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Abstract

Using the general form of the baryon currents, we calculate the
meson-baryon coupling constants and the F/D ratio within the frame-
work of light cone QCD sum rules in the SU(3) flavor symmetry limit.
The dependence of the results on the Dirac structure and on the free
parameter b appearing in the general baryon current is considered.
Comparison of our results on F/D ratio with the existing results is
presented.
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1 Introduction

Determination of the various fundamental parameters of hadron from exper-
imental data requires information about physics at large distance. Unfor-
tunately such information can not be achieved from the first principles of a
fundamental theory of strong interactions due to its very complicated infrared
behavior. For this reason to determine properties of hadrons a reliable non-
perturbative approach is needed. Among all non-perturbative approaches,
QCD sum rules [1] are especially powerful in investigating the properties of
low lying hadrons. Note that in traditional sum rules non-perturbative ef-
fects are taken into account through various condensates. Among various
applications, determination of meson baryon couplings is of particular inter-
est, since they are main ingredients of baryon-baryon interactions. Recently,
the two point correlation function of the nucleon with a pion

Π = i
∫

d4xeipx〈π(q)|T ηN (x)η̄N(0)|0〉 (1)

has been extensively used to calculate pion-nucleon coupling in the framework
of QCD sum rules [2-9].

This correlator function contains three different Dirac structures: a) iγ5;
b) γ5σµνq

µpν ; and c) iγ5 6 p, each of which can in principle be used to cal-
culate the meson-baryon coupling. In [4], it is shown that the predicted
pion-nucleon coupling depend on the Dirac structure. In [5, 6] sum rules
for the iγ5 structure and in [7] for γ5σµνq

µpν structure beyond the chiral
limit were obtained. Both sum rules yield the πNN coupling close to its
experimental value, while the iγ5 6 p sum rules contain large contributions
from the continuum and for this reason its predictions are not reliable. The
pseudoscalar and tensor sum rules beyond the chiral limit have been applied
to other meson-baryon couplings ηNN , πΞΞ, πΣΣ, and ηΣΣ [6, 7]. It is
well known that the meson-baryon couplings in SU(3) limit can be classi-
fied in terms of two parameters: the πNN coupling and the so called F/D
ratio [10]. The sum rules for the F/D ratio for general form of baryon cur-
rents for above mentioned three different Dirac structures in the framework
of traditional sum rules is studied in [11].

In this work, our aim is to study F/D ratio in the framework of an alter-
native approach to the traditional sum rules, namely light cone QCD sum
rules(LCQSR) and compare the predictions of these different approaches.
LCQSR is based on the operator product expansion on the light cone, which
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is an expansion over the twists of the operators rather than the dimensions
in the traditional sum rules and the main contribution comes from the lowest
twist operators. The matrix elements of the nonlocal operators sandwiched
between a hadronic state and the vacuum defines the hadronic wave functions
(about the light cone QCD sum rules see [12, 13] and references therein).

The paper is organized as follows. In Sect. II, the light cone sum rules
for meson baryon coupling using general baryon currents for the structures
iγ5 6 q and σµνγ5p

µqν are obtained. More over, we construct an expression
for the F/D ratio from OPE. Sect. III contains our numerical results and
conclusions.

2 SumRules for the Meson-Baryon Couplings

and the F/D Ratio

As we have noted, meson-baryon couplings in the SU(3) flavor symmetry
limit can be expressed in terms of only two parameters [10] gπNN and α =

F
F+D

as:

gηNN =
1√
3
(4α− 1)gπNN , ; gπΞΞ = (2α− 1)gπNN ,

gηΞΞ = − 1√
3
(1 + 2α)gπNN , ; gπΣΣ = 2αgπNN ,

gηΣΣ =
2√
3
(1− α)gπNN , (2)

In this section, we will derive light cone sum rules for the π0NN coupling.
A sum rule for the meson-baryon couplings can be constructed by equating
two different representations of a suitably chosen correlator, written in terms
of hadrons and quark-gluons. We begin our calculations by considering the
following correlator:

Π = i
∫

dxeipx〈M(q)|T JB(x)J̄B(0)|0〉 , (3)

where JB is the current of the baryon under consideration, T is the time
ordering operator, q is the momentum of the meson M. This correlator
can be calculated on one side phenomenologically, in terms of the hadron
parameters, and on the other side by the operator product expansion (OPE)
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in the deep Euclidean region, p2 → −∞, using QCD degrees of freedom. By
equating both expressions, we construct the corresponding sum rules.

