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Meson-octet-baryon couplings using light cone QCD sum rules
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The coupling constants of K and 7 mesons with the octet baryons are studied in light cone QCD sum
rules taking into account SU(3), flavor symmetry breaking effects, but keeping the SU(2) isospin
symmetry intact. It is shown that, in the SU(3); flavor symmetry breaking case, all of the couplings
can be written in terms of four universal functions instead of F and D couplings which exist in the SU(3),
symmetry case. A comparison of our results of kaon and pion-baryon couplings with existing theoretical
and experimental results in the literature is performed.
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L. INTRODUCTION

The analysis of baryon-baryon, baryon-meson scatter-
ing, and photoproduction experiments requires the knowl-
edge of the hadronic coupling constants involving mesons.
Experimentally, only the hadronic coupling constant with
pion gyn, is determined accurately both from nucleon-
nucleon and pion-nucleon scattering. However, the situ-
ation for the kaon case is not simple and, to reproduce an
experimental result for kaon-nucleon scattering cross sec-
tion and kaon photoproduction, many phenomenologically
undetermined coupling constants are needed (see [1]).
Therefore, it seems a formidable task to determine the
kaon-baryon and pion-baryon coupling constants. For
this reason, a reliable theoretical approach for estimating
these coupling constants is needed. Among all nonpertur-
bative methods, QCD sum rules [2] are especially powerful
in studying the properties of hadrons. This method is
successfully applied to the investigation of a variety of
problems in hadron physics, in particular, the calculation
of the meson-baryon coupling constants. The calculation
of the pion-nucleon coupling constants received a lot of
attention (see e.g. [3—11]).

The K meson-baryon coupling constants also were
studied in the framework of the sum rules (SR) method
in [12—15] and in the light cone SR (LCSR) in [16].

The main result of these works is that the predictions of
SR for meson-baryon couplings depend strongly on the
choice of the Dirac structure (see e.g. [9,10]). Our numeri-
cal calculations show that only the pg7ys structure leads to
a reliable prediction on the meson-baryon coupling
constants.

In this work, we will study pseudoscalar 7 and K
meson-baryon coupling constants in the framework of an
alternative approach to the traditional SR, i.e. LCSR using
the most general expression for hadronic currents as well
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as SU(3); flavor symmetry breaking strange quark effects.
LCSR is based on the operator product expansion near the
light cone, which is an expansion of the time ordered
product over the twist rather than the dimension of the
operators. The main contribution in this approach comes
from the operators having the lowest twist. The main
ingredient of LCSR 1is the wave functions of hadrons,
which define the matrix element of nonlocal operators
between the vacuum and the one particle hadron state
(for more see e.g. [17,18]).

It should be noted that kaon-baryon coupling constants
in the SU(3); symmetry limit have been studied in [19]
based on the known sum rules for the pion-baryon cou-
plings. In the present work, we have taken into account the
SU(3) breaking effects. It is well known that in the SU(3),
symmetry limit, the coupling constants of pions and kaons
with baryons are described in terms of two universal con-
stants: F and D (see Sec. II). In the absence of this
symmetry, it is natural to ask how much of this structure
still remains. One of the central problems addressed in this
paper is the discussion of this question.

The plan of the paper is as follows. In Sec. II, we
demonstrate how kaon-baryon coupling constants and the
pion-baryon couplings can be related in the SU(3), sym-
metry breaking case. In Sec. III, the LCSR for the meson-
baryon coupling constants using the most general form of
the baryon currents is derived. Section 1V is devoted to the
analysis of the LCSR and comparison of our results with
the predictions of the other approaches.

II. RELATIONS BETWEEN K AND 77 COUPLING
CONSTANTS

In this section, we will demonstrate how K and 7
coupling constants to the baryons can be related.

Let us briefly review the formulas for the coupling
constants KNY, KZ2Y, and #2Y (Y =3,A) in the
SU(3); symmetry limit. In this limit, the interaction
Lagrangian can be written as

L =\2(DTtB{P, B} + FTrB[P, B)), 1)

© 2006 The American Physical Society


http://dx.doi.org/10.1103/PhysRevD.74.116001

ALIEV, OZPINECI, YAKOVLEV, AND ZAMIRALOV

where
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Here Bj; represent the 3 octet baryons and P represents

the 0~ pseudoscalar mesons. From the Lagrangian, the
expressions for the K and 7 couplings can easily be read
off as

=F+D,

gﬂ.opp 805+s+ = 2F,

87 3St30 = —2F, 805050 = F—D,

2
L ﬁD’

gK’pEO =D—-F

1
8KVEOA = &yNN = E(T’F — D),

gxom0s0 = —(D+F), etc 4)

In order to motivate the treatment in the SU(3) ; violating
case, let us write the 770 current as

jﬂ'O = Z gTquqQ’YSqr (5)
q=u,d,s

where g0, = ~8044 = J5and g o, = 0. Then the cou-

pling of the pion to the B(qq, g’) baryon which consists of
two identical g-quarks and a third different ¢’-quark, can
be written as

2F + g0, (F — D) (6)

1
EgﬁOBB = 8nVq mq'q

or explicitly

1 1
= g7TUuu2F + gwodd(F - D) = _Z(F + D):

—=8ppn°
\/_2‘ pp \/_‘
1
Egﬂ1)2+2+ = gvr“uuzF + gﬂ'oss(F — D) = \/EF, (N
1 1
EgﬂoEoEo = g0 2F + gﬂ,ouu(F - D)= E(F — D),
etc.
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In order to obtain relations between these coupling con-
stants, let us write formally the coupling constant of the 7°
to the X0 as

1
%gw“z"if’ = gﬂ'ouuF + garoddF + gﬂ'oss(F - D) 3)

Note that this coupling is exactly equal to zero.
Exchanging, first d < s and then u < s, one obtains two
auxiliary quantities:

1

Egﬂ“io‘“io‘“ = gﬂ'ouuF + garossF + gﬂ'odd(F - D)

1
=—D
\/j >
! )
ﬁgﬂ_oio“sio:«s = g0 F T 8r00aF + gﬂ.ouu(F — D)
Nk

The following relation holds:
8 7050ds50ds — & 0§ 0usS0us = 2D = \/ggWOEOA. (10)

Up to now, we have considered only the neutral 7°. To
study the couplings of the charged pions and kaons, let us
first define the auxiliary “hyperons”™ A, and 39
obtained from the normal A and 3, by the exchanges u —
s and d < s. Using the wave functions of A and 20, it can

be shown that

2|39y = =120 — V3IA)
[2|Ads> = —/3|3% + |A), (11)
2139 = =29 + V3IA)
[zlAus> = V3|39 + [A),

where |29) and |A,,) are the V=1 and V =0 V-spin
states, respectively, and [20.) and |A ;) are the U = 1 and
U = 0 U-spin states.

Now, let us write the formal coupling of the 7~ with 37
and the auxiliary A

2
287-37n, = ~V38ryrwo + gy = HBF D).

NG
(12)

Performing the exchange d < s, A, becomes the “physi-
cal” A, m~ becomes K, and 2% becomes — p. Then we
get
_ 2
2(grsra )d < 5) = —2gk-,p = ﬁQF + D) (13)

which coincides with the SU(3); symmetry prediction.
Similarly, writing the coupling of the 77~ to 2 and the
auxiliary A,
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2
2730, = V3o + 8rxia = = 7=GF = D)

(14)

and performing the u < s exchange, one obtains

2
2(gsp, U o 8) =28k-zop = — \/—§(3F + D). (15)

In a similar way, starting from the formal couplings
87 s+3y and g,-soxo , and performing the d < s and u <
s exchanges, respectively, one can obtain the following
relations:

_2(g7r—§+23§)(d Aand S) == 2gK’pEO == 2(_F + D), (16)

—2(g7—2+285)(u —5) = 2ggozoso = —2(F + D).

These expression show how we can construct sum rules
for the K baryon coupling constants, starting from the
corresponding sum rules for the 7 baryon coupling
constants.

