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3amupasos B.C.
IIpaBuna cymm KX/I ajisg koucrant cBasu KY N u KYZ. : [lpe-
npuar HUNSA® MI'Y 2005-10/776 / B.C. 3amupadsios, T. Asuues,
A. Osouueun, C.B. dkoBixes. — M.: YHII 10, 2005. — 22c.

ITonydeHbr HOBBIE COOTHONIEHUSI MEXKIY OOPEIEBCKUMU IIPABIIAMH CYMM
B KX/ mms cuibHBIX KOHCTAHT cBsi3u GapmonoB ¢ K-mesomamu. ITokazamo,
9TO, OTHPABIAACH OT IIPABUJI CYMM JjIs KOHCTAHT CBS3U §rss U JrsA, MOXKHO
HEeIIOCPEeICTBEHHO IIOIy9YUTh COOTBETCTBYIOIINE MIPABUIA CYMM I KOHCTAHT
CB4d3U JKYN U JKY =, Y = E,A.

©V.S. Zamiralov, T. Aliev,
A.Ozpineci, S.B. Yakovlev 2005
©NPI MSU 2005



1 Introduction

Meson-baryon couplings were studied for years thoroughly either for
pion-baryon couplings or kaon-baryon baryon ones as these couplings are
important ingredients in the analysis of the baryon-baryon and meson-
baryon scattering and meson production reactions. Experimentally rather
unambigous results are obtained only for the coupling constant g,y -
Other coupling constants, those involving K-meson in particular, require
many phenomenology to be used in order to be extracted from experimental
data. Since the advent of the SU(3) symmetry all the meson-baryon
coupling constants were expressed in terms of characteristic for baryon
currents in SU(3) constants F' and D which gave possibility to construct
a reliable phenomenological aproach. And indeed up to now it often forms
a basis for constructing potential models for hyperon-nucleon interaction
and meson-baryon scattering.

As soon as in [1] QCD sum rules (SR’s) were proposed, they were
used not only for baryon masses and magnetic moments starting from the
works [2], [3] but also for baryon-meson coupling constants. Naturally, a
pion-nucleon coupling attracted many attention (see, for example, [4],
[5], [6]). Mostly two-point correlator function serves a basis of these
calculations. Coupling constants of 7°- and 7- mesons to baryons were
intensively studied in various QCD SR approaches [7], [8], [9]- Recently
we succeeded in writing QCD sum rule for the n coupling to the A
hyperon [10] which was usually absent in such sum rules.

As for K-mesons they also were studied in the framework of the
QCD sum rules, but more often basing on the three-point correlator
function ( see, e.g., [12], [13], [14]). Usually these sum rules are not
related straightforwardly to those treating m and 7 couplings to baryons.

We would like to propose here QCD sume rules for all octet meson-
baryon couplings through some universal 7 and D functions written
in a unified manner. In order to be clear we choose as a basis for our
reasoning SU(3) symmetric QCD LC sum rules written by two of us
with coauthors [9] and SU(3) breaking QCD borel sum rules proposed
in [7] ( which is the most simple one in a series of sum rules obtained in
[71,18])

The plan of the paper is the following. First we reveal in what way one
can obtain 7¥A coupling from that of the 7°XY one in the framework
of a simple SU(3) model. Then we show in this model how one could
relate couplings of strange and non-strange mesons to baryons. Basing on
this results we construct QCD sum rules which involve some generalized



functions F and D which allows us to relate QCD sum rules for all meson-
baryon couplings starting from some two-point correlation functions with
two interpolating baryon fields sandwiched between the vacuum and
meson states. We obtain as a result K- meson coupling constants to
octet baryons which are discussed in the last section.