Saturating the correlator, Eq. (3), by ground state baryons we get:

Π(p21, p
2
2) =

〈0|JB|B1(p1)〉
p21 −M2

1

〈B1(p1)M(p)|B2(p2)〉
〈B2(p2)|JB|0〉

p22 −M2
2

, (4)

where p2 = p1 + q and Mi is the mass of the baryon Bi.
The matrix elements of the interpolating currents between the ground

state and the state containing a single baryon, B, with momentum p and
having spin s is defined as:

〈0|JB|B(p, s)〉 = λBu(p, s) , (5)

where λB is the residue, and u is the Dirac spinor for the baryon. In order to
write down the phenomenological part of the sum rules from Eq. (4) it follows
that one also needs an expression for the matrix element 〈B(p1)M|B(p2).
This matrix element is defined as:

〈B(p1)M|B(p2)〉 = gMBBū(p1)iγ5u(p2) (6)

With these definitions, the phenomenological representation of the correlator
becomes:

ΠMBB(p1, p2) = − λ2
BgMBB

(p21 −m2
B)(p

2
2 −m2

B)

(

pµ1q
νσµνγ5 −mBiγ5 6q +

m2
π

2
iγ5

)

+ . . . (7)

where . . . stands for the contribution of higher states and the continuum.
Note that in this work, we will consider massless pion in which case, the
pseudo scalar structure iγ5 vanishes identically and hence we will omit this
structure. In this work we will both of the remaining structures appearing
in Eq. (7) and compare the reliability of the structures.

On the QCD side, in order to evaluate the correlator, one needs suitable
expressions for the baryon currents. In this work, we will use the following
general forms of baryon currents:

Jp(x, t) = 2ǫabc
{[

uT
a (x)Cdb(x)

]

γ5uc(x) + b
[

uT
a (x)Cγ5db(x)

]

uc(x)
}

, (8)

JΞ(x, t) = −2ǫabc
{[

sTa (x)Cub(x)
]

γ5sc(x) + b
[

sTa (x)Cγ5ub(x)
]

sc(x)
}

,(9)

JΣ(x, t) = 2ǫabc
{[

uT
a (x)Csb(x)

]

γ5uc(x) + b
[

uT
a (x)Cγ5sb(x)

]

uc(x)
}

(10)
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where C is the charge conjugation operator and b is an arbitrary real param-
eter. The Ioffe current corresponds to the choice b = −1. The currents for Ξ
and Σ can be obtained from the nucleon interpolating current via the SU(3)
rotation. Namely Ξ and Σ currents can be easily obtained from the nucleon
current by the following simple replacements: to obtain the Ξ current, sub-
stitute s and u in place of u and d respectively and to obtain the Σ current,
substitute s in place of d in the proton current. Note that the pion-nucleon
coupling constant for the Ioffe current in LCQSR have been calculated in
[17].

In the large Euclidean momentum −p2 → ∞ region, the correlator can
be calculated using the OPE. For the pion-proton sum rule, the OPE yields:

ΠπNN(p1, p2) = iǫabcǫdef

∫

d4xeipx〈π|ūdAiu
a
{

γ5Aiγ5TrS
be
d S ′cf

u +

+ γ5AiS
′be
d S

cf
u γ5 + b2Aiγ5S

′be
d γ5S

cf
u +

+ b2AiTrS
cf
u γ5S

′be
d γ5 + bγ5Aiγ5S

′be
d S

cf
u +

+ bγ5AiTrS
cf
u γ5S

′be
d + bAiS

′be
d γ5S

cf
u γ5+

+ bAiγ5TrS
cf
u S ′be

d γ5 + γ5S
cf
u γ5TrS

be
d A′

i+

+ γ5S
cf
u S ′be

d Aiγ5 + b2Scf
u γ5S

′be
d γ5Ai+

+ b2Scf
u TrAiγ5S

′be
d γ5 + bγ5S

cf
u γ5S

′be
d Ai+

+ bγ5S
cf
u TrAiγ5S

′be
d + bScf

u S ′be
d γ5Aiγ5+

+ bScf
u γ5TrAiS

′be
d γ5

}

+

+ d̄eAid
b
{

γ5S
cf
u γ5TrAiS

′ad
u +

+ γ5S
cf
u A′

iS
ad
u γ5 + b2Scf

u γ5A
′
iγ5S

ad
u +

+ b2Scf
u TrSad

u γ5A
′
iγ5 + bγ5S

cf
u γ5A

′
iS

ad
u +

+ bγ5S
cf
u TrSad

u γ5A
′
i + bScf

u A′
iγ5S

ad
u γ5+

+ bScf
u γ5TrS

ad
u A′

iγ5
}

|0〉 (11)

