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Okna and ggns from QCD sum rules
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Okna @ndggys are calculated using a QCD sum rule motivated method used by Reinders, Rubinstein, and
Yazaki to extract hadron couplings to Goldstone bosons. Th@)fymmetry breaking effects are taken into
account by including the contributions from the strange quark mass and assuming different values for the
strange and the up-down quark condensates. Wegﬁ'mg/\/ﬂ= —-1.96 andgKNzl\/Ezo.&’ﬂ.

PACS numbegs): 24.85+p, 13.75.Ev

[. INTRODUCTION In this paper, we will use QCD sum rul¢g] to extract
these kaon couplings. QCD sum rules are an attempt to un-
Over the years, there has been a continuous interest in tifferstand hadronic parameters in the low energy region in
field of kaon-nuclear physics, from trying to understandterms of QCD perturbation theory and nonvanishing conden-
simple processes like kaon nucleon scattering or photokaogate, which characterizes the nonperturbative QCD vacuum.
production on a nucleon to the spectroscopy and structure dfhis is possible by looking at the correlation function be-
hypernuclei[1]. Compared to pions, the conservation of tween either two or three QCD hadronic currents and study-

strangeness leads to very different interactions of the kaori89 its dispersion relation, theal part of which is calculated
to the nucleon and the nuclei and can therefore yield man{l! QCD using the operator product expans{@PB and the

exotic states in nuclear physifk| by either a hadronic or an Imaginary part is modeled with the phenomenologmal pa-
electromagnetic process rameters. This method has been applied successfully to the

%eudoscalar hadron hadron trilinear couplings by Reinders,

To understand both these processes and other phenome’%ubinstein and Yazaki[8], who obtained interesting
in kaon-nuclear physics, it is important to know the hadronicformulas ,such as, g2 /4,7T~25773f2/M2 and g
» NN - r N wpT

coupling strengths involving the kaons. Among th ) . .
and% ; are t?le most rele?/ant coupling const?’;mtse.mNA 2.(2””)(6/2\/5)’ which are numerlpally in good agreement

Fo|r<Nt$1e ‘ons, their hadronic coupling constanty, is with the experiment. Here, we will try to generalize the

the pions, ping N method to the kaons and hypernucleons. The generalization

determined quite accurately through either nucleon-nucleogan be made either within the £ symmetry or with the
scattgring or pion—nucleon.scattering gxperiments. Howeve%xplicit SU3) symmetry breaking effects included. The
the situation for the kaons is not as satisfactory. For examplg, . \ar case has already been given in R8f.and amounts
to theqretlcally reprt_)duce the experimental kaon-nuclepqo calculating theF to D ratio [9] in QCD sum rules within
scattering cross section, one usually calculates the contribyg, SU3) symmetry. The S(B) symmetry breaking effects
tions from one-boson exchanges, the resonances irsthe;, QCD sum rules are taken into account by including the

channel, SL;]Ch asgthﬁﬂ?ndz_, ar:d the next tﬁ leading tIWO. effects of strange quark mass and different values for the
meson exchangdg]. These involves many phenomenologi- strange quark condensat@|ss|0)=0.80|uu|0). This pre-
cally undetermined coupling constants so that it seems a for:

. ) . scription gives a good description for tlleand K* meson
midable task to determine the coupling constants related t%aspses agnd theirgcouplinQZSO]p ke
the kaons separately. In the following sections, we will derive the QCD sum
As another approach, there have been many attempts,

; i e result for the kaon couplings with explicit symmetry
[2-6] to dete.rmlne thgse coupling constants from the I(ao'i)reaking and compare the numerical estimates with the re-
photoproduction. For instance Adelseekal. [3,4] tried to

. ) sults from phenomenological fitting analysgkl—14 and
determine t_hese coupling constangsg,QA and gins) Phe-  yhat of other QCD-inspired model calculatiofiss,16].
nomenologically from the data using a least-squares fit '

method similar to that of Thorfi5] and deduced some val-
ues. But due to the simultaneous determination of many
other unknown coupling constants, these results turned out to
have large uncertainties; i.e., their extracted values of We will closely follow the procedures given in RéB].
Okna /AT range from—1.29 to —4.17. Hence, given the Consider the three point function constructed of the two
uncertainties and difficulties in extracting the strength ofbaryon currentsyz, 7z and the pseudoscalar meson current
these couplings from the experiments, it is necessary to eXy (Fig. 1):

plore theoretical predictions.