2 Relation between 7’2 and 72 A constants
in SU(3)

We begin as in [15], [16] from a simple example. In the unitary model all
the pion-baryon coupling constants can be expressed in terms of F' and
D constants from the known unitary symmetry Lagrangian [17]

L = DSpB{P, B} + FSpB|P, B). (1)
where
_1 v0 1 +
ﬁz - \/EA 1 20: 1 P
[ - - —
B§ = E:, ‘/52_;_ \/éA 7; i (2)
= = —751\
\%WO + %7} Tt K+
o — 1
Py = T wnhnn K 3)
wherefrom
2
ginN = F+ D, grss = —V2F, gez==—F +D, guza = \/;D,

1 1
gKEs = \/;(FJr D), \/ggKaA = (-3F+D),

gKNY == \/g(—F-i— D), grna= —\/g(?)F-FD), (4)

But coupling constants for 7° meson can be written in a form similar
to that found for ¥-like baryon magnetic moments in SU(3)s [15],[16].
Namely, let us write coupling constants of 7° meson related in the quark
model to currents

.0

i = %[msu — drsd] (5)



for ¥-like baryons B(qq,q'),q,q = u,d, s in the form
Q(WOBB) == Grqq2F + grg'q (F = D),

or, particle per particle:

1
g(ﬂ—opp) = gﬂ'uu2F + gﬂ'dd(F - D) = \/;(F + D),
g(ﬂ-OZJrZJr) = gruu2F + gﬂ-ss(F - D) = \/EF;
1
g(m°Z°2%) = 9, 4s2F + gruu(F — D) = \/;(F - D);

and so on, where gy, = + % y Yrdd = —\/g and grss = 0 can be just
read off Eq.(5).

The only coupling which cannot be written immediately in this way
is 79%9A. But we can overcome this difficulty. For that purpose let us
write an expression also for 7°X°%° coupling ( which is equal to zero !):

9(7702020) = gﬂ'ouuF + gwoddF + gwoss(F - D) =0 (6)

and change (d < s) ( which is generally speaking essentially nonlinear
operation) to form an auxiliary quantity

g(rOEVWE0) = g0y F + grogs F + groaa(F — D) = %D, (7
and (u < s) to form one more auxiliary quantity
g(rOEO W E0) = 904 F + grogs F + groyu(F — D) = = %D' 8)
The following relation holds:
g(rOE0AsE0.ds) _ g(r050us F0us) _ /300507, 9)

The origin of this relation lies in the structure of baryon wave functions
in the NRQM with isospin I = 1,0 and I3 = 0O:

2V3[20(ud, 5))1 = [2urdys +2dyurs —upsydy—supdy —drsyuy —sydyuy),

2[A)y = |dysyuy + sydiuy —upspdy — squpd)),



where ¢; (¢;) means wave function of the quark ¢ (here ¢ = u, d, s) with
the helicity +1/2 (-1/2). With the exchanges d < s and u < s one
arrives at the corresponding U-spin and V-spin quantities, so U = 1,0
and Us = 0 baryon wave functions are

—2|29_  (us,d)) = |2°(ud, s) > +V/3|A), (10)
2|Ages) = —V3[%(ud, s) > +|A), (11)
while V =1,V3 =0 and V = 0 baryon wave functions are
—2[50 . (ds, ) = [£0(ud, 5)) — V3|A), (12)
2|Aucs) = V3[SO(ud, 5)) + [A). (13)

It is easy to show that the relation given by Eq.(9) immeaditely follows.

3 Relations between K (X, A)N, K(X,A)= and
XA couplings in the SU(3)

Up to now we have considered couplings of baryons to 7° meson. Now we
try to consider also kaon and charged pion couplings to baryons. They
are given by SU(3) symmetry formulae but we want to rewrite it in a
way suitable for derivation of the corresponding Borel sum rules.

Let us write formally the coupling of pion to ¥+ and A4 given by
the Eq.(11):

2g(r~ S Ags)] = —V3g(r~ R + g(n "X TA) =

—V3(—V2F) + \/gD = \/g(?,FJr D).

Now we perform d < s exchange. Our auxiliary baryon Ag4s returns
obviously to its real form A while 7~ (du) changes to K~ (su) and X% (uu, s)
changes to —p(uu, d), so we arrive at

2[g(m" ST Ags)]as = —2[g(KpA)] = \/g(SF + D).

One can see that this is indeed the right expression for the coupling
constant g(K ~pA) from the Eq.(4).



Let us now write the formal coupling of pion to ¥ and A, given
by the Eq.(13):

2g(r 2t Ays)] = V3g(r~BTEY) + g(n~ETA) =

V3(=V2F) + \/gD = —\/g(3F — D).

Now we perform u < s exchange. Our formal baryon A, returns to its
real form A while 7~ (du) changes to K°(ds) and ¥% (uu, s) changes to
—=0(ss,d):

2[9(7T_2+/_Xus)]us = 2[9(KOEOA)] = —\/g(3F - D)

One can prove that this is again the right expression for the coupling
constant g(KYZA).

In the same way one can show that starting from the formal expressions
for g(7=X+8Y)) and g(r~ X TX0,) it is straightforward to arrive at kaon-
baryon couplings g(K~p%°) and g(K°=%0):

—2[g(r~ £ EY)]as = [9(n " TYE) + VBg(n = A)4s =

2 _
—V2F + Jﬁ(\/;p) = 2[g(K~px%)] = V2(—F + D),
—2[g(n= S Eus = [g(n™SYE®) = VBg(n =T A) us =
2 _
—V2F — ﬁ(\/;p) = 2[g(K°2°%%)] = —V2(F + D).
Derivation of these coupling constants indicates us the way to proceed

in the formalism of QCD sum rules.

4 Light-Cone QCD sum rules for kaon-baryon
couplings
We rewrite LC QCD SR’s (Eq.(40) from [9]) for the M = 7%, 7 coupling

to the baryon BB(qq,q'), in a way to make clear unitary symmetry
pattern:

1 a2 2
—\/;MB)‘QBQMBBe M /M — quq(H’l)I(MQ) - qu’q’Hg(MQ)a
(14)



wherefrom Eqs.(5-7) of [9] follows:

—MNA?vgwoppei(m?V/Mz) =

V2(grouul ] (M?) = grogall3 (M?)) = T} (M? + 13 (M?);
—MEA%QWOE+2+€7(M§/M2) = \/ﬁgwouuHY(MQ) = HY(MQ)a
— M=X2grozome” MM — _\/og o TIY(M?) = —TIJ(M?),  (15)

and so on, where IT] ,(M?) are given in [9] and can be redefined in terms
of

VEIFU(M?) = I (M?), V3D(M?) =11} (M?) + 2113 (M?)

to see clearly SU(3) pattern.

The LC QCD sum rules in [9] are flavour symmetric. Upon using this
fact for the RHS of the LC QCD sum rules and following reasoning of
the preceding section we can write

AN M?

W(MN?M?V/MQ — Mpe MAAM) =
A N

—\/ggKpr

— 200} (M?) — I3 (M?) = —\/g(D”(MQ) +3F7(M?))

AN M?
)

mor) = Yo - pom),

Mye My/M* _ Mze_Mg/MQ) =

)\A)\:MQ _ M2 2 a2 2
_ omor —AP=TE (M X/M® e~ ME/MTY —
\/ggKHA(Mé—M/%)( A€ =€ )
1
(%) - I (0%) = - L0700 - 37 (0,

A= M2 s s
gz gy (Mse MM = MeeT M =
= P

—HY(MQ)—HQ(M2)=—\/g(D”(MQHF”(MQ))- (16)

These expressions demonstrate a net SU(3) pattern. But as we have in
mind to expose some methodics we would prefer less complicated and
not so lengthy expressions as in [9] and at the same time the case where
unitary symmetry of quark masses and condensates is broken.



5 QCD sum rules

We use as the next example QCD sum rules based on the formalism
developed in [7] where formules are more transparent and unitary symmetry
is broken. Let us begin from the sum rule for the MX°X° coupling:

1
—m2 AL g(MEOE0) e~ (MM 4 A M?) =

V2
(35) " 3f3m |
127T2fM 4\/§7r2

—gMSSLMQ(md@u) + m., {dd))(5s)

ngsmg\/tM4E0 ((E)[

Im
mf\,t _ Qs 9
_ngsm@SM?g >

+Lm(2)[<§3>(mdg/\/luu (@) + myugaaaldd))
6./m

+ms(gMun + gMmaa) (Gu) (dd)]. (17)

where my, ¢ = u,d,s are current quark masses, fa¢ is a M-meson
decay constant, M = 7% n, (qq)’s, q = u,d,s are v.e.v.’s, taken as
—(2m)*{uu) = —(2m)%(dd) = —(27)%(gq) = 0.55 GeV3, (3s)/(dd) = 0.8,
while m2Z = 0.8 GeV?,

(@aym§ = (geqo - Gq).