where Ai = 1, γα, σαβ/
√
2, iγαγ5, γ5, a sum over Ai implied, S ′ ≡ CSTC,

A′
i = CAT

i C, with T denoting the transpose of the matrix, and Sq is the
full quark propagator with both perturbative and non-perturbative contri-
butions. In our calculations, we will neglect the masses of the quarks and
assume an SU(3) flavor symmetry. From Eq. (11) it follows that in order
to calculate the correlator (11), the explicit expression of the massless quark
propagator is needed. The complete light cone expansion of the light quark
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propagator Sq in external field is given in [14]. It gets contributions from the
q̄Gq, q̄GGq, q̄qq̄q non-local operators (where G is the gluon field strength
tensor). In this work we consider only operators with one gluon field, corre-
sponding to the quark-antiquark-gluon components of the pion and neglect
components with two gluons or four quark fields. This is consistent with
the approximation of the twist 4 two particle wave functions obtained in
[15]. Taking into account higher Fock-state components would demand cor-
responding modifications in the two particle wavefunctions via the equations
of motion. Formally neglect of the q̄GGq, q̄qq̄q terms can be justified on
the basis of an expansion in conformal spin [15]. In this approximation the
massless quark propagator is given by:

Sq = 〈0|T q̄(0)q(x)|0〉

=
i 6x

2π2x4
− 〈q̄q〉

12
− x2

192
m2

0〈q̄q〉 −

− igs

∫ 1

0
dv

[

6x
16π2x2

Gµν(vx)σµν − vxµGµν(vx)γν
i

4π2x2

]

+ . . . (12)

Note that the local part of the propagator consisting of operators with di-
mension d > 5 is neglected since they give a negligible contribution. In order
to evaluate Eq. (11) analytically, one needs the matrix elements of nonlocal
operators between the pion state and the vacuum state. The non-zero matrix
elements are defined in terms of the pion wave functions up to twist 4 as (see
[9, 15, 16]):

〈π(q)|ū(x)γµγ5u(0)|0〉 =

−ifπqµ

∫ 1

0
dueiuqx

[

ϕπ(u) + x2g1(u)
]

+ fπ

(

xµ −
x2qµ
qx

)

∫ 1

0
dueiuqxg2(u) ,

(13)

〈π(q)|ū(x)iγ5u(0)|0〉 =
fπm

2
π

2mq

∫ 1

0
dueiuqxϕP (u) , (14)

〈π(q)|ū(x)σµνγ5u(0)|0〉 = i(qµxν − qνxµ)
fπm

2
π

12mq

∫ 1

0
dueiuqxϕσ(u) , (15)

〈π(q)|ū(x)σαβγ5gsGµν(ux)u(0)|0〉 =
if3π [(qµqαgνβ − qνqαgµβ)− (qµqβgνα − qνqβgµα)]×
∫

Dαiϕ3π(αi)e
iqx(α1+uα3) , (16)
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〈π(q)|ū(x)γµγ5gsGµν(ux)u(0)|0〉 =

fπ

[

qβ

(

gαµ −
xαqµ
qx

)

− qα

(

gβµ −
xβqµ
qx

)]

∫

Dαiϕ⊥(αi)e
iqx(α1+uα3) +

+fπ
qµ
qx

(qαxβ − qβxα)
∫

Dαiϕ‖(αi)e
iqx(α1+uα3) , (17)

〈π(q)|ū(x)γµgsG̃µν(ux)u(0)|0〉 =

ifπ

[

qβ

(

gαµ −
xαqµ
qx

)

− qα

(

gβµ −
xβqµ
qx

)]

∫

Dαiϕ̃⊥(αi)e
iqx(α1+uα3) +

+ifπ
qµ
qx

(qαxβ − qβxα)
∫

Dαiϕ̃‖(αi)e
iqx(α1+uα3) . (18)

Here, the operator G̃αβ is the dual of the gluon field strength tensor, G̃αβ =
1
2
ǫαβδρG

δρ, Dαi is defined as Dαi = dα1dα2dα3δ(1− α1 − α2 − α3).
Note that the corresponding matrix elements for the d-quark can be ob-

tained from the u-quark matrix elements using the isospin relation:

〈π|d̄(x)Od(0)|0〉 = −〈π|ū(x)Ou(0)|0〉 , (19)

where O is any of the matrices appearing in Eqs. (13-18).
Note that one can write Eq. (11) as the sum of two terms:

ΠπNN = Π1 +Π2 (20)

where Π1 is obtained from the terms in the OPE proportional to ūAiu and
Π2 is obtained from the terms proportional to d̄Aid. With this separation of
the terms, and noting that the currents for the other baryons, Σ and Ξ can be
obtained from proton current by simple substitutions, one can immediately
obtain the following results for the OPE for the πΣΣ and πΞΞ couplings:

ΠπΣΣ = Π1 , (21)

ΠπΞΞ = −Π2 . (22)

In deriving Eqs. (21) and (22), we have used the fact that up to twist four
the matrix elements of the s-quark operators between vacuum state and the
one pion state are zero.