Il. QCD SUM RULES FOR g4
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B 9K BB B condensates. Solid lines are the baryon currents and dashed line is

the meson current.

FIG. 1. The three point functiongg, g, are the baryon cur-
rents andjs is the pseudoscalar currentg and Az, are the cou-
plings of the baryons to the currents, agggg: is the three point
coupling.

Borel transformation to botp?,p’2—M?2. Then, the contri-
butions from the excited baryons will be exponentially sup-
pressed and consequently neglected in our approximation
[10].

As for the OPE side, the perturbative part does not con-
tribute to thed/q? structure. This is so because the dimen-
sion of Eq.(1) is 4 andq takes away one dimension such that

IN= Eabc(U;CnUb) ysytd,, (2)  only the odd dimensional operators can contribute. The low-
est dimensional operator with dimension 3 is the quark con-
2 densate term with higher dimensional operators having the
np= \/;eabo[(u;CyMsb) ¥s5y*de— (d1C¥,S) ¥5¥*Uc], form of a quark condensate with certain number of gluon
3) operators in between. In fact, for the case of the pions, taking

into account only the leading quark condensd@fgq|0) in

whereu andd are the up and down quark fielda,(b, and ~ the OPE gives an excellent value foryy [10]. Motivated

c are color indices T denotes the transpose in Dirac space by this result, we will work out similar leading quark con-

and C is the charge conjugation matrix. For the~ we  densate contribution as in the pion, which in this case in-

In order to obtaingkn, , We will use the following extrapo-
lating fields for the nucleon and the:

choose the current cludes the contribution fromi0|ss|0), and further work out
_ _ the additional S(B) breaking terms up to’(m2) and dimen-
jk-=siysu. (4 sion 7.

. . First, we will include the contribution proportional to the
Assuming a pseudovector coupling between the nucleon, tq%z

K, and theA, we expect the following phenomenological ¢ in the Wilson coefficient of the quark condensate. This
; will have the form
form for Eq. (1):

Mo L g2 AP @)=Cu(0[uu[0) + Cy(0]dd]0) + C(0[5{0) + - "
ANA i -—;
N A(pz—Mﬁ)(p’z—Mi)(q 75)gKNAm 2m, .
(5) One can easily show th&;=0 and

here,Mg=3(My+M,), whereMy andM , are the masses o \ﬁ 11p? q | A? 0
of the nucleon and th& particle, respectively, andy and ur 3 2472 q2(I ¥s)In —p?’
A, are the couplings of the baryons to their curremts.is
the average of the quark masses, which we take to be equal \F 11p'? 11m§ q . A2
to the strange quark masg in our approximationf, = 160 s~ V3| 2472 * 4872 EZ(I 7s)in = p’z’ ®

MeV is the kaon decay constant amgg the kaon mass.

There are other contributions from excited baryon states thavhere A is the cutoff from the loop integration. Taking the
couple to the baryon extrapolating current. However, we willlimit ~ p’2—p? and assuming (0|uu|0)=(0|dd|0)
only look at the pole structuré/q® at g—0 and make a =(0|qq|0) and(0|ss|0)=0.8/0|qq|0) we obtain

C,(0luulo CO_O_\F:?)SD2 llmgq |A20_0 9
«(0uu|0) +C«(0[ss|0)=—\/3| 752t 502 ?("}’5)”__pz< |qql0). 9

Next, we consider the lowest order terms that are proportional to the strange quarkngasamely, the dimension-7
operators of the type- mg(0|ss|0){0|qq|0). The largest contribution among them comes from the tree graph of Fig. 2, which
gives the following contribution:

\/Ems q . 1 Py al
*\ 373 g2(178),2(0Iss|0)(0lga[0). (0
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After the Borel transformation the typical ratio between the contribution from @) and that from Eq.(9) is
4w2ms<0|aq|0>/mﬁ, for the relevant Borel mass raniyé’~ mﬁ, . The factor of 472 originates from the fact that E¢9) comes
from a loop graph whereas E{.0) does not. Despite these loop factors, the additional condensate effect suppresses the overall
ratio to less than 5%. Other dimension-7 operators come from graphs which contain at least one loop and then the ratio to Eq.
(9) becomes even smaller and can be neglected.

Using Eqgs.(9) and(10) for the OPE and Eq5) for the phenomenological side, the sum rule after Borel transformation to
p2=p’? becomes

2
femi

2?22 2( 33 11m? me _
(e MNM"— g~ My/M )QKNAw——\@(mM“JF 60w;M2+ ?S<0|SS|O> (0[qq|0). (11
q

B
ANM =7
WMAMZ-M3
For Ay and\, , we use the values obtained from the following baryon sum rules foNthed theA [10]:
MO+bM2+ £ a2=2(2m)*\2e”MWM?, (12)

MO+ 2 amy(1—3y)M2+bM2+ £ a®(3+4y) =2(2m)*\2e MM, (13
Here, a=—(2m)%0|qq|0)=0.5 Ge\?, b=7%(0|(as/7)G?0)=0.17 GeV*, and y=(0|ss|0)/(0|qq|0)—1=—0.2. We
take the strange quark masg = 150 MeV.
It should be noted from Eq$12) and(13) that we cannot determine the sign)§ andX, . Consequently, we can only

determine the absolute value @fy, from our sum rules. The sum rule in Ed.1) should be used for the relevant Borel mass
M=Mg=3(My+M,). Using this we obtain

|gkna /47| =1.96. (14)

A more detailed Borel analysis of E¢L1) gives a similar result with- 30% uncertainty. The uncertainty quoted here comes
from neglecting the continuum contribution in the phenomenological side.

IIl. QCD SUM RULES FOR gyns
The current of2° is defined by[17,18

1
= €and (ULCy,0p) Y5 ¥*Sc+ (dICy,Up) 5 Y*sc],

=\2€apd (UFCY,,50) Y5 ¥*dc+ (A1Cy,Sp) Y57 Uc]- (15)

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

co‘o+co‘o—+¢§3'°2+mg 4 |A20‘o 16
u(0[uul0) + C«0|ss|0) = 202 602 az(Ws)n?( |aq|0). (16)

In this case there is no term likemg(0|ss|0)(0|qq|0). This is so because the contribution of this form coming from the first
term in Eqg.(15) cancels that coming from the second term. As can be seen from compariigeuith Eq. (9), the ratio
between the leading term and the correction proportionahﬁtc’ns the same for both cases.

Using a similar form in the phenomenological side as in &)}. the sum rule looks as follows:

MB _MZ/MZ —MZ/MZ meﬁ 3 4 mg 2 —
)\N)\Em%_—MZI\'I(e N —em )QKsz—mq—+\/§ 20.2M°* 50,2 (0|qq|0). 17
Again for Ao, we take the value from the following sum rule for tBe[10]:
MO®—2amy(1+y)M2+bM?+ £ a2=2(27)"\ e M3/M?, (18)

Within the same approximation as before, we tdkeMg=3(My+ M+xo) in Eq. (17). This gives the following value for
the coupling:

|gK_NEO/\ 47T|2033 (19)
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TABLE I. Coupling constantgxn, andggns - Sets | and Il are the results from analyses of kaon-nucleon scattering. Set Ill is the result
of Adelseck and Saghai from the analysis of photokaon scattering and set IV is the result aftMbrfrom the analysis of charged
photoproduction. SM | and Il are the Skyrme model predictions. QSR | is a QCD sum rule predictionagsing7/12 in the SU3)
symmetric limit. QSR Il is our result including the $8) symmetry breaking effects.

