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Kaon-baryon coupling constants in the QCD sum rule approach
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We improve our previous QCD sum rule calculationgyy, andggys coupling constants by including the
contributions from higher dimensional condensatggso- Gq) and(qq){(as/7)G?), 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 finfhxna|=2.49+1.25 and|ggns|=0.395-0.377.

PACS numbg(s): 13.75.Jz, 11.55.Hx

I. INTRODUCTION In order to obtaingkn, , We will use the following currents

To understand kaon-nuclear physics, it is important tofor the nucleon and tha [12.3)

know the hadronic coupling strengths involving the kaons.
Among themgykna andggys are the most relevant coupling
constants. In contrast t9,y, however, the determination 5
of these kaon couplings has some difficulties both in the \ﬁ T AT
experimental side and in the theoretical side, see, g3., 74 = N g€and (UaC 7o) 757" e~ (aC,80) v5 7" e,
Among other theoretical approaches, QCD sum rule (3)
method[2—-4] has been used to extract these kaon couplings.
However, compared to the large number of works devoted tdvhereu andd are the up and down quark fielda,p, andc
d.nn. there have been only few QCD sum rule estimates or@re color indiceg T denotes the transpose in Dirac space,
Jkna andgyns [5-9], for which there are still ambiguities in @and C is the charge conjugation matrix. For the™ we
among the calculations. Thus the results are quite differerghoose the current
from each other. More detailed analyses are needed both _
experimentally and theoretically to understand this discrep- jk-=sivysu. (4
ancy, and to understand kaon-nuclear physics.
In Refs.[5,7], the OPE was calculated only up to the  The general expression féx(p,p’,q) has the following
leading term coming from the quark condensate and to leadorm:
ing order inmg in the sum rule structure proportional to

7IN= €apdUsC¥,,Up) Y5 ¥ de, )

. ’ _ 2 12 ~N2\i 2 A2 N2\ i
diys. However, the next leading term, dimension(dg.o A(p.p",q) =F1(p%,p"%a%)i vs+ F2(p"p"%.0%)di v
-GQg) may contribute to the OPE side with considerable +F.(p2.0'2 .02 Pi
. - 3(p%,p" 5,09 Piys
amount as in nucleon mass sum ridé€]. In addition, opera-
tors of dimension 7 may also be important in the OPE side as +F4(p%,p'2,0%) 0"  y50,P,, . (5

a further power correction. Thus, in this paper we reanalyze

our QCD sum rule calculation including higher dimensionalwhereq=p’—p andP=(p+p’)/2. Recently, in Ref[13] it
condensates, such aggsg. Gq) and(ﬁq)((as/w)Gzy and Was reported that in the case ®fnn the o ys structure iS
study the contribution of these condensates on the previodgdependent of the effective models employed in the phe-

results. nomenological side and further provides th&N coupling
In Sec. Il we present our sum rules fggyn, andgxns , WI-'[h less uncertainties from QCD parameters. Motlvated by
and Sec. Ill we discuss some uncertainties in our sum rule®is resulgin, andgyys were calculated from this structure
and summarize our results. in Refs.[8,9]. In this paper, however, we construct the sum
rule for only thedji ys structure as before, and compare this
Il. QCD SUM RULES FOR gxna AND gyns with our previous one.

) , ) On the phenomenological side, keeping the first two terms
We will closely follow the procedures given in Refs. o have

[11,3,5,7. Consider the three point function constructed of

the two baryon currentsg, 7z and the pseudoscalar meson M 1 fom?
currentjg: MM ——— 2 > (diys)Ouna 27— —
(P=MRQ)(p"“=M7%) q°—mi 2mq
A(p,p’,q)=f dxdy0| T(#g:(x)js(y) 7(0))[0) M
TANA A ; (i v5)Qnax
< el(p x-a-y) ) (PP =M (p'2=M%,)
1 femg
> + higher resonances, (6)
* i . i achi ; - 2m
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FIG. 1. Contribution of dimension 5 operators. The solid lines
are quark propagators and the wavy line is a gluon propagator. The ri 2. Contribution of dimension 7 operators. The same as in

dotted line denotes a meson. Fig. 1.

whereMg=3(My+M,), andM=3(My—M%}). HereA* Mg CMEMZ 2 M2 fmz
means theA(1405), and we introducé—) sign for the )‘NAAﬁi_—M?N'(e N e A9k S 2m,