III. LIGHT CONE QCD SUM RULES FOR THE
MESON-BARYON COUPLINGS

In this section, we will derive light cone sum rules for
the meson-baryon couplings. Sum rules for the meson-
baryon couplings can be obtained by equating two different
representations of a suitably chosen correlator, written in
terms of hadrons and quark-gluons. We begin our calcu-
lation by constructing the following correlator:

B—BM — f d*xe P (M 0, (1) 715,(0)[0), (17)

where M is either a pion or a kaon, 75 is the interpolating
current of the baryon under consideration, 7 is the time
ordering operator, and ¢ is the momentum of the
M-meson. This correlator can be calculated on one side
phenomenologically, in terms of the hadron parameters,
and on the other side by the operator product expansion
(OPE) in the deep Euclidean region p?> — —oo, using the
quark gluon language. By matching both representations
through the dispersion relations, one obtains the sum rules.

Let us first discuss the phenomenological part of the
correlator function equation (17). Saturating the correlator
function by ground state baryons with quantum numbers of
the corresponding baryons, we get

(o 7B, 1B, (p1))
pi — M3
X {(B(p1) M(q)|B,(p,))

B 0
><< 2(12?2)|77322| >+‘_
p; — M3

BB M (p2 pd) =

o (18)
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where p, = p; + ¢, M, is the mass of the baryon B;, and
- - - stand for the contributions of the higher states and the
continuum.

The matrix elements of the interpolating currents be-
tween the vacuum and a single baryon state, B;, with
momentum p and having spin s is defined as

<O|7731|Bi(p’ 5)) = /\B[”(P, s), (19)

where Ay is the overlap amplitude and u is the Dirac spinor
for the baryon. In order to write down the phenomenologi-
cal part of the sum rules from Eq. (18), it follows that one
also needs the matrix element (B,(p,) M(q)|B,(p,)). This
matrix element is defined as

(B1(p1)K(q)|B2(p2)) = gp,s, mi(p1)iysu(py).  (20)

Using Egs. (19) and (20) and summing over the baryons’
spins, we get the following phenomenological representa-
tion of the correlator:

832313\4/\31/\32
(pi — M})(p3 — M3)

X (= pdys — Mi4vs
+ (M, — M) pys
+ (M My — p?ys) + -, (21)

HBT'BlM(p%, P%) =i

where - - - stands for the contribution of the higher states
and the continuum. From Eq. (21), it is seen that the
correlator has numerous structures and in principle any
structure can be used for the determination of the meson-
baryon coupling constant. But our numerical analysis
shows that the sum rules obtained from ¢7ys and s do
not converge and hence cannot be used for a reliable
determination of the coupling constant. The sum rules
obtained from the structure pys do converge. But due to
the small factor M; — M, multiplying the structure [this
factor goes to zero in the SU(3); symmetry limit], any
uncertainty in the sum rule gets enhanced, and hence the
results are also not reliable. Thus, we are left with the g 7ys
structure only.

In order to obtain meson-baryon coupling, we need the
explicit forms of the interpolating currents for the baryons.
It is well known that there is a continuum number of
interpolating currents for the octet baryons. In our calcu-
lations we will use the following general forms of baryon
currents:
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1
nzo — \/;Eabc[(uaTcsb),ysdc + t(uaTc,yssb)dc
— (TC)ysu — HsT Cysduc],
DI 1

=——n¥d—>u
n Nk ( )
_ 1

Y
n 75 ( ),

n” =n*" (s — d),

s (22)

,77}’[ = 71 (s —_— u),

= = yd—s)

57 et np(u — s)’

1
n) = —\Ee“h"[Z(u“Tth)yssc + 2t(uT Cysd”)s¢

+ (uTCsP)ysd® + t(u* CyssP)de
+ (s7TCdb)ysu¢ + t(sT Cysd”)u],

where a, b, c¢ are the color indices, and ¢ is an arbitrary
parameter, and C is the charge conjugation operator. The
Ioffe current corresponds to the choice + = —1. Note that
all currents except the current of A can be obtained from
the current of %° by simple replacements. Recently, it has
been shown in [20,21] that it is also possible to obtain the
current of A from the current of 20 through

2ns0(d < 5) + ms0 = =374, (23)
2030 = 5) = n30 = =37,

A. Relations between the correlation functions

Identities presented in Eqs. (22) and (23) allow us to
write all the correlation functions for the strong coupling
constants of the 7%= and K** to the baryon octet, in terms
of only four functions. In the SU(3), symmetry limit, all
these couplings are related using symmetry arguments. The
main power of our approach is that our relations do not
make use of the exact SU(3), symmetry and hence can be
used to study various SU(3), symmetry violation effects.

Two of these four independent functions can be obtained
from a slightly modified form of the correlation function
I=—~2"7" To start the derivation of the relationships be-
tween the various correlation functions, define

HEU_}EO ! = gwﬁuHI(ur d’ S) + gﬂ'd_dnll(u’ d’ S)
+ gw§5H2(ur d’ S)r (24)

where we formally write the quark content of 7¥ in the
form of Eq. (5). For a real pion, we have g_.;, =

% and g, =0.

“8ndd ~

Hence, essentially II,(u, d, s),
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IT} (u, d, s), and I1,(u, d, s) is the contribution to the cor-
relation function when the pion is emitted from the u, d,
and s quark in 29, respectively.

Note that the current for X° is symmetric under the
exchange of the u and d quark field operators. Hence, the
contribution of emission from the d quark can be obtained
from the contribution of the emission from the u quark by a
simple exchange of the u and d quarks, i.e. Il|(u, d, s) =
I1,(d, u, s). This leaves us with only two independent
expressions, i.e. I1,(x, d, s) and I1,(u, d, s). In the follow-
ing, we will use the formal notation:

IM,(u, d, s) = (au]2°3°|0),

_ (25)
I, (u, d, s) = (35|2°2°]0).

In IT,; substituting d instead of u, and using the fact that
30(d — u) = /23", we obtain

ATT, (u, u, s) = 2(aulS 3 |0). (26)

[The factor 4 on the left-hand side is introduced due to the
fact that, since 2% has two u quark, there are 4 ways that
the 7° can be emitted, but IT,(u, u, s) takes into account
only one of these.] Also noting that since %" does not
contain any d quark,

N =27 = g (au|STS710) + g.50(5s|STST10)
= 211, (u, u, s). (27)

Similarly, for %~, we obtain

I =27 = ¢ 5 (ddIS~3710) + g5y (35|27 2710)
= —\2I1\(d, d,s) = —2I1,(d, d,s)  (28)

which concludes derivation of the relations between the
couplings of 77° to the 3 baryons.

In order to derive relations for the coupling of 77° to the
proton and neutron, we need the matrix elements
(au|NN|0) and (dd|NN|0). In order to obtain the first
matrix element, note that proton current can be obtained
from the X" current by replacing the s quark by the d
quark. Hence,

(aulpploy = (aulS*SH|0)(s — d) = T, (u, u, d).
(29)

In order to obtain (dd|p p|0), I1,(u, d, s) will be needed.
First, replacing the d quark by the u quark, we obtain

Iy, u,s) = Ss|STS710), (30)

and next, by replacing the s quark by the d quark, we obtain
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11, (u, u, d) = (dd|pp|0). 3D

Hence, we see that
r=rm = g .Gl pplo) + gﬁad<3d|pﬁ|0>

=200, (u, u, d) — —=TL,(u, u, d).  (32)

Using similar reasoning, one can also derive the following
relationships for the coupling of 77° to the nucleon and =
baryons:

1
17 = = 1y(d, d, ) = V211,(d, . ),
. 1
[[E—E' — —I1,(s, s, u), 53
>
==& L Gs 5 d)
= = = — — S, S,
2

which concludes the derivation of the couplings of 77° to
the baryons in terms of I1,;(u, d, s) and I1,(u, d, s).

