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ABSTRACT

SU(3)f symmetry allows one to relate various meson-
baryon couplings to each other. Using this symme-
try, octet-baryon octet-meson couplings can all be ex-
pressed in terms of two parameters only. But in nature
SU(3)f symmetry is broken due to the large strange
quark mass. In this work, using light cone QCD sum
rules, we show that even if one considers SU(3)f vio-
lation, meson baryon coupling constants can be writ-
ten in terms of a few functions of the quark properties.
[1, 2]

1 SU(3)f Symmetry

In the limit mu = md = ms, QCD has an exact SU(3)f

flavour symmetry. This symmetry allows us to group
the mesons and baryons into flavour multiplets.
For the light baryons, since they are made of three
quarks, they can be grouped into the SU(3)f multi-
plets as

3 ⊗ 3 ⊗ 3 = 1 ⊕ 8 ⊕ 8 ⊕ 10

and for the light mesons we have the decomposition

3̄ ⊗ 3 = 1 ⊕ 8.

In this work, we are interested in the 8 dimensional
representation of the baryons and mesons in the cor-
responding decomposition.

1.1 SU(3)f Multiplets

1.1.1 Octet Baryons and Octet Pseudoscalar
Mesons
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1.1.2 Vector Mesons

Due to tha large s quark mass, the SU(3)f symme-
try is broken down to SU(2) isospin symmetry. This
leads to a mixing of the singlet and the M3

3 mesons.
In the pseudoscalar case, the η − η′ mixing is ignored
as it is known to be small. In the case of the vector
mesons, the mixing between the singlet, denoted ω0,
and M3

3 , denoted ω8, is non-negligible. Hence the vec-
tor mesons are grouped into a nonet:
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where, experimentally it is known that ω ≃ s̄s and
ρ ≃ 1√

2
ūu + d̄d

1.2 F and D constants

The most general interaction Lagrangian is:

L =
√

2FTrB̄[B, M ] +
√

2DTrB̄{B, M}

− 1√
2
(F + D)TrB̄BTrM

The coefficient of the third term is chosen to make sure
that the coupling of the φ meson to the nucleon is zero.
This coupling is OZI suppressed.
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2 Light Cone QCD Sum Rules

QCD rum rules is a non-perturbative method in which
hadronic properties are related to the properties of the
vacuum [3]. In order to calculate the baryon-meson
coupling constants, one starts by considering the fol-
lowing correlation function:

ΠB1→B2M = i

∫

d4xeipx〈M(q)|T ηB2
(x) ¯ηB1

(0)|0〉

where ηB is an interpolating current with the quan-
tum numbers of the B baryon. By inserting a complete
set of hadronic states, this correlation function can be
written as:

ΠB1→B2M =
∑

h,h′

〈0|ηB2
|h′(p)〉

p2 − m2
h′

〈M(q)h′(p)|h(p + q)〉

×〈h(p + q)|ηB1
|0〉

(p + q)2 − m2
h

The matrix element 〈M(q)h′(p)|h(p + q)〉 can be ex-
pressed in terms of the coupling constants. By calcu-
lating the residue at poles of the correlation function,
one can obtain the mass and the coupling constants.

The interpolating currents are chosen as:
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and for the Λ baryon:

2ηΣ0(d ↔ s) + ηΣ0 = −
√

3ηΛ

2ηΣ0(u ↔ s) − ηΣ0 = −
√

3ηΛ

3 Relations Between Correlation
Functions

For convention, express the quark content of π0 (ρ0)
pseudoscalar (vector) meson as:

π0(ρ0) = gπ(ρ)ūuūu + gπ(ρ)d̄dd̄d + gπ(ρ)s̄ss̄s

This allows us to write the Σ0 → Σ0π0(ρ0) correlation
function as:

ΠΣ0→Σ0π0(ρ0) = gπ(ρ)ūuΠ1(u, d, s) + gπ(ρ)d̄dΠ
′
1(u, d, s)

+gπ(ρ)s̄sΠ2(u, d, s)

Note that since the Σ0 current is symmetric under the
u ↔ d, Π′

1(u, d, s) = Π1(d, u, s).

3.1 Relations Involving π0

Consider the coupling constant of π0 to Σ+. Since, Σ+

contains only the u and s quarks, upto OZI suppressed
contributions, one can write:

ΠΣ+→Σ+π0

= gπūu〈ūu|Σ+Σ̄+|0〉

The current for Σ+ can be obtained from that of Σ0 by
Σ0(d → u) = −

√
2Σ+ and hence

〈ūu|Σ0Σ̄0|0〉(d → u) = 2〈ūu|Σ+Σ̄+|0〉′.

The prime on the matrix element means that it consid-
ers only one contraction of the identical quarks, and
the emission of the ūu component of the π0 from only
one of the quark lines. To obtain all the contribution,
it has to be multiplied by 2 × 2 = 4.