Extension of the sum rules for the couplings πNN to the ηNN coupling is
obvious, i.e. it is enough in the correlator (3) to replace π0 by η. Note that in
the SU(3) limit, there is no η− η′ mixing, and the strange quark component
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of η does not participate in the sum rules for ηNN , but it gives contribution
to the ηΞΞ and ηΣΣ sum rules. In this limit, the matrix elements for η can
be obtained from the corresponding matrix elements for π by:

〈η|ūOu|0〉 = 〈η|d̄Od|0〉 = 1√
3
〈π|ūOu|0〉 (23)

〈η|s̄Os|0〉 = − 2√
3
〈π|ūOu|0〉 (24)

Compared with the π0 case, we see that the sign of the contribution coming
from the u and d quarks are the same.

The corresponding OPEs can be written as:

ΠηNN =
1√
3
(Π1 − Π2) , (25)

ΠηΣΣ =
1√
3
(Π1 + 2Π2) , (26)

ΠηΞΞ =
1√
3
(−2Π1 − Π2) . (27)

Substituting the matrix elements in Eq. (11), one can analytically evalu-
ate the OPE for the correlator. In x representation for the correlator function
we get:

Π1(p
2
1, p

2
2) =

∫

d4xdueipx
{

e−iuqx×

−
{

fπ
π4x6

[

(3 + 2b+ 3b2)γ5 6q + 4b
qx

x2
γ5 6x

]

(

ϕπ(u) + x2g1(u)
)

+

+
fπ
π4x6

g2(u)(3 + 2b+ 3b2)i

(

γ5 6x− x2

qx
γ5 6q

)

−

− fπ
288π2x4

µ〈q̄q〉
(

16(b− b2) +
1

6
(−1 + 3b− 2b2)m2

0x
2
)

×

× ϕσ(u)
[

x2γ5 6q − qxγ5 6x
]}

+

+
∫

Dαie
−i(α1+ūα3)qx {

i
f3π

24π2x2
〈q̄q〉(b− b2)(1− 2u)ϕ3π(αi)

[

2qxγ5 6q + q2γ5 6x
]

+

+
fπ

2π4x6
b(1− 2u)ϕ‖(αi)

[

−x2γ5 6q + 2qxγ5 6x− q2
x2

qx
γ5 6x

]

−
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− fπ
2π4x6

[ϕ⊥(αi)(1− 2u)− ϕ̃⊥(αi)] b

(

2qx+ q2
x2

qx

)

γ5 6x+

+
fπ

4π4x4
(b2 + 1)

(

γ5 6q −
qx

x2
γ5 6x

)

ϕ̃‖(αi) +

+
fπ

2π4x4

q2

qx
ϕ̃‖(αi)bγ5 6x

}}

+

+ σαβγ5q
α
∫

d4xdueipxxβ
{

e−iuqx

{

fπ
48π2x4

〈q̄q〉
(

16(b− b2) +
1

6
(−1 + 3b− 2b2)m2

0x
2
)

×

×
[

ϕπ(u) + x2g1(u)
]

+

+ i
fπ

3π2x2
(b− b2)〈q̄q〉g2(u)

qx
− fπ

2π4x6
µ(b2 − 1)ϕσ(u)

}

+

+
∫

Dαie
−i(α1+ūα3)qx

{

− fπ
24π2x2

(b− b2)〈q̄q〉(1− 2u)ϕ‖(αi) −

− fπ
24π2x2

〈q̄q〉(b− 1)ϕ̃‖(αi)

}}

(28)

Π2(p
2
1, p

2
2) =

∫

d4xdueipx
{

e−iuqx×
{

− fπ
2π4x6

[

(b+ 1)2γ5 6q − 2(1 + 6b+ b2)
qx

x2
γ5 6x

]

(

ϕπ(u) + x2g1(u)
)

+

+
fπ

2π4x6
g2(u)(b+ 1)2i

(

γ5 6x− x2

qx
γ5 6q

)

+

+
fπ

576π2x4
µ〈q̄q〉

(

16 +
7

6
m2

0x
2
)

(b2 − 1)ϕσ(u)
[

x2γ5 6q − qxγ5 6x
]

}

+

+
∫

Dαie
−i(α1+ūα3)qx {

−i
f3π

48π2x2
〈q̄q〉(b2 − 1)(1− 2u)ϕ3π(αi)

[

2qxγ5 6q + q2γ5 6x
]

−

− fπ
8π4x6

(1 + 6b+ b2)(1− 2u)ϕ‖(αi)

[

−x2γ5 6q + 2qxγ5 6x− q2
x2

qx
γ5 6x

]