Relating the analytical expression of the couplings of the
neutral pion to the coupling of the charged pion is more
subtle. To motivate the reasoning, consider the matrix
element (dd|3°3°|0). This 3° baryon contains one of
each of the u, d, and s quarks. In this matrix element, it
is the d quarks which emit the final dd and the other u and
d quarks act as spectators. Similarly, in the matrix element
(ad|%*3°]0), the d quark in 30 and one of the u quarks in
3" form the state (iid| and the other u and s quarks in both
the baryons act as spectators. Thus, it is reasonable to
expect that (dd|3°3°|0) and (&d|3*3°|0) are propor-
tional. Indeed an explicit calculation of the correlation
functions showed that

=27 = (ad| %+ 3°|0) = —+/2(dd|2°5°|0)

= —\2M(u, d, s) = —=2T1,(d, u, s) (34)
|

I A=A

|8

[MA—207  p20—An®

HE’—&,OK + \/§HE’—>AK = 2\/51_[1(”, S, d)’
[P 4+ JBIP~AK" = —23210, (s, u, d),
HEO_,I,Kf + \/gHA—mK’ = —2\/51_[1(5‘, u, d)y

[IE°—EK° _ \/:;HA—E‘)K‘) = —2\/§H1(d, S, ),

[H (5, d) — T1,(d, 5, u) + To(s, d, u) —

_ \%[Hl(u, s.d)+ T,(d, s, u) — TI

HnﬁEOK _

[120—nkK°
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from which, after exchanging u and d quarks, one obtains

¥~ — (du| S~ 3°10) = V2(iulS°5°l0)

= 210,(u, d, s). (35)

Using a similar reasoning, it is expected that (iu|= 202%0)

should be proportional to (du|=~E°]|0). An explicit cal-
culation showed that

—V2(au| E°E°|0)
= —1II,(s, s, u) (36)

and, exchanging u and d quarks, we obtain

(ad|E°E 10y = —v/2(dd|=E°E°|0)
—I1,(s, s, d). (37)

Using similar arguments, one can show the following
relations for the other correlation functions involving the
pion and not involving A:

e =7 — \/EHI(M, d, s),

N3 =7 = — 211 (u, d, s) = —211,(d, u, s),
M~ = “T,(d d,s), (38)
=2k = —11,(u, u, d),

O —rK" = —T1,(u, u, 5),

=K = —T11,(d, d, u).

In order to obtain the expressions for the correlations
involving the A baryon, one uses the relations given in
Eq. (23). Using those relations, one obtains

1 1
HZ(SJ u, d) - EHI(M) d; S) + Enl(d’ u, S)i|;
2(s, d, u) = (s, u, d)],

VI = 23115 d, ) )

—[IE 2K ¢ \[BIIE'—=AK® — 2\/51_[1(51’ s, u),

— BIAK = 2\211,(s, d, u),

ME—E K 4 BIAE K = 2211, (u, s, d).

As one can see from the relations in Eq. (39), it is not possible to separate the correlations involving the A baryon from
expressions involving the 2° baryon using only the functions IT; and IT,. In order to separate these correlation functions,

we will choose two more independent functions:

116001-5



ALIEV, OZPINECI, YAKOVLEV, AND ZAMIRALOV

Ms(u, d, s) = —TT¥=5 K" = —(u5|2-300)  (40)

and

M, d s) = —IE =26 = —(a|SOE7|0).  (41)

The main motivation for choosing these two correlation
J
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functions is that one involves 2° as an initial state and the
other one involves 2° as a final state. There are many other
possible choices and each one would work equally well.
For convention, these two are chosen in this work.

Using these two correlations, by suitable replacements
or exchanges of the quarks, one obtains the following
relations:

[E~%K = [["=r7 (5 o d) = —/2115(s, 5, u),
Haf_)E—KO — HEO—>2+K7 (l/l = d) == —\/§H3(S, S, d)’

HE+_,E()K+ _ ZHEO_,E—K+ (d N ll) _

—\/§H3(u, u,s),

r=nm = [ ~EK" (s = d) = —215(u, u, d),
=P = [P~ (u > d) = —~2115(d, d, u),
ME—rK — BIA=PK = 213 —E K" (5 o y) = —2T15(s, d, u),
M=K 4 JBIA=K" — T —E K (s oy, u o d) = 2115(s, u, d), (42)
=27 4 BIAE 7 = 2I12"~E K (5 o d) = —2115(u, s, d),
[MA=E'7 = [A=3 7 (o QI —E K = [ =E%(y — d) = —2115(d, d, 5);

3(dr u, S)r

HEO—EOK(’ _ _Hzt)_,E—K+(d - u) =11
OE=XK = 15 =K (y o d) = [1,(d, u, 5),
[IP—2K" — BIP~AKT = 2[5 —2K " (y o 5) = —211,(s, d, u),

[T—2K" 4 \/gnn—»AKO —

—2ME =K (y o 5, u o d) = 211,(s, u, d),

HE’—»E“#’ + \/§H2’—>A77'7 = 21‘[57—'207(7 (des)= —2H4(u, s, d),

HE*—»A#+ — HE*—»ATF (u - d).

Hence, we conclude our claim that all 45 strong coupling
constants of the pions and the kaon to the octet baryons can
be expressed in terms of only 4 independent functions
without using any flavor symmetry. In Appendix A, we
present each one of the correlation functions in terms of the
four functions I1,(u, d, s), (i = 1, 2, 3, 4). In this work, we
will work in the exact isosymmetry limit. In this limit, not
all of the coupling constants are independent. In
Appendix B, we present the relationships between the
coupling constants in this limit.

B. Expressions for the functions II;

In the previous subsection, we have shown that all the
correlation functions can be expressed in terms of only four
analytical functions which can be obtained from the corre-

[

lation functions for the transitions 30 — 3079 30—
EOK?, and E° — 2°KO. Hence, it is enough to evaluate
only the correlation functions for these transitions only.

In the large Euclidean momentum —p? — oo and
—p5 — o region, the correlators can be calculated
using the OPE. For this calculation, the propagators of
the light quarks and matrix elements of the form
(M|g(x)T'q'(x,)]0), where M = K° or #°, and T is a
member of the Dirac basis of the gamma matrices are
needed. In order to study the SU(3), violation effects,
we have expressed the light quark propagator up to linear
order in m, and then for numerical analysis set m, =
my=0 and my#0. The matrix elements
(M|g(x,)Tq'(x,)|0) can be written in terms of the meson
light cone distribution amplitudes. The explicit forms of
these matrix elements are given in [22,23]:
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1 -
M ] duempr(u)’
0

px

(MG, 75 OI0) = ~if s [ e (0 + Tem2w)) = 5 Fauniy

(M(P)IG(X)iysq(OI0) = pag ﬁ L due™ g p(u), (M(p)] ()0 05 754(0)10)
i

1 .
= Gl = Ba)(pavs — paxa) [ due™ o, (w)

_ . 1 1
<M(P)|61(x)0'ﬂv')’SgsGaﬂ(Ux)C](0)|O> = llu‘ﬂ\/l|:pap,u,<gu,8 - E(pvxﬁ + p,BxV)> - papv<g,u,ﬁ - E(p,uxﬁ + pﬂx,LL))
1 1
- p,Bp,u,<gva - E(pvxa + pa-xr/)> + pﬁpv<gua - B(p,uxa + pax,u)>:|
X [ Daetervedr T @) (M(p)10,758.G.pw0gO10)
1 .
= PulPata = P oty [ Dacelestver Ay(a)
1 1
+ |:p,8<g,u,a - E(py,xa + pax;l,)) - pa(gp,ﬂ - E(p,u,xﬁ + pﬁxﬂ)>i|me.27\4
X f@aei(aq+vag)pxﬂl(ai),
_ . 1 .
<M(p)|q(x)7,ulg\Gaﬁ(Ux)q(O)|O> = p,u.(paxﬂ - pﬁxa)ﬁff]\’lm%\/l [Dael(aq+vag)pxyll(ai)
1 1
+ [p;;(g,w - E(pﬂxa + pw,)) - pa<gw - B(pﬂxﬁ + Pﬁx,u)>:|f,’Mm§v1
X f@aei(“‘?+"“8)”xyl (a)), (43)
2

where u g = fmﬁ, Ay = mq]’”jv’qu , where ¢; and g, are the quarks in the meson M, Da = dazda,da,6(1 —
a; —

q q a’g)’ and the functions QD:]\/I(M), A(H), B(”)’ ¢P(u)’ QDO—(M), T(ai)9 ﬂl(ai)a ./’Zl”(a,), Vl(ai)a and VH(“!) are
functions of definite twist and their expressions will be given in Sec. IV.
For the explicit form of the light quark propagator, we have used the expression