〈ūu|Σ+Σ̄+|0〉 = 4〈ūu|Σ+Σ̄+|0〉′ =

= 2〈ūu|Σ0Σ̄0|0〉(d → u) = 2Π1(u, u, s)

Hence ΠΣ+→Σ+π0

=
√

2Π1(u, u, s)
Most of the other couplings of the other correlation
functions ΠB→BM , where M is a meson with hidden
flavor, can be obtained similarly.

3.2 Relations for Mesons of Open
Flavor

As an example consider the ΠΣ0→Σ+π−

and ΠΣ0→Σ0π0

couplings.
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The only difference between both diagrams is the re-
placement of one of the quark lines coming out of
the pion vertex. Hence, these two diagrams has to

be related. Indeed ΠΣ0→Σ+π− = 〈ūd|Σ+Σ̄0|0〉 =
−
√

2〈d̄d|Σ0Σ̄0|0〉 = −
√

2Π1(d, u, s). Exchanging

u and d quarks, one also obtains ΠΣ0→Σ−π+

=
〈d̄u|Σ−Σ̄0|0〉 =

√
2Π1(u, d, s).

3.3 Relations Involving Λ Baryon

Using 2Σ0(d ↔ s) = −
√

3Λ − Σ0 and the result ΠΣ0→Σ−π+

=√
2Π1(u, d, s), we have 2

√
2Π1(u, s, d) =

√
3ΠΛ→Ξ−K+

+ ΠΣ0→Ξ−K+

.
Since, under exchanges of quarks, Λ current always appears with Σ0 cur-
rent, it is not possible to seperate correlation function involving Σ0 and
those involving Λ. For this reason, one more function is needed:

Π3(u, d, s) = −ΠΣ0→Ξ−K+

= −〈s̄u|Ξ−Σ̄0|0〉

Note that ΠΞ−→Σ0K−

= 〈ūs|Σ0Ξ̄−|0〉 = −Π3(u, s, d). Finally, the symmet-
ric part of Π3 can also be related to Π1 and Π2 through

Π3(u, d, s) + Π3(u, s, d) =√
2 [Π1(u, d, s) + Π1(u, s, d) − Π2(s, d, u)] .

These three functions are enough to describe all octet baryon-
pseudoscalar octet meson couplings.
The couplings of the vector mesons to the baryons involve two different
couplings: the electric like coupling and the magnetic like coupling. For
each of these couplings, three functions are needed.

4 Results and Conclusions

4.1 Pseudoscalar Couplings

Channel Gen. Cur. t = −1 SU(3)f QSR∗ QSR†[6] Exp.
Λ → nK −13 ± 3 −9.5 ± 1 −13.6 −2.37[5] −2.49 −13.5 [8]

Λ → Σ+π− 10 ± 3 12 ± 1 9.58
Λ → Ξ0K0 4.5 ± 2 −2.5 ± 0.5 4.04
n → pπ− 21 ± 4 20 ± 2 18.95 21.2 [9]

n → Σ0K0 −3.2 ± 2.2 −9.5 ± 0.5 −3.2 −0.025[5] −0.40 −4.25 [8]
p → ΛK+ −13 ± 3 −10 ± 1 −13.6 −2.37 [5] −2.49 −13.5 [8]
p → pπ0 14 ± 4 15 ± 1 13.4 13.5 [4] 14.9 [9]

p → Σ+K0 4 ± 3 14 ± 1 4.52
Σ0 → nK0 −4 ± 3 −9.5 ± 1 −3.2 −0.025 [5] −0.40 −4.25 [8]
Σ0

→ Λπ0 11 ± 3 12 ± 1.5 9.58 6.9[7]
Σ0 → Ξ0K0 −13 ± 3 −13.5 ± 1 −13.4
Σ− → nK− 5 ± 3 15 ± 2 3.2
Σ+

→ Λπ+ 10 ± 3.5 12.5 ± 1 9.58
Σ+ → Σ0π+ −9 ± 2 −7.5 ± 0.7 −10.2 −11.9 [4]
Ξ0

→ ΛK0 4.5 ± 1 −2.6 ± 0.3 4.04
Ξ0 → Σ0K0 −12.5 ± 3 −13.5 ± 1 −13.4
Ξ0

→ Σ+K− 18 ± 4 19 ± 2 18.95
Ξ0 → Ξ0π0 10 ± 2 0.3 ± 0.6 −3.2 −1.60[4]

The column labeled SU(3)f is the best fit result of the general current
predictions to the SU(3)f expressions. The best fit values correspond to
(F, D) = (5.3 ± 2.6, 7.0 ± 4.4)

4.2 Electric Type Vector Couplings

〈B2(p2)V (q)|B1(p1)〉 = ū(p2)

[

f1γµ − f2
i

m1 + m2
σµνqν

]

u(p1)ε
µ

where f1 is the electric type coupling and f1 + f2 is the magnetic type
coupling.

