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Motivation

prediction of hyperon form factors Λ, Σ+, Σ0, Σ−, Ξ, Ξ−

full omega – phi mixing
correct sign in the ratios of vector meson coupling currents
is there only one set of coupling constants for baryons?
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Vector mesons – spin 1

JP = 1−

particle quarks

K∗0 sd
K∗+ us
ρ− du
ρ+ ud

ä ω 1√
2 (uu + dd)

ρ0 1√
2 (uu − dd)

ä φ ss
K∗− su
K∗0 ds
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ω8, ω0 states

ω8 = 1√
6 (uu + dd − 2ss), ω0 = 1√

3 (uu + dd + ss) — singlet

octet: V =


1√
6ω8 + 1√

2ρ
0 ρ+ K∗+

ρ− 1√
6ω8 − 1√

2ρ
0 K∗0

K∗− K∗0 − 2√
6ω8

 ≡ q bqa−
1
3δ

b
a q cqc

Gell-Mann-Okubo: m2 = a0 + a1S + a2
(
I(I + 1)− 1

4S2
)

m2
ω8 = 1

3
(

4
m2

K∗0
+ m2

K∗0

2 −m2
ρ

)
∼= (933 MeV)2

⇒ ω8, ω0 do not correspond to known physical states ρ(770), φ(1020)
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Sakurai’s ω − φ mixing

(φ, ω) express with (ω8, ω0) states: M =
(

m2
ω8

m2
08/2

m2
08/2 m2

ω0

)
orthogonal matrices (preserving distance):

R1 =
(
−p q
q p

)
R2 =

(
p q
−q p

)
p2 + q2 = 1

diagonal matrix:
(

m2
φ 0

0 m2
ω

)
= RT MR,

(
φ
ω

)
= RT

(
ω8
ω0

)

inverse relation for M ⇒ p2m2
φ + q2m2

ω = m2
ω8

p = ±0.6290, q = ±0.7775 ↔ θ ∼ 39◦ → eight mixing versions
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ω − φ mixing versions

1. ω = 0.629ω8 + 0.778ω0 ω = sin θ ω8 + cos θ ω0
φ = −0.778ω8 + 0.629ω0 φ = − cos θ ω8 + sin θ ω0

2. ω = −0.629ω8 + 0.778ω0 ω = − sin θ ω8 + cos θ ω0
φ = −0.778ω8 − 0.629ω0 φ = − cos θ ω8 − sin θ ω0

3. ω = 0.629ω8 − 0.778ω0 ω = sin θ ω8 − cos θ ω0
φ = 0.778ω8 + 0.629ω0 φ = cos θ ω8 + sin θ ω0

4. ω = −0.629ω8 − 0.778ω0 ω = − sin θ ω8 − cos θ ω0
φ = 0.778ω8 − 0.629ω0 φ = cos θ ω8 − sin θ ω0

5. ω = 0.629ω8 + 0.778ω0 ω = sin θ ω8 + cos θ ω0
φ = 0.778ω8 − 0.629ω0 φ = cos θ ω8 − sin θ ω0

6. ω = −0.629ω8 + 0.778ω0 ω = − sin θ ω8 + cos θ ω0
φ = 0.778ω8 + 0.629ω0 φ = cos θ ω8 + sin θ ω0

7. ω = 0.629ω8 − 0.778ω0 ω = sin θ ω8 − cos θ ω0
φ = −0.778ω8 − 0.629ω0 φ = − cos θ ω8 − sin θ ω0

8. ω = −0.629ω8 − 0.778ω0 ω = − sin θ ω8 − cos θ ω0
φ = −0.778ω8 + 0.629ω0 φ = − cos θ ω8 + sin θ ω0
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Interaction of baryons and mesons

SU(3) lagrangian for vertex meson–baryon–antibaryon:

