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CHAPTER 2

QCD, Sum Rules and Hadron Interactions

In this chapter we give a brief introduction to QCD, which is the theory that

explains the interaction of quarks with the gluons. We also present a summary

of the method of QCDSR. Our aim is to provide the theoretical background for

the calculation of meson-baryon coupling constants using QCDSR, which is the

subject of the following chapters.

2.1 Quantum Chromodynamics

The theory of strong interactions, QCD, is a quantum field theory which de-

scribes the interactions of the quarks with vector gauge fields, gluons, that bind

the quarks into hadrons. QCD is founded on a non-Abelian gauge group which

was first introduced by Yang and Mills [17], where the main idea is the princi-

ple of local gauge invariance. The symmetry group of QCD is SU(3)c because

the quarks may have one of the three colors as the quantum number, while the

gluons come in eight colors. Hadrons are color singlet combinations of quarks,

anti-quarks and gluons.

5



6 Chapter 2. QCD, Sum Rules and Hadron Interactions

The QCD Lagrangian, which is believed to govern all hadronic processes is

written as

LQCD =−1
4
(Ga

µν)2 +∑
q

q̄(iDµγ
µ −mq)q , (2.1)

where q are the quark fields with different quark-flavors q = u,d,s,c,b, t and

Dµ = ∂µ− igc λa/2Aa
µ is the covariant derivative with λa, the Gell-Mann matrices

and gc =
√

4παs, the quark-gluon coupling constant. The field strength tensor

Ga
µν is expressed in terms of potentials Aµ as

Ga
µν = ∂µAa

ν −∂νAa
µ +gc f abcAb

µAc
ν , (2.2)

where f abc are the structure constants of the group and a represents the 8 gener-

ators of the SU(3)c rotations.

One of the properties of QCD is the asymptotic freedom due to non-Abelian

nature of the gauge theory [18–21]. The strong coupling constant scales with

momentum p as

αs(p2) =
12π

(33−2N f ) ln(p2/Λ2
QCD)

{
1−

6(153−19N f )
(33−2N f )2

ln[ln(p2/Λ2
QCD)]

ln(p2/Λ2
QCD)

}
,

(2.3)

where N f is the number of quark-flavors. We see that, at large momentum or at

small distances, the strong coupling constant vanishes so that one can make per-

turbative calculations. In Quantum Electrodynamics (QED), which is an Abelian

theory governing the electromagnetic interactions of matter, this behavior is just

the opposite. Asymptotic freedom is one of the strongest reasons why we be-

lieve that QCD is the correct theory of strong interactions. The parametriza-

tion in Eq. (2.3) includes the QCD scaling parameter, ΛQCD, which fixes the

scale of strong interactions and of all hadronic physics. It is of the order of

ΛQCD = 0.1 ∼ 0.2 GeV.

Another distinction between QED and QCD is that the gluons, which are the

gauge fields of the latter, can interact with each other because they carry color
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charge, in contrast to charge-neutral photons, which are the gauge fields of QED.

The quarks, as well as gluons, are not color-neutral and therefore they cannot be

observed as physical states but as confined with other quarks and gluons, in the

states of color-singlet hadrons. This mechanism is known as color confinement

which is one of the most non-trivial features of QCD that has remained unsolved

up to now. Color confinement limits the direct use of the QCD Lagrangian in

Eq. (2.1) since one needs highly virtual quarks and gluons that can be treated as

free so that perturbative expansions are applicable.