+

+
fπ

8π4x6
(1 + 6b+ b2) [ϕ⊥(αi)(1− 2u)− ϕ̃⊥(αi)]

(

2qx+ q2
x2

qx

)

γ5 6x−
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− fπ
8π4x4

[

(3 + 2b+ 3b2)γ5 6q − 4(b+ 1)2
qx

x2
γ5 6x

]

ϕ̃‖(αi)−

− fπ
8π2x4

q2

qx
ϕ̃‖(αi)(1 + 6b+ b2)γ5 6x

}}

+

+ σαβγ5q
α
∫

d4xdueipxxβ
{

e−iuqx

{

− fπ
96π2x4

〈q̄q〉(b2 − 1)
(

16 +
7

6
m2

0x
2
)

[

ϕπ(u) + x2g1(u)
]

−

− i
fπ

6π2x2
(b2 − 1)〈q̄q〉g2(u)

qx
− fπ

12π4x6
µ(b− 1)2ϕσ(u)

}

+

+
∫

Dαie
−i(α1+ūα3)qx

{

fπ
48π2x2

(b2 − 1)〈q̄q〉(1− 2u)ϕ‖(αi) −

− fπ
48π2x2

〈q̄q〉(b2 − 1)ϕ̃‖(αi) +

+ i
f3π

4π4x6
(b− 1)2(1− 2u)qxϕ3π(αi)

}}

(29)

where in Eqs. (28)-(29) we have neglected terms containing the gluon con-
densate 〈g2G2〉 as it gives a negligible contribution to the sum rules.

Our next problem is to perform Fourier transformation from x to momen-
tum representations and then, to get the result for the theoretical part of the
sum rules, apply on the obtained result double Borel transformations on the
variables p21 and p22 in order to suppress the contributions of higher states
and the continuum. (the details can be found in [16-19] ). In calculating the
Fourier transforms of terms containing factors qx or 1/qx, we have performed
integration by parts:

∫ 1

0
duqxf(u)e−iuqx = −i

∫ 1

0
duf ′(u)e−iuqx + f(u)e−iuqx|10 (30)

∫ 1

0
du

e−iuqx

qx
g2(u) = −i

∫ 1

0
due−iuqxG2(u)−

G2(u)

qx
e−iuqx|10 , (31)

where f ′(u) = df
dx
(u) and

G2(u) = −
∫ u

0
du′g2(u

′) . (32)

The second term in Eq. (31) vanishes since G2(0) = G2(1) = 0.
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After performing double Borel transformation over the variable p21 = p2

and p22 = (p+ q)2 for the iγ5 6q structure, we obtain the following results for
the theoretical part of the sum rules:

Πγ
1(M

2) = − fπ
8π2

M6f2(x)[(3 + 2b+ 3b2)φπ(u0)−
2b

3
u0φ

′
π(u0)] +

+ (b2 + 1)u0φ
′
π(u0)] +

+
fπ
π2

M4f1(x)(3 + 2b+ 3b2) [g1(u0) +G2(u0)]−

− fπ
4π2

u0g2(u0)M
4f1(x)(3 + 2b+ 3b2)g2(u0)−

− 2fπµ

9
〈q̄q〉(b− b2)M2f0(u0)

[

φσ(u0) +
u0

2
φ′
σ(u0)

]

+

+
fπµ

216
m2

0〈q̄q〉(−1 + 3b− b2)u0φ
′
σ(u0)−

− fπ
π2

M4f1(x)u0g
′
1(u0)b−

− fπ
4π2

M4f1(x)
[

u0I1(1− 2u, φ‖) + 2I11(1− 2u, φ‖)
]

b−

− f3π
3
〈q̄q〉M2f0(x)I1(1− 2u, φ3π)(b− b2) +

+
fπ
4π2

M4f1(x)u0

[

I1(1− 2u, φ⊥) + I1(1, φ̃⊥

]

b−

− fπ
16π2

M4f1(x)
[

(b+ 1)2u0I1(1, φ̃‖) + 4(b2 + 1)I11(1, φ̃‖)
]

+

+
fπ
4π2

M4f1(x)u0I1(1, φ̃⊥)b (33)

Πγ
2(M

2) = − fπ
48π2

M6f2(x)
[

3(1 + b)2φπ(u0) + (1 + 6b+ b2)u0φ
′
π(u0)

]

+

+
fπ
2π2

M4f1(x) [g1(u0) +G2(u0)] (b+ 1)2 −

− fπ
8π2

M4f1(x)u0g2(u0)(b+ 1)2 +

+
fπ
9
µ〈q̄q〉M2f0(x)(b

2 − 1)
[

φσ(u0) +
u0

2
φ′
σ(u0)

