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Pertinent Dirac structure for QCD sum rules of meson-baryon coupling constants
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Using general baryon interpolating fieldsJB for B5N,J,S, without derivative, we study QCD sum rules
for meson-baryon couplings and their dependence on Dirac structures for the two-point correlation function

with a mesoni *d4xeiqx^0uT@JB(x) J̄B(0)#uM(p)&. Three distinct Dirac structures are compared:ig5 , ig5p” ,
and g5smnqmpn structures. From the dependence of the OPE on general baryon interpolating fields, we
propose criteria for choosing an appropriate Dirac structure for the coupling sum rules. Theg5smnqmpn sum
rules satisfy the criteria while theig5 sum rules beyond the chiral limit do not. For theig5p” sum rules, the
large continuum contributions prohibit reliable prediction for the couplings. Thus, theg5smnqmpn structure
seems pertinent for realistic predictions. In the SU~3! limit, we identify the OPE terms responsible for theF/D
ratio. We then study the dependence of the ratio on the baryon interpolating fields. We decide on the ratio
F/D;0.6–0.8 for appropriate choice of the interpolating fields.

PACS number~s!: 13.75.Gx, 12.38.Lg, 11.55.Hx, 24.85.1p
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I. INTRODUCTION

In QCD sum rule approaches@1#, the two-point correla-
tion function with a pion

i E d4xeiq•x^0uT@JN~x!J̄N~0!#up~p!& ~1!

is often used to calculate thepNN coupling@2–8# by facili-
tating a general external field method developed in Ref.@9#.
This correlation function contains three distinct Dirac stru
tures~1! ig5 ~PS!, ~2! g5smnqmpn (T), and ~3! ig5p” ~PV!,
each of which can in principle be used to calculate the c
pling. Currently, there is an issue of the Dirac structure
pendence of the sum rule results@4,5#. In calculating the
coupling, one can construct either the PS sum rules bey
the chiral limit @6,7# or theT sum rules@4,8#. Both sum rules
yield thepNN coupling close to its empirical value. On th
other hand, theig5p” sum rules contain large contribution
from the continuum, which therefore do not provide reliab
results.

The PS andT sum rules have been extended to calcul
the meson-baryon couplingshNN, pJJ, hJJ, pSS, and
hSS @7,8# by considering the two-point correlation functio
with a meson,

i E d4xeiq•x^0uT@JB~x!J̄B~0!#uM~p!&. ~2!

Calculation of the couplings from this correlation function
somewhat limited due to the ignorance of meson wave fu
tions when heavier mesons are involved. In the SU~3! limit
however, this correlation function can be used to determ
the so-calledF/D ratio unambiguously because in this lim
the OPE can be exactly classified@7,8# according to SU~3!
relations for the couplings@10#. The F/D ratio is an impor-
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tant input in making realistic potential models for hypero
baryon interactions@11,12# as well as in analyzing the hy
peron semileptonic data.

At present, there is a clear Dirac structure dependenc
the calculation of theF/D ratio using Eq.~2!. In particular,
we have reported from the PS sum rulesF/D;0.2 @7# while
from T sum rulesF/D;0.78@8#. Thus, even though the two
sum rules with different Dirac structures were successfu
reproducing the empiricalpNN coupling, their prediction
for the F/D ratio is quite different.

To resolve this issue, additional criteria to choose a pro
Dirac structure are needed for reliable predictions on
F/D ratio as well as the meson-baryon couplings. For t
purpose, we first note that in Refs.@7,8# the Ioffe current or
its SU~3! rotated version has been used to construct s
rules Eq.~2!. The Ioffe current however is a specific choic
for the nucleon current among infinitely many possibilitie
The Ioffe current is often used for the nucleon because it g

large contributions from the chiral breaking parameter^q̄q&.
In addition, direct instantons are believed to play less role
this current.

Nevertheless, it may be useful to study the dependenc
the sum rule results on general baryon currents. Depen
on the currents, it is expected that the overlaplB between
the physical baryon state and the current may be altered
ideally the physical parameters such as meson-baryon
plings remain unchanged. Indeed, from the correlation fu
tion Eq. ~2!, what will actually be determined is the overla
strength multiplied by the coupling of concern. In the SU~3!
symmetric limit, all the strengths depend only on the c
rents. They are determined from the corresponding bar
mass sum rules and all the baryon masses are the same
SU~3! limit. Thus, in this limit, the dependence on the cu
rents should be driven by the common overlap streng
which in return provides the coupling independent of t
currents. This ideal aspect will be pursued in this work a
criterion for choosing a proper Dirac structure.

An alternative way is to calculate baryon axial charg
and convert them into meson-baryon couplings using
©2000 The American Physical Society02-1
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Goldberger-Treiman relation. Reference@13# considered the
nucleon correlation function in external axial vector field a
constructed a sum rule forgA21 using one specific Dirac
structure. Recently, a new approach was proposed in
@14# where the axial vector correlation function in a on
nucleon state is considered. Both obtained an excel
agreement forgA of the nucleon.

This paper is organized as follows. In Sec. II, we co
struct meson-baryon coupling sum rules using gen
baryon currents. A brief discussion on the OPE based
chirality is given in Sec. III. We then briefly check in Sec. I
whether the discussion on the continuum threshold@5,8# is
still valid when the general baryon currents are used in
sum rules. In Sec. V, the dependence of the OPE on
baryon currents is studied. We study in the SU~3! limit
whether or not the dependence on the currents are mo
contained in the overlaplB . This constraint gives us a new
criterion to choose an appropriate Dirac structure. In Sec.
we calculate the couplings in the SU~3! limit from the
g5smnqmpn structure. TheF/D ratio is identified in terms of
the OPE. Conclusions are given in Sec. VII.

II. CONSTRUCTION OF THE QCD SUM RULES

We use the two-point correlation function with a meso

i E d4xeiq•x^0uT@JB~x!J̄B~0!#uM~p!&, ~3!

whereJB is the baryon current of concern andp is the mo-
mentum of mesonM. Meson statesp and h, and baryon
currents for the proton,J and S will be considered in this
work.

The proton current is constructed from twou quarks and
one d quark by assuming that all three quarks are in
s-wave state. In the construction of the current, one up
one down quark are combined into an isoscalar diquark.
other up quark is attached to the diquark so that quan
numbers of the proton are carried by the attached up qu
In this method, there are two possible combinations for
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current. The general proton current is a linear combination
the two possibilities mediated by a real parametert,

Jp~x;t !52eabc$@ua
T~x!Cdb~x!#g5uc~x!

1t@ua
T~x!Cg5db~x!#uc~x!%. ~4!

Here,a,b,c are color indices,T denotes the transpose wit
respect to the Dirac indices, andC the charge conjugation
The choicet521 is called the Ioffe current@15#. The cur-
rents forJ andS are obtained from the proton current v
SU~3! rotations@16#

JJ~x;t !522eabc$@sa
T~x!Cub~x!#g5sc~x!

1t@sa
T~x!Cg5ub~x!#sc~x!%,

JS~x;t !52eabc$@ua
T~x!Csb~x!#g5uc~x!

1t@ua
T~x!Cg5sb~x!#uc~x!%. ~5!

When going beyond the soft-meson limit, one can co
sider three distinct Dirac structures in correlation function
constructing sum rules:ig5 ~PS!, g5smnqmpn (T), andig5p”
~PV!. For theig5 structure, the sum rules are constructed
the orderp25mp

2 @6#. At this order, the terms linear in quar
mass (mq) in the OPE should be included becausemq is the
same chiral order withmp

2 via the Gell-Mann–Oakes–
Renner relation

22mq^q̄q&5mp
2 f p

2 . ~6!

On the other hand, for theT and PV structures, we construc
the sum rules at the orderO(p). At this order, themq terms
should not be included in the OPE. Technical details on
OPE calculation can be found in Refs.@7,8#.

In constructing the phenomenological side, we first defi
lB(t), the coupling strength between the baryon curr
JB(x;t) and the physical baryon fieldcB(x). Using the pseu-
doscalar type interaction between the meson and bary
gMBc̄Big5cBM, we obtain the phenomenological side
the correlation function
e ground
e spectral
ide
ig5 structure at the orderO~p2!ig5p2
gMBlB

2~ t !

~q22mB
2 !2

1•••, ~7!

g5smnqmpn structure at the orderO~p!g5smnqmpn
gMBlB

2~ t !

~q22mB
2 !2

1•••, ~8!

ig5p” structure at the orderO~p!2 ig5p”
gMBlB

2~ t !mB

~q22mB
2 !2

1•••. ~9!

The ellipsis denotes contributions from higher resonances as well as a single pole associated with transitions from th
state to higher resonances. The continuum contributions come from transitions among higher resonances, whos
densities are modeled with a step function starting at the thresholdS0. Matching the OPE side with the phenomenological s
and taking Borel transformation,1 we get the sum rules of the form

1Note, we use a single dispersion relation as advocated in Refs.@17,18#.
2-2
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PERTINENT DIRAC STRUCTURE FOR QCD SUM RULES . . . PHYSICAL REVIEW C 62 055202
gMBlB
2~ t !@11AMB~ t !M2#5emB

2 /M2
FMB

OPE~M2;t !

[ f MB
OPE~M2;t !, ~10!

where the single pole term in the phenomenological side
been denoted byAMB . Expressions for the OPEFMB

OPE(M2;t)
are given in the Appendix.

III. CHIRALITY CONSIDERATION

The OPEs given in the Appendix have an interesting f
ture to discuss whent51. Specifically, in theig5 and
g5smnqmpm sum rules, Wilson coefficients of chiral-odd op
erators ^q̄q&, f 3p , ^q̄q&^(as /p)G 2&, and m0

2^q̄q& are all
zero whent51. Also in the ig5p” sum rules, contributions
from the chiral-even operators^q̄q&2 andm0

2^q̄q&2 are zero.
To understand this feature, it is useful to decompose
correlator according to chirality of the current

JBJ̄B5JB
RJ̄B

R1JB
RJ̄B

L1JB
LJ̄B

R1JB
LJ̄B

L . ~11!

JB
L(JB

R) denotes the left-handed~right-handed! component of
the currentJB . On the other hand, Eq.~3! can be written

i E d4xeiq•x^0uT@JB~x!J̄B~0!#uM~p!&

5 ig5Pps1 ig5p”Ppv1g5smnqmpnPT . ~12!

Thus, it is easy to see that theig5 andg5smn structures have
nonzero contributions only from the chiral mixing ter
JRJ̄L1JLJ̄R, while the chirality conserving termJRJ̄R

1JLJ̄L contributes only to theig5p” structure.
Now let us classify QCD operators contributing to ea

Dirac structure. To do that, we suppress for simplicity t
color indices and write baryon current as

J;~qTCq!g5q1t~qTCg5q!q. ~13!

