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Kaon-baryon coupling constants in the QCD sum rule approach

Seungho Choe*
Department of Physics, Hiroshima University, Higashi-Hiroshima 739-8526, Japan

~Received 14 March 2000; published 20 July 2000!

We improve our previous QCD sum rule calculation ongKNL andgKNS coupling constants by including the

contributions from higher dimensional condensates,^q̄gss•Gq& and^q̄q&^(as /p)G2&, in the OPE. It is found
that the contribution of these condensates is non-negligible compared to that of the quark condensates. Using
a best-fit analysis we findugKNLu52.4961.25 andugKNSu50.39560.377.

PACS number~s!: 13.75.Jz, 11.55.Hx
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I. INTRODUCTION

To understand kaon-nuclear physics, it is important
know the hadronic coupling strengths involving the kao
Among them,gKNL andgKNS are the most relevant couplin
constants. In contrast togpNN , however, the determinatio
of these kaon couplings has some difficulties both in
experimental side and in the theoretical side, see, e.g.,@1#.

Among other theoretical approaches, QCD sum r
method@2–4# has been used to extract these kaon couplin
However, compared to the large number of works devote
gpNN , there have been only few QCD sum rule estimates
gKNL andgKNS @5–9#, for which there are still ambiguities in
among the calculations. Thus the results are quite diffe
from each other. More detailed analyses are needed
experimentally and theoretically to understand this discr
ancy, and to understand kaon-nuclear physics.

In Refs. @5,7#, the OPE was calculated only up to th
leading term coming from the quark condensate and to le
ing order in ms in the sum rule structure proportional t
q” ig5. However, the next leading term, dimension 5^q̄gss
•Gq& may contribute to the OPE side with considerab
amount as in nucleon mass sum rule@10#. In addition, opera-
tors of dimension 7 may also be important in the OPE side
a further power correction. Thus, in this paper we reanal
our QCD sum rule calculation including higher dimension
condensates, such as^q̄gss•Gq& and^q̄q&^(as /p)G2&, and
study the contribution of these condensates on the prev
results.

In Sec. II we present our sum rules forgKNL andgKNS ,
and Sec. III we discuss some uncertainties in our sum r
and summarize our results.

II. QCD SUM RULES FOR gKNL AND gKNS

We will closely follow the procedures given in Ref
@11,3,5,7#. Consider the three point function constructed
the two baryon currentshB , hB8 and the pseudoscalar meso
current j 5:

A~p,p8,q!5E dxdŷ 0uT„hB8~x! j 5~y!h̄B~0!…u0&

3ei (p8•x2q•y). ~1!
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In order to obtaingKNL , we will use the following currents
for the nucleon and theL @12,3#:

hN5eabc~ua
TCgmub!g5gmdc , ~2!

hL5A2

3
eabc@~ua

TCgmsb!g5gmdc2~da
TCgmsb!g5gmuc#,

~3!

whereu andd are the up and down quark fields (a,b, andc
are color indices!, T denotes the transpose in Dirac spac
and C is the charge conjugation matrix. For theK2 we
choose the current

j K25 s̄ig5u. ~4!

The general expression forA(p,p8,q) has the following
form:

A~p,p8,q!5F1~p2,p82,q2!ig51F2~p2,p82,q2!q” ig5

1F3~p2,p82,q2!P” ig5

1F4~p2,p82,q2!smng5qmpn8 , ~5!

whereq5p82p andP5(p1p8)/2. Recently, in Ref.@13# it
was reported that in the case ofgpNN the smng5 structure is
independent of the effective models employed in the p
nomenological side and further provides thepNN coupling
with less uncertainties from QCD parameters. Motivated
this resultgKNL andgKNS were calculated from this structur
in Refs.@8,9#. In this paper, however, we construct the su
rule for only theq” ig5 structure as before, and compare th
with our previous one.

On the phenomenological side, keeping the first two ter
we have

lNlL

MB

~p22MN
2 !~p822ML

2 !
~q” ig5!gKNL

1

q22mK
2

f KmK
2

2mq

1lNlL*
MB8

~p22MN
2 !~p822ML*

2
!
~q” ig5!gKNL*

3
1

q22mK
2

f KmK
2

2mq
1higher resonances, ~6!
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whereMB5 1
2 (MN1ML), andMB85 1

2 (MN2ML* ). HereL*
means theL(1405), and we introduce~–! sign for the
L(1405) mass because it is a negative parity state. Howe
this is not relevant in the following calculation.lN , lL, and
lL* are the coupling strengths of the baryons to their c
rents.mq is the average of the quark masses,f K the kaon
decay constant andmK the kaon mass. We takef K