_ it my ggy mg N X my
§4(x) 2t Ame 12 <1 14)() 192m°<qq><1 16)()

) 1 X , i m , —x2A2
— lgS/O du[mGW(ux)oW — ux*G,, (ux)y pprei 132—;_2GM,,0'“ <ln( 2 ) + 2)/E>} (44)

where yp is the Euler constant, y; =~ 0.577 and A is a scale that separates the long and short distance physics. For
numerical analysis, we used the value A = 300 MeV.

Using the explicit expressions of the full propagator of the light quark, Eq. (44), and the meson wave functions, and
separating the coefficient of the structure gg¢7ys, one can obtain the theoretical expression for the correlation function in
terms of a few condensates, distribution amplitudes of the mesons, and the QCD parameter.

Having the explicit expression for the correlator from QCD, QCD sum rules are obtained by applying Borel trans-
formations on the variables p? and p3 = (p; + ¢)* in order to suppress the contribution of the higher states and the
continuum (for details, see e.g. [24—26]). Then equating the final results from phenomenological and corresponding parts,
we arrive at the sum rules for the corresponding kaon-baryon couplings. Our final results for the four analytical functions
IT,,i =1, 2, 3, and 4 (for the structure pgys) are
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II,(u,d s) =

I,(u, d, s) =

M (1= 17 = my(1 = )i ) = Z2G M1 = A1 = Pis(by)

2
329” (1= 07 31 = )i (V. ) (e o
T M1 = 172 — my(1 — 2)iy(V 1)(7 ) IM_ 266 m, (1 — 17
167 ‘ REL I\YET T ) T 76872 0
2 2
— = i) = ) = "B B 1 = B3 GG )

2
my

648M?

B 307£M2M2 (€2GGIYm%, (m(1 — 1)* — my(1 — 2)(4i; (A, 1 — 2v) — ir(A))

+mldd)(3 + 2t + 317)ir(d,) — (1 = @) ma(mldd) + my(Ss)(S + 4t + 50)ir(¢,)

+ 765$M2(gsGG>mM(m 1—=0%*+my(1— 12))11(VH 1) — 1122 2(g%GG>(m (1 - 1)?
= mq(1 = )ix(e ) = 1583\42’"9\4M2(ms(1 — 12 = my(1 — )i, (A) — —4M2(<s s)(1 — 1)?

fm

—dd)(1 — )iy (o) + == 3072

m5M*(mg(1 — 1)* — my(1 — 2))i; (A, 1 — 2v)

PHYSICAL REVIEW D 74, 116001 (2006)

- 1];M +2my(1 = )i (V) fm —ma(1 =)V, 1)
+ 201 = B3I (=3m (1 = ) = 2m (3 + 21+ 3:2» = E9)Gmy(1 = 1) + my(6 + 41 + 61%))]
X ia(h,) + T2 — 1 = 2dd)(1 = Dl ae) + AL (551 = 1 = D1 = P)in)

- M—M(l — 2)(ddymy — (5symy)it (T, 1 — 2v) — fm m@((ss)(l —1)2 = {dd)(1 — 2))i; (A}, 1 — 2v)

+ %m (dd)(1 = ) + Gs)(1 = )iy (V). D),
4
1£ oy 2 bl = fia) (1 = ?ir(, 6J;M2

M42 w1 =% (T, 1—-2v) +

2
(m, + )1 = EXECO) e~ s Jiale )

C3r 768 2
- ;;M M1 — ﬂ)(yE );1(31/” -2V, 1
+3 456M6<1 ~ )+ 2MNGGGY(L + 02 ddym, + )i,
= (L 02 dm, + mE0)in )
— s e (GG, +md><1—r2><4n<ﬂ” 1= 20) + 4, (V) 1) = (8)
L2001 - 2D + @)in(pa) + L2, + m ML = ) (A1 = 20)
= 8ir (V) = Vi, 1) = () + E2 1 = @3 dd)my(1 = )+ 2m, (1 + 1)
G, (1= 2) = 2my(1 -+ Do) + L2 (1 = () + (@) Omdyin() + 10m3in( o)
= (GGG m, + ma)(1 = Plinloa) ~ 2w (1 = () + @) (Ay 1 - 20)

+ il(V”, 1) — K(l — 0*(ddymy + (auym, )iy (T, 1 — 2v),
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\/§H3(u, d s)=

\/§H4(u, d,s) =

f—MM4(md + m,)(1 + 2t — 32) +

(1 — @2, )M*(5 + 2t — 712
M

6472 19272
1 ) .
- WMM(I — 0% (T, 1 —2v) + 7£§:_2 (2GG)(my + my)(1 + 2t — 32)ir (o )
M2 2\ f . . M?
X (e =0y = 5) = oMM = 0P(my = m)i (A ) = (my + m)in(Vy, D) = s
_

2
602 miM*(1 + 2t = 32 (mg — m)i;(A 1, 1) — (mg + my)i;(V 4, 1))(’)’E - 111%)
sasers (1= B)(md + 2M)(GGG)(T + 61 + TR)(ddym, + (Ss)mq)iz )

307§ﬁz7r2 (GGG (mg + m)(1 + 21 = 30)ir(A) = 65 153 (836Gl (mg + m)(1 = 1)
X (14300, (A, 1 —2v) + G + i) (V) 1) + 3854”2772 m(g2GG)my — m,)(1 — 1)
X (4 300(AL D + G4 9V L =200+ (1= g (i, + Gom)
X (19 + 14 + 192)ir(¢,) — %(1 + 21 = 322)(3m% (my + m)ir(A)
fm

+ 167°((dd) + (55)ir (o)) — my(mg + mIM*(1 = )((1 + 30i (A, v) = 2i,(V), 1)

1672

+ IJ;TTZ m%\,le(l — )((mg(1 + 1) + zmdl‘)l'l(.ﬂ”, 1) +22m,(1 + 1) — my(1 — t))il(VJ_, 1))
- %m%w(md = m)M*(1 = 0)((1 + 30)i; (A, 1) — G+ i) (V1 v)

— B (1 ) (ddmg + (S5m) (=5 = 21 + TP)ir(p,)

+ ’;—32‘4(1 — @4 (ddymg + (3symyg)(T + 6t + T2)in(@,) + %((&d) + (3s))

X (9m3y (1 + 21 = 32)ir(A) + 4m(2 + 31 = 52)ir(@ 1)) — ’;—f(l ~ O(=2myss)

+ (ddym (1 + )i (T, 1) + L3 (ddymg + Gsym,)(1 = P4 (T, v)

=L (@ + ()0 = 010+ 300 (A 1= 20) + B+ 0 (V) v)]

+ J;_J;m@w(@d) — G — D+ 301 (A L) + B+ i) (VL 1 - 20)] @7

2
V214, d, 5) — 12472 iy (my — m)MA(1 = D[(=1 + iy (A 1) — 2(1 + 30y (A, 1)](yE - 1nAA42>

- wzfﬁzwz m(g3GG)(mg — m)(1 = O[(1 +30)iy(A L D+ B + i (V1,1 - 2v)]
- %m%w(md = mIMA(1 = O[(=1+ i (Ay, D) =41 + 300, (AL, 1]
_ %méw(md —mIMA(=3 + 2t + )i, (V, 1 —2v)

-~ %W((&dmd — @sym) (=1 = 2t + 32)i) (T, 1) — %"méw(@@ — )1 —1)

X[1+30)i (AL D+ @ +0i,(V,1-2v)] (48)

where M = 7 or K.
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The functions i,, i’, i,, i, are defined as

PHYSICAL REVIEW D 74, 116001 (2006)

i (¢, f(v) = [ D, [ dveglag, a, a,)f)dk — i)

(¢, f(v)) = f D, ﬁ dvelay ay a)f)8'(k - i), (49)

i\(o, f(v) = / Da, ﬁ) L foamag

where k = a; + va, when there is no integration over k, u

dkgo(aq, a

a,)f(v)d(k — i), ir(f) = f(up),

— M3/} + M3).

For obtaining the meson-baryon couplings, we also need to know the overlap amplitude of the hadrons. The overlap
amplitudes can be obtained from the mass sum rules and their expressions can be found in [24,25]. As we noted that the
other currents can be obtained from X° current, therefore we present the result for the residue of this current only:

(5+2t+582) —

A o)

0 (14 D au)ddy —

( 1 + 2)(Es)({dd) + (au))

16M2
2( 1 + 1)2({dd)ym,, + {auym, )M>

102472 96M2
+— 8 m3(—1 + 2)[m,(ddy + (au)) + (s)(m, + my)] —
R 2( 1+ 2)(m,((dd) + (iau)) + (s5)(m,, + my))M>

+— L (54 2 + 52)(auym, + (ddym, + (5shm,) + 21—4

12872
2

256 2

+ (=1 + t)Xau)dd)] +
m3

256 2

1+t + ) auym, + {(ddym, —

192 2

Note that, from the mass sum rules, one can only extract
the square of the residue, and not the sign. We have chosen
our sign convention in defining the currents such that, in
the SU(3), symmetry limit, the signs correctly reproduce
the F and D expressions (see, for example, [27]).

The contribution of the continuum to the sum rules
obtained from Egs. (45)—(48) and to the mass sum rules
equation (50) are subtracted using the replacements

M2”—>—f dss" e~ /M) n>0

I'(n)
(51)

M lnp T f dss"™ l(ln— (//(n)>
where ¢ = 0 in the mass sum rules and g> = m?, in the

sum rules for the coupling constants since the meson is
real, ¢(n) is the digamma function:

() = L 1] 52)
dx

[3(ss)({dd) + {au))(—1 + 12

(—1 + t)*(my(au) + m,{(dd))
(=1 + A[13m,(auy + {(dd)) + 11{5s)(m, + m,,)]

2m(5s)). (50)

{
The subtraction scheme, Eq. (51), corresponds to taking a
triangular domain in the double dispersion relation for the
coupling constant outside of which we use the quark
hadron duality to subtract the contributions of the higher
states and continuum.

IV. NUMERICAL ANALYSIS

In this section we present our numerical results for the
sum rules obtained in the previous section for the meson-
baryon coupling constants. The meson-baryon coupling
constants are physically measurable quantities, they should
be independent on the auxiliary Borel parameter M2, the
continuum threshold s, and the parameter . Therefore we
need to find regions of these parameters where meson-
baryon couplings are independent of them.

From the sum rules, one sees that the main input pa-
rameters are the meson wave functions. In our calculations,
we will use the following forms of the meson wave func-
tions [22,23]:
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b () = 6uii(1 + aMCyQu — 1) + aMCI?(2u — 1)),

1
T(a;,) = 36077305,;&,1013,(1 + w3§(7ag - 3)),

1

5
(ﬁp(”) =1+ <307]3 - = T)Cé/z(Zu - 1) + <_37]3W3 T 5

2wy
2
aza,(voy + vip(Ba, — 1)),

120aqaqag(0 + alO(aq - aq))r

- 6uﬁ[1 4 (57;3 =
Vi) = 120a,a
Ajla) =

Vi(a;) = —30a2 [hoo(

a,) + ho(a,(1 — a,) — 6a,a;) + h10<ag(1 —

PHYSICAL REVIEW D 74, 116001 (2006)

27 1 81 1
?)d/z(zu — 1), ()

03 10 13

1 7 3
5 MW3 — %M%vz - guéwcé”)Ci/zQu - 1)}

3
@) 5l “%’)ﬂ’ (53)

1
A () = 30a2(a; — aq)[hoo + oy + 5 oS, - 3)}

B(u) = gm(u) = ¢ mu),

gm(u) = goCy*u — 1) + g,C*u — 1) + g4C}/*Qu — 1),

16 24
= - + R
Au) = 6uu|:15 359

1

My o0ms + D+ (— L L
g (1 16 27

1 7 10

32
MmWs T 5o 774>C2/ Qu—1)

11 4 18
+ <_—ag\4 3 7]3W3)C (2M 1)i| + ( ?612 + 217]4W4)

210 135

X [2u3(10 — 15u + 6u?) Inu + 2i>(10 — 15 + 6@%) Init + uit(2 + 13uir)],

where C(x) are the Gegenbauer polynomials,

1

h = = 3 ’
00 = Yoo 3774
21 9
alo=§n4W4—%a2N,
21
Vg = — MaWy,
10 3 MN4W4
7 3
hoy = 7MW %agw’
(54)
hio 7 3 M
w
10 4774 4T 20
=1

18 20
g =1 +7ag‘4 +60m; + =74,

9

T — 6m3w3,

84 =
and the parameters entering Eqgs. (53) and (54) are given in
Table I for the pion and the kaon.

Since the mass of the initial and final baryons are close
to each other, we can set M7 = M3 = 2M?. Then uy = 3.
For this reason we need the value of the wave functions
only at u = % The values of the other input parameters
appearing in the sum rules are: {(Gg) = —(0.243 GeV)?,

= (0.8 = 0.2) GeV? [24], fx = 0.160 GeV, and f, =
0.131 GeV [22]

{

An upper bound for the Borel parameter M? is obtained
by requiring that the contribution of the continuum to the
correlation function is less than 50% of the value of the
correlation function. A lower bound is obtained by requir-
ing that the contribution of the term with the highest power
of # is less than 20%. Using these constraints, one can find
a working region for the Borel parameter M2. The contin-
uum threshold is varied in the range between s, = (mp +
0.5)% and s, = (mp + 0.7)2.

In Fig. 1, we present the dependence of g,,x on M? at
three fixed values of the parameter ¢ and two fixed values of
the continuum threshold, sy. From this figure, we see that
the results are rather stable with respect to variations of M?
in the working region of M?. It is also seen that the result
depends on the value of ¢. Our next task is to find a region
of t where the results are independent of the value of . For
this aim, in Fig. 2, we depict the dependence of g,,x

TABLE I. Parameters of the wave function calculated at the
renormalization scale u = 1 GeV>.

T K
at 0 0.050
aM 0.44 0.16
73 0.015 0.015
in 10 0.6
w3 _3 _3
Wy 0.2 0.2
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0 I | '
- - t= -1 N
-—t= -
5 - t=+45]
M
E_IOM 1
O T LTI T I TSy o T T e e 5
o T O =TT o -
J15 T o=
28’9 1 1,1
2 2
M (GeV))
FIG. 1. The dependence of the coupling constant g,x on the

Borel parameter M? for the values of the arbitrary parameter ¢ =
—1, £5 and the continuum threshold s, = 2.25 GeV? (the
curves without any symbols) and sy = 2.75 GeV (the curves
with circles).

on cosf, where 0 is defined through ¢ = tanf. We see that
when cosf varies in between —0.5 <cosf < 0.25, the
coupling constant g,,x is practically independent of the
unphysical parameter . And we find that g5, = —13 =

A similar analysis of the stability of the other coupling
constants with respect to the variation of the Borel mass
M2, the parameter ¢, and the continuum threshold s, is
performed (see Figs. 3—36). The results on the kaon and
pion couplings are presented in Table II under the column
“General current.” In the second column, labeled ‘Ioffe
current,” are listed our predictions if we set the arbitrary
parameter 1 = — 1. In the third column labeled “SU(3) I

0 T | T | T T
i — 5,22.25 GeV” 1
S - 5,=2.50 GeV"’ N
.l - 5,22.75 GeV” ]
2-10— —
e
-15 _
220 I | I | I | I
T 0.5 0 0.5 1

FIG. 2. The dependence of the coupling constant g ,,,x on cos
for 5o = 2.50 = 0.25 GeV? and for the Borel parameter M? =
0.9 GeV? (the curves without any symbols) and M? = 1.1 GeV?
(the curves with circles on them).
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15 T | T
T
S S Tl o
A Rt T _|
<
on
S5 —t{=- 1
--t=-5
L = t=45] -
1 | 1
B9 1 1,1
M’ (GeV?)
FIG. 3. Same as Fig. 1 but for the A — 3% 7~ transition.
20 T T T | T
- — 5,225 GeV"| 7]
15— ~- 5,22.50 GeV’| ]
o T - 5,22.75GeV’|
w10 -
an & .
5H —
0 05 0 0,5 1
Cos 0
FIG. 4. Same as Fig. 2 but for the A — X% 77~ transition.
8 T | T [ T

6_ —]

1 | 1 | 1
-6 1 12 13

M’ (GeV?)

FIG. 5. Same as Fig. 1 but for the A — E°K transition and
for the threshold values s, = 2.75 (the curves without any
symbols) and sy = 3.25 (curves with circles).
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1050 T | T | T | T

" |— $,=2.50 GV’ 1
13-+ 5,=2.75 GeV? N

~ [ |- 5,=3.00GeV’ i}
OQ 5,0 —
QD - —
2,51 |

|
005 1

FIG. 6. Same as Fig. 2 but for the A — E°K° transition and
for the values of the threshold s, = 2.75 * 0.25 GeV? and the
Borel mass M? = 1.1 (curves without any circles), and M? =
1.3 (curves with circles).

30 : I .

—_-——Q ———————————— o mmm——————— = o1

20T;.—__..—._‘-_"_————T—:-—..:.—.:.:r:..—_—..:.—(;—..-_-

T _
OL)‘:

10 R

__t=_
i - t=45]
| | |
i 1 1.1
M’ (GeV?)

FIG. 7. The same as Fig. 1 but for the n — p7~ transition.

40— : —

I — 5,225 GeV?| |

30— —- 5,= 2.50 GeV’|

. - 5,=2.75 GeV’| -

220~ 85 —
on

10— —

1
07 05 0 0.5 1

FIG. 8. The same as Fig. 2 but for the n — p7~ transition.
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0 T | T
_:IZ:ZieiZ:ZI:i::IZ:IZ:I:::::ZI::5:::::::::::::::::::::::b':_
[ D TIIIIIIIIIIICgGIIIIIIIZICICCC T
S5 —t=-1 ]
- o
A o - t=45 7]
e
-10= -
-1 ' | :
0.9 I L1

M (GeV?)

FIG. 9. The same as Fig. 1 but for the n — 2°K" transition.

0
5
B 2
e — so=2.25 GeV
w-10— 2 .
o6 -- s0:2.50 GeV D
L ) |
15 - s0=2.75 GeV a
20 I ! I ! I !
-1 -0,5 0 0,5 1

Cos 6

FIG. 10. The same as Fig. 2 but for the n — 2°K? transition.

0 I | '
L —t=-1 7
- t=-5
-5+ - t=+45 1
i
g_]ON U:
N el -
O ST oI I T g o e e e 3
I, O —mm T o -
_15_ ————— O __ e =4
- L | I
28,9 1 1,1
2 2
M (GeV")
FIG. 11. The same as Fig. | but for the p — AK™ transition.
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O T | T | T | T
- — 5,=2.25 GeV" .
=l ~- 5,= 2.50 GeV” -
o | - 5,=2.75 GeV” i
<-10 g —
| 3 1
15 —
220 I | I | I | I
& 05 0 05 1

FIG. 12. The same as Fig. 2 but for the p — AK™ transition.

20 , |
- .
o g———————— === o ———=—= <
15 __:%__..':T __________ Tt rewttret=rr et C KE
- i |
o6 10~ — = |
i —t=- i
5 - t=45
| | |
b ! 1,1
M’ (GeV?)

FIG. 13. The same as Fig. 1 but for the p — pa® transition.

25— ' ' |
20— |
o‘é: i § \ 7]
10 — S, = 2.25 GCV2 |
- | 8, =250 GeV’ ]
54 |
i - SO =2.75 GCV2 —

] | 1 | . | I
0_1 -0,5 0 0.5 !

CosO

FIG. 14. The same as Fig. 2 but for the p — pa° transition.
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20 T | T
15
% ol —t=-1] _|
A 10 -
A - t=45] -
§k=©---------ZZZZI@CITIITTTITIIISC]
‘:3f:Z:@IZ::::Z:::::I:::f:::::f::Q:Z:::::::::::::::::::::9.__.
o . | . —
0,9 1 1,1
2 2
M (GeV)
FIG. 15. The same as Fig. 1 but for the p — 3" KO transition.
20¢ : i , i :
i — 5,=2.25GeV’ 2 ]
br ~5,=250GeV’| ||
B 2
3 -5 =275 GeV
i 10— 0
o5 |
5_
0_ ....... P
-1 -0,5 0 0,5 1

FIG. 16. The same as Fig. 2 but for the p — 3" KO transition.

0 T | '
_:I:::Zé:::ZZ::I:Ii::::ji:ii:i::i'@ﬁf:ZI:ZI:IZ:ZZ:IZIZZ::TQ)":
_4:_:;;:::::::::::::;:::::::ZZZZII(;;
:g i —t=- i
A - t=-
o0 —t=+45
-8 ]
] | 1
169 I L1

M’ (GeV?)

FIG. 17. The same as Fig. 1 but for the 3° — nK? transition.
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O_
5
v I — 5,=2.25 GeV’
101~ —§,= 2.50 GeV’ %
I - 5=275GeV?| | ]
15 _
20 T R
1 05 0 0.5 1

Cos 6

FIG. 18. The same as Fig. 2 but for the 3° — nK? transition.

15 T T
12= —
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| | |
8,9 1 1,1
M’ (GeV?)
FIG. 19. The same as Fig. 1 but for the 2° — A7 transition.
20 T T T | T
- — 5,225 GeV’| ]
15— —5,22.50 GeV” ]
- - 5,=2.75GeV | ]
o: 10 ]
80 ’
5H —
07 0.5 0 0,5 1
Cos0

FIG. 20. The same as Fig. 2 but for the 3% — A7z transition.
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0 T | T | T

gZOEOKO

-10— _

FIG. 21. The same as Fig. 5 but for the 3% — 2K transition.
0 T | T | T

$ |—s,=2.50 GeV 1

S |--s,=275GeV 7]

~ [ & |-5,=3.00Gev’ i

0-10— —
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bD — —
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_20 | | | | | | |

-1 -0,5 0 0,5 1

20 T | T | T
|
v | ~t=-l
S10H- Sr=n3 -
5_e__::::::::fﬁ:::::::ft::::::::?::::_:
_§>.:::::::::::::::C:::::::::::::::::C:Z:::::::::::::::Q:::::::_:
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FIG. 23. The same as Fig. 5 but for the ¥~ — nK~ transition.
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20 | T | T | T d
i —5,=2.50GeV’|
15 —-§,=2.75 GeV'| §
I AES
‘% Lol =5, =3.00 GeV
W
bD -
5_
0_ ....... R R R R TR IRRE
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FIG. 24. The same as Fig. 6 but for the 3~ — nK ™~ transition.
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FIG. 25. The same as Fig. 1 but for the 3* — A#™ transition.