In the limit where the quark masses vanish viz. mu = md = ms = 0, the QCD

Lagrangian in Eq. (2.1) is invariant under the chiral unitary transformations:

qL ≡
1
2
(1− γ5)q → q′L = exp(iθ a

L
λ a

2
)qL , (2.4)

qR ≡
1
2
(1+ γ5)q → q′R = exp(iθ a

R
λ a

2
)qR , (2.5)

where a = 1, . . . ,8 . We have a UV (1)×UA(1)×SU(3)L×SU(3)R symmetry where

all the hadrons are parity degenerate. However, the QCD vacuum breaks the axial

symmetry which is known as the spontaneous breakdown of chiral symmetry. It

is well-known from the Goldstone theorem that this asymmetric vacuum should

have approximately massless Goldstone bosons, eight of which can be identi-

fied as the pseudoscalar mesons, πππ , KKK and η . This means that the pseudoscalar

mesons are expected to have masses proportional to the quark masses, which is

m2
π f 2

π =−2m̂q 〈q̄q〉 , (2.6)

for the pion, where fπ is the pion decay constant, m̂q is the average quark mass

and 〈q̄q〉 is the quark condensate. This relation follows from

∂
µ Aa

µ = fπ m2
π π

a, (2.7)

where Aa
µ(x) = q̄(x)(λ a/2)γµγ5q(x) is the axial-vector current, πa is the pion

field and a =1, 2, 3. Eq. (2.7) is known as the partial conservation of the axial-

vector current (PCAC) [22, 23]. One of the difficulties with this mechanism is
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due to the large mass of the ninth member of the multiplet, η ′. This is the so-

called U(1)A problem, where the U(1)A symmetry is broken due to anomaly but

not by spontaneous symmetry breaking. One introduces the instantons [24] to

solve this problem, which are a classical solution of the Yang-Mills equation in

the Euclidian space [25].

QCD has been very successful in the large momentum transfer regime where

the coupling constant is small and one can reliably apply perturbative methods.

On the other hand, at the hadron scale the coupling constant is of order unity and

perturbation theory fails. In this regime, one should use some non-perturbative

methods. Chiral Perturbation Theory (χPT) [26–28] is the effective field the-

ory of low-energy QCD, which uses an effective Lagrangian that is invariant un-

der global chiral transformations. The theory makes an expansion around the

light quark masses and has a lot of success in describing the interactions of the

Goldstone bosons and the nucleons. For a description of interactions between

hadrons including one heavy quark, one can employ Heavy Quark Effective The-

ory [29,30], which starts with an expansion around the inverse of the heavy quark

mass, 1/mQ. Large-Nc Theory [31,32], which allows rather a qualitative descrip-

tion of strongly coupled systems, have attracted much attention. The theory starts

with the assumption that Nc is infinite and uses 1/Nc as the expansion parameter.

The original theory is restored by taking Nc → 3. Besides the analytical studies

of non-perturbative QCD, the Lattice QCD method (LQCD), which was first pro-

posed by Wilson [33], has proven to be very successful especially in the recent

years with the increasing CPU power. The method provides a non-perturbative

tool for calculating the hadron spectrum from first principles, where QCD is for-

mulated on a discrete Euclidian space time grid. LQCD has some restrictions due

to the physical u- and d-quark masses which are too light to simulate on current

lattices. Moreover, one has to neglect at present the isospin breaking effects and

electromagnetic corrections. Despite its limitations in applicability and qualita-

tive descriptions, LQCD has been extensively used to establish some key features

of QCD.
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2.2 QCD Sum Rules

In order to extract qualitative and quantitative information about hadron proper-

ties, one needs to know QCD dynamics at distances of the order of the hadron

size: Rhad ∼ 1/ΛQCD. However at this scale, the perturbation theory in αs cannot

be applied and one should resort to non-perturbative methods, as explained in the

previous section. One of the most successful of these methods is the QCDSR,

which was first introduced by Shifman, Vainstein and Zakharov [8–10].

In this method, the information about hadronic properties and interactions are

extracted from a correlation function of the form

Π(p)≡ i
∫

d4xeip·x
Π(x) = i

∫
d4xeip·x〈0|T [η(x)η̄(0)]|0〉 , (2.8)

where η is the interpolating field for the hadron in question, which is constructed

to give the quantum numbers of the hadron using the quark field operators and T

denotes the time-ordered product. For instance, in the case of the vector-meson

ρ , the interpolating current would be ηµ = 1
2(ūγµu− d̄γµd).

