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gKNL and gKNS from QCD sum rules
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gKNL andgKNS are calculated using a QCD sum rule motivated method used by Reinders, Rubinstein
Yazaki to extract hadron couplings to Goldstone bosons. The SU~3! symmetry breaking effects are taken into
account by including the contributions from the strange quark mass and assuming different values f
strange and the up-down quark condensates. We findgKNL /A4p521.96 andgKNS /A4p50.33.

PACS number~s!: 24.85.1p, 13.75.Ev
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I. INTRODUCTION

Over the years, there has been a continuous interest in
field of kaon-nuclear physics, from trying to understan
simple processes like kaon nucleon scattering or photoka
production on a nucleon to the spectroscopy and structure
hypernuclei @1#. Compared to pions, the conservation o
strangeness leads to very different interactions of the kao
to the nucleon and the nuclei and can therefore yield ma
exotic states in nuclear physics@1# by either a hadronic or an
electromagnetic process.

To understand both these processes and other phenom
in kaon-nuclear physics, it is important to know the hadron
coupling strengths involving the kaons. Among them,gKNL

andgKNS are the most relevant coupling constants.
For the pions, their hadronic coupling constantgpNN is

determined quite accurately through either nucleon-nucle
scattering or pion-nucleon scattering experiments. Howev
the situation for the kaons is not as satisfactory. For examp
to theoretically reproduce the experimental kaon-nucle
scattering cross section, one usually calculates the contri
tions from one-boson exchanges, the resonances in ths
channel, such as theL andS, and the next to leading two
meson exchanges@2#. These involves many phenomenologi
cally undetermined coupling constants so that it seems a f
midable task to determine the coupling constants related
the kaons separately.

As another approach, there have been many attem
@2–6# to determine these coupling constants from the ka
photoproduction. For instance Adelsecket al. @3,4# tried to
determine these coupling constants (gKNL and gKNS) phe-
nomenologically from the data using a least-squares
method similar to that of Thom@5# and deduced some val-
ues. But due to the simultaneous determination of ma
other unknown coupling constants, these results turned ou
have large uncertainties; i.e., their extracted values
gKNL /A4p range from21.29 to24.17. Hence, given the
uncertainties and difficulties in extracting the strength o
these couplings from the experiments, it is necessary to e
plore theoretical predictions.
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In this paper, we will use QCD sum rules@7# to extract
these kaon couplings. QCD sum rules are an attempt to
derstand hadronic parameters in the low energy region
terms of QCD perturbation theory and nonvanishing conde
sate, which characterizes the nonperturbative QCD vacuu
This is possible by looking at the correlation function be
tween either two or three QCD hadronic currents and stud
ing its dispersion relation, thereal part of which is calculated
in QCD using the operator product expansion~OPE! and the
imaginary part is modeled with the phenomenological pa
rameters. This method has been applied successfully to
pseudoscalar hadron hadron trilinear couplings by Reinde
Rubinstein, and Yazaki@8#, who obtained interesting
formulas such as, gpNN

2 /4p.25p3f p
2 /MN

2 and gvrp

.(2/ f p)(e/2A2), which are numerically in good agreemen
with the experiment. Here, we will try to generalize th
method to the kaons and hypernucleons. The generaliza
can be made either within the SU~3! symmetry or with the
explicit SU~3! symmetry breaking effects included. Th
former case has already been given in Ref.@8# and amounts
to calculating theF to D ratio @9# in QCD sum rules within
the SU~3! symmetry. The SU~3! symmetry breaking effects
in QCD sum rules are taken into account by including th
effects of strange quark mass and different values for
strange quark condensate^0us̄su0&50.8̂ 0uūuu0&. This pre-
scription gives a good description for thef andK* meson
masses and their couplings@10#.

In the following sections, we will derive the QCD sum
rule result for the kaon couplings with explicit symmetr
breaking and compare the numerical estimates with the
sults from phenomenological fitting analyses@11–14# and
that of other QCD-inspired model calculations@15,16#.

II. QCD SUM RULES FOR gKNL

We will closely follow the procedures given in Ref.@8#.
Consider the three point function constructed of the tw
baryon currentshB , hB8 and the pseudoscalar meson curre
j 5 ~Fig. 1!:

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

3ei ~p8•x2q•y!. ~1!
1363 © 1996 The American Physical Society
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1364 53SEUNGHO CHOE, MYUNG KI CHEOUN, AND SU HOUNG LEE
In order to obtaingKNL , we will use the following extrapo-
lating fields for the nucleon and theL:

hN5eabc~ua
TCgmub!g5g

mdc , ~2!

hL5A2

3
eabc@~ua

TCgmsb!g5g
mdc2~da

TCgmsb!g5g
muc#,

~3!

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

j K25 s̄ig5u. ~4!

Assuming a pseudovector coupling between the nucleon,
K, and theL, we expect the following phenomenologica
form for Eq. ~1!:

lNlL

MB

~p22MN
2 !~p822ML

2 !
~q” ig5!gKNL

1

q22mK
2

f KmK
2

2mq
;

~5!

here,MB5 1
2(MN1ML), whereMN andML are the masses

of the nucleon and theL particle, respectively, andlN and
lL are the couplings of the baryons to their currents.mq is
the average of the quark masses, which we take to be eq
to the strange quark massms in our approximation.f K 5 160
MeV is the kaon decay constant andmK the kaon mass.
There are other contributions from excited baryon states th
couple to the baryon extrapolating current. However, we w
only look at the pole structureq” /q2 at q→0 and make a

FIG. 1. The three point function.hB , hB8 are the baryon cur-
rents andj 5 is the pseudoscalar current.lB and lB8 are the cou-
plings of the baryons to the currents, andgKBB8 is the three point
coupling.
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Borel transformation to bothp2,p82→M2. Then, the contri-
butions from the excited baryons will be exponentially sup
pressed and consequently neglected in our approximati
@10#.

As for the OPE side, the perturbative part does not co
tribute to theq” /q2 structure. This is so because the dimen
sion of Eq.~1! is 4 andq” takes away one dimension such tha
only the odd dimensional operators can contribute. The low
est dimensional operator with dimension 3 is the quark co
densate term with higher dimensional operators having t
form of a quark condensate with certain number of gluo
operators in between. In fact, for the case of the pions, taki
into account only the leading quark condensate^0uq̄qu0& in
the OPE gives an excellent value forgpNN @10#. Motivated
by this result, we will work out similar leading quark con-
densate contribution as in the pion, which in this case in
cludes the contribution from̂0us̄su0&, and further work out
the additional SU~3! breaking terms up toO (ms

2) and dimen-
sion 7.

First, we will include the contribution proportional to the
ms
2 in the Wilson coefficient of the quark condensate. Thi

will have the form

A~p,p8,q!5Cu^0uūuu0&1Cd^0ud̄du0&1Cs^0us̄su0&1•••.
~6!

One can easily show thatCd50 and

Cu52A2

3

11p2

24p2

q”

q2
~ ig5!ln

L2

2p2
, ~7!

Cs52A2

3S 11p82

24p2 1
11ms

2

48p2D q”

q2
~ ig5!ln

L2

2p82
, ~8!

whereL is the cutoff from the loop integration. Taking the
limit p82→p2 and assuming ^0uūuu0&5^0ud̄du0&
5^0uq̄qu0& and ^0us̄su0&50.8̂ 0uq̄qu0& we obtain

FIG. 2. Contribution from the strange quark mass and qua
condensates. Solid lines are the baryon currents and dashed lin
the meson current.
ch
Cu^0uūuu0&1Cs^0us̄su0&52A2

3S 33p240p2 1
11ms

2

60p2D q”

q2
~ ig5!ln

L2

2p2
^0uq̄qu0&. ~9!

Next, we consider the lowest order terms that are proportional to the strange quark massms , namely, the dimension-7
operators of the type;ms^0us̄su0&^0uq̄qu0&. The largest contribution among them comes from the tree graph of Fig. 2, whi
gives the following contribution:

1A2

3

ms

3

q”

q2
~ ig5!

1

p2
^0us̄su0&^0uq̄qu0&. ~10!
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After the Borel transformation the typical ratio between the contribution from Eq.~10! and that from Eq.~9! is
4p2ms^0uq̄qu0&/mN

4 for the relevant Borel mass rangeM2;mN
2 . The factor of 4p2 originates from the fact that Eq.~9! comes

from a loop graph whereas Eq.~10! does not. Despite these loop factors, the additional condensate effect suppresses the
ratio to less than 5%. Other dimension-7 operators come from graphs which contain at least one loop and then the rat
~9! becomes even smaller and can be neglected.