A (1405) mass because it is a negative parity state. However, ,

this is not relevant in the following calculationy, X ,, and +A(e MM g=M /M2

M+ are the coupling strengths of the baryons to their cur- 5

rents.m, is the average of the quark masség,the kaon _ \F( 33 E,M* (1]m 21 )E M2
decay constant andng the kaon mass. We takdy 3\4072 1 6072 100m2) °

=0.160 GeV andns=0.150 GeV.
As for the OPE side, the new contribution from the quark- ( (ss)+ = ! < Ys > ))(qq) (9)
gluon condensates is given by ™

Here,A is the unknown constant coming froN} « - Qxna*
and

\F 7 o — _
3243 2|n p)(<ngUGq>+<SgSUGS>)1 (7)
E=1- Z —“kl(MZ) e /M, (10

and from dimension 7 operators

wheres, is a continuum threshold. One should be cautious,
however, that there may be nonaccounted terms, which can
not be neglected by using this simple Borel transformation

NI e ey @ (1516
32332 p2 ’ For Ay and A, we use the values obtained from the
following baryon sum rules for th&l and A [12,3]:

where we take the limitp’2—p? and let (uu)=(dd) E§M6+bEyM2+fa2:2(277)4)\Ne7Mﬁ/M2 (11)
=(qq), (ugso-Gu)=(dgso-Gd)=(qgsc-Gaq). Here we 3

collect only the terms which contribute to ti4éq? structure
such as Figs. 1 and 2. Using the standard values for
(sgso-Gs)=0.8 (qgso-Ga) and (qgso-Ga)=m; (da)
=0.8 (qq) [14] the sum rule after Borel transformation to 4222
p2=p’2 becomes =2(2m)"Nye AT, (12)

2 4
ESMO+ §ams(l—:a«y)Egnv|2+ bE}M?+ §a2(3+47)
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TABLE I. gkna and its variations. Other inputs mean other possible inputs coming from the uncertainty
of the basic inputs.

Basic inputs Other inputs Variations
(qq)=—(0.230 GeV§ —(0.210 GeV¥,—(0.250 GeV} +0.62-0.53
<%SGZ>=O.012 GeV 0.015 GeV +0.45
my=0.150 GeV 0.120, 0.180 GeV —0.36;+0.30
m;=0.8 Ge\? 0.6,1.4 GeV —0.19,0.02
where a= _(277)2<aq>, b=7%((as/m)G?), and y Table | shows variations djky, for other input param-

E<§s>/<aq>_1:_o_2_ We use different thresholds fag, eters, which are coming from the uncertainty of the basic

: _ inputs. For example, the first line in Table | shows that
and\, in Egs.(11) and (12). We takesy=(1.440 GeV¥ Inpu '
for thé nucleon sum rule am;j\z(l.405N GeVy for the A |gknal=3.11(or 1.96 if we change the quark condensate to

sum rule considering the next excited nucleon andtate, (dd)=—(0.210 GeV} (or —(0.250 GeVj) while other
respectively. basic inputs are fixed. In the last line we talmé
Jkna » however, does not display a plateau as a functior=0.6 Ge\V from the lowest value of the standard QCD sum
of the Borel mass. This is because there is no usual powdtile estimat¢14], and 1.4 GeV¥ which was evaluated in the
correction term like & M2,b/M#, and so ohin the right- instanton vacuum in Ref{17]. Total variation is about
hand sideRHS) of Eq. (9) even including up to dimension 7 *1.25 on the aboveyky, value. On the other hand, the
operators. We need more higher dimensional operators to ggnknown — constant |A| varies from 0.00120 to
those terms. Thus, in this case we prefer to use a best-f.00203 GeV.
method. Equatiori9) has the following form: Next, considergyys - The current of¥° is obtained by
making an SWB3) rotation from the nucleon curreht§]

gkna - F1(M2) +A-f(M?)=f3(M?). (13 . ;
_ py=2eand (UICY,Sy) y5 ¥ do+ (d1CY,Sy) ¥5 ¥ Ucl.