E,(z) = (1 —-—e®*1+x+..+a"/nl)) is a factor used to subtract
the continuum contribution, * = W?2/M? [2]. Here W2 = 2.0 GeV?

is taken with the overlap amplitude (27)*\% = 1.88 GeVS. If we define
DO (M; M?;u,d; s), FO (M; M?;u,d; s) (this shorthanded notation means
that these functions depend on M?, all quark masses and all condensates:
DOY(M; M?;u,d;s) =

DOY(M; M?;my, (au), ...;mq, (dd), ...;mg, (35), ...), similar for F ):

FOUM; M?u, d; s) = 21(55) (ma(uu) + ms(au)(dd)],

1
——m,
6fm °

DO(M; M?;u,d;s) =

Ss 3f
FOM; M?;u, d;s) — [miAM‘*Eo(x)[lszQ }M T \/%jjz
1

—f—MQ(md@u) + my, (dd))(ss)
M

]



L L ) e

The righthand side (RHS) of the Eq.(17) can be written in a form

1
RHS(MEOEO) = (gMuu + _ngs)FO(M; M2;’LL, d’ S) +

2
1
(grmdd + §gmss)F°(M; M?d,u; s) —
1
—gmss (DO (M; M?;u, d; s) + DV (M; M?; d,u; s)), (19)

2
suitable for going to the exact SU(3) limit. For this purpose we should
put

(tu) = < > <§> <>
DED(O)(M,MQ,(],Q, )F -7'.(0)( M2 Q7QaQ)7 (20)

and take into account that

IMun + Mdd + Gmss =0, M == q. (21)
In the exact SU(3) limit the RHS of the sum rule Eq.(19) yields

RHS(MES) 503y = (9Mun + GMdd + Gamss) FO(M; M ¢, ¢; )
—gmss D' (M M?54,q:q9) = —gamssD. (22)

This sum rule yields zero 79220 coupling as it should be but gives us
a possibility to construct Borel sum rule for the 7~ X0 or 73X~ %0,
To illustrate transition from 7°%°%° coupling to that of 7~XTX0 or
78720 we expose two series of graphs (see Figs.1,2). (We should have
shown also gluon lines due to v.e.v. related to m3 but for the moment
we ignore it for simplicity as these lines do not affect our reasoning.)

10
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The sum rule for the 7~X+X° coupling reads

—m2\2g(n BTE0)e~(ME/M)[] 4 A M2 =

m2 _
ﬁ[(mu@s) + mg (au)) ((au) + (dd)] = V2F ) (x=; M?;u,d;s)  (23)

11



and a similar sum rule for 7+t¥~%0 coupling (upon u « d) to compare
with the 79275+ coupling sum rule [7]

mi)\%g(ﬂoZ"’Eﬂe_(sz/Mz)[l + AsM?) =

my
3fx
Upon using our relation between the correlation functions for 3 and

A hyperons [15] we have constructed recently QCD borel sum rule for
%A coupling [11]

[(my(3s) + ms(Tu))(au)] = V2F© (7% M?;u,u; 5). (24)

V3m2 A Asg(7°S0A)
M2 2 2 2 2
(e MAMT o= Mu/MIY 4 Ae M =
Mg — M}
dd) + (uu) 3f3n mZ - g, Qs
_ 2M4E < T s ~2
M By () [ 7] ) + () (6%)

+i(6M >+ m)[(ms(uu) + my(ss))(dd) + (ma(ss) + mg(dd))(au)] (25)