At the quark level, the short distance behavior is explained by the Operator

Product Expansion (OPE), a tool which was first suggested by Wilson [34]. This

consists of expanding the correlation function in Eq. (2.8) in terms of some local

operators and Wilson coefficients:

T [η(x)η̄(0)] = C0 I +∑
k

Ck(x)Ok(0) . (2.9)

The lowest dimension operator with d = 0 corresponds to the unit operator which

is associated with the perturbative contribution. The large scale behavior is taken

into account by the higher dimensional operators which involve vacuum conden-

sates composed of quark and gluon fields. Eq. (2.9) becomes an expansion in

ΛQCD/p2 after Fourier transformation, thus one may apply perturbation theory

and calculate the Wilson coefficients.

There are no colorless operators with d = 1,2 that contribute to the OPE in
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QCD. Therefore the lowest dimensional operator with d > 0 is

O3 = q̄q , (2.10)

which is followed by the d = 4 operator

O4 = Ga
µνGaµν , (2.11)

whose vacuum averages are two of the most important parameters of QCD. The

higher dimensional operators up to d = 8 that contribute to the OPE in Eq. (2.9)

are as follows:

O5 = q̄σµν

λ a

2
Gaµνq , (2.12)

O6,1 = (q̄Γq)(q̄Γq) ,

O6,2 = fabc Ga
µαGb

αβ
Gc

β µ
,

O7 = (q̄q)(Ga
µνGaµν) ,

O8,1 = (q̄Γq)(q̄Γσµν

λ a

2
Gaµνq) ,

O8,2 = Ga
µνGaµνGb

αβ
Gbαβ ,

where Γ is any of the Dirac-γ matrices. The perturbative contribution from the

unit operator receives power corrections from the operators with lowest dimen-

sions that dominate at short distances.

The evaluation of the theoretical side consists of calculating the Wilson coef-

ficients in the OPE. This can be done by sandwiching the expansion in Eq. (2.9)

between states that pick out a definite operator on the right-hand side (RHS).

This is known as the plane wave method [9, 35]. However, a more convenient

method to evaluate the higher dimensional operators is the fixed-point gauge

technique [36–40]. In the framework of this method, one evaluates the quark

propagator in an external gauge field Aµ(x) which is chosen as

Aµ(x) =−1
2

xνGµν(0)− 1
3
(∂αGµν(0))xαxν + . . . , (2.13)
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with the gauge condition xµAµ = 0. The massive quark propagator obtained in

this way reads:

i S(0)ab
q ≡ 〈0|T [qa(x)q̄b(0)|0〉0 (2.14)

=
i δ ab

2π2x4 x̂−
i λ n

ab
32π2

gc

2
Gn

µν

1
x2 (σ µν x̂+ x̂σ

µν)− δ ab

12
〈q̄q〉

−δ abx2

192
〈gcq̄σσσ ·GGGq〉−

mqδ ab

4π2x2 −
mq

32π2

λ n
ab
2

gcGn
µνσ

µν ln(−x2)

−δ ab〈g2
cG2〉

29×3π2 mqx2 ln(−x2)+
i mqδ abx2

27×32 〈gcq̄σσσ ·GGGq〉x̂

+
i δ abmq

48
〈q̄q〉x̂+O(α2

s , m2
q) ,

where 〈g2
cG2〉 is the gluon condensate and 〈gcq̄σσσ ·GGGq〉 is the quark-gluon mixed

condensate with σµν = i
2 [γµ ,γν ]. At the quark gluon level, the correlation func-

tion in Eq. (2.8) is evaluated with the aid of the propagator in Eq. (2.14). To il-

lustrate the QCDSR calculations for the hadron masses, we consider the nucleon,

for which the corresponding interpolating field can be chosen as [41]

