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New Relations between QCD Sum Rules for

gnes and gpaa Coupling Constants

Summary

New relations between QCD Borel sum rules for strong coupling constants are derived. It is
shown that starting from the sum rule for the coupling constant g,xs it is straightforward to
obtain the corresponding sum rule for the g,ap et vice versa. The ratio g,x%/gnan = —0.66 is
calculated and the value of g,xa equal to -3.39 is deduced

Pesmome

Ilosy4eHbI HOBEIE COOTHOIIEHN Mex Ay GopeneBckumu npasmiamu cymM B KX nig mace X0 u A
runeponoB. llokasaHo, 4To, OTHIpaBIAACH OT NpaBWla CYMM IJIA ¢yxs, MOXHO HENOCPENCTBEHHO
HOJIyYATh COOTBETCTBYIOIIEE IPaBWJIO CyMM IJd gyap et vice versa. IlomyueHo oTHomieHnme
gngg/gnAA = —0.66 n onpeneseHo 3HaYEHNE KOHCTAHTHL gyaa PaBHOE -3.39.

(©NPI MSU 2004



1 Introduction

QQCD sum rules has proved to be a powerful tool for studying the properties of the low-lying
hadrons [1]. