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Abstract. New relations between QCD Borel sum rules for strong cogptonstants of K-mesons
to baryons are derived. It is shown that starting from the sulefor the coupling constantsss
and gza it is straightforward to obtain corresponding sum rules tfoe gkyn, gky= couplings,
Y=ZA.

INTRODUCTION

Meson-baryon couplings were studied for years thorougitiheefor pion-baryon cou-
plings or kaon-baryon baryon ones as these couplings am@riar parameters of strong
interaction physics.

Since the advent of th&J (3) symmetry all the meson-baryon coupling constants
were usually expressed in termsfohndD constants which gave possibility to construct
a reliable phenomenological aproach.

As soon as in [1] QCD sum rules (SR’s) were proposed, they wseel not only
for baryon masses and magnetic moments starting from th&sw@i but also for
baryon-meson coupling constants. Naturally, a pion-rarctoupling attracted the most
attention (see, for example, [3], [4], [5]). Coupling caasts of i°- and - mesons to
baryons were studied recently in various QCD SR approadjef’]. Also QCD sum
rule for then coupling to the/A\ hyperon was written [8] which was usually absent in
these approaches.

As for K-mesons they were also studied in the framework ofQ# sum rules ( see,
e.g., [9], [10], [11]). Usually these sum rules are not miastraightforwardly to those
treatingrrandn couplings to baryons.

We would like to propose here QCD sum rules for octet mesaoyeacouplings
through some universa¥F and & functions written in a unified manner. In order to be
clear we choose for methodical reasons as a basis for ousniegs3J (3) breaking
QCD Borel sum rules proposed in [6].
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RELATION BETWEEN 192> AND niZA CONSTANTSIN SU(3)

We begin as in [12] with a simple example. In the unitary maalethe pion-baryon
coupling constants can be expressed in ternts ahdD coupling constants.
But coupling of thex-like baryonsB(qq,q) q,9 = u,d,sto i° meson related in the

quark model to the currer]F0 \/_[uysu dysd] can be put in the form

9(1°BB) == Urgq2F + Gy (F — D),

or, particle per particle:

9(1°pp) = gruu2F + grd (F — D) = \/%(F +D);

g(MZ+5*) = gruu2F + gnss(F — D) = V2F,

and so on, whergmy = +\/g , Ordd = —\/g andgrss = 0 are just read off the quark
current.

The only coupling which cannot be written immediately instivay is °Z°A. To
overcome this difficulty let us write for®=%° coupling ( which is equal to zero !):

9(m°2°2°) = g,00F + 9r0gaF + Gross(F —D) =0 (1)

and changed «+> s) and ( « s) to form two auxiliary quantities

~ e 1
9(7_10207(15207(15) gT[OUUF + gTIOSSF + gnodd(F D) \/;D, (2)
e 1
g(nozo,uszO,US) gnoddF +gn°$|: +gn0uu<|: D) ED. (3)
The following relation holds:
g(TPS0.0s500s) _ o 0S0.UsFOUS) _ /347050, 4)

The origin of this relation lies in the structure Bf(ud, s) andA wave functions in the
NRQM. With the exchanged <> s andu <« sone arrives at the correspondibgspin
andV-spin quantities, so

50\ _( 12 32\ (= 55\ _ (12 V32 5
Nes )\ —V3/2 1/2 AN\ As ) V32 12
It is easy now to show that the relation Eq.(4) follows andhdws us the way to proceed
with the QCD sum rules.



KYN, KY= AND A COUPLINGSIN THE SU(3)

Now we consider kaon and charged pion couplings to barydmesy @re given byaJ (3)
symmetry formulae but we rewrite itin a way suitable for dation of the corresponding
Borel sum rules. Let us write coupling of pionX¥d andAys given by the Eq.(5):

2g(rr £ Agg)] = —V3g(m ZV2°) +g(m TA) = (6)

—V3(—V2F) + \ED = \@(3F +D).

Now we performd «» s exchange. Our auxiliary baryofigs returns to real\ while
m (du) changes t&K ~ (su) and= ™ (uu,s) changes te-p(uu,d), so that

2[g(m Z Adgs)]as = —2[g(K™ pA)] = \E(SF +D). (7)

This is the unitary symmetry result. In the same way we whtformal coupling of
pion toX™ and/As given by the Eq.(5) and then perfonm- s exchange to obtain

— o0~ 2
2(g(m =" Aus)lus = 2[9(K°="N)] = —\fé(sF -D). (®)
This is again the unitary symmetry result. Similarly one show that
—2[g(m = 24)]as = 2[g(K ™ pE%)] = V2(~F +D), (9)

—2[g(m = E))us = 2(g(K°="2°)] = —V2(F + D).