50.160 GeV andms50.150 GeV.
As for the OPE side, the new contribution from the qua

gluon condensates is given by

2A2

3

7

243p2ln~2p2!~^q̄gss•Gq&1^s̄gss•Gs&!, ~7!

and from dimension 7 operators

1A2

3

5

2332

1

p2 ~^q̄q&1^s̄s&!K as

p
G2L , ~8!

where we take the limitp82→p2 and let ^ūu&5^d̄d&
[^q̄q&, ^ūgss•Gu&5^d̄gss•Gd&[^q̄gss•Gq&. Here we
collect only the terms which contribute to theq” /q2 structure
such as Figs. 1 and 2. Using the standard values

^s̄gss•Gs&50.8 ^q̄gss•Gq& and ^q̄gss•Gq&5m0
2 ^q̄q&

50.8 ^q̄q& @14# the sum rule after Borel transformation
p25p82 becomes

FIG. 1. Contribution of dimension 5 operators. The solid lin
are quark propagators and the wavy line is a gluon propagator.
dotted line denotes a meson.
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lNlL

MB

ML
2 2MN

2 ~e2MN
2 /M2

2e2ML
2 /M2

!gKNL

f KmK
2

2mq

1A~e2MN
2 /M2

2e2M
L*
2

/M2
!

52A2

3
X 33

40p2 E1M41S 11ms
2

60p2 2
21

100p2DE0M2

1S ms

3
^s̄s&1

1

8 K as

p
G2L D C^q̄q&. ~9!

Here,A is the unknown constant coming fromlL* •gKNL* ,
and

Ei512 (
k50

i s0
k

k! ~M2!k e2s0 /M2
, ~10!

wheres0 is a continuum threshold. One should be cautio
however, that there may be nonaccounted terms, which
not be neglected by using this simple Borel transformat
@15,16#.

For lN and lL , we use the values obtained from th
following baryon sum rules for theN andL @12,3#:

E2
NM61bE0

NM21
4

3
a252~2p!4lN

2 e2MN
2 /M2

, ~11!

E2
LM61

2

3
ams~123g!E0

LM21bE0
LM21

4

9
a2~314g!

52~2p!4lL
2 e2ML

2 /M2
, ~12!

he FIG. 2. Contribution of dimension 7 operators. The same as
Fig. 1.
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TABLE I. gKNL and its variations. Other inputs mean other possible inputs coming from the uncer
of the basic inputs.

Basic inputs Other inputs Variations

^q̄q&52(0.230 GeV)3 2(0.210 GeV)3,2(0.250 GeV)3 10.62,20.53

Kas

p
G2L50.012 GeV4 0.015 GeV4 10.45

ms50.150 GeV 0.120, 0.180 GeV 20.36,10.30
m0

250.8 GeV2 0.6,1.4 GeV2 20.19,0.02
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where a[2(2p)2^q̄q&, b[p2^(as /p)G2&, and g

[^s̄s&/^q̄q&21.20.2. We use different thresholds forlN
and lL in Eqs. ~11! and ~12!. We takesN5(1.440 GeV)2

for the nucleon sum rule andsL5(1.405 GeV)2 for the L
sum rule considering the next excited nucleon andL state,
respectively.

gKNL , however, does not display a plateau as a funct
of the Borel mass. This is because there is no usual po
correction term like (a/M2,b/M4, and so on! in the right-
hand side~RHS! of Eq. ~9! even including up to dimension
operators. We need more higher dimensional operators to
those terms. Thus, in this case we prefer to use a be
method. Equation~9! has the following form:

gKNL• f 1~M2!1A• f 2~M2!5 f 3~M2!. ~13!

Then, we getgKNL and the unknown constant A by minimiz
ing (gKNL• f 11A• f 22 f 3)2 with a fixeds0 and an appropri-
ate Borel interval:

E
Mmin

2

Mmax
2

~gKNL• f 11A• f 22 f 3!2dM25minimum. ~14!

We fix the continuum thresholds052.074 GeV2 taking into
account the next term from the N~1440!, i.e., N(1440)→L,
in the phenomenological side.