LVBB̄ = 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

αω0µ ,

baryon, antibaryon, vector meson matrices

B =


1√
2 Σ0 + 1√

6 Λ Σ+ p
Σ− − 1√

2 Σ0 + 1√
6 Λ n

Ξ− Ξ0 − 2√
6 Λ

 , B̄, V
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Nucleon and hyperon coupling constants

calculating and inserting ω–φ mixing leads to

ω : +
[
(3f F − f D) pp + (3f F − f D) nn−

− 3(Ξ0Ξ0 + Ξ−Ξ−) f F + (2Σ0Σ0 − · · · − Ξ−Ξ−) f D
]

sin θ+

+
√

6
[
pp + nn + Σ0Σ0 + Σ+Σ+ + · · ·+ Ξ−Ξ−

]
f S cos θ

↓
fρNN = 1

2
[
f D + f F

]
fωNN = 1√

2 f S cos θ + 1
2
√

3 (3f F − f D) sin θ
fφNN = − 1√

2 f S sin θ + 1
2
√

3 (3f F − f D) cos θ
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Relations of nucleon and hyperon coupling constants

fρNN , fωNN , fφNN ⇒ f F , f D, f S ⇒ fρHH , fωHH , fφHH

1. f F = 1
2

[
fρNN +

√
3
(
− fφNN cos θ + fωNN sin θ

)]
f D = 1

2

[
3fρNN −

√
3
(
− fφNN cos θ + fωNN sin θ

)]
f S =

√
2
(
fωNN cos θ + fφNN sin θ

)
. . . . . .

8. f F = 1
2

[
fρNN −

√
3
(
fφNN cos θ + fωNN sin θ

)]
f D = 1

2

[
3fρNN +

√
3
(
fφNN cos θ + fωNN sin θ

)]
f S = −

√
2
(
fωNN cos θ − fφNN sin θ

)
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Values of ratios of coupling constants

How to get the numerical values of coupling constants?

1 Unitary & Analytic model → provides only ratios of coupling
constants by fitting procedure of all experimental data

f (1)
ρNN
fρ

= 0.3747,
f (1)
ωNN
fω

= 1.5717,
f (1)
φNN
fφ

= −1.1247
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Proton form factors with U&A model

Theoretical behavior of proton electric and magnetic form factors.
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Neutron form factors with U&A model

Theoretical behavior of neutron electric and magnetic form factors.
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Values of ratios of coupling constants

How to get the numerical values of coupling constants?

1 Unitary & Analytic model → provides only ratios of coupling
constants by fitting procedure of all experimental data

f (1)
ρNN
fρ

= 0.3747,
f (1)
ωNN
fω

= 1.5717,
f (1)
φNN
fφ

= −1.1247

2 We need also values fρ , fω , fφ
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Universal constants of vector mesons

The lepton width Γ(V → e+e−)

Γi = α2mi
3

f 2
i

4π

coupling constant value

| fω | 17.058
| fφ | 13.542
| fρ | 4.956

ω , φ, ρ masses and widths – PDG [Patrignani et al., 2016]
ρ′ , ρ′′ widths from e+ e− decay widths [Donnachie and Clegg, 1989]

Γ
ω

′→e+e− = 1
9 Γ

ρ
′→e+e− , Γ

ω
′′→e+e− = 1

9 Γ
ρ

′′→e+e−

What we can say about the signs of coupling constants?
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Hadronic electromagnetic current

EM current in the quark form: Jh
µ = 2

3 uγµu − 1
3 dγµd − 1

3 sγµs

Jh
µ = 1

2(uγµu − dγµd)︸ ︷︷ ︸
1√
2
Jρµ

+ 1
6(uγµu + dγµd)︸ ︷︷ ︸

Sω
3
√

2
Jωµ

− 1
3sγµs︸ ︷︷ ︸

Sφ
3 Jφµ

Jφµ = sγµs, Jωµ = 1√
2

(uγµu + dγµd), Jρµ = 1√
2

(uγµu − dγµd)

Jω8
µ = (uγµu + dγµd − 2sγµs)/

√
6, Jω0

µ = (uγµu + dγµd + sγµs)/
√

3

1. Sω = +1, Sφ = +1 Jρµ/
√

2+Jωµ /(3
√

2)−Jφµ /3
. . . . . . . . .

8. Sω = −1, Sφ = +1 Jρµ/
√

2−Jωµ /(3
√

2)−Jφµ /3

 = Jh
µ
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Ratings of meson constants

EM current as meson fields: Jh
µ = −

m2
ρ

fρ
ρµ −−

m2
ω

fω
ωµ −

m2
φ

fφ
φµ

comparison of coefficient 1√
2 , 1

3
√

2 , 1
3 with 1

fρ
, 1

fω
, 1

fφ
(up to

unknown constant) ⇒

1
fρ

: 1
fω

: 1
fφ

=



1.
√

3 : +
√

1
3 : −

√
2
3

√
3 : + sin θ : − cos θ

. . . . . . . . .

