉμ
f8
0

(
m2

η

)
f8
8

(
m2

η

) = −0,015;
f0
8

(
m2

η

)
f0
0

(
m2

η

) = −0,011,

¶μÔÉμ³Ê ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ ¸² £ ¥³Ò³¨ ¢ (16) ¨ (17) ³μ¦´μ ¶·¥´¥¡·¥ÎÓ. ’ ±¨³ μ¡· §μ³,
¶μ²ÊÎ ¥³ ¸²¥¤ÊÕÐ¨¥ ¢Ò· ¦¥´¨Ö ¤²Ö ¸² ¡ÒÌ ±μ´¸É ´É:

f8
η = f8

8

(
m2

η

)
cos θη, f0

η = f0
0

(
m2

η

)
sin θη,

f8
η′ = f8

8

(
m2

η′
)
sin θη′ , f0

η′ = f0
0

(
m2

η′
)
cos θη′ .

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ±·μ³¥ ¸Ì¥³Ò μ±É¥É-¸¨´£²¥É´μ£μ ¸³¥Ï¨¢ ´¨Ö ¸ § ¢¨¸ÖÐ¨³ μÉ ³ ¸¸Ò
Ê£²μ³ ¸ÊÐ¥¸É¢Ê¥É ´¥¸±μ²Ó±μ ¨´ Ö ¸Ì¥³ , ¸μ¤¥·¦ Ð Ö Ê£²Ò θ8 ¨ θ0, ¢ ±μÉμ·μ° ±μ´¸É ´ÉÒ
¸¢Ö§ ´Ò ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:(

f8
η f0

η

f8
η′ f0

η′

)
=

(
f8 cos θ8 −f0 sin θ0

f8 sin θ8 f0 cos θ0

)
.

“£²Ò θ8 ¨ θ0 ¸¢Ö§ ´Ò ¸ Ê£² ³¨ θη, θη′ ¸μμÉ´μÏ¥´¨Ö³¨:

tg θ8 =
sin θη′

cos θη
, tg θ0 =

sin θη

cos θη′
. (18)

‚ É ¡². 1 ¶·¨¢¥¤¥´Ò §´ Î¥´¨Ö θ0 ¨ θ8, ¶μ²ÊÎ¥´´Ò¥ ¶μ Ëμ·³Ê² ³ (18).

’ ¡²¨Í  1
θη, ◦ θη′ , ◦ θ8,

◦ θ0,
◦

−15,4 58 41,3 −26,6

−15,4 −17,9 −17,7 −15,6
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’ ¡²¨Í  2
fq,s θ8, ◦ θ0, ◦

fq,s
η −16,3 −14,5

fq,s
η′ −12,3 −18,5

‘ Ê£²μ³ ϕ θ0 ¨ θ8 ¸¢Ö§ ´Ò ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

θ8 = ϕ − arctg
√

2fs

fq
, θ0 = ϕ − arctg

√
2fq

fs
. (19)

‡´ Î¥´¨Ö θ0 ¨ θ8, ¶μ²ÊÎ¥´´Ò¥ ¨§ (19), ¶·¨¢¥¤¥´Ò ¢ É ¡². 2.
‘· ¢´¥´¨¥ Î¨¸²¥´´ÒÌ §´ Î¥´¨°, ¶·¨¢¥¤¥´´ÒÌ ¢ É ¡². 1 ¨ 2, ¶μ§¢μ²Ö¥É ¸¤¥² ÉÓ ¢Ò¢μ¤

μ Éμ³, ÎÉμ ¢Ò¡μ· §´ Î¥´¨Ö Ê£²  θη′ = −17,9◦ ¶·¥¤¶μÎÉ¨É¥²Ó´¥°.

4. ��„ˆ�–ˆ���›… ��‘��„› η-Œ…‡���‚

‚μ¸¶μ²Ó§Ê¥³¸Ö ¶μ²ÊÎ¥´´Ò³¨ §´ Î¥´¨Ö³¨ Ê£²μ¢ ¸³¥Ï¨¢ ´¨Ö ¤²Ö ¢ÒÎ¨¸²¥´¨Ö ±μ´¸É ´É
· ¸¶ ¤μ¢ V → Pγ ¨ P → V γ (P ≡ η, η′; V ≡ ρ, ω, ϕ). �³¶²¨ÉÊ¤Ò ¤ ´´ÒÌ · ¸¶ ¤μ¢
μ¶·¥¤¥²ÖÕÉ¸Ö ± ±

A (V → Pγ) = egV Pγεμναβεμ (qγ) εν (pV ) qα
γ pβ

V , (20)

A (P → V γ) = egPV γεμναβεμ (qγ) εν (pV ) qα
γ pβ

V . (21)

ˆ, ¸μμÉ¢¥É¸É¢¥´´μ, Ï¨·¨´Ò ³μ£ÊÉ ¡ÒÉÓ § ¶¨¸ ´Ò ¢ ¢¨¤¥

W (V → Pγ) =
α

24
m3

V

(
1 − m2

P

m2
V

)
g2

V Pγ ,

W (P → V γ) =
α

8
m3

P

(
1 − m2

V

m2
P

)
g2

PV γ .

‚ ¸Ì¥³¥, ¸¢Ö§ ´´μ° ¸ · §²μ¦¥´¨¥³ ¶μ ±¢ ·±μ¢μ³Ê ¡ §¨¸Ê, ±μ´¸É ´ÉÒ · ¸¶ ¤μ¢, ¢Ìμ¤ÖÐ¨¥
¢ (20), (21), ¨³¥ÕÉ ¢¨¤

gηργ =
√

hρhη (ϕ) cosϕFPVV

(
m2

η, m2
ρ, 0, Λn

)
,

gη′ργ =
√

hρhη′ (ϕ) sinϕFPVV

(
m2

η′ , m2
ρ, 0, Λn

)
,

gηωγ =
√

hωhη (ϕ)
1
3

cosϕFPVV

(
m2

η, m2
ω, 0, Λn

)
,

gη′ωγ =
√

hωhη′ (ϕ)
1
3

sin ϕFPVV

(
m2

η′ , m2
ω, 0, Λn

)
,

gηϕγ =
√

hϕhη (ϕ)
2
3

sinϕFPVV

(
m2

η, m2
ϕ, 0, Λs

)
,

gη′ϕγ =
√

hϕhη′ (ϕ)
2
3

cosϕFPVV

(
m2

η′ , m2
ϕ, 0, Λs

)
.

‚ ¸Ì¥³¥, ¸¢Ö§ ´´μ° ¸ μ±É¥É-¸¨´£²¥É´Ò³ ¸³¥Ï¨¢ ´¨¥³, ±μ´¸É ´ÉÒ · ¸¶ ¤μ¢ ¸¨´£²¥É´μ£μ
η0 ¨ μ±É¥É´μ£μ η8 ¸μ¸ÉμÖ´¨° ¶μ²ÊÎ¥´Ò ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

gη,η′8ργ =
√

hρhη8

(
m2

η,η′

) 1√
3
FPVV

(
m2

η,η′ , m2
ρ, 0, Λn

)
,

gη,η′0ργ =
√

hρhη0

(
m2

η,η′

)√
2√
3
FPVV

(
m2

η,η′ , m2
ρ, 0, Λn

)
,
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gη,η′8ωγ =
√

hωhη8

(
m2

η,η′

) 2
3
√

6
FPVV

(
m2

η,η′ , m2
ω, 0, Λn

)
,

gη,η′0ωγ =
√

hωhη0

(
m2

η,η′

) 2
3
√

3
FPVV

(
m2

η,η′ , m2
ω, 0, Λn

)
,

gη,η′8ϕγ =
√

hϕhη8

(
m2

η,η′

) 4
3
√

6
FPVV

(
m2

η,η′ , m2
ϕ, 0, Λs

)
,

gη,η′0ϕγ =
√

hϕhη0

(
m2

η,η′

) 2
3
√

6
FPVV

(
m2

η,η′ , m2
ϕ, 0, Λs

)
.

‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ ±μ´¸É ´ÉÒ · ¸¶ ¤μ¢ Ë¨§¨Î¥¸±¨Ì η- ¨ η′-³¥§μ´μ¢ ¢ ¢¥±Éμ·´Ò¥ Î ¸É¨ÍÒ
(V ≡ ρ, ω, ϕ) ¨ γ-±¢ ´É μ¶·¥¤¥²ÖÕÉ¸Ö Ëμ·³Ê² ³¨

gηV γ = gη8V γ cos θη − gη0V γ sin θη,

gη′V γ = gη′8V γ cos θη′ − gη′0V γ sin θη′ .