Hereq5u,d,s. Whent51, it is straightforward to show tha

JR;2~qR
TCqR!qR , ~14!

JL;22~qL
TCqL!qL . ~15!

Thus, at this specifict, chirality of all quarks are the same a
that of the baryon.

In the ig5 or g5smn sum rules, we need to consider th
productsJRJ̄L andJLJ̄R. In making such products using Eq
~14!,~15!, all three quark propagators should break the chi
ity when they move from the coordinate 0 tox. Hence, it is
easy to see that, among chiral-odd operators, terms suc

mq^q̄q&2,^q̄q&3,mq
2^q̄q&,••• ~16!

can contribute to theig5 or g5smn correlator, while other
chiral-odd operators such as^q̄q&, f 3p , ^q̄q&^(as /p)G 2&,
m0

2^q̄q& cannot.
05520
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On the other hand, in theig5p” structure, the productJLJ̄L

or JRJ̄R contributes to the sum rule. Among chiral-even o
erators, an operator such as^q̄q&2 cannot be formed in the
productJLJ̄L or JRJ̄R simply because two quarks with th
same chirality cannot be combined into the quark-antiqu
pair. Similarly,m0

2^q̄q&2 cannot be formed. This explains th
disappearance of such terms in the OPE whent51.

IV. CRITERION I: SENSITIVITY TO THE CONTINUUM
THRESHOLD

We now analyze sum rules of the three different Dir
structures with the general baryon currents, Eqs.~4! and~5!.
As pointed out in Refs.@5,8#, sum rule results from theig5p”
structure are sensitive to the continuum thresholdS0 and
therefore this structure is not reliable. On the other hand,ig5
andg5smnqmpn structures are insensitive toS0. The chirality
consideration suggested in Ref.@5# implies that in theig5p”
sum rules the large slope and the strong sensitivity toS0 of
the Borel curves can be explained if higher resonances w
different parities add up. With this scenario, the higher re
nances contributions cancel each other in theig5 and
g5smnqmpn sum rules therefore explaining the weak sen
tivity to S0 and the small slope of the Borel curves.

Since only the Ioffe current is used in the analysis of Re
@5,8#, let us briefly check if this scenario still works when th
general baryon currents are used. As the scenario does
rely on the specific form for the current, what has be
claimed in Refs.@5,8# must be valid even with the genera
baryon currents. To see this, we plot the right-hand s
~RHS! of Eq. ~10! for the pNN coupling from ig5 ,

FIG. 1. The Borel curve for thepNN coupling from theig5

structure.gpNlN
2 (t) is determined by taking the intersection of th

vertical axis (M250) with the best-fitting linear curve~see also
Sec. V!. The thick lines are forS052.07 GeV2 while the thin lines
are for S052.57 GeV2. The three different sets of curves corr
spond to three different values oft. The long-dashed lines are fo
t51.5, the solid lines fort521.5 and the dot-dashed lines fort
521.0. The difference by changing the continuum threshold
only 2–3 % atM251 GeV2 for eacht.
2-3
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g5smnqmpn, and ig5p” structures in Figs. 1, 2, 3, respe
tively. To show the dependence ont, we plot the curves for
t521.5,1.5 as well ast521.0 ~the Ioffe current!. In these
plots, we use the standard QCD parameters

^q̄q&52~0.23 GeV!3, K as

p
G 2L 5~0.33 GeV!4,

d250.2 GeV2, m0
250.8 GeV2. ~17!

For eacht, the thick lines are for the continuum thresho
S052.07 GeV2 corresponding to the Roper resonance, wh

FIG. 2. The Borel curve for thepNN coupling from the
g5smnqmpn structure. The thick lines are for theS052.07 GeV2

case, while thin lines are for theS052.57 GeV2 case. The long-
dashed, solid, or dot-dashed lines correspond tot51.5,21.5,21.0,
respectively. The difference by changing the continuum thresho
only 2–3 % level atM251 GeV2 for eacht.

FIG. 3. The Borel curve for thepNN coupling from theig5p”
structure. Each curve is obtained similarly as theig5 and
g5smnqmpn cases. The difference by changing the continu
threshold is large, almost 15% level atM251 GeV2.
05520
e

the thin lines forS052.57 GeV2. The trend observed here i
the same for the other couplings.

In Fig. 3, we observe that theig5p” structure is sensitive to
the continuum threshold even when the general curren
used. The difference by changing the continuum threshol
;15% atM251 GeV2. Note also that the slope is relativel
large in this case. Since the coupling is determined from
intersection of the best fitting curve with the vertical line
M250 @see Eq.~10!#, the 15% change atM251 GeV2,
when it combined with the large slope, produces hu
change in the extracted coupling. In contrast, from Figs
and 2, theig5 and g5smnqmpn structures are insensitive t
S0. Also the slopes of the curves are small. This observa
is practically independent of the parametert. At M251
GeV2, the difference is only 2–3 % level. Thus, the analy
in Refs.@5,8# is still valid and the sum rule results fromig5p”
structure should be discarded under this consideration.

