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The coupling constants f F , f D, f S in the vector-meson-1/2+ octet baryon interaction Lagrangian.
Cyril Adamuščín

Different definitions of the ω −φ mixing in the literature [1, 2, 3] seemingly lead to the dif-
ferent expressions for the f F , f D, f S in vector-meson-1/2+ octet baryon interaction Lagrangian
and therefore also to the different theoretical predictions of the electromagnetic structure of the
hyperons.

The strong interaction of the vector-mesons with the 1/2+ octet baryons is described by the
SU(3) invariant interaction Lagrangian

LV BB̄ =
i√
2

f F [B̄α

β
γµBβ

γ − B̄β

γ γµBα

β
](Vµ)

γ

α

+
i√
2

f D[B̄β

γ γµBα

β
+ B̄α

β
γµBβ

γ ](Vµ)
γ

α +
i√
2

f SB̄α

β
γµBβ

αω
0
µ , (1)

where B, B̄ are baryon, anti-baryon octet matrices and V,ω0 are a vector meson octet matrix and a
vector meson singlet.

B =


Σ0
√

2
+ Λ0
√

6
Σ+ p

Σ− − Σ0
√

2
+ Λ0
√

6
n

Ξ− Ξ0 −2Λ0
√

6

 ,V =


ρ0
√

2
+ ω8√

6
ρ+ K+

ρ− − ρ0
√

2
+ ω8√

6
K0

K− K̄0 −2ω8√
6

 . (2)

The ω0,ω8 vector meson states do not correspond tho the physical states ω,φ , therefore ω−φ

mixing has been introduced by different authors as [1]

φ = ω8 cosθ −ω0 sinθ

ω = ω8 sinθ +ω0 cosθ , (3)

or [2]

φ =−ω8 cosθ +ω0 sinθ

ω = ω8 sinθ +ω0 cosθ , (4)

or [3]

φ = ω8 cosθ +ω0 sinθ

ω =−ω8 sinθ +ω0 cosθ , (5)

with θ ≈ 39.1◦. However, the mixing [3] is physically non-acceptable.
It can be shown that there are eight possible ω−φ mixing versions fulfilling the Gell-Mann-

Okubo quadratic mass formula for the vector meson, but only four of them are physically acceptable
with quark representation of the φ meson to be dominated by the ss̄ state – in the case of an ideal
mixing angle θ ≈ 35.3◦

φ = ω8 cosθ −ω0 sinθ , ω = ω8 sinθ +ω0 cosθ ⇒ φ ≈−ss̄, ω ≈ (uū+dd̄)/
√

2 (6)

φ =−ω8 cosθ +ω0 sinθ , ω = ω8 sinθ +ω0 cosθ ⇒ φ ≈ ss̄, ω ≈ (uū+dd̄)/
√

2 (7)

φ = ω8 cosθ −ω0 sinθ , ω =−ω8 sinθ −ω0 cosθ ⇒ φ ≈−ss̄, ω ≈−(uū+dd̄)/
√

2 (8)

φ =−ω8 cosθ +ω0 sinθ , ω =−ω8 sinθ −ω0 cosθ ⇒ φ ≈ ss̄, ω ≈−(uū+dd̄)/
√

2 (9)
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The product of the B, B̄,V matrices in the LV BB̄ Lagrangian can be expanded in order to
obtain coupling constants of the particular vector meson-baryon-baryon terms as a function of
the f F , f D, f S coefficients with addition of the substitution the ω0,ω8 states by the ω,φ . In the
case of nucleons and the ω−φ mixing [1]

fρNN =
1
2
( f F + f D)

fφNN =
1

2
√

3
(3 f F − f D)cosθ − 1√

2
f S sinθ (10)

fωNN =
1

2
√

3
(3 f F − f D)sinθ +

1√
2

f S cosθ .

The inverse relations show f F , f D, f S as functions of fρNN , fφNN , fωNN

f F =
1
2

[
fρNN +

√
3( fφNN cosθ + fωNN sinθ)

]
f D =

1
2

[
3 fρNN−

√
3( fφNN cosθ + fωNN sinθ)

]
(11)

f S =
√

2( fωNN cosθ − fφNN sinθ)

In the case of the ω−φ mixing [2] one gets a different result

f F =
1
2

[
fρNN +

√
3(− fφNN cosθ + fωNN sinθ)

]
f D =

1
2

[
3 fρNN−

√
3(− fφNN cosθ + fωNN sinθ)

]
(12)

f S =
√

2( fωNN cosθ + fφNN sinθ).

There are yet two more sets of different expressions for the other two mixings, which may mean
that there are four different predictions of the f F , f D, f S coupling constants values. However, we
will show that it is not the case.

The coupling constants of the vector mesons with nucleons fV NN can be calculated from the
ratio ( fV NN/ fV ) which can be extracted from the experimental data on the electromagnetic (EM)
structure of the nucleons under the assumption of the vector meson dominance by means of the
Unitary and Analytic model of the nucleon EM structure [4]. The absolute value of the coupling
constant of a vector meson with photon fV can be measured separately in the leptonic decay of the
vector mesons

Γ(V → e+e−) =
α2mV

3

(
f 2
V

4π

)−1

. (13)

The relative signs of the particular coupling constants fρ , fω , fφ depend on the chosen ω −
φ mixing version Eqs.(6)-(9). In order to derive this ratio correctly one needs to compare two
equations for the EM hadronic current [5]

JH
µ =−

m2
ρ

fρ

ρµ −
m2

ω

fω

ωµ −
m2

φ

fφ

φµ (14)
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and

JH
µ =

2
3

ūγµu− 1
3

d̄γµd− 1
3

s̄γµs =

=
1
2
(ūγµu− d̄γµd)+

1
6
(ūγµu+ d̄γµd)− 1

3
s̄γµs (15)

=
1√
2

Jρ0

µ +Sω

1
3
√

2
Jω

µ −Sφ

1
3

Jφ

µ .

The latter was rewritten in terms of the vector meson currents

Jρ

µ =
1√
2
(ūγµu− d̄γµd), Jφ

µ = Sφ s̄γµs, Jω
µ = Sω

1√
2
(ūγµu+ d̄γµd), (16)

which depend on the quark content of the particular vector meson. The quark content of the ω and
φ mesons depend on the chosen ω−φ mixing version - see the Eq.(6)-(9) for the signs Sω ,Sφ .

Now by comparing dimensionless coefficients in front of particular vector meson field/current
one obtains ratio

1
fρ

:
1
fω

:
1
fφ

=
√

3 : Sω

√
1
3

:−Sφ

√
2
3
. (17)

It allows us to express unambiguous formulas for the f F , f D, f S coupling constants which do
not depend on the choice of the ω−φ mixing

f F =
1
2

[
fρNN

fρ

| fρ |+
√

3
(

fφNN

fφ

| fφ |cosθ +
fωNN

fω

| fω |sinθ

)]
f D =

1
2

[
3

fρNN

fρ

| fρ |−
√

3
(

fφNN

fφ

| fφ |cosθ +
fωNN

fω

| fω |sinθ

)]
(18)

f S =
√

2
(

fωNN

fω

| fω |cosθ −
fφNN

fφ

| fφ |sinθ

)
.
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