ηN = εabc[(uT
a Cγµub)γ5γ

µuc] . (2.15)

Here T and C denote transposition and charge conjugation, respectively. With

this choice of the interpolating field, the correlation function in Eq. (2.8) can be

brought into the form

Π(x) = 2iεabc
ε

a′b′c′Tr{Saa′
u (x)γνC[Sbb′

u (x)]TCγµ}γ5γ
µScc′

d (x)γν
γ5 . (2.16)

In order to calculate the Wilson coefficients, we insert the quark propagator in

Eq. (2.14) into Eq. (2.16), where we obtain

Π(x) = Π1(x)x̂+Π2(x) , (2.17)
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with

Π1(x) =− 24i
π6x10 − i

〈g2
cG2〉

32π6x6 +
i〈ūu〉2

3π2x4 + i
〈ūu〉

48π2x2 〈gcūσσσ ·GGGu〉 , (2.18)

Π2(x) =
2〈d̄d〉
π4x6 − 〈g2

cG2〉
25×32π4x2 〈d̄d〉 . (2.19)

Here we have assumed mu = md = 0. These functions can be converted to mo-

mentum space using the Fourier transformations (see Appendix B), where we

obtain

Π(q) = Π1(p)p̂+Π2(p) , (2.20)

with

Π1(p) =− p4

4(2π)4 ln(−p2)− ln(−p2)
8(2π4)

〈g2
cG2〉− 2

3p2 〈ūu〉2

−〈ūu〉
6p4 〈gcūσσσ ·GGGu〉 , (2.21)

Π2(p) =
p2

4π2 ln(−p2)〈d̄d〉− 〈g2
cG2〉

23×32π2 p2 〈d̄d〉 . (2.22)

The theoretical sides of the sum rules are obtained by using the method above.

At the phenomenological level, we proceed by inserting in Eq. (2.8) a complete

set of hadronic states with the quantum numbers of the interpolating field:

ImΠ(s) = π ∑
n

δ (s2−m2
n)〈0|η |n〉〈n|η̄ |0〉 . (2.23)

For a baryon, the matrix element of the current η between the vacuum and the

hadronic state is defined as

〈0|ηB|B〉= λBυ , (2.24)

where λB is the overlap amplitude and υ is the Dirac spinor for the baryon, which
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is normalized as ῡυ = 2mB. Π(p) is related to its imaginary part via a dispersion

relation of the form

Π(p) =
1
π

∫
∞

0

ImΠ(s)
s2− p2− iε

ds2 + . . . , (2.25)

where the ellipsis denotes the polynomial subtraction terms. At this point, in

order to isolate the ground state contribution, one applies the Borel transformation

which is defined as

B̂[ f (Q2)] = lim
Q2,n→∞

Q2/n=M2

(−1)n

(n−1)!
(Q2)n

( d
dQ2

)n
f (Q2) , (2.26)

with Q2 = −p2 (see Appendix B). This transformation leads to an exponential

suppression of the excited states and eliminates the polynomial subtraction terms

in Eq. (2.25). On the other hand, a new variable M2 (Borel mass) is introduced.

In order to increase the predictive power of the sum rules, one isolates the

ground state contribution from the continuum; hence a continuum model to the

correlator is introduced. This model consists of introducing a threshold, s0, at

which the contributions from excited states and the continuum become signifi-

cant. The continuum contributions are included in the OPE side of the sum rules

making also use of the quark-hadron duality [42] and only the terms surviving in

the M → ∞ limit are affected.

For the nucleon, the two-point function on the phenomenological side has the

form

Π(p) = ∑
n

λ
2
n

p̂+mn

p2−m2
n− iε

. (2.27)

The QCDSR are obtained by matching the OPE side with the hadronic side and

applying the Borel transformation. One can obtain the sum rules at two Lorentz-

Dirac structures, comparing the coefficients of the terms proportional to p̂ and 1.