The RHS of it we present as
1
RHS(7°%0A) = 2—\/5[7)(0)(#0; M?; s, d;u) + DO (70 M?; s, u; d) +
DO (x% M?;u, 57d) + D (n°% M?;d, s;0)] +
1
—=[FO (% M?;u, 57.d) + FO (x5 M?; d, 5;u) —
S5 )+ 5O )
FOrO M?;s,usd) — FO(n% M5 s,diu)] = |ezact sue)  V2D. (26)
For the left hand side (LHS) of the Eq.(25) we can use safely instead of
masses & and A some effective mass My = (Mx + Ma)/2 to simplify a
little the final expression ( see below) From the sum rule for the 7°%°A
coupling Eq.(25) [11] we can just deduce upon using isotopic invariance
the corresponding expression for the 7~ XA one (see also Fig.1-4). Tt
reads as

\/gmfr)\A)\gg(ﬂ_E+1_X)e_(M§A/M2)[1 + AEAMQ] =
((au) + (dd)) | 3fsx
127T2f7r 4\/§7r2

[(mu(ss) +ms(uw))((au) + (dd))] +

= [—miM4Eo(:C)[ 1+

(mg +6M?)
6fr

12



2

g () + (d)(26%) =

VDO (173 M2 5, d50) = leaaer sus) V2D
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And now we are able to derive Borel sum rules for K-meson couplings
to octet baryons starting from those for 7XA and 73% couplings given by
the Eqgs.(23,27). We shall form auxiliary couplings upon using quantities
Ags, 39, and Ay, X9, given by the Egs. (10-13), and then return to
those usual ones performing transformations d < s and u < s. First
we construct a formal sum rule for the case where A is changed to Ay
just by using Eq.(11), and we retain for a moment only RHS of the
corresponding sum rules:

RHS(m~ %1 Ays) = —?RHS@FEJFEO) + %RHS(ﬂfer]\) =

1
\/%(3.7:(_)(77_; M?u,d;s) + D(_)(W_;MQ; s,d;u)). (28)

Performing to it the transformation (d < s) we should change in fact
7~ to K~, X" to —p to obtain:

RHS((9(m" X1 Ags)as) = —RHS(g(K pA) =
\/%(37(_)(K_;M2;u,s;d) + DU (K M?;d, s;u))
1
- |ezact SU(3) \/g(gF—i_ D)a (29)

or in full notation

mia;«m%(e‘”mw — e MR/M*Y(1 4 Ay M?)
R T S, . ((au) + (35)) | 3fsk
= 5k M Ba(@) [Py s = + sl
mé 2 _
o SN )+ ) () + (59))
m2 _ _ Qg
T () + (3)(7267). (30)

Interchanging in this sum rule (u < d) one transforms it into the sum
rule for the coupling constant gxo,4-

In a similar way constructing a formal sum rule for the case where A
in Eq.(27) is changed to A,s upon using Eqs.(13,2322,9) and performing
the transformation (u < s) we obtain:

~RHS((9(r~ X Ays)us) = RHS(K°="A) =

14



1
\@(3?“’(1(0; M?;s,d;u) — D) (KO M, d; 5))

1
- |exact SU(3) \/;(3}7 - D)7 (31)
or full notation,

AAM? gz

M2 /M2
m%(g[(oEofxm( —e Mz /M )(]—+AAEM2)
= A

d_d> + <§S>) 3f3K
127T2fK 4\/§7r2

[(m (5s) + ms (@) ((dd) + (55))]

= it B I+

2
mi

+72fK

Upon interchange (u < d) one get the sum rule for the coupling constant
K~Z7A. Analogous sum rules can be constructed for 0 coupling with
kaon. First using Eq.(10) and Eqgs.(23,27) we construct sum rule for the
formal quantity involving XY :

((dd) + (55))(Z2%)).  (32)

—2-RHS(x~2FEY,) = RHS(7~£15°%) + V3RHS(xn~ L TA)
—V2F (27 M u,d; s) + V2D (7 M2 s, d;u)  (33)
and then return to real £° with the 2nd application of the transformation
(d < s) changing also ©* to —p and 7~ to K —:
—2-RHS((n~2%8Y,)as) =2+ RHS(K ~p¥°) =
—V2FNK ™ M?u,s;d) + V2D (K~ M?,d, s;u)
= lezact su@ — V2(F = D), (34)
or, in full notation,