4.
√

3 : −
√

1
3 : +

√
2
3

√
3 : − sin θ : + cos θ

5.
√

3 : +
√

1
3 : +

√
2
3

√
3 : + sin θ : + cos θ

. . . . . . . . .

8.
√

3 : −
√

1
3 : −

√
2
3

√
3 : − sin θ : − cos θ
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Numerical values

Unitary & Analytic model → provides only ratios of coupling
constants by fitting procedure of all experimental data

ä

f (1)
ρNN
fρ

= 0.3747,
ä

f (1)
ωNN
fω

= 1.5717,
ä

f (1)
φNN
fφ

= −1.1247

absolute values fρ , fω , fφ → from lepton widths

signs and ratios fρ , fω , fφ → from currents

f (1)
ρNN
fρ

,
f (1)
ωNN
fω

,
f (1)
φNN
fφ

⇒ f (1)
ρNN , f (1)

ωNN , f (1)
φNN

but they depend on ω–φ mixing!
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Numerical values of f F , f D, f S

1. f (1)
ρNN = +1.8570, f (1)

ωNN = +26.8101, f (1)
φNN = +15.2307

. . . . . . . . . . . .

8. f (1)
ρNN = +1.8570, f (1)

ωNN = −26.8101, f (1)
φNN = +15.2307

1.
. . .

8.

 relations for f F , f D, f S ∼ f (fρNN , fφNN , fωNN)

combine to 1 result: f F
1 = 5.2774, f D

1 = −1.5634, f S
1 = 43.0274

similarly f F
2 , f D

2 , f S
2 and higher f F ′

1 , f D′

1 , f S′

1 , f F ′

2 , f D′

2 , f S′

2
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Hyperon EM form factors

fρNN , fωNN , fφNN ⇒ f F , f D, f S ⇒ fρHH , fωHH , fφHH

We need them:
to calculate the unknown vector-meson coupling constants for
hyperons
to construct U&A model of hyperons
to calculate quantities describing EM structure of hyperons, e. g.,
charge mean squared radius
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Conclusions

We revisited ω—φ mixing configurations satisfying
Gell-Mann-Okubo quadratic mass formula and quark representation
of ω8, ω0 mesons
We have specified the signs of universal vector meson coupling
constants fρ , fω , fφ
We have derived and evaluated the f F , f D, f S coupling constants in
SU(3) invariant lagrangian
Their values do not depend on the configuration of ω—φ mixing
Universal vector-meson coupling constants fV ’s play an essential role
in a prediction of 1/2+ octet hyperon electromagnetic form factor
behaviors.
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physical ω − φ mixing versions

ideal mixing angle θ = 35.3◦

1. ω = sin θ ω8 + cos θ ω0 ω = + 1√
2 (uu + dd)

φ = − cos θ ω8 + sin θ ω0 φ = +ss
4. ω = − sin θ ω8 − cos θ ω0 ω = − 1√

2 (uu + dd)
φ = cos θ ω8 − sin θ ω0 φ = −ss

5. ω = sin θ ω8 + cos θ ω0 ω = + 1√
2 (uu + dd)

φ = cos θ ω8 − sin θ ω0 φ = −ss
8. ω = − sin θ ω8 − cos θ ω0 ω = − 1√

2 (uu + dd)
φ = − cos θ ω8 + sin θ ω0 φ = +ss

��@@2. ω = − sin θ ω8 + cos θ ω0 ω = + 1
3
√

2 (uu + dd) + 4
3
√

2 ss
φ = − cos θ ω8 − sin θ ω0 φ = −2

3 (uu + dd) + 1
3 ss

. . . . . . . . .
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Decays of ω and φ mesons

ω → π+π−π0 89.20%

→ π0γ 8.40%
→ π+π− 1.53%

φ → K+ K− 48.90%

→ K0
L K0

S 34.20%

→ ρπ + π+π−π0 15.32%

π+ ud
π− du
π0 uu−dd√

2
ρ0 uu−dd√

2

K+ us
K− su
K0

L
ds−sd√

2
K0

S
ds+sd√

2

EB (IP SAS, Slovakia) f F , f D and f S coupling constants 8.6.2018 24 / 24


	Introduction
	Notes on -  mixing
	Derivation of meson-baryon-antibaryon coupling constants
	Signs of the universal vector meson coupling constants
	Results and conclusions
	Backup slides