The resulting sum rules are as follows:

M6 E2 +
M2

4
bE0 +

4a2
u

3
−

m2
0 a2

u

3M2 = λ̃
2
Ne−m2

N/M2
, (2.28)
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Figure 2.1: The Borel mass dependence of the nucleon mass for sN
0 = 2.3 GeV2, b =

0.47 GeV4 and aq = 0.54 GeV3.

2adM4 E1−
ad b

9
= λ̃

2
N mNe−m2

N/M2
, (2.29)

at structure p̂ and 1, respectively. Here, we have defined aq = −(2π)2〈q̄q〉, b =
〈g2

cG2〉, 〈gcūσσσ ·GGGu〉 = m2
0〈q̄q〉 and λ̃ 2

N = 32π4λ 2
N . The continuum contributions

are included by the factors

E0 ≡ 1− e−s0/M2
,

E1 ≡ 1− e−s0/M2
(

1+
s0

M2

)
,

E2 ≡ 1− e−s0/M2
(

1+
s0

M2 +
s2

0
2M4

)
, (2.30)

where s0 is the continuum threshold.

The vacuum condensates, which are responsible for the non-perturbative char-

acter of the theory, can only be determined via indirect methods (for a review and

discussion of QCD parameters see e.g. Refs. [43, 44]). The quark condensate aq

can be estimated using the relation in Eq. (2.6) which gives

aq ≡ 2π
2 m2

π f 2
π

m̂
= 0.54 GeV3 , (2.31)
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with mπ = 138 MeV, fπ = 93 MeV and m̂ = 6 MeV. For the gluon condensate,

we adopt the standard value for the QCDSR,

b = 0.47 GeV4 , (2.32)

as determined from the charmonium sum rules [9, 10]. The value of the quark-

gluon mixed condensate has been taken in early baryon sum rules [45, 46] and

heavy-light quark system analyses [47] as

m2
0 = 0.8 GeV2 . (2.33)

The nucleon mass can be determined from the sum rules by taking the ratio

of the sum rule in Eq. (2.29) to the sum rule in Eq. (2.28). In Fig. 2.1 we present

the Borel mass dependence of the nucleon mass for the values of the vacuum

condensates given above and for the continuum threshold sN
0 = 2.3 GeV2. The

value of the continuum threshold is not totally arbitrary, as it is chosen to be

just below the lowest nucleon resonance. The chosen Borel window 0.8 GeV2 ≤
M2 ≤ 1.4 GeV2 is known as the fiducial region for the nucleon sum rules [13].

For M2 = 1 GeV2 one obtains mN = 0.85 GeV, a nucleon mass value close to the

experimental number.

Besides nucleon mass determination, the QCDSR method has been used to

determine the hadronic parameters like baryon masses, magnetic moments and

coupling constants of hadrons. This method has been extensively used to in-

vestigate the meson-baryon coupling constants. In this framework, the pion-

nucleon coupling constant has received much attention. One usually starts with

the vacuum-to-vacuum matrix element of the correlation function that is con-

structed with the interpolating fields of two baryons and one meson [11, 48, 49];

Π(p, p1, p2) =
∫

d4x1 d4x2eip1·x1e−ip2·x2
〈

0
∣∣∣T [ηB(x1)ηM(0)η̄B(x2)]

∣∣∣0〉 . (2.34)

However, this three-point function method has as a major drawback that the OPE

fails at low momentum transfer. Moreover, when the momentum of the meson is

large, it is plagued by problems with higher resonance contamination [50].
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A method that can be used at low momentum transfer is the external-field

method [13]. There are two formulations that can be used to construct the external-

field sum rules. The first one is to start with a vacuum-to-meson transition matrix

element of the baryon interpolating fields:

Π(p,q) =
∫

d4xeip·x
〈

0
∣∣∣T [ηB(x)η̄B(x)]

∣∣∣M (q)
〉

. (2.35)

This two-point correlation function with an external meson seems to be more

suitable than the three-point correlator in Eq. (2.34), because the OPE is valid

even for low-momentum values of the meson and one does not have to worry

about higher meson resonances.