The Borel intervalM2 is restricted by the following con
ditions: OPE convergence and pole dominance. The lo
limit of M2, Mmin

2 is determined as the value at which th
contribution of the highest dimensional operators is less t
10% of total OPE. The upper limitMmax

2 is determined by
restricting the continuum contribution to be less than 50
Then, we get

ugKNLu52.49,

uAu50.00174 GeV7, ~15!

and the Borel interval (0.478,1.068) GeV2 for
basic inputs @i.e., ^q̄q&52(0.230 GeV)3, ^(as /p)G2&
50.012 GeV4, ms50.150 GeV, andm0

250.8 GeV2#. Here
we denote the absolute value because we cannot deter
signs of the coupling strengths (lN , lL and lL* ) in the
baryon sum rules. We also calculate the average devia
d̄[( i

Nu12RHS(Mi
2)/LHS(Mi

2)u/N58.831022 to test the
reliability of our fitting, and it shows that the deviation is le
than 10%.
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Table I shows variations ofgKNL for other input param-
eters, which are coming from the uncertainty of the ba
inputs. For example, the first line in Table I shows th
ugKNLu53.11~or 1.96! if we change the quark condensate

^q̄q&52(0.210 GeV)3 ~or 2(0.250 GeV)3) while other
basic inputs are fixed. In the last line we takem0

2

50.6 GeV2 from the lowest value of the standard QCD su
rule estimate@14#, and 1.4 GeV2 which was evaluated in the
instanton vacuum in Ref.@17#. Total variation is about
61.25 on the abovegKNL value. On the other hand, th
unknown constant uAu varies from 0.00120 to
0.00203 GeV7.

Next, considergKNS . The current ofS° is obtained by
making an SU~3! rotation from the nucleon current@18#

hS5A2eabc@~ua
TCgmsb!g5gmdc1~da

TCgmsb!g5gmuc#.
~16!

In this case the contribution of the quark-gluon condensat
given by

2A2
1

243p2 ln~2p2!~^q̄gss•Gq&1^s̄gss•Gs&!,

~17!

and from dimension 7 operators

1A2
1

2332

1

p2 ~^q̄q&1^ s̄s&!K as

p
G2L . ~18!

Then, within the same approximation as before we get
following sum rule:

lNlS

MB

MS
2 2MN

2 ~e2MN
2 /M2

2e2MS
2 /M2

!gKNS

f KmK
2

2mq

1B~e2M
N*
2

/M2
2e2MS

2 /M2
!

51A2S 3

40p2 E1M41S ms
2

60p2 1
3

100p2D
3E0M22

1

40K as

p
G2L D ^q̄q&, ~19!

whereMB5 1
2 (MN1MS) andN* is N(1440).B is the un-

known constant coming fromlN* •gKN* S . Again for lS ,
we take the value from the following sum rule for theS
@12,3#:
4-3



SEUNGHO CHOE PHYSICAL REVIEW C 62 025204
TABLE II. gKNS and its variations. The same as in Table I.

Basic inputs Other inputs Variations

^q̄q&52(0.230 GeV)3 2(0.210 GeV)3,2(0.250 GeV)3 10.057,20.061

Kas

p
G2L50.012 GeV4 0.015 GeV4 10.201

ms50.150 GeV 0.120, 0.180 GeV 20.084,10.086
m0

250.8 GeV2 0.6,1.4 GeV2 10.067,20.198
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E2
SM622ams~11g!E0

SM21bE0
SM21

4

3
a2

52~2p!4lS
2 e2MS

2 /M2
. ~20!

We fix the continuum thresholdsS5(1.660 GeV)2 consid-
ering the nextS state,S ~1660!.

Using the continuum thresholds052.356 GeV2 taking
into account the next term from theN(1535), i.e.,
N(1535)→S, in the phenomenological side we get

ugKNSu50.395,

uBu50.00148 GeV7 ~21!

for the same basic inputs. The Borel interval
(0.488,1.584) GeV2 and the average deviation of the fitd̄ is
9.7% in this case. We present the variation ofgKNS on other
parameters in Table II. The total variation is abo
60.377. On the other hand,uBu varies from 0.00117 to
0.00184 GeV7.

III. DISCUSSION

SU~3! symmetry, using de Swart’s convention@19#, pre-
dicts

gKNL52
1

A3
~322aD!gpNN ,

gKNS51~2aD21!gpNN , ~22!

where aD is the fraction of theD type coupling, aD
5D/(D1F). In Table III we compare our results with pre
vious QCD sum rule estimates@6,8,9# and an SU~3! symme-
try prediction, where we denote the error-bar allowing
SU~3! symmetry breaking at the 20% level. Here we takeaD

TABLE III. Comparison of coupling constants.

Sources gKNL gKNS

SU~3! with 20% breaking 216.0 to 210.7 3.0 – 4.5
Experimental fitting@22# 213.7 3.9
Ref. @6# 1066 3.662
Ref. @8# 2.3760.09 0.02560.015
Ref. @9# 1062 0.7560.15
Present work 2.4961.25 0.39560.377
02520
t

r

from a recent analysis of hyperon semi-leptonic decay d
by Ratcliffe, aD50.64 @20#, andgpNN from an analysis of
thenp data by Ericsonet al. @21#, gpNN513.43. A compari-
son to fitting analyses of experimental data@22# is also pro-
vided. SU~3! symmetry predictsugKNL /gKNSu53.55 taking
aD50.64, while our results show that this ratio is 6.30 usi
the basic inputs, and the order of SU~3! symmetry breaking
is rather huge.