channel
General current Ioffe current

QSR [10] QSR [11] QSR [12]
Result SU(3)f Result SU(3)f

p → pρ0
−2.5±1.1 −1.7 −5.9±1.3 −6.4 2.5 ± 0.2 2.4 ± 0.6 3.2 ± 0.9

p → pω −8.9±1.5 −10.3 −8.2±0.4 −9.6 18 ± 8 7.2 ± 1.8 —
Ξ0

→ Ξ0ρ0
−4.2±2.1 −4.3 −2.0±0.2 −1.6 — 2.4 ± 0.6 1.5 ± 1.1

Σ0 → Λρ0 1.9±0.7 1.5 −3.0±0.5 −2.8 — — —
Λ → Σ+ρ− 1.9±0.7 1.5 −2.8±0.6 −2.8 — — —
Σ+ → Σ0ρ+ 7.2±1.2 6.0 8.5±0.8 8.0 — — —
Σ+ → Λρ+ 2.0±0.6 1.5 −2.8±0.6 −2.8 — — —
p → ΛK∗+ 5.1±1.8 4.4 7.4±0.8 8.3 — — —
Σ− → nK∗− 6.6±1.8 6.1 1.7±0.4 2.3 — — —
Ξ0 → Σ+K∗− −2.3±1.7 −2.4 −10.0±1.8 −9.1 — — —
Ξ− → ΛK∗− −5.9±0.7 −5.8 −6.2±0.4 −5.5 — — —
Σ0 → Ξ0K∗0 1.6±1.0 1.7 7.1±1.3 6.4 — — —
Λ → Ξ0K∗0

−6.0±0.7 −5.9 −6.2±0.2 −5.5 — — —
n → Σ0K∗0

−4.0±0.7 −4.3 −1.5±0.3 −1.6 — — —
Λ → Λω −7.1±1.1 −7.7 −4.8±0.2 −4.8 — 4.8 ± 1.2 —
Ξ0

→ Ξ0φ −9.5±2.5 −8.5 −13.5±1.6 −11.3 — — —
Λ → Λφ −5.3±1.5 −3.6 −8.0±1.0 −6.8 — — —
Σ0

→ Σ0φ −6.0±0.8 −6.1 −0.25±0.50 −2.3 — — —

Electric like couplings of the vector mesons to the baryon octet. The best
fits correspond to (F, D) = (−3.0 ± 0.5, 1.3 ± 06) for the general current
and to (F, D) = (−4.2 ± 0.6, − 2.7 ± 1.0) for the Ioffe current.

4.3 Magnetic Type Vector Couplings

channel
General current Ioffe current

QSR [10] QSR [11] QSR [12]
Result SU(3)f Result SU(3)f

p → pρ0 19.7±2.8 21.4 22.7±1.3 24.7 21.6 ± 6.6 10.1 ± 3.7 36.8 ± 13
p → pω 14.5±2.6 15.0 21.2±1.2 25.7 32.4 ± 14.4 5.0 ± 1.2 —
Ξ0 → Ξ0ρ0 −2.8±1.6 −3.2 −0.24±0.24 0.5 — −3.6 ± 1.6 −5.3 ± 3.3
Σ0 → Λρ0 13.8±2.7 14.2 15.1±0.9 14.0 — — —
Λ → Σ+ρ− 14.3±2.9 14.2 15.1±0.8 14.0 — — —
Σ+

→ Σ0ρ+
−17.8±2.2 −18.2 −27.9±1.8 −25.2 — 7.1 ± 1.0 53.5 ± 19

Σ+ → Λρ+ 14.3±2.9 14.2 15.1±0.8 14.0 — — —
p → ΛK∗+ −22.9±4.2 −22.9 −27.3±1.5 −28.8 — — —
Σ− → nK∗− 3.8±2.8 4.5 −0.79±0.05 −0.7 — — —
Ξ0

→ Σ+K∗− 33.8±4.9 30.3 41.3±2.4 34.9 — — —
Ξ− → ΛK∗− 11.6±2.9 8.7 17.9±1.0 14.8 — — —
Σ0

→ Ξ0K∗0
−24.6±4.8 −21.4 −29.2±1.7 −24.7 — — —

Λ → Ξ0K∗0 11.1±2.6 8.7 15.0±1.0 14.8 — — —
n → Σ0K∗0 −2.8±1.8 −3.2 0.56±0.04 0.5 — — —
Λ → Λω 1.6±0.6 1.8 7.1±0.5 9.1 — −5.7 ± 1.0 —
Ξ0 → Ξ0φ 22.8±6.4 25.7 37.7±2.5 35.6 — — —
Λ → Λφ 19.3±5.0 18.7 22.0±1.4 23.5 — — —
Σ0 → Σ0φ −3.5±2.5 4.5 0.81±0.05 0.7 — — —

The magnetic type couplings of the vector mesons to the octet baryons.
The best fits correspond to (F, D) = (9.2± 1.4, 12.4± 1.4) for the general
current and to (F, D) = (12.7 ± 1.8, 12.2 ± 0.8) for the Ioffe current.