V. CRITERION II : THE DEPENDENCE OF THE OPE
ON BARYON CURRENTS

Using the sum rules derived in Sec. II, we discuss
dependence of the OPE on the baryon current~i.e., the de-
pendence ont). For a givent, we linearly fit the RHS of
Eq. ~10!

gMBlB
2~ t !@11AMB~ t !M2#5 f MB

OPE~M2;t !,

and determine@gMBlB
2(t)#fitted. Becausef MB

OPE is quadratic in
t, @gMBlB

2(t)#fitted is also quadratic. Ideally, the physical p
rametergMB should be independent oft if the sum rules are
reliable. In other words,t is just a parameter for the curren
By changingt, only the coupling strengthlB

2(t) is expected
to be affected, but not the physical parameter. This is a c
straint to be satisfied when the sum rules are ‘‘good.’’

To proceed, we take the SU~3! symmetric limit. Then, the
strengthlB(t) should be independent of the baryons

lN~ t !5lJ~ t !5lS~ t !, ~18!

as the baryon mass sum rules are the same in the limit.
thermore, we have

^s̄s&5^q̄q&, mh5mp ,

f h5 f p , f 3h5 f 3p ,

mN5mJ5mS , ms5mq . ~19!

This SU~3! limit is particularly interesting when we select
suitable Dirac structure. Suppose we plot@gMBlB

2(t)#fitted in
terms oft. If the sum rules are ‘‘good,’’ allgMB should be
just constants, independent oft. The functional behavior is
driven only by the strengthlB

2(t). The baryon mass sum
rules in the SU~3! limit constrain that alllB

2(t) arethe same
irrespective of the baryons. Therefore, ‘‘good’’ sum rul
must give @gMBlB

2(t)#fitted which are proportional to each
other.

is
2-4
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Our constraint should be satisfied when the OPE are
act. But in practice, the full OPE termsf full

OPE are separated
into two groups

f full
OPE5 f calc

OPE1 f rest
OPE, ~20!

wheref calc
OPEdenotes the calculable OPE, andf rest

OPEdenotes the
rest of the full OPE. In this notation, the reliability of su
rule simply means

f calc
OPE@ f rest

OPE. ~21!

The sum rules are ‘‘unreliable’’ if

f calc
OPE; f rest

OPE. ~22!

In the former case, we expect that@gMBlB
2(t)#fitted derived

from f MB;calc
OPE is almost the same as those fromf MB;full

OPE in

FIG. 4. @gMBlB
2(t)#fitted from the ig5 structure is plotted as a

function of t, for pNN, hNN, pJJ, hJJ, pSS, andhSS. We
choose the Borel window as 0.65<M2<1.24 GeV2, and the con-
tinuum threshold asS052.07 GeV2.

FIG. 5. @gMBlB
2(t)#fitted from theg5smnqmpn structure is plot-

ted as a function oft.
05520
x-
most region of t. On the other hand, in the latter cas
@gMBlB

2(t)#fitted derived fromf MB;calc
OPE may be quite different

from those obtained fromf MB;full
OPE , and our ideal constrain

may not be satisfied in mostt.
Therefore, the ideal constraint can be used as a new

terion for choosing reliable sum rules. In order to apply th
constraint to our sum rules, we again use the standard Q
parameters~17! and linearly fit@gMBlB

2(t)#fitted at eacht. In
the fitting, the continuum threshold is set toS052.07 GeV2,
corresponding to the Roper resonance, and the Borel win
is taken 0.65<M2<1.24 GeV2 as in Refs.@6–8#. In this
Borel window, ~1! the Borel curve for each coupling is a
most linear ~see Figs. 1,2!, ~2! the contribution from the
highest dimensional OPE term is typically 5–15 % in t
g5smnqmpn sum rules and 20% level in theig5 sum rules,
and ~3! the continuum contribution is less than 20% in bo
structures. It should be noted that because all the coupl
are related under SU~3! rotations, we need to take a commo
Borel window @7,8#.

Figure 4 shows@gMBlB
2(t)#fitted as a function oft for the

ig5 sum rules. Theg5smnqmpn cases are shown in Fig. 5
Interesting features in theg5smnqmpn cases are that~1! all
the curves are zero whent51 and almost zero att;20.5,
~2! each extremum of the curves coincides aroundt;0.3.
Under the chirality consideration given in Sec. III, we c
easily understand why@gMBlB

2(t)#fitted is zero whent51.
From the figure, though not exact, one observes that
curves can be almost overlapped when multiplied by app
priate constants. For example, let us compare thepNN and
hNN curves. When they are positive, thepNN curve lies
above thehNN curve. When they are negative, the situati
is reversed. This behavior of thehNN curve can be repro-
duced by multiplying an appropriate constant to thepNN
curve. Of course, this claim can not be made whent;
20.5 because one curve becomes zero while the other
not. Therefore, except aroundt;20.5, the Borel curves sat

FIG. 6. lB
2(t) is plotted with the thick solid line as a function o

t using chiral-odd nucleon mass sum rule~23! at M251 GeV2 and
the continuum thresholdS052.07 GeV2. Also shown with the thin
long-dashed line~the thin dot-dashed line! is for M251.2 GeV2,
S052.07 GeV2 (M251 GeV2, S052.57 GeV2).
2-5
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isfy the ideal constraint in most region oft. Such a trend can
not be observed from theig5 sum rules~see Fig. 4!. There-
fore, we claim that theg5smnqmpn sum rules are more ap
propriate.