]

−

− 7fπµ

432
m2

0〈q̄q〉u0φ
′
σ(u0)(b

2 − 1) +

+
fπ
4π2

M4f1(x)u0g
′
1(u0)(1 + 6b+ b2) +

10



+
fπ

16π2
M4f1(x)(1 + 6b+ b2)

[

u0I1(1− 2u, φ‖) + 2I11(1− 2u, φ‖)
]

+

+
f3π
6
〈q̄q〉M2f0(x)(b

2 − 1)I1(1− 2u, φ3π)−

− fπ
16π2

M4f1(x)(1 + 6b+ b2)I1(1− 2u, φ⊥) +

+
fπ
8π2

M4f1(x)
[

(1 + b)2u0I1(1, φ̃‖) + (3 + 2b+ 3b2)I11(1, φ̃‖)
]

−

− fπ
16π2

M4f1(x)(1 + 6b+ b2)u0I1(1, φ̃⊥) . (34)

Similarly for the σµνγ5p
µqν structure we get:

Πσ
1 (M

2) =
2fπ
3π2

〈q̄q〉
[

M2f0(x)(b− b2)− m2
0

24
(−1 + 3b− b2)

]

φπ(u0)−

− 8fπ
3

〈q̄q〉(b− b2) [g1(u0) +G2(u0)] +

+
fπ
8π2

µM4f1(x)(b
2 − 1)φσ(u0)−

− fπ
3
〈q̄q〉(b− b2)I11(1− 2u, φ‖) +

+
fπ
3
〈q̄q〉(b− 1)I11(1, φ̃‖) (35)

Πσ
2 (M

2) = −fπ
3
〈q̄q〉

[

M2f0(x)−
7m2

0

24

]

(b2 − 1)φπ(u0) +

+
4fπ
3

〈q̄q〉(b2 − 1) [g1(u0) +G2(u0)] +

+
fπ

48π2
µM4f1(x)(b− 1)2φσ(u0) +

+
fπ
6
〈q̄q〉(b2 − 1)I11(1− 2u, φ‖)−

+
f3π
16π2

M4f1(x)(b− 1)2I11(1− 2u, φ3π) +

+
fπ
6
〈q̄q〉(b2 − 1)I11(1, φ̃‖) (36)

where the superscripts γ and σ corresponds to the iγ5 6 q and σµνγ5p
µqν

structures respectively, µ = m2
π

2mq
= − 〈q̄q〉

f2
π
, x = s0

M2 , fn(x) = 1 − e−x(1 + x +

11



x2

2
+ . . .+ xn

n!
), s0 is the continuum threshold, u0 = M2

2 /(M
2
1 +M2

2 ),

1

M2
=

1

M2
1

+
1

M2
2

(37)

and the function I1 and I11 are defined as:

I11(f(u), g(αi)) =
∫ u0

0
dα1

∫ 1−u0

0
dα2

f( u0−α1

1−α1−α2

)

1− α1 − α2

g(α1, α2, 1− α1 − α2)

(38)

I1(f(u), g(αi)) =
∫ u0

0
dα1

∫ 1−u0

0
dα2

f( u0−α1

1−α1−α2
)

1− α1 − α2

g(α1, α2, 1− α1 − α2) +

+
∫ 1−u0

0
dα2

f(0)

1− u0 − α2
g(u0, α2, 1− u0 − α2)−

−
∫ u0

0
dα1

f(1)

u0 − α1

g(α1, 1− u0, u0 − α1) (39)

Equating theoretical (see Eqs. (33-36))and phenomenological (see Eq.
(7)) parts of the correlator function (3) we arrive at the following sum rules
for the meson baryon coupling constants:

a) For the iγ5 6q structure:

−mNλ
2
NgπNNe

−
m2

N

M2 = Πγ
1(M

2) + Πγ
2(M

2)

−mΣλ
2
ΣgπΣΣe

−
m2

Σ

M2 = Πγ
1(M

2)

−mΞλ
2
ΞgπΞΞe

−
m2

Ξ

M2 = −Πγ
2(M

2)

−
√
3mNλ

2
NgηNNe

−
m2

N

M2 = Πγ
1(M

2)− Πγ
2(M

2)

−
√
3mΣλ

2
ΣgηΣe

−
m2

Σ

M2 = Πγ
1(M

2) + 2Πγ
2(M

2)

−
√
3mΞλ

2
ΞgηΞΞe

−
m2

Ξ

M2 = −2Πγ
1(M

2)− Πγ
2(M

2) (40)

b) For the σµνγ5p
µqν structure:

λ2
NgπNe

−
m2

N

M2 = Πσ
1 (M

2) + Πσ
2 (M

2)