20— R
- —5,=225GeV’|
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)

Cos0

FIG. 26. The same as Fig. 2 but for the 3" — A7 transition.
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FIG. 27. The same as Fig. 1 but for the 3% — 307" transi-
tion.
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r Sy = 2.75 GeV
+N | -
W
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_15 1 | 1 | 1 | 1
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FIG. 28. The same as Fig. 2 but for the 2" — 37" transi-
tion.

6 T | - T | T

3 —
6 L | L | L
1 1,1 1,2 1,3
2 2
M (GeV")
FIG. 29. The same as Fig. 5 but for the E° — AK? transition.
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12 T | T | T | T
i —5,=2.50 GeV’|
oL —-5,=2.75GeV’| |

2

C% =8, =3.00 GeV

) i N
en
41— _
|

0_1 1

Cos0

FIG. 30. The same as Fig. 6 but for the E° — AK? transition.
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FIG. 31. The same as Fig. 5 but for the Z° — 3°K? transition.
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DD — —
-15 —

220 1 | 1 | 1 | 1
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FIG. 32. The same as Fig. 6 but for the Z° — 3°K? transition.
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1 | 1 | 1
O 11 1.2 1,3
M’ (GeVY)
FIG. 33. The same as Fig. 5 but for the Z° — 3+ K~ transi-
tion.
30 T T T T
20 S8a. ~
= 3
ow - 2 —
o —5,=2.50 GeV
07p |-, =275Gev’ n
-§ s, =3.00GeV’ -
A B
01 05 0 1

CosO

FIG. 34. The same as Fig. 6 but for the E° — 3" K~ transi-
tion.

15 T T
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e
Jur 7
o —t=-1
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—t=+45
. Y 1
O ————— : P——— —
1,1 1,2 1,3
2 2
M (GeV")
FIG. 35. The same as Fig. 1 but for the 2° — Z°#° transition

and the threshold values s, = 2.75 (curves without any sym-
bols), and sy = 3.25 (curves with symbols).
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20 T | T | T T T 2
i — s, = 2.75 GeV'|
2
15_ - SO=3.OOGCV 1
L - 5,=3.25 GeV’|]
3 10f ‘ —~
[1]

bD — —_
5_ —

07 05 0 0.5

Coso

FIG. 36. Same as Fig. 2 but for the 2% — E°#° transition and
for the values of the threshold s, = 3.00 = 0.25 GeV? and the
Borel mass M? = 1.1 (curves without any circles), and M? =
1.3 (curves with circles).

we present the predictions of SU(3) if one uses the central
values of the prediction of the general current for the
transitions p— pm’ and 3T — Az (marked as
“Input” in the table) to determine the F and D values. In
the same table, we also present the existing theoretical and
experimental results in the literature (columns 5, 6, and 7)
for the same coupling constants.

Comparing the results in Table II, we obtain the follow-
ing main conclusions:

PHYSICAL REVIEW D 74, 116001 (2006)

(i) There are many cases in which the predictions of our
analysis using the most general current differ con-
siderably from the prediction of the Ioffe current,
e.g. for the A — E°K and E° — AK° coupling
constants, the magnitudes as well as the signs are
different. Also for the p — 2 *K? 3~ — nK~, and
n — 3°K? cases, the magnitudes differ by at least a
factor of 3. This difference is mainly due to the fact
that, in these decays, the predictions for the coupling
constants depend strongly on the exact value of ¢
around t = —1. Hence r = —1 does not fall in the
stability region of the sum rules.

(i1) Our results are also different from the results ob-
tained in [15,28,31] but are closer to the experimen-
tal results [29,30].

(iii) In all cases except the 20 — E°#° transition, the
prediction of the general current is consistent with
the SU(3); symmetry, whereas the loffe current
predicts a large violation of SU(3), symmetry.
The connection between the SU(3) ¢ Symmetry
and the usability of Ioffe current and the reason
why there is a large violation of SU(3), flavor
symmetry in Z° — E°%7 transition needs further
study and is beyond the scope of this work. A
plausibility argument can be that, since Z baryons
contain two strange quarks, it is reasonable to ex-
pect that the SU(3) ¢ violation will be more pro-
nounced in this channel.

In conclusion, the coupling constants of the pseudosca-

lar K and 7 with the octet baryons are studied within the
framework of light cone QCD sum rules. In numerical

TABLE II. The strong coupling constants for various channels both for the general current and for the Ioffe current. The first three
columns are the results of this work. QSR*(*) are the predictions of the QCD sum rules using the OuyYsPhq” (ig7ys) structure.
Channel General current  Ioffe current (r = —1) SuU@); QSR* QSRT [28] Experiment
A — nK —13*3 —95=*1 —14.3 —2.37 = 0.09 [15] —2.49 = 1.25 —13.5 [29]
A— 37 10+3 12+1 10.0

A — EK° 45+2 -25%0.5 4.25

n— piw 21 x4 20+ 2 19.8 21.2 [30]
n— 30K0 —32x22 —9.5=*05 —3.3 —0.025 £ 0.015 [15] —0.40 = 0.38 —4.25 [29]
p— AK* —13*+3 —10=*1 —14.25 —2.37 = 0.09 [15] —2.49 = 1.25 —13.5 [29]
p— pad 14 £4 15+1 Input 13.5 £ 0.5 [10] 14.9 [30]
p— STK° 4+3 14=1 5.75

30— nK® —4=*3 -95=*1 —3.32 —0.025£0.015[15] —0.40=0.38 —4.25 [29]
30— A7° 11+3 12+ 1.5 10.0 6.9 =1 [31]

30— EOKO -13£3 —135+1 - 14

3" —nK~ 5%3 15+2 4.7

Xt — Am” 1035 125+ 1 Input

St — 30gt -9=x2 =7.5 %07 —10.7 —11.9 = 0.4 [10]

20— AK°® 451 -2.6 =03 4.25

50— 30k0 —125+3 -135=1 —14

20— 3K 18 +4 19+2 19.8

B0 — B0 10£2 0.3 0.6 —3.32 —1.60 = 0.05 [10]
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analysis, we studied the SU(3) flavor symmetry breaking
effects due to my, # m, = my; =0 and (§s) # (iu) =
(dd). 1t is found that, without assuming any symmetry
between the light quarks, all the coupling constants of
the octet baryons to K and 7 can be written in terms of
only four analytical functions, which reduce to the well
known F and D functions in the SU(3), symmetry case.
We also perform comparison of our results with the exist-
ing theoretical and experimental results in the literature.
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APPENDIX A: EXPRESSIONS OF THE
CORRELATION FUNCTIONS

Correlation functions for the couplings involving 7°:

1
[[2—30m0 E(H‘(u’ d,s)—11,(d, u,s)),

M2 =27 = 211, (u, u, s),

*—*7" = —J2I1,(d, d, ),
[r—rm = ﬁHl(u, u,d) — %Hz(u, u,d),
H””ﬁ=“ﬂﬁﬂﬂddm+i%ﬂﬂddu%
[E—E7 = %Hz(s, s, u),
e~ = —\%Hz(s, s, d),
Hﬂﬂﬂ+HMWﬁ=%ng&m+m@&m
— (s, d, u) — I5(s, u, d)],
Hmﬂﬁzdﬁﬂﬂm&w—ﬂddam

3
+ 11,(s,d, u) — I1,(s, u, d)

1 1
—EHI(u, d,s) +§H1(d, u, s)}

(AD

Correlation functions for the couplings involving 77 :

PHYSICAL REVIEW D 74, 116001 (2006)
M7 = —\2I1,(d, u, s),
> —27 = \211,(u d, s),
NE =B = —TI,(s, s, d),

L 1 (A2)
A=t 7 — _ﬁ[zm(d, s, u) + V2I1,(d, u, s)]

_ - 1
O3 A7 = — —_[2I0,(u, s, d) + V2I1,(u, d, 5)],

V3
Ir—r™ = —\2115(d, d, u).