Derivation of these coupling constants indicates us thetowgyoceed in the formalism
of QCD sum rules.

QCD SUM RULES

We use as the example QCD sum rules based on the formalisfodeden [6] where
unitary symmetry is broken but formules are rather traresmparThe sum rule for the
43930 coupling reads:
1
\ﬁm? A2g( 5050 e (ME/MI[1 + AsM?) =

(ss) 3fan ]
1212t 4 4212
0 s MP(ma )+ my(de)) ()

M
m2

_ 1= 95,2

9.7ssPy M*Eo(X)|



MBI (M )+ M 00(d)
(0w + 8. ga) (0U) {dld) . (10)

wheremy, = u,d,sare current quark masses,, is a.#-meson decay constant,
# = 1°,1n, quark condensates atau) = (dd) = —(0.23)% Ge\?, (X)/(dd) = 0.8,
while mg = 0.8 Ge\?, (gcqo - Ga) =)mg(qq). The factorEg(x) = (1 —e ) is used to
subtract the continuum contribution= W?/M? [2] (we takeW? = 2.0 Ge\?). The
overlap amplitude is taken ag = C-M§ Ge\® [6], with C = 5.48 x 10~4. We neglect
in calculationsfs ,. ParameteAg accounts for high-resonance contributions.

We define 29 (.#;M?;u,d;s) and .70 (.#;M? u,d;s) (this shorthanded no-
tation means that they depend dW?, all quark masses and all condensates:
20(#;M%u,d;s) = 20z, M%my, (QU),...;my, (dd),...;mg, (S),...), similar
for & ):

7O M. 0) = B (S5 (maT0) -+ () () |

29 (;M%u,d;s) — FO (', M%u,d;s) = —[m?%WEo(x)[lZﬁ)f% 43\;%2]
1 _ _ o m, s
—gMz(deU) +my(dd))(ss) — ﬁ&x;%zﬂ,(ﬂ)

The righthand side (RHS) of the Eq.(10) can be written in anfor
RHS(.25%5%) = g0 ;M%U,d;S) + 9,y aa-F (A MZ;d, u; s) +
%gjzss(fo(///; M?s,d;u) + Z°(4;M?;s,u;d)) —
%9//&(90(///; MZu,d;s)+ 2°(.#;M?%,d,u;s)).  (12)
With isotopic invariance we construct Borel sum rule for ties + 50
—ﬁﬁ)\zzg(n*frzo)e*("%/'v'z)[1—|—AZM2] _

5 () -+ () (@) + (06))) = V270 MBu ) (19

and a similar sum rule forrt X~ =9 coupling (uporu < d).
Using analogue of the Eq.(4)

VBRHS(M2°N) = RH(m023:%5,) — RHS(°Z (5 0,)

we construct QCD Borel sum rule fa=A coupling [8]

2
@m%AAAzg(nOZOA)ﬁ(e—M}‘{/MZ _ e—M%/M2>[1+AZAM2] _
VA



dd) + (@) 3fgr . MR~ a
127'[2 fr[ 4\/27-[2 72fn[<dd> + <UU>] (F%2>

*E (6M? + 1) [(ms(UU) + my(SS)) (dd) + (Mg (SS) + my(dd) ) (Tu)] (14)

—MEMAE(X)|

The RHS of it with Eq.(12) can be put in the form

VBRHS(P20N) = —[29 (1% M?;s,d; u) + 209 (1% M?; s,u;d) +

f
29 M3 u,s.d) + 29(%;M%d,sU)] = Jeee su@ V2D (15)

Isotopic invariance allows to deduce the correspondingessgion for theT =+ A cou-
pling:

s —Ma B
— [-mimEoo L 2

_ 2
\/énﬁ)\/\)\zg(nzﬂ\)ﬁ(e’wﬁ/w — e MEM (1 4 AsAM2) =

2 _
mﬁ%ﬂ“[(ms@+ms<Ju>><<u‘u>+<dd>>J+
+7§Tn<<ﬁu>+<dﬁ>><%%z>]zxfzg(><n:M2:s,d:uH|exaa u@E V2D (16)

And now we are able to derive Borel sum rules kemeson couplings to octet baryons
starting from those foriz/\ andmizZ couplings given by the Egs.(13,16). We shall form
auxiliary couplings upon using quantitifgs, ng andAs, 2% given by the Eq. (5), and
then return to those usual ones performing transformationss andu «> s. First we
construct a formal sum rule for the case whares changed td\ys just by using Eq.(5),
and we retain for a moment onBH S of the corresponding sum rules:

RHS(1T =" Ags) = —?RHS(H‘Z*EO) + %RHS(H‘Z*K) =

\/2(3,?(‘)(71‘; M?;u,d;s) + 27 (m;M?;s,d;u)). (17)
Performing transformatiofd <+ s) we should changa™ to K~and Z* to —p to obtain:

RHS((9(1T 2" Ags)ds) = ~RHS(g(K™pA) =
1

6(3ﬁ(‘)(K‘; M2 u,s.d) + 27 (K™:M%d,su))

1
s W | SEF D) (19)



or in full notation

MAMANMZ oo oo
mﬁgKfpﬂm(e MN/M? _ g=Mz/M )(1+A/\NM2)

) o ()4 () | Bt
N 2¢§[ MM B et gyt
2 —
Zmi%f'\/')[m(dw + Mg () ((0U) + (59)))]
+§_¢K<<u—u>+<‘>><%gz>1- (19)

Interchangingu <+ d) one transforms it into the sum rule fggox-
In a similar way constructing a formal sum rule wiljs we obtain:

AnA=M?
(M2 —M32)
—RHS((g(T1 = Aus)us) = RHSKP=CA) =

mﬁgKO 0/\ (e_M/z\/Mz - e_Mé/M2>(l+A/\EM2) =

}(39(*)(K0; M2 s, d;u) — 207 (K% M u,d; s))

6
1
s @ | SEF D) (20)

Upon interchangéu <> d) one get the sum rule for the coupling consté€ntE~A.
Analogous sum rules can be constructed®coupling with kaon. First using Eq.(5)
and Eqgs.(13,16) we construct RHS of the sum rule invol\ﬂﬁgg

—2. RHS(n—z+f° ) =RHSY(r =75%) + \/éRHS(n—zﬂT) =
—V2.75) (M2, u,d;5) +v227) (1 ;M?;5,d; u) (21)
and then return to rea® with the 2nd transformatio(d «+ s) changing=* to —p and
m toK™:
AsANM?
(Mg —Mg)
—2. RHS((n*zigs)ds)—z RHS(K*piO)—
—V27 ) (K7;M%u,5,d) +v227) (K~;M?;d, s u)
— |exact W@ T \/E(F —-D), (22)

2ME gy 5o (e MI/M? _ g ME/M?y (1 L As M2) =

As the last one we construct sum rule for the formal quantitpiving % to obtain
finally

AsA=M?2

—M2/M2 M2 /M2
Wz @ e A=) =
= 2

Zmﬁ OKo=050



—2.7 ) (K%M?;s,d;u) —v227) (K% M?; u,d; 5)
~leae sy —V2F+D), (23)

Sum rules for otheggys andgg=s couplings are obtained with isotopic tramsforma-
tions.

SUMMARY AND RESULTS

Thus we have constructed QCD sum rules with the Lorenz streigs for K meson -
baryon coupling constantgny andgg=y, Y = 2, A starting from those fog;>s and
Or=A Ones. We have calculated (absolute values of) couplingtaotssofK-mesons to
octet baryons. The results are presented in the Tablesnlg2dér to control our results
we recalculate sum rules far couplings to baryons obtaining values close to those of
[6]. As the Lorenz structurgs was chosen mostly for methodical reasons the results do
not pretend to account for real quantities [6].

The sum rules confirm a known result that unitary picture imteof the D and F
constants is not suitable for meson-baryon couplings duar¢ge symmetry breaking.
At the same time these sum rules when expressed in terms géttezalized functions
Z and % reveal indeed a simpl8J (3) ¢ pattern, and this is one of the main results we
present here. The relations obtained here indicate in whgitame can change and use
the concept of the unitary symmetry in the framework of QCihsules.
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TABLE 1. The best-fitted values of the coupling constagitsy, gk=y and
corresponding values @éfyy, A=y are given together with the Borel windows for
each sumruley = A, Z

Coupling Borel Window M?, GeV? g Ag,Gev—2 A GeV 2

mpp 1.0-1.4 134//2 5.75 0.62

KO=OA 1.3-2.3 -1.35 0.8 -0.59
K~ pz0 1.1-2.1 1.18 2.53 2.14
K0=050 1.5-2.5 -3.09 -0.94 0.30

TABLE 2. The values of the coupling constarggny,
Ok=y, Y = A\, Z, of this work as well as of several recent
works are given

Coupling |g| [11] g[9],[10] g, thiswork

m™pp - - 13.4/+/2(input)
KNA 2.37+0.09 -3.47 0.77
K=A - - -1.35
KNI  0.025:0.015  1.17 1.18

K=Z - 7.02 -3.09