12



λ2
ΣgπΣΣe

−
m2

Σ

M2 = Πσ
1 (M

2)

λ2
ΞgπΞΞe

−
m2

Ξ

M2 = −Πσ
2 (M

2)
√
3λ2

NgηNe
−

m2

N

M2 = Πσ
1 (M

2)−Πσ
2 (M

2)
√
3λ2

ΣgηΣΣe
−

m2

Σ

M2 = Πσ
1 (M

2) + 2Πσ
2 (M

2)
√
3λ2

ΞgηΞΞe
−

m2

Ξ

M2 = −2Πσ
1 (M

2)− Πσ
2 (M

2) (41)

These results are obtained in the SU(3) limit,i.e. all masses and residues
of the baryons are the same and ß = 〈q̄q〉 (q = u, d). Note also that Eqs.
(40) and (41) are consistent with the SU(3) symmetry relations Eq. (2). In
terms of the OPE, the F/D ratio can be identified as:

2α =
Π1(M

2)

Π1(M2) + Π2(M2)
→ F/D =

Π1(M
2)

Π1(M2) + 2Π2(M2)
(42)

3 Numerical Analysis

In this section we analyze the sum rules obtained in the previous section
for the coupling constants in the SU(3) limit and study the dependence
of the F/D ratio on the Dirac structure. Since the coupling constants are
physical quantities, they should be independent of the parameter b and the
continuum threshold s0. Therefore our first problem is to find the region in
the parameter space where they are practically independent of b and s0. In
SU(3) limit, all baryon masses and their residues are equal and also 〈qq̄〉 = ß
and fη = fπ.

The main input parameters of the sum rules (see Eqs. (33-36) and (40-
41)), are the pion wave functions. In [20], a theoretical framework has been
developed to study these functions. The leading twist 2 pion wave function
can be expressed as an expansion in Gegenbauer polynomials C

3/2
i [9]:

ϕπ(u) = 6u(1− u)
[

1 + a2C
3/2
2 (2u− 1) + a4C

3/2
4 + . . .

]

(43)

The coefficients ai renormalize multiplicatively. On the basis of the approxi-
mate conformal symmetry of QCD, it has been shown in [15] that the expan-
sion (43) converges sufficiently fast so that terms with n > 4 are negligible.
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In the calculations we have used the following forms of the wavefunctions
appearing in the meson matrix elements (see e.g. [9, 15] for more details):

ϕσ(u, µ) = 6uū
[

1 + C2
3

2
(5(2u− 1)2 − 1)

+ C4
15

8
(21(2u− 1)4 − 14(2u− 1)2 + 1)

]

,

ϕπ(u) = 6u(1− u)
[

1 + a2
3

2

(

5(2u− 1)2 − 1
)

+ a4
15

8

(

21(2u− 1)4 − 14(2u− 1) + 1
)

]

ϕP (u) = 1 +B2
1

2
(3(2u− 1)2 − 1) +B4

1

8
(35(2u− 1)4

− 30(2u− 1)2 + 3) ,

g1(u) =
5

2
δ2(1− u)2u2 +

1

2
εδ2[(1− u)u(2 + 13(1− u)u) + 10u3 ln u(2− 3u+

6

5
u2)

+ 10(1− u)3 ln(1− u)(2− 3(1− u) +
6

5
(1− u)2)] ,

g2(u) =
10

3
δ2u(1− u)(2u− 1)

ϕ‖(αi) = 120δ2ε(α1 − α2)α1α2α3

ϕ⊥(αi) = 10δ2(α1 − α2)α
2
3 [1 + 6ε(1− 2α3)]

ϕ̃‖(αi) = −40δ2α1α2α3 [1 + 3ε(1− 3α3)]

ϕ̃⊥(αi) = 10δ2(1− α3)α
2
3 [1 + 6ε(1− 2α3)]

ϕ3π(αi) = 360α1α2α
2
3 (44)

where δ is defined by matrix element:

〈π|gsq̄G̃αµγ
αq|0〉 = iδ2fπqµ . (45)

and

B2 = 30
f3π
µfπ

, B4 =
3

2

f3π
µfπ

(4ω2,0 − ω1,1 − 2ω1,0) ,

C2 =
f3π
µfπ

(5− 1

2
ω1,0) , C4 =

1

10

f3π
µfπ

(4ω2,0 − ω1,1) . (46)

The additional parameters appearing in the above are numerically given by

ω1,0 = −2.88 , ω2,0 = 10.5 , ω1,1 = 0 , ε = 0.5 , a2 =
2

3
, a4 = 0.43 ,

14



which corresponds to choosing the renormalization scale at 1 GeV .
In our calculations, we set M2

1 = M2
2 = 2M2 since the initial and final

baryons are identical, which corresponds to setting u0 = 1/2. Hence, in the
sum rules, only the value of the wavefunctions at the symmetry point u = 1/2
are needed.