As AN M2

a2 2 a2 g2
ZWiQKfpiom(e My /M —e Mg /M )(1+A2NM2):

ﬂu) + <§S>) 3f3K
127T2fK 4\/571'2
2

f—(mu<Jd> +ma(uw))((au) + (55))
K

M B () I+

2
My

+72fK

(@) + (55))(26%). (35)

15



Invoking isotopic invariance it is easy to obtain from the Eq.(34) sum
rules for the coupling constants gzo,s0 (upon interchange (u < d)),
IK-ns+> 9rops+ and gg—, s (upon interchange (d < u)). As the last
one we construct sum rule for the formal quantity involving ¥ using
Eq.(1212) and Eqs.(23,27):
—2.-RHS(n~%7%%) = RHS(n~27%%) — V3. RHS(x~XTA) =
—V2F ) (r7 M3 u,d; s) — V2D ) (7 M2 s, d;u) (36)
and then return to real ¥° with the transformation (u < s) changing
also ¥t to —Z° and 7~ to KY:
—2-RHS((m" X750 )us) = 2 RHS(KZ050) =
—V2F K M2 s, d;u) — V2D (KO M%;u, d; s)
- |e;cact SU(3) - \/§(F + D)v (37)

or, in full notation,

As A= M?

— M2 2 A2 2
ZWiQROEoiom(e Mg /M* _ e Mz /M )(1 —+ AEEMQ)
= >

((dd) + (35)) | 3fsk
1272 fie 4+/272
[(m(85) + m(au))((dd) + (55))]
72 ;;

Isotopic invariance allows us to obtain from the Eq.(37) sum rules for
coupling constants gz -z-s0, §g-zos+ and grog-5-.

=m2% M*Ey(x)]

]

_mg +3M?
3fK

((dd) + (3))(ZG2).  (38)

6 Discussion

Thus we have constructed QCD sum rules with the Lorenz structure
iv5q for all the K meson - baryon coupling constants g(KEY), g(KEA),
g(KNY), g(KNA).

We have calculated RHS’s of our sum rules and multiplying them with
exponential and other factors from the LHS’s, have obtained products
A-gmpp and upon assuming the form A% ~ CM$ from [7] have extracted
coupling constants of K-mesons to octet baryons. The results are presented

16



in the Tables 1,2 with C' = 5.48 x 10~*. In order to control our results
we recalculate sum rules for 7 couplings to baryons in the strict SU(3)
limit of [7] obtaining values close to it.

The obtained values of coupling constants are not very impressive,
but one should take in mind that we have based our results for methodical
reasons on one of the simpliest series of sum rules from [7] which do not
pretend to account for real quantities too much [§].

These sum rules confirm a known result that usual formulation of
the constants in terms of the D and F constants is not suitable here
due to large symmetry breaking. But all these sum rules when expressed
in terms of the generalized functions F and D reveal indeed a simple
SU(3)s pattern, and this is one of the main results we present here.
The relations given by Egs.(30,32, 34,37) indicate in what way one can
change and use the concept of the unitary symmetry in the framework
of QCD sum rules.
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Table 1.

The best-fitted values of the coupling constants gxny, gx=y and
corresponding values of Ayy, A=y are given together with the Borel
windows(BW) for each sum rule, Y = A, 3.

Ag,GeV=2 | A ,GeV 2

Coupling | BW, M?, GeV? g
7O0pp 1.0-1.4 13.4/v/2 5.75 0.62
K—pA 1.0-2.0 0.77 1.73 2.25
KO=Z0A 1.3-2.3 -1.35 0.8 -0.59
K px° 1.1-2.1 1.18 2.53 2.14
K0=0x0 1.5-2.5 -3.09 -0.94 0.30
Table 2

The values of the coupling constants gk Ny, gx=y, Y = A, 3, of this
work as well as of several recent works are given.

Coupling lg| [14] g [12],[13] g, this work
7Opp - - 13.4/+/2(input)
KNA 2.37+0.09 -3.47 0.77
KZA - - -1.35
KNXY 0.025+0.015 1.17 1.18
K=Y - 7.02 -3.09
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