To support our claim that theg5smnqmpn sum rules are
more suitable than those from theig5 structure, one more
check to do is to see thet-dependence oflB

2(t) from baryon
mass sum rules. In Fig. 6,lB

2(t) in the SU~3! limit is plotted
using chiral-odd nucleon mass sum rule2

mBlB
2~ t !e2mB

2 /M2
5

24

~2p!4 Fp2

4
~2522t17t2!^q̄q&M4E1~x!

1
3

4
p2~12t2!m0

2^q̄q&M2E0~x!

1
p4

24
~2712t15t2!^q̄q&K as

p
G 2L G ,

~23!

wheremq order terms are neglected and the SU~3! relations
are used:mN5mJ5mS[mB ; lN5lJ5lS[lB ; ^ūu&
5^d̄d&5^s̄s&[^q̄q&. Comparing with Fig. 5, we confirm
that the t dependence of @gMBlB

2(t)#fitted from the
g5smnqmpn sum rules can be reproduced from thet depen-
dence oflB

2(t).
In the region20.5&t&1 in Fig. 6, lB

2(t) is negative,
thus not physical. In this region, the sum rules should d
nitely fail and a reliable prediction for a physical parame
may not be possible. Att;20.5 ort;1, of course, the OPE
is almost zero suggesting that there are cancellations am
OPE terms, i.e., the correlation function can not be well sa
rated by the calculated OPE. Therefore, the optimal cur
should be chosen away from these points.

VI. THE F ÕD RATIO FROM THE PSEUDOTENSOR SUM
RULES

In this section, we analyze theg5smnqmpn sum rules to
determine theF/D ratio. In particular, we investigate thet
dependence of the ratio using the general interpolating fi
for the baryons. As already mentioned, mesons and bary
are classified according to SU~3! symmetry, which provides
simple relations for the meson-baryon couplings in terms
the two parameters@10#

gpN and a5
F

F1D
. ~24!

That is,

2Definition of the functionEn(x[S0 /M2) is given in the Appen-
dix. The Wilson coefficient of the dimension 7 OPE is differe
from Ref.@19#. Whent521 ~the Ioffe current!, however, our Wil-
son coefficient reduces to that of Ref.@9#. Nevertheless, the dimen
sion 7 condensate contributes to the sum rule only slightly. Th
this discrepancy is marginal.
05520
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ghN5
1

A3
~4a21!gpN , gpJ5~2a21!gpN , ~25!

ghJ52
1

A3
~112a!gpN , gpS52agpN ,

ghS5
2

A3
~12a!gpN .

To see how these relations are reflected in the OPE of
g5smnqmpn sum rules~see the Appendix for the OPE!, we
take the SU~3! symmetric limit to organize them in terms o
two termsO1 andO2 defined as

O 1e2mB
2 /M2

[
1

96p2f p

~2214t22t2!^q̄q&M4E0~x!

2
f p

3
~211t2!^q̄q&M22

1

54
f pd27~211t2!

3^q̄q&1
1

72•12f p
~2112t2t2!^q̄q&K as

p
G 2L

1
f p

72
7~211t2!m0

2^q̄q&, ~26!

O 2e2mB
2 /M2

[
1

96p2f p

12~12t2!^q̄q&M4E0~x!1
2 f p

3
~ t2t2!

3^q̄q&M22
1

27
f pd2~3213t110t2!^q̄q&

1
1

48f p
~12t2!^q̄q&K as

p
G 2L

1
f p

36
~123t12t2!m0

2^q̄q&. ~27!

Specifically, we have

gpNlN
2 ~11ApNM2!5O11O2 ,

A3ghNlN
2 ~11AhNM2!52O11O2 ,

gpJlN
2 ~11ApJM2!52O1 ,

A3ghJlN
2 ~11AhJM2!52O122O2 ,

gpSlN
2 ~11ApSM2!5O2 ,

A3ghSlN
2 ~11AhSM2!52O11O2 . ~28!

Note that another SU~3! relationlN5lJ5lS has been used
in writing these equations. Neglecting the unknown sin
pole termAMB , we identify theF/D ratio in terms of the
OPE

s,
2-6
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2a;
O2

O11O2
→F/D;

O2

2O11O2
. ~29!

This is an obvious consequence of using the baryon curr
constructed according to the SU~3! symmetry. Hence, it pro-
vides the consistency of our sum rules with the SU~3! rela-
tions for the couplings.

To determine theF/D ratio, however, the unknown singl
pole termAMB should be taken into account. For that pu
pose, we linearly fit the RHS of Eq.~28! and determine
@gMBlB

2(t)#fitted for a givent. Once two of@gMBlB
2(t)#fitted

are determined, their ratio can be converted to yield theF/D
ratio according to Eq.~25!.

In Fig. 7, theF/D ratio is plotted as a function of cosu.
Here, to investigate the whole range of2`<t<1`, we
introduce a new parameteru defined as

tanu5t. ~30!