The values of the other input parameters appearing in the sum rules
are: fπ = 0.013GeV , 〈g2G2〉 = 0.474GeV 4, 〈q̄q〉 = −(0.243)3GeV 3, m2

0 =
(0.8± 0.2)GeV 2 [21], δ2 = 0.2GeV 2 [22], f3π = 0.0035GeV 2, µ = 1.8797.

In Figs. (1) and (2), we present the dependence of gπNNλ
2
N(b) on the

Borel mass M2 at three different values of b, namely b = −1.5, b = 1.5
as well as b = −1 which corresponds to the Ioffe current for the structures
iγ5 6 q and σµνγ5p

µqν respectively. The continuum threshold is chosen to
be s0 = 2.07GeV 2 corresponding to the Roper resonance. To analyze the
sensitivity of the sum rules to the continuum threshold, we also plotted the
results for the value s0 = 2.57GeV 2. From these figures we obtained that
the working region for the Borel mass is 0.6 ≤ M2 ≤ 1.2 , GeV 2. Also we see
that the tensor structure σµνγ5p

µqν is more stable with respect to variations
of the Borel mass and also the variations of the continuum threshold for all
curves. For example at M2 = 1GeV 2, the results are practically independent
of s0 and b. The results change about ∼ 5% for the structure σµνγ5p

µqν with
variations of s0 and b. This indicates that the results obtained from the
structure iγ5 6q are less reliable.

In Figs (3) and (4), the dependence of gMBBλ
2
B(b) on the parameter b at

M2 = 1GeV 2 and at s0 = 2.07GeV 2 is presented for the structures iγ5 6q and
σµνγ5p

µqν . The coupling constants gMBB are physical parameters and hence
it should not depend on the arbitrary parameter b. Since λB’s are the same
for all baryons due to the SU(3) symmetry, one expects the graphs to be just
multiples of one another. The results obtained from the structure iγ5 6 q are
far from satisfying this criteria. On the other hand the results obtained form
the σµνγ5p

µqν structure are all zero at b = 1 similar to the traditional sum
rules(see [11]) but the second zero position is different for different coupling
constants. Note that the region −0.5 ≤ b ≤ 1 is unphysical since in this
region the mass sum rules yields a negative value for λ2

B(b) [11]. As we see
from Fig. 4, for each sum rule, this unphysical region becomes wider and
contains the region between the two zeroes, since the sign of gMBBλ

2
B(b)

should be the same as the sign of gMBB, hence it should not change. From
these figures also one is led to the conclusion that the predictions of the iγ5 6q
structure is not as reliable as the predictions of the σµνγ5p

µqν structure in

15



constructing sum rules.
In Fig (5), the dependence of the F/D ratio for the above mentioned

structures on cosθ is presented. Here, θ is defined as b = tan θ and only the
physical region for the parameter θ is shown. From these figures, it follows
that for the tensor structure, the ratio F/D is practically independent on the
continuum threshold, but for the iγ5 6q structure, it has a strong dependence
on s0. For this reason, prediction for the F/D ratio from the tensor structure
is more reliable. The dependence of the F/D ration on the Borel parameter
M2 also turns out to be very weak. Being a physical parameter, the F/D
ratio should be independent of cos θ. From the figure, we see that F/D is
quite stable (for the tensor structure) in the region −0.25 ≤ cos θ ≤ 0.50.
This region is also away from the unphysical region for b. In this region, we
obtain the result F/D = 0.6 ± 0.1. Note that SU(6) quark model predict
F/D = 2/3. Analysis of semileptonic decay of hyperons give F/D ≃ 0.57
[23] and the traditional sum rules yield 0.6 ≤ F/D ≤ 0.8 [11]. Within errors
our results are in a good agreement with all existing results.
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Figure Captions

Fig. 1. The dependence of gπNNλ
2
N (b) on the Borel mass, M2 at b = −1.5, −1.0, 1.5

and at the continuum threshold s0 = 2.07GeV 2 and s0 = 2.57GeV 2

for the iγ5 6q structure.

Fig. 2. The same as Fig. 1 but for the structure σµνγ5p
µqν

Fig. 3. The dependence of gMBBλ
2
B(b) on b atM2 = 1GeV 2 and the continuum

threshold s0 = 2.07GeV 2 for the iγ5 6q structure.

Fig. 4. The same as Fig. (3) but for the structure σµνγ5p
µqν

Fig. 5. The dependence of F/D on θ atM2 = 1GeV 2 for both structures at two
values of the continuum threshold, s0 = 2.07GeV 2 and s0 = 2.57GeV 2.
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