Then, we getikna @nd the unknown constant A by minimiz- (16)

ing (Qkna - f1+A-f,—f3)2 with a fixeds, and an appropri-

ate Borel interval: In this case the contribution of the quark-gluon condensate is

given by
M2
max(gKNA'f1+A'f2_f3)2dM2:minimum. (14) 1 J— J—
f'\"fmn —\/5m'n(—Pz)(<qgs0'GQ>+<SQSU'GS>),
We fix the continuum thresholsh=2.074 Ge} taking into 17

account the next term from the(40, i.e., N(1440)— A,
in the phenomenological side.
The Borel intervalM? is restricted by the following con- 1 1 — fag
ditions: OPE convergence and pole dominance. The lower +\/§23—32—2(<QQ>+<SS>)<;GZ>- (18)
limit of M2, M2, is determined as the value at which the P
contribution of the highest dimensional operators is less tharrhen, within the same approximation as before we get the
10% of total OPE. The upper limM?Z, is determined by following sum rule:
restricting the continuum contribution to be less than 50%.

and from dimension 7 operators

2
Then, we get Ahs MZI\fBMZ(e_Ma,Mz_e_Mé,Mz)gKNE fzKrr:K
|9knal=2.49, > N a
: +B(e MM g-MEM?)
|A|=0.00174 GeV, (15)
2
and the Borel interval (0.478,1.068) GeV for =+2 izElMA”r( 32+i2>
basic inputs [i.e., (qq)=-(0.230 GeV§, ((as/7)G?) 40m 607" 100w
=0.012 GeV, m¢=0.150 GeV, anani=0.8 Ge\?]. Here 1/« _
we denote the absolute value because we cannot determine X EqM?— 4—0<?GZ> ><QQ>, (19

signs of the coupling strengths\(, A, and A ,+) in the

baryon sum rules. We also calculate the average deviatiojhereMg=1(My+Ms) andN* is N(1440).B is the un-
6=3N1-RHYM?)/LHS(M?)|/IN=8.8<10"2 to test the known constant coming from y« - gxnss . Again for Ay,
reliability of our fitting, and it shows that the deviation is less we take the value from the following sum rule for tRe
than 10%. [12,3:
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TABLE Il. gkns and its variations. The same as in Table I.

Basic inputs Other inputs Variations
(qq)=—(0.230 GeV} —(0.210 GeV¥,—(0.250 GeV¥ +0.057-0.061
<ZSGZ>:o_012 GeV 0.015 GeV +0.201
a
my=0.150 GeV 0.120, 0.180 GeV —0.084;+0.086
m;=0.8 Ge\? 0.6,1.4 GeV +0.067-0.198
- - s o 4 from a recent analysis of hyperon semi-leptonic decay data
EzM"—2amy(1+y)EgM +bEgM +za by Ratcliffe, ap=0.64[20], andg,ny from an analysis of
thenp data by Ericsoret al.[21], g,,nyn=13.43. A compari-
212 it ; ;
—2(2m)"\2e M/M?, (200  son to fitting analyses of experimental d@22] is also pro-
vided. SU3) symmetry predictdguna /9xns | =3.55 taking
We fix the continuum thresholsy =(1.660 GeV¥ consid-  ap=0.64, while our results show that this ratio is 6.30 using
ering the nex® state, (1660. the basic inputs, and the order of &Jsymmetry breaking
Using the continuum thresholgy=2.356 GeV taking Is rather huge. _ _
into account the next term from th&(1535), i.e., Let us remark ong,yn Which was calculated in Refs.
N(1535)—3, in the phenomenological side we get [11,3] using the three-point function method. After including
dimension 5 and 7 condensates as in the previous section the
|gknz|=0.395, sum rule becomes
_ 7 2
|B|=0.00148 GeV (21 , o M2/M2 m2 i
. . . . )\N—MNgﬂ.NN—J"C(e N* —e N )
for the same basic inputs. The Borel interval is M? \/qu
(0.488,1.584) Ge¥and the average deviation of the diis 1 1 1
9.7% in this case. We present the variatiorgefs on other = —| SEM*— =S EM%+ _<$Gz> )(EQX (23
parameters in Table Il. The total variation is about ™ ST 9\ 7
+0.377. On the other handB| varies from 0.00117 to
0.00184 GeV. whereC is the unknown constant fromys« - g nn+ andf .
=0.133 GeV. The contribution of the quark-gluon conden-
l1l. DISCUSSION sates in the OPE side is important as in i@, andggns

sum rules. In this case we use the PCAC relatigm? =

—4my(qq) first, then the quark condensate becomes an
overall factor on both sides. However, the coupling strength
\n is still related to the quark condensate as shown in Eq.
(12).