Thus, the range 0<t<1` corresponds to 0<u<p/2 while
the range2`<t<0 spansp/2<u<p. In Fig. 7, circles are
obtained from the Borel window 0.65<M2<1.24 GeV2 with
the continuum thresholdS052.07 GeV2. To see the sensitiv
ity to this choice, we also calculate the ratio using~1! 0.65
<M2<1.24 GeV2, S052.57 GeV2 ~triangles!, ~2! 0.90
<M2<1.50 GeV2, S052.07 GeV2 ~squares!. We see that
the F/D ratio is insensitive to the continuum threshol
agreeing with the discussion in Sec. IV. Also, the calcula
F/D ratio is relatively insensitive to the choice of the Bor
window. The peak aroundt;20.5 ~cosu;20.9! can be un-
derstood from Fig. 5. Most curves are zero around thist but

FIG. 7. TheF/D ratio from theg5smnqmpn structure is plotted
as a function of cosu, whereu is defined as tanu5t ~see the text!.
Correspondingt is also shown at the top of the figure. Circles a
obtained with 0.65<M2<1.24 GeV2 and the continuum threshol
S052.07 GeV2; triangles: 0.65<M2<1.24 GeV2, S052.57 GeV2;
squares: 0.90<M2<1.50 GeV2, S052.07 GeV2. In the realistic
region20.78&cosu&0.61, theF/D ratio is insensitive tot.
05520
ts

d

not simultaneously. TheF/D ratio is basically obtained by
taking a ratio of any two curves but the ratio of the tw
curves aroundt;20.5 ~cosu;20.9! is not well behaved.
On the other hand, att51 (cosu51/A2), theF/D ratio does
not diverge because all curves for the couplings in Fig. 5
to zero linearly in (t21).

The strong sensitivity of theF/D ratio to t within the
region20.5&t&1 ~cosu&20.9, or 0.7&cosu! is unrealistic
because first of all, absolute total value of the OPE in e
coupling is very small in this region. The convergence of t
OPE may not be sufficient enough. Secondly, the strengthlN

2

as can be seen from Fig. 6 is negative, thus not physi
Therefore, a reasonable value for theF/D ratio should be
obtained away from this region. We moderately take the
alistic region as~1! t&20.8 ~20.78&cosu! and ~2! 1.3&t
~cosu&0.61!. The former constraint gives us the maximu
value of F/D;0.84, and the latter constraint gives us t
minimum value of F/D;0.63. Therefore, we conclud
F/D;0.6–0.8. This range includes the value from the SU~6!
quark model (F/D52/3), and is slightly higher than tha
extracted from semileptonic decay rates of hyperons (F/D
;0.57) @20#. It is often argued that the choice oft521 ~the
Ioffe current! is optimal because the instanton effect@21# and
the continuum contribution@19# is small, and the chiral
breaking effects are maximized. If we chooset;21, our
estimate becomesF/D;0.76–0.81, that is somewhat large
than the SU~6! value.

As a comparison, let us briefly consider theig5 structure
case. In this case too, we can classify the OPE of the App
dix according to Eq.~25! and identify the terms responsibl
for theF/D ratio. By taking similar steps as T sum rules, w
determine theF/D ratio. Figure 8 shows theF/D ratio as a
function of cosu. Compared with Fig. 7, theF/D ratio is
very sensitive tot. As discussed in Sec. V,f rest

OPE may cause
this huge t dependence. Another possibility is due to t

FIG. 8. TheF/D ratio from the ig5 structure is plotted as a
function of cosu. See the caption of Fig. 7 for the explanation
each symbol. TheF/D ratio is sensitive tot and we cannot predic
reliable value.
2-7
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large contribution from direct instanton in the pseudosca
channel. The direct instanton effect is believed to cause la
OZI breaking inh andh8. To confirm it, it will be necessary
to include the direct instanton effect in this pseudosca
channel. Nevertheless, the correlation function~3! is often
used in literature to calculate various couplings and our st
suggests that one has to be careful in choosing a Dirac s
ture in that correlation function.

VII. CONCLUSIONS

In this work, we calculated the correlation function~3! for
the vertices,pNN, hNN, pJJ, hJJ, pSS, andhSS,
using QCD sum rules. In the construction of sum rules,
used general baryon currents with no derivative instead
the Ioffe current, which enables us to discuss the depend
of sum rule results on currents. We proposed a new crite
to choose a pertinent Dirac structure by studying the dep
dence of the correlation function on the baryon curren
Specifically, it is imposed that a physical parameter is idea
independent of a chosen current. In checking this constra
the SU~3! symmetric limit is quite useful as it provide
simple relations among the couplings. It is found that
g5smnqmpn structure satisfies the ideal constraint relative
well, which moderately restricts theF/D ratio within the
range,F/D;0.6–0.8. However, theig5 sum rules beyond
the chiral limit do not satisfy the constraint, which provides
large window for the value of theF/D ratio depending on
currents.

In the present study, we considered only the SU~3! limit
of the meson-baryon couplings. In fact, the OPE for
g5smnqmpn structure given in the Appendix contain effec
of SU~3! breaking partially asmNÞmJÞmS , lNÞlJ

ÞlS , ^q̄q&Þ^s̄s&, and f pÞ f h . If we include these differ-
ences, obtained coupling constants break the SU~3! symme-
try accordingly. We, however, do not quantify this becau
other sources of SU~3! breaking are expected. Especially, t
05520
r
ge

r

y
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e
of
ce
n
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y
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e

e

e

large strange quark mass (ms) may cause non-negligible
SU~3! breaking effects. So far, the OPE for theg5smnqmpn

structure is truncated toO(p) so that it is consistent with the
chiral expansion, while effects ofms can only be included a
O(p2). In order to quantify SU~3! breaking effects on the
meson-baryon couplings, it will be necessary to inclu
O(p2) contribution. The present formulation may give
solid starting point for such analyses in future.
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APPENDIX: COUPLING SUM RULES FROM THE PS, T,
PV STRUCTURE

Coupling sum rules forpNN, hNN, pJJ, hJJ,
pSS, and hSS are presented here. For theh couplings,
h2h8 mixing is not introduced because our analysis in t
paper is within SU~3!. In the OPE side, the quark-gluo
mixed condensate is parametrized aŝqīgssGqi&
[m0

2^qīqi& where qi5u,d,s quark. Also, we take the

isospin symmetric limit,^ūu&5^d̄d&[^q̄q& and mu5md
[mq . The continuum contribution is denoted by the fact
En(x[S0 /M2)512(11x1•••1xn/n!)e2x where S0 is
the continuum threshold.