‚ É ¡². 3 ¨ 4 ¶·¨¢¥¤¥´Ò Î¨¸²¥´´Ò¥ §´ Î¥´¨Ö ±μ´¸É ´É, ¶μ²ÊÎ¥´´Ò¥ ¤²Ö · ¸¶ ¤μ¢ V → ηγ
¨ η′ → V γ ¸μμÉ¢¥É¸É¢¥´´μ.

’ ¡²¨Í  3

gV ηγ , ƒÔ‚−1 �±¸¶¥·¨³¥´É [15]
‘Ì¥³  qq̄ − ss̄
(ϕ = 39,3◦)

�‘-¸³¥Ï¨¢ ´¨¥
(θη = −15,4◦)

gρηγ 1,47+0,25
−0,28 1,490 1,495

gωηγ 0,53 ± 0,04 0,496 0,497
gϕηγ 0,69 ± 0,02 0,715 0,720

’ ¡²¨Í  4

gη′V γ , ƒÔ‚−1 �±¸¶¥·¨³¥´É [15]
‘Ì¥³  qq̄ − ss̄
(ϕ = 39,3◦)

�‘-¸³¥Ï¨¢ ´¨¥
(θη′ = 58◦)

�‘-¸³¥Ï¨¢ ´¨¥
(θη′ = −17,9◦)

gη′ργ 1,31 ± 0,06 1,065 1,55 1,05
gη′ωγ 0,45 ± 0,03 0,353 0,514 0,330

gη′ϕγ 1,00+0,28
−0,21 0,761 0,381 0,786

ˆ§ É ¡². 4 ¢¨¤´μ, ÎÉμ §´ Î¥´¨¥ θη′ = −17,9◦ ¶·¥¤¶μÎÉ¨É¥²Ó´¥°.

‡�Š‹�—…�ˆ…

‚ ¤ ´´μ° · ¡μÉ¥ ¨§ÊÎ¥´Ò ¸² ¡Ò¥ Ô²¥±É·μ³ £´¨É´Ò¥ ¨ · ¤¨ Í¨μ´´Ò¥ · ¸¶ ¤Ò η-,
η′-³¥§μ´μ¢. �μ²ÊÎ¥´Ò ¶ · ³¥É·Ò ¤²Ö · §²¨Î´ÒÌ ¸Ì¥³ ¸³¥Ï¨¢ ´¨Ö. ‚ ¸²ÊÎ ¥ ¸¨´£²¥É-
μ±É¥É´μ£μ ¸³¥Ï¨¢ ´¨Ö θη = −15,4◦; θη′ = −17,9◦. ‚ ¸Ì¥³¥, μ¸´μ¢ ´´μ° ´  · §²μ¦¥´¨¨
¶μ ±¢ ·±μ¢μ³Ê ¡ §¨¸Ê qq̄ − ss̄, ϕ = 39,3◦.

‚ÒÎ¨¸²¥´Ò ±μ´¸É ´ÉÒ ¸² ¡μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö η- ¨ η′-³¥§μ´μ¢:

f q
η

fπ
= 1,263,

fs
η

fπ
= 1,304;

f q
η′

fπ
= 1,97,

fs
η′

fπ
= 1,95.
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�μ²ÊÎ¥´Ò ±μ´¸É ´ÉÒ · ¸¶ ¤μ¢ V → Pγ ¨ P → V γ (P ≡ η, η′; V ≡ ρ, ω, ϕ) ± ±
¢ ¸²ÊÎ ¥ ¸¨´£²¥É-μ±É¥É´μ£μ ¸³¥Ï¨¢ ´¨Ö, É ± ¨ ¶·¨ · §²μ¦¥´¨¨ ¶μ ±¢ ·±μ¢μ³Ê ¡ §¨¸Ê.
�μ²ÊÎ¥´´Ò¥ Î¨¸²¥´´Ò¥ §´ Î¥´¨Ö ´ Ìμ¤ÖÉ¸Ö ¢ ¸μ£² ¸¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨.
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