Using Eqs.~9! and~10! for the OPE and Eq.~5! for the phenomenological side, the sum rule after Borel transformation
p25p82 becomes

lNlL

MB

ML
2 2MN

2 ~e2MN
2 /M2

2e2ML
2 /M2

!gKNL

f KmK
2

2mq
52A2

3S 33

40p2M
41

11ms
2

60p2M
21

ms

3
^0us̄su0& D ^0uq̄qu0&. ~11!

For lN andlL , we use the values obtained from the following baryon sum rules for theN and theL @10#:

M61bM21 4
3 a

252~2p!4lN
2e2MN

2 /M2
, ~12!

M61 2
3 ams~123g!M21bM21 4

9 a
2~314g!52~2p!4lL

2 e2ML
2 /M2

. ~13!

Here, a[2(2p)2^0uq̄qu0&.0.5 GeV3, b[p2^0u(as /p)G
2u0&.0.17 GeV4, and g[^0us̄su0&/^0uq̄qu0&21.20.2. We

take the strange quark massms 5 150 MeV.
It should be noted from Eqs.~12! and ~13! that we cannot determine the sign oflN andlL . Consequently, we can only

determine the absolute value ofgKNL from our sum rules. The sum rule in Eq.~11! should be used for the relevant Borel mas
M.MB5 1

2(MN1ML). Using this we obtain

ugKNL /A4pu.1.96. ~14!

A more detailed Borel analysis of Eq.~11! gives a similar result with630% uncertainty. The uncertainty quoted here com
from neglecting the continuum contribution in the phenomenological side.

III. QCD SUM RULES FOR gKNS

The current ofS0 is defined by@17,18#

hS05
1

A2
eabc@~ua

TCgmdb!g5g
msc1~da

TCgmub!g5g
msc#,

5A2eabc@~ua
TCgmsb!g5g

mdc1~da
TCgmsb!g5g

muc#. ~15!

The second form is more useful in our calculation. Then, within the same approximation as before, the OPE side l
follows:

Cu^0uūuu0&1Cs^0us̄su0&51A2S 3p2

40p2 1
ms
2

60p2D q”

q2
~ ig5!ln

L2

2p2
^0uq̄qu0&. ~16!

In this case there is no term like;ms^0us̄su0&^0uq̄qu0&. This is so because the contribution of this form coming from the fi
term in Eq.~15! cancels that coming from the second term. As can be seen from comparing Eq.~16! with Eq. ~9!, the ratio
between the leading term and the correction proportional toms

2 is the same for both cases.
Using a similar form in the phenomenological side as in Eq.~5!, the sum rule looks as follows:

lNlS

MB

MS
22MN

2 ~e2MN
2 /M2

2e2MS
2 /M2

!gKNS

f KmK
2

2mq
51A2S 3

40p2M
41

ms
2

60p2M
2D ^0uq̄qu0&. ~17!

Again for lS0, we take the value from the following sum rule for theS @10#:

M622ams~11g!M21bM21 4
3 a

252~2p!4lS
2e2MS

2 /M2
. ~18!

Within the same approximation as before, we takeM.MB5 1
2(MN1MS0) in Eq. ~17!. This gives the following value for

the coupling:

ugK2NS0 /A4pu.0.33. ~19!
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In our approximation, we have SU~2! symmetry: i.e., we neglected the up and down quark masses, and assu
^0uūuu0&5^0ud̄du0&. Consequently, we can obtaingKNS usinghS1 and j K̄0, where

hS15eabc~ua
TCgmub!g5g

msc , ~20!

j K̄05 s̄ig5d. ~21!

In this case,Cu50 and

Cd5
p2

12p2

q”

q2
~ ig5!ln

L2

2p2
, ~22!

Cs5S p82

12p2 1
ms
2

24p2D q”

q2
~ ig5!ln

L2

2p82
. ~23!

Then the final expression in the OPE side is

Cd^0ud̄du0&1Cs^0us̄su0&51S 3p2

20p2 1
ms
2

30p2D q”

q2
~ ig5!ln

L2

2p2
^0uq̄qu0&. ~24!

TABLE I. Coupling constantsgKNL andgKNS . Sets I and II are the results from analyses of kaon-nucleon scattering. Set III is the re
of Adelseck and Saghai from the analysis of photokaon scattering and set IV is the result of Martet al. from the analysis of chargedS
photoproduction. SM I and II are the Skyrme model predictions. QSR I is a QCD sum rule prediction usingaD 5 7/12 in the SU~3!
symmetric limit. QSR II is our result including the SU~3! symmetry breaking effects.

Coupling constants I@11# II @12# III @13# IV @14# SM I @15# SM II @16# QSR I QSR II

gKNL /A4p 3.73a 3.53a 24.1760.75 0.510 22.17b 20.67c –2.76 –1.96

gKNS /A4p 1.82a 1.53a 1.1860.66 0.130 0.76b 0.24c 0.44 0.33

aSign undetermined.
bWith f p 5 76 MeV, e 5 4.84 which give the experimental values ofN andD masses.
cWith the empiricalf p 5 133 MeV, ande 5 4.82 which gives aD 2N mass difference.
n
n

e

e

g

e

Again, there is no term proportional to
;ms^0us̄su0&^0uq̄qu0&. Neglecting the difference betwee
MS0 andMS1 in the phenomenological side, and compari
Eq. ~24! with Eq. ~16! we obtain the well-known relation
from isospin symmetry:

gK2NS05
1

A2
gK̄0NS1. ~25!

Because the contribution of each coefficient is the same,
obtain this relation despite of takinĝ0us̄su0&50.8̂ 0uq̄qu0&
and including the strange quark mass correction. This refl
the SU~2! symmetry within our approach@see Eqs.~7!, ~8!
and Eqs.~22!, ~23!#.

IV. DISCUSSION

The SU~3! symmetry , using de Swart’s convention, pr
dicts

gKNL52
1

A3
~322aD!gpNN ,

gKNS51~2aD21!gpNN , ~26!
g

we

cts

-

where aD is the fraction of the D-type coupling,
aD5 D/(D1F). Using the expression ofgpNN in Ref. @8#
and comparing the OPE sides only, we obtainaD 5 7/12 in
the SU~3! symmetric limit. This limit is denoted by QSR I in
Table I.

Our case~denoted by QSR II in Table I! does not satisfy
Eq. ~26! because of the additional SU~3! symmetry breaking
factors in the OPE and in the phenomenological side. Usin
the convention by de Swart1 we get

gKNL /A4p521.96,

gKNS /A4p510.33. ~27!

Comparing QSR I and QSR II, we note that the SU~3!
symmetry breaking effect for the couplings is of the order of
25–30 %. This order is similar to the SU~3! symmetry break-
ing effects observed in the vector meson masses or th
square of the couplings to the electromagnetic current.

In Ref. @4# the ranges for the coupling constants are given
by fitting gpNN andaD to experimental data and allowing for
SU~3! symmetry breaking at the 20% level. This gives the
following range:

1In fact, there is another convention@4,19#.
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53 1367gKNL AND gKNS FROM QCD SUM RULES
gKNL /A4p524.4 to 23.0,

gKNS /A4p510.9 to 11.3. ~28!

Other experimentally extracted values, which are summ
rized as I, II, and III in Table I, lie within the limits above
except for the case denoted by IV.

Comparing these limits with our QSR calculations, w
observe that our values fall short of the experimental lim
although it is closer than the predictions of the Skyrm
model. However, it should be noted that the present exp
mental extractions of the couplings involve simultaneous
terminations of many other unknown parameters and mo
dependent subprocesses. Therefore it is necessary
investigate the problem further both theoretically and expe
mentally. Recently, there have been works by Leinweber
co-workers@20# on a critical reexamination on the QCD su
rule method for the nucleon and the vector meson. Amo
a-

e
ts,
e
ri-
e-
el-
to

ri-
nd

ng

the conclusions, it was pointed out that the optimal mixin
coefficient of the nucleon current wasb521.2, whereas the
Ioffe current corresponds tob521. We believe that using
the optimal coefficient will not change our result too muc
because our sum rules are based on the values of the res
l, which is less sensitive to the mixing coefficient@20#.
However, it would be necessary and interesting to reanaly
our work using this ‘‘optimal’’ current.
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