1. Coupling sum rules from the i g5 structure

Here we present theig5 sum rules up to dimension 8
constructed at the orderp25mp

2 . AMB
PS denotes the unknown

single-pole term coming from transitions between the grou
state baryon and higher resonance states:
gpNmp
2 lN

2 ~11ApN
PS M2!e2mN

2 /M2
52

mp
2

48p2f p

~2522t17t2!^q̄q&M4E0~x!1
3 f 3pmp

2

16A2p2
~2112t2t2!M4E0~x!

2
1

2 f p
~2522t2t2!mq^q̄q&2M22

mp
2

288f p
~2712t15t2!^q̄q&K as

p
G 2L

2
1

12f p
~2726t27t2!mqm0

2^q̄q&2, ~A1!

A3ghNmh
2lN

2 ~11AhN
PSM2!e2mN

2 /M2
52

mh
2

48p2f h

~2712t15t2!^q̄q&M4E0~x!1
3 f 3hmh

2

16A2p2
~122t1t2!M4E0~x!

2
1

2 f h
~27214t23t2!mq^q̄q&2M22

mh
2

288f h
~2522t17t2!^q̄q&K as

p
G 2L

2
1

12f h
~2522t25t2!mqm0

2^q̄q&2,
2-8
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gpJmp
2 lJ

2 ~11ApJ
PSM2!e2mJ

2 /M2
52

mp
2

48p2f p

~2112t2t2!^q̄q&M4E0~x!1
3 f 3pmp

2

16A2p2
~122t1t2!M4E0~x!

2
1

2 f p
~2126t2t2!ms^q̄q&^s̄s&M22

mp
2

288f p
~122t1t2!^q̄q&K as

p
G 2L

2
1

12f p
~112t1t2!msm0

2^q̄q&^s̄s&,

A3ghJmh
2lJ

2 ~11AhJ
PS M2!e2mJ

2 /M2
52

mh
2

48p2f h

@~2112t2t2!^q̄q&112~12t2!^s̄s&#M4E0~x!1
3 f 3hmh

2

16A2p2
~122t1t2!

3M4E0~x!2
1

2 f h
@2~116t1t2!ms^q̄q&12~314t1t2!~mq^q̄q&1ms^s̄s&!#^s̄s&M2

2
mh

2

288f h
@~122t1t2!^q̄q&112~12t2!^s̄s&#K as

p
G 2L

2
1

12f h
@~112t1t2!ms^q̄q&12~312t13t2!~mq^ s̄s&1ms^q̄q&!#m0

2^s̄s&,

gpSmp
2 lS

2 ~11ApS
PS M2!e2mS

2 /M2
52

mp
2

48p2f p

~2616t2!^q̄q&M4E0~x!2
1

2 f p
~2324t2t2!~mq^q̄q&1ms^s̄s&!^q̄q&M2

2
mp

2

288f p
~2616t2!^q̄q&K as

p
G 2L 2

1

12f p
~2322t23t2!~mq^ s̄s&1ms^q̄q&!m0

2^q̄q&,

A3ghSmh
2lS

2 ~11AhS
PSM2!e2mS

2 /M2
52

mh
2

48p2f h

@26~12t2!^q̄q&12~122t1t2!^s̄s&#M4E0~x!1
3 f 3hmh

2

16A2p2
~2214t22t2!

3M4E0~x!2
1

2 f h
@2~116t1t2!mq^s̄s&2~314t1t2!~mq^q̄q&1ms^s̄s&!#^q̄q&M2

2
mh

2

288f h
@26~12t2!^q̄q&12~2112t2t2!^ s̄s&#K as

p
G 2L

2
1

12f h
@22~112t1t2!mq^ s̄s&2~312t13t2!~mq^s̄s&1ms^q̄q&!#m0

2^q̄q&.

2. Coupling sum rules from the g5sµnqµpn structure

The g5smnqmpn sum rules up to dimension 7 are the following. Again,AMB
T denotes the unknown single-pole ter

contribution:

gpNlN
2 ~11ApN

T M2!e2mN
2 /M2

5
1

96p2f p

~1014t214t2!^q̄q&M4E0~x!2
f p

3
~2122t13t2!^q̄q&M2

2
1

54
f pd2~21226t127t2!^q̄q&1

1

72•12f p
~1712t219t2!^q̄q&K as

p
G 2L

1
f p

72
~2526t111t2!m0

2^q̄q&, ~A2!
055202-9
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A3ghNlN
2 ~11AhN

T M2!e2mN
2 /M2

5
1

96p2f h

~1424t210t2!^q̄q&M4E0~x!2
f h

3
~122t1t2!^q̄q&M22

1

54
f hd2~13226t113t2!