Correlation functions for the couplings involving 7+ :

I =27 = —\211,(d, u, 5),
HEO_,E’W'+ — 21_[1(1/!, d; S),
[IE—E 7" = _HZ(S’ S, M),

o (A3)

IS —Ar" — _%[2]]4@1, s, u) +~2I0,(d, u, s)],

HA—'E 7t = — \}5[21__[3(11, S, d) + \/EH](M: d) S)],
P17 = —\215(u, u, d),

Correlation functions for the couplings involving K™:

2K = —\211,(s, u, d) — I,(s, d, u),
1
r—AK = — —_[V211,(s, u, d) — T1,(s, d, u)],
\@[ 1 ( ) — IL( )]
M—*K=—11,(d d, u),
+_,50 2( u) (A9
125K = —\2115(u, u, s),
HEU*E?K = _H3(u; d} s)’
- 1
MAE K = —_[2\211,(u, s, d) + [3(u, d, s)].
AV ) + T d, )]
Correlation functions for the couplings involving K™ :
2"=PK = — 211, (s, u, d) — 5(s, d, u),
1
MA=PK = — —[V2I1,(s, u, d) — T5(s, d, u)],
\/5[ 1 ( ) — I5( )]
M= ="K = —11,(d, d, s),
2( S) (AS)

5K = L, (5,5
HE =K = —T1,(u d,s),
1

= =M = 23210 (5, d) + Tha(u d, )]
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Correlation functions for the couplings involving K°(sd):

I=~YK = T,(d, u,5),  T='—AK = Jlg[zﬁm(d, sou) + y(d,u,9)l TE 72K = —2II4(s, 5, d),

1 .
="K = (s, u, d) + V200, (s, d,u),  TIA"K = MG d) - VIl (s, dow)) T 77K = =T (u, u,5).
(A6)

Correlation functions for the couplings involving Iéo(dE):

H2—E% = T15(d, u, s), [TA—E)K = L[2\/51_11(61', s, u) + I5(d, u, 5)], I ~E K = —\201,(d, d, s),

V3
0 1 4
> = T1,(s, u, d) + V211,(s, d, u), [M—AK = ﬁ[ﬂﬁt(s, u, d) — 2101,(s, d, u)], 7= K = —T1,(u, u, d).
(A7)
APPENDIX B: RELATIONS IN THE SU(2) LIMIT
Correlation functions involving the pion:
HE“—»E%’ — HA—'AFO =0
\/EHI(q, q, S) — HE+—'2+7T — _HEf—'E’ﬂ' — _HEO_’E+7T — H27—>E”7T — _HE+—>2077 — HEO—'EVT’
— — 1 —— 1 —— =) 1 —0_ =
ME—E"7 = __q1 s, 8, = —[IE—~E 77— _ __[IFE—E'7—- _ __[IE-E7
1
H]J_’I”T = _Hn—»mr = \/EH » o - _H > 4> >
19,9, 9) 7 2(¢. ¢, 9)
(B1)

. . 1
[A=7 = [A=277 = — _[2115(q, 5, 9) + V2I1,(q, ¢, 5)]

V3
HEJF_)AW _ HE’—»AW — _L[2H ( Ky ) + \/EH ( S)]
B sa 14, 4, s)}
[m=r7 = [1r=17 = —\2115(q, q, 9),
4
HEO_)A# + HA_)EOﬂ-O = %[HI(Q) S, Q) - HZ(S’ q q)]

Correlations involving the kaons:
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[10]

(11]
[12]

[13]
[14]
[15]

[16]

PHYSICAL REVIEW D 74, 116001 (2006)

=K = —[17=*K = [1,(s, g, ) + V2I1,(s, ¢, q),
[Ir—AK _ [[r—AK _ _%[\/zﬂl(s, 0 q) — T(s, ¢, 9],
[Nk = [["2K = —T1,(q, ¢, q),
-k _%H2+~EDK — IRk — —%HE*EK = 1Il3(q, ¢, 5),
[TA—EK — [JA—E K — %[2\/51'[1((1, s, q) + 15(q, g, 5)],
M=K = —[1>'=PK = \211,(s, ¢, q) + H5(s, ¢, q), >
—[IA—PK = —JA—nK — \}g[\/iﬂl(s, g.9) — (s, g, 9]
M2 =K = [ =K = —Tl,(q, g, 5),
—MIE—YK = _[IE =2 K = \T14(s, 5, q),
—T1E =% = [T —*% = TI,(q, ¢, ),

1
NG

[IE —AK = HE”—»AK —

[2v2I1,(g, 5, ¢) + I14(q, ¢, 9)].

M. K. Cheoun, B. S. Han, B. G. Yu, and L. T. Cheon, Phys.
Rev. C 54, 1811 (1996).

M. A. Shifman, A.I. Vainshtein, and V.I. Zakharov, Nucl.
Phys. B147, 385 (1979).

H. Shiomi and T. Hatsuda, Nucl. Phys. A594, 294 (1998).
M. C. Birse and B. Krippa, Phys. Lett. B 373, 9 (1996).
T. Doi, H. Kim, and M. Oka, Phys. Rev. C 62, 055202
(2000).

T. M. Aliev, A. Ozpineci, and M. Savci, Phys. Rev. D 64,
034001 (2001); T. M. Aliev and M. Savci, Phys. Rev. D 61,
016008 (1999).

H. Kim, S. H. Lee, and M. Oka, Phys. Rev. D 60, 034007
(1999).

H.-C. Kim, Eur. Phys. J. A 7, 121 (2000).

H. Kim, T. Doi, M. Oka, and S. H. Lee, Nucl. Phys. A662,
371 (2000).

H. Kim, T. Doi, M. Oka, and S. H. Lee, Nucl. Phys. A678,
295 (2000).

V.M. Braun and I. E. Filyanov, Z. Phys. C 44, 157 (1989).
S. Choe, M. K. Cheoun, and S.H. Lee, Phys. Rev. C 53,
1363 (1996).

S. Choe, Phys. Rev. C 57, 2061 (1998).

B. Krippa, Phys. Lett. B 420, 13 (1998).

M.E. Bracco, F. S. Navarra, and M. Nielsen, Phys. Lett. B
454, 346 (1999).

T. M. Aliev and M. Savci, Phys. Rev. C 61, 045201 (2000).

116001-21

V.M. Braun, hep-ph/9801222.

P. Colangelo and A. Khodjamirian, At Frontier of Particle
Physics/Handbook of QCD, edited by M. Shifman (World
Scientific, Singapore), Vol. 3, p. 1495.

T.M. Aliev, A. Ozpineci, S.B. Yakovlev, and V.S.
Zamiralov, AIP Conf. Proc. 806, 40 (2006).

A. Ozpineci, S.B. Yakovlev, and V.S. Zamiralov, Phys.
At. Nucl. 68, 279 (2005).

A. Ozpineci, S.B. Yakovlev, and V.S. Zamiralov, Mod.
Phys. Lett. A 20, 243 (2005).

P. Ball, J. High Energy Phys. 01, 010 (1999); P. Ball, V.M.
Braun, and A. Lenz, J. High Energy Phys. 05 (2006) 004.
P. Ball and R. Zwicky, Phys. Rev. D 71, 014015 (2005).
V.M. Belyaev and B.L. loffe, Sov. Phys. JETP §7, 716
(1983); Zh. Eksp. Teor. Fiz. 84, 1236 (1983).

T.M. Aliev and A. Ozpineci, Nucl. Phys. B732, 291
(2006).

T.M. Aliev, A. Ozpineci, and M. Savci, Phys. Rev. D 64,
034001 (2001).

J.J. de Swart, Rev. Mod. Phys. 35, 916 (1963).

S. Choe, Phys. Rev. C 62, 025204 (2000).

R. Lawall et al., Eur. Phys. J. A 24, 275 (2005).

R.A. Arndt, Z.-J. Li, L.D. Roper, and R.L. Workman,
Phys. Rev. Lett. 65, 157 (1990).

T. Doi, Y. Kondo, and M. Oka, Phys. Rep. 398, 253
(2004).