Coupling constants 11 1 [12] I [13] IV[14] SMI[15] SMII[16] QSRI QSR
O /AT 3.73% 3532 ~4.17+0.75 0.510 —-2.17 067  -2.76 -1.96
Okns [ VAT 1.822 1532 1.18+0.66 0.130 0.7% 0.24 0.44 0.33

aSign undetermined.
bwith f, = 76 MeV, e = 4.84 which give the experimental valuesNfand A masses.
‘with the empiricalf . = 133 MeV, ande = 4.82 which gives a\ —N mass difference.

In our approximation, we have $P) symmetry: i.e., we neglected the up and down quark masses, and assumed
(0Juu|0)=(0|dd|0). Consequently, we can obtagxys using 7s+ andjgo, where

75+ = €abd UaC ¥, Ub) Y5 7*Sc, (20)
jko=si ysd. (21)
In this caseC,=0 and
p2 - A2
CdZW?(Ws)ln o (22)
p2 mi\d 2
Cs=|\ o2 " 222 az(lvs)m ErUE (23

Then the final expression in the OPE side is

- _ 3p2 mi\ g A2
Cd<0|dd|0>+cs<0|35|0>=+ W‘Fm)?(l’)@)'n $2<0|Q(]|0> (24)

Again, there is no term proportional to where «p is the fraction of the D-type coupling,
~mg0|ss|0)(0|qq|0). Neglecting the difference between ap= D/(D+F). Using the expression @,y in Ref. [8]
Mso andMs + in the phenomenological side, and comparingand comparing the OPE sides only, we obtai = 7/12 in
Eq. (24) with Eq. (16) we obtain the well-known relation the SU3) symmetric limit. This limit is denoted by QSR I in

from isospin symmetry: Table I.
Our case(denoted by QSR Il in Table) Idoes not satisfy
1 Eq. (26) because of the additional $8 symmetry breaking
OKk-N30= —=OKONS +- (25 factors in the OPE and in the phenomenological side. Using
V2 the convention by de Swarwe get
Because the contribution of each coefficient is the same, we Okna /VAm=—1.96,
obtain this relation despite of takin@|ss|0)=0.80|qq|0)
and including the strange quark mass correction. This reflects Okns [ VA7=+0.33. (27)
the SU2) symmetry within our approacfsee Eqs(7), (8)
and Egs(22), (23)]. Comparing QSR | and QSR I, we note that the (SU
symmetry breaking effect for the couplings is of the order of
IV. DISCUSSION 25-30 %. This order is similar to the $8) symmetry break-

_ _ ing effects observed in the vector meson masses or the
The SU3) symmetry , using de Swart’s convention, pre- square of the couplings to the electromagnetic current.

dicts In Ref.[4] the ranges for the coupling constants are given
by fitting g..nn @Ndap to experimental data and allowing for
1 SU(3) symmetry breaking at the 20% level. This gives the
gKNA=—ﬁ(3—2aD)gWNN, following range:

Okns= 1t (2ap—1)gnns (26) n fact, there is another conventi§,19].
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gKNA/‘/47T:_4-4 to —3.0, the conclusions, it was pointed out that the optimal mixing
coefficient of the nucleon current wgs= — 1.2, whereas the
Okns /V4m=+0.9 to +1.3. (28 loffe current corresponds t8=—1. We believe that using

_ _ the optimal coefficient will not change our result too much
~ Other experimentally extracted values, which are summapecause our sum rules are based on the values of the residue
rized as |, Il, and IIl' in Table I, lie within the limits above, ) which is less sensitive to the mixing coefficief20].

except for the case denoted by IV. . However, it would be necessary and interesting to reanalyze
Comparlng these limits with our QSR CalCUlauonS, WeE ur work using this “0ptima|" current.

observe that our values fall short of the experimental limits,

although it is closer than the predictions of the Skyrme
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