3^q̄q&1
1

72•12f h
~1922t217t2!^q̄q&K as

p
G 2L 1

f h

72
~926t23t2!m0

2^q̄q&,

gpJlJ
2 ~11ApJ

T M2!e2mJ
2 /M2

5
1

96p2f p

~224t12t2!^q̄q&M4E0~x!2
f p

3
~12t2!^ s̄s&M22

1

54
f pd2~727t2!^ s̄s&

1
1

72•12f p
~122t1t2!^q̄q&K as

p
G 2L 1

f p

72
~727t2!m0

2^ s̄s&,

A3ghJlJ
2 ~11AhJ

T M2!e2mJ
2 /M2

5
1

96p2f h

@~224t12t2!^q̄q&124~211t2!^ s̄s&#M4E0~x!2
f h

3
@~2214t22t2!^q̄q&

13~12t2!^s̄s&#M22
1

54
f hd2@26~2112t2t2!^q̄q&121~12t2!^ s̄s&#

1
1

72•12f h
@~122t1t2!^q̄q&136~211t2!^s̄s&#K as

p
G 2L

1
f h

72
@6~2112t2t2!^q̄q&19~12t2!^s̄s&#m0

2 ,

gpSlS
2 ~11ApS

T M2!e2mS
2 /M2

5
1

96p2f p

12~12t2!^q̄q&M4E0~x!2
f p

3
@~211t2!^q̄q&1~122t1t2!^s̄s&#M2

2
1

54
f pd2@7~211t2!^q̄q&113~122t1t2!^ s̄s&#1

1

72•12f p
18~12t2!^q̄q&K as

p
G 2L

1
f p

72
@~211t2!^q̄q&13~122t1t2!^ s̄s&#m0

2 ,

A3ghSlS
2 ~11AhS

T M2!e2mS
2 /M2

5
1

96p2f h

@12~12t2!^q̄q&14~2112t2t2!^s̄s&#M4E0~x!2
f h

3
@3~211t2!^q̄q&

1~122t1t2!^s̄s&#M22
1

54
f hd2@21~211t2!^q̄q&113~122t1t2!^s̄s&#

1
1

72•12f h
@18~12t2!^q̄q&12~2112t2t2!^ s̄s&#K as

p
G 2L

1
f h

72
@15~211t2!^q̄q&13~122t1t2!^s̄s&#m0

2 .

3. Coupling sum rules from the i g5p” structure

The ig5p” sum rules up to dimension 7 are presented here:

gpNmNlN
2 ~11ApN

PV M2!e2mN
2 /M2

5
f p

24p2
~1018t110t2!M6E1~x!2

f pd2

48p2
~220216t220t2!M4E0~x!

1
f p

72K as

p
G 2L ~514t15t2!M21

1

18f p
^q̄q&2~2122t13t2!M2

1
f pd2

36318K as

p
G 2L ~2422t24t2!1

1

432f p
m0

2^q̄q&2~2526t111t2!, ~A3!
055202-10
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A3ghNmNlN
2 ~11AhN

PVM2!e2mN
2 /M2

5
f h

24p2
~818t18t2!M6E1~x!2

f hd2

48p2
~22224t222t2!M4E0~x!

1
f h

72K as

p
G 2L ~512t15t2!M21

1

18f h
^q̄q&2~122t1t2!M2

1
f hd2

36318K as

p
G 2L ~21024t210t2!1

1

432f h
m0

2^q̄q&2~926t23t2!,

gpJmJlJ
2 ~11ApJ

PV M2!e2mJ
2 /M2

5
f p

24p2
~212t2!M6E1~x!2

f pd2

48p2
~2116t2t2!M4E0~x!

1
f p

72K as

p
G 2L ~2t !M21

1

18f p
^q̄q&^s̄s&~12t2!M21

f pd2

36318K as

p
G 2L ~232t23t2!

1
1

432f p
m0

2^q̄q&^s̄s&~727t2!,

A3ghJmJlJ
2 ~11AhJ

PV M2!e2mJ
2 /M2

5
f h

24p2
~219216t219t2!M6E1~x!2

f hd2

48p2
~41126t141t2!M4E0~x!

1
f h

72K as

p
G 2L ~21027t210t2!M21

1

18f h
@~323t2!^q̄q&1~2214t22t2!^s̄s&#

3^ s̄s&M21
f hd2

36318K as

p
G 2L ~1115t111t2!

1
1

432f h
@9~12t2!^q̄q&16~2112t2t2!^ s̄s&#m0

2^s̄s&,

gpSmSlS
2 ~11ApS

PV M2!e2mS
2 /M2

5
f p

24p2
~918t19t2!M6E1~x!2

f pd2

48p2
~221210t221t2!M4E0~x!

1
f p

72K as

p
G 2L ~513t15t2!M21

1

18f p
@~122t1t2!^q̄q&1~211t2!^s̄s&#^q̄q&M2

1
f pd2

36318K as

p
G 2L ~2723t27t2!1

1

432f p
@23~2112t2t2!^q̄q&2~12t2!

3^s̄s&#m0
2^q̄q&,

A3ghSmSlS
2 ~11AhS

PVM2!e2mS
2 /M2

5
f h

24p2
~1118t111t2!M6E1~x!2

f hd2

48p2
~219222t219t2!M4E0~x!

1
f h

72K as

p
G 2L ~515t15t2!M21

1

18f h
@~122t1t2!^q̄q&23~12t2!^s̄s&#^q̄q&M2

1
f hd2

36318K as

p
G 2L ~212t2t2!1

1

432f h
@23~2112t2t2!^q̄q&

215~12t2!^s̄s&#m0
2^q̄q&.
055202-11
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