The second way to construct the external-field QCDSR is to consider the

vacuum-to-vacuum transition matrix element of two baryon interpolating fields

in an external meson field [13]:

Π(p) = i
∫

d4x eip·x
〈

0
∣∣∣T [ηB(x)η̄B(0)]

∣∣∣0〉
M

. (2.36)

In this work, we use this second external-field method in order to calculate the

meson-baryon coupling constants. In this approach, no vacuum-to-meson ma-

trix elements occur, but one has to know the response of the various condensates

in the vacuum to the external field, which can be described by various suscep-

tibilities. This method has been originally used to determine the magnetic mo-

ments of baryons [13, 51–54]. Later, it has been extended to determine the nu-

cleon axial coupling constant [55–57], the nucleon sigma term [58], and baryon

isospin mass splittings [59, 60]. It has also been shown that at low momentum

transfer, this method is very successful in evaluating other hadron coupling con-

stants. Recently, the scalar-meson–baryon constants were calculated using this

method [61, 62]. It has also been applied to the coupling constants of the vector

mesons to the octet-baryons [63,64] and to the calculations of the strong and weak

parity violating pion-nucleon coupling constants [65–68], where it was pointed

out that the sum rule that is constructed for the coupling is independent and it is

not reduced to the nucleon mass sum rule by a chiral rotation. It is also important

to realize that in NN potential models the coupling constants of the heavy mesons
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to the nucleon are determined by the (“non-peripheral”) S-, P-, and D-waves.

Therefore, the fits to the scattering data are sensitive to e.g. the volume integral

of the OBE potentials, which is proportional to the coupling at t = 0 [1] (t =−q2,

where q is the four-momentum of the meson). The coupling constants obtained

from the external-field QCDSR method are also defined at t = 0, and therefore

the comparison to the OBE model is appropriate.

2.3 Meson-Baryon Couplings and SU(3)-flavor Symme-
try

Because we use SU(3) relations in our QCDSR calculations, we will here define

the interaction Lagrangian, and hence the coupling constants, for the complete

baryon octet. The eight JP = 1
2
+ baryons can be collected into a traceless matrix

B, which has the following form:

B =


Σ0
√

2
+

Λ√
6

Σ+ p

Σ− − Σ0
√

2
+

Λ√
6

n

−Ξ− Ξ0 − 2Λ√
6

 . (2.37)

The meson nonets can be written similarly as

M = Moct +Msin , (2.38)

where the singlet matrix Msin has elements η1/
√

3 on the diagonal and the octet

matrix is given as follows:

Moct =


π0
√

2
+

η8√
6

π+ K+

π− − π0
√

2
+

η8√
6

K0

K− K0 −2η8√
6

 . (2.39)
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Here we take the pseudoscalar mesons with J = 0+ as an example.

In order to identify the interaction of the baryon octet with the meson nonet,

we now define the following SU(3) invariant combinations:

[
BBM

]
F = Tr(BMB)−Tr(BBM)

= Tr(BMoctB)−Tr(BBMoct), (2.40)[
BBM

]
D = Tr(BMB)+Tr(BBM)− 2

3 Tr(BB)Tr(M)

= Tr(BMoctB)+Tr(BBMoct), (2.41)[
BBM

]
S = Tr(BB)Tr(M)

= Tr(BB)Tr(Msin) . (2.42)

Taking the combinations above, we can write the SU(3) invariant meson-baryon

interaction Lagrangian as

LI =−goct
√

2
{

α
[
BBM

]
F +(1−α)

[
BBM

]
D

}
− gsin

√
1
3

[
BBM

]
S , (2.43)

where goct and gsin denote the octet and the singlet couplings respectively, and α

is the F/(F +D) ratio.