Following the same method in the previous section, and
using (qq)=—(0.230 GeV¥,((as/m)G?=0.012 GeV,
Ikns=*+(2ap—1)Gznn, (220 and So=2.074 GeV as a pure continuum threshold we get

SU(3) symmetry, using de Swart’'s conventih9|, pre-
dicts

1
OkNA= — ﬁ(s_zaD)ngN!

where ap is the fraction of theD type coupling, ap
=D/(D+F). In Table Ill we compare our results with pre-
vious QCD sum rule estimaté§,8,9 and an S3) symme-
try prediction, where we denote the error-bar allowing for |C|=0.002610.00091 GeV, (24)
SU(3) symmetry breaking at the 20% level. Here we takg

|gnnl = 3.65+2.31,

the Borel interval (0.460,1.110) Gé&Vand the average de-

TABLE lll. Comparison of coupling constants. viation of the fitd 9.3 % at the central value. Here the un-
certainty comes from using different input parameters, i.e.

Sources Gk Ocns (qq)=—(0.210 GeV§ [or —(0.250 GeVf], ((as/m)G?)
SU(3) with 20% breaking —16.0 to —10.7 3.0 — 4.5 =0.015 GeV, andm3=0.6 (or 1.4 GeVf) as before. In
Experimental fitting[22] —-13.7 3.9 this case the error bar comes from uncertainties of the quark
Ref.[6] 10+6 3.6+2 condensate, i.e., from the coupling strenyth.
Ref.[8] 2.37+0.09 0.025-0.015 Now, let us discuss some uncertainties in our sum rules.
Ref.[9] 10=2 0.75+0.15 In Egs.(9), (19), and(23) the contribution of the quark-gluon
Present work 2.491.25 0.395 0.377 condensate is about 25%, 40%, and 20%, respectively, of the

leading term atM?=1 Ge\2. Thus the accurate value of
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this condensate is one of important factors in our sum rulesyncertain and these states need further experimental confir-

and a more precise estimate may be nee@egl, see Ref. mation, we can briefly estimate the contribution of the

[23)). K(1460) asdone in Ref.[24]. Using the parameters from
As we mentioned before, we need more higher dimenrecent workg26], we get

sional operators to get some power correction terms in our

sum rules. Their contribution will be much smaller than that fpmy
of dimension 7 operators at the relevant Borel region around Q2+m2 =21.3 and 2.2 MeV (25
M2~1 Ge\2. However, those operators may contribute be- MIQ2-1 Gev

cause the lower limit of the Borel interval for each coupling
constant is much less than 1 GeWi our sum rules. for the kaon and K(1460), respectively. Here fy,

We find that the coupling constants become 2 or 3 timess the decay constant andny is the meson mass.
larger than the previous ones if we take the couplingWe take f =108 MeV, fy(1460=3.3 MeV and mg
strengths X ,\, and\y) from the chiral-odd baryon sum =496 MeV, Mg 1460=1.45 GeV in Ref[26]. Comparing
rules[12,3]. For example, we get 7.04, 0.890, and 14.49 forthe values in Eq(25) to those for the pion and(1300)[26],
|gknalsl9knz|, and|gnnls respectively, for the basic inputs. i.e. 1.7 and 0.4 MeV, the contamination from the excited
Because the coupling strengths from each baryon sum rulgaon state on the kaon-baryon couplings seems smaller than
(the chiral-even and chiral-oficare not the same in the that from the excited pion state @y -
whole Borel region and the discrepancy between the cou- In summary, including higher dimensional condensates
pling strengths is larger in the low Borel region, we get quitewe reanalyze our previous QCD sum rule estimate,
different coupling constants. Of course, it should be judgedindgkys in the di ys structure. The contribution of dimen-
by the stability of the sum rule whether one chooses theion 5 quark-gluon condensates is comparable to that of the
coupling strengths from the chiral-even sum rules or thosdéeading term, and the present result is much different from
from the chiral-odd sum rules. the previous one.

As a final remark, in the case gf .\ it was shown that
there is a higher pseudoscalar resonance contamination from
the 77(1300) andm=(1800) in the three-point function method
[24]. Maybe there is a similar contamination from the The author thanks Professor Su H. Lee for valuable dis-
K(1460) andK(1830)[25] on the kaon-baryon couplings. cussions and comments. This work was supported by the
Although the masses of th§(1460) andK(1830) arequite  Japan Society for the Promotion of ScieldSPS3.
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