Let us remark ongpNN which was calculated in Refs
@11,3# using the three-point function method. After includin
dimension 5 and 7 condensates as in the previous sectio
sum rule becomes

lN
2 e2MN

2 /M2

M2
MNgpNN

f pmp
2

A2mq

1C~e2M
N*
2

/M2
2e2MN

2 /M2
!

52S 1

p2 E1M42
1

5p2 E0M21
1

9 K as

p
G2L D ^q̄q&, ~23!

whereC is the unknown constant fromlN* •gpNN* and f p

50.133 GeV. The contribution of the quark-gluon conde
sates in the OPE side is important as in thegKNL andgKNS

sum rules. In this case we use the PCAC relationf p
2 mp

2 5

24mq^q̄q& first, then the quark condensate becomes
overall factor on both sides. However, the coupling stren
lN is still related to the quark condensate as shown in
~11!.

Following the same method in the previous section, a
using ^q̄q&52(0.230 GeV)3,^(as /p)G2&50.012 GeV4,
ands052.074 GeV2 as a pure continuum threshold we g

ugpNNu53.6562.31,

uCu50.0026160.00091 GeV7, ~24!

the Borel interval (0.460,1.110) GeV2, and the average de
viation of the fit d̄ 9.3 % at the central value. Here the u
certainty comes from using different input parameters,

^q̄q&52(0.210 GeV)3 @or 2(0.250 GeV)3#, ^(as /p)G2&
50.015 GeV4, and m0

250.6 ~or 1.4 GeV2) as before. In
this case the error bar comes from uncertainties of the qu
condensate, i.e., from the coupling strengthlN .

Now, let us discuss some uncertainties in our sum ru
In Eqs.~9!, ~19!, and~23! the contribution of the quark-gluon
condensate is about 25%, 40%, and 20%, respectively, o
leading term atM251 GeV2. Thus the accurate value o
4-4
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this condensate is one of important factors in our sum ru
and a more precise estimate may be needed~e.g., see Ref.
@23#!.

As we mentioned before, we need more higher dim
sional operators to get some power correction terms in
sum rules. Their contribution will be much smaller than th
of dimension 7 operators at the relevant Borel region aro
M2;1 GeV2. However, those operators may contribute b
cause the lower limit of the Borel interval for each coupli
constant is much less than 1 GeV2 in our sum rules.

We find that the coupling constants become 2 or 3 tim
larger than the previous ones if we take the coupl
strengths (lN ,lL, andlS) from the chiral-odd baryon sum
rules@12,3#. For example, we get 7.04, 0.890, and 14.49
ugKNLu,ugKNSu, andugpNNu, respectively, for the basic inputs
Because the coupling strengths from each baryon sum
~the chiral-even and chiral-odd! are not the same in th
whole Borel region and the discrepancy between the c
pling strengths is larger in the low Borel region, we get qu
different coupling constants. Of course, it should be judg
by the stability of the sum rule whether one chooses
coupling strengths from the chiral-even sum rules or th
from the chiral-odd sum rules.

As a final remark, in the case ofgpNN it was shown that
there is a higher pseudoscalar resonance contamination
thep(1300) andp(1800) in the three-point function metho
@24#. Maybe there is a similar contamination from th
K(1460) andK(1830) @25# on the kaon-baryon couplings
Although the masses of theK(1460) andK(1830) arequite
s

l.
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uncertain and these states need further experimental co
mation, we can briefly estimate the contribution of t
K(1460) asdone in Ref.@24#. Using the parameters from
recent works@26#, we get

F f MmM
2

Q21mM
2 G

Q251 GeV2

521.3 and 2.2 MeV ~25!

for the kaon and K(1460), respectively. Here f M
is the decay constant andmM is the meson mass
We take f K5108 MeV, f K(1460)53.3 MeV and mK
5496 MeV, mK(1460)51.45 GeV in Ref.@26#. Comparing
the values in Eq.~25! to those for the pion andp(1300) @26#,
i.e. 1.7 and 0.4 MeV, the contamination from the excit
kaon state on the kaon-baryon couplings seems smaller
that from the excited pion state ongpNN .

In summary, including higher dimensional condensa
we reanalyze our previous QCD sum rule estimate ongKNL

andgKNS in the q” ig5 structure. The contribution of dimen
sion 5 quark-gluon condensates is comparable to that of
leading term, and the present result is much different fr
the previous one.
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