The pseudovector coupled (derivative) pseudoscalar-meson interaction La-

grangian is of the form

Lpv = L sin
pv +L oct

pv , (2.44)

where the S-type coupling gives the singlet interaction Lagrangian 1

mπL sin
pv =− fNNη0(NN)η0− fΛΛη0(ΛΛ)η0− fΣΣη0(ΣΣΣ·ΣΣΣ)η0− fΞΞη0(ΞΞ)η0,

(2.45)

with the (derivative) pseudovector coupling constants

fNNη0 = fΛΛη0 = fΣΣη0 = fΞΞη0 = f sin
pv . (2.46)

The charged-pion mass is introduced as a scaling mass to make the pseudovector

1The Lorentz character of the interaction vertices, which is γ5γµ ∂ µ for pseudoscalar mesons,
is momentarily dropped here.
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coupling constants f dimensionless [69]. Performing the matrix multiplication

and taking the traces, the interaction Lagrangian for the meson octet is written as

mπL oct
pv = − fNNπ(NτττN)·πππ + i fΣΣπ(ΣΣΣ×ΣΣΣ)·πππ − fΛΣπ(ΛΣΣΣ+ΣΣΣΛ)·πππ

− fΞΞπ(ΞτττΞ)·πππ − fΛNK
[
(NK)Λ+Λ(KN)

]
− fΞΛK

[
(ΞKc)Λ+Λ(KcΞ)

]
− fΣNK

[
ΣΣΣ·(KτττN)+(NτττK)·ΣΣΣ

]
− fΞΣK

[
ΣΣΣ·(KcτττΞ)+(ΞτττKc)·ΣΣΣ

]
− fNNη8(NN)η8

− fΛΛη8(ΛΛ)η8− fΣΣη8(ΣΣΣ·ΣΣΣ)η8− fΞΞη8(ΞΞ)η8 , (2.47)

where Λ and η8 are isoscalars and N, Ξ, K and Kc are isospinors;

N =

(
p

n

)
, Ξ =

(
Ξ0

Ξ−

)
, K =

(
K+

K0

)
, Kc =

(
K0

−K−

)
. (2.48)

The phases of the isovector meson fields ΣΣΣ and πππ are chosen such that [14]

ΣΣΣ·πππ = Σ
+

π
−+Σ

0
π

0 +Σ
−

π
+. (2.49)

In the SU(3)-flavor symmetry, one can classify the meson-baryon coupling

constants in terms of two parameters, the NNπ coupling constant, gNNπ and the

F/(F +D) ratio of the meson octet [14]:

fNNπ = f , fNNη8 =
1√
3

f (4α −1) , fΛΛη8 =− 2√
3

f (1−α) ,

fΞΞη8 =− 1√
3

f (1+2α) , fΣΣη8 =
2√
3

f (1−α) ,

fΣΣπ = 2 f α , fΛΣπ =
2√
3

f (1−α) , fΛNK =− 1√
3

f (1+2α) ,

fΣNK = f (1−2α) , fΞΞπ = f (2α −1) . (2.50)

The physical I = 0 particles are mixtures of η8 and η1 states as

η
′ = cos θP η1 + sin θP η8 ,

η = −sin θP η1 + cos θP η8 , (2.51)
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where θP is the pseudoscalar mixing angle.

For scalar and vector mesons, one obtains similar relations. SU(3)-flavor

symmetry implies that one can characterize the meson-baryon couplings with

four parameters: the singlet and the octet coupling constants, the F/(F +D) ratio

and the mixing angle which relates the physical isoscalar states to the octet and

the singlet isoscalar members. This SU(3) symmetry is broken by the fact that

the strange quark is heavier than the up and down quarks. In phenomenological

OBE models [2, 4, 5, 15, 70], the breaking of the SU(3) symmetry is introduced

with the physical masses of the mesons and baryons, and the mixing between the

Λ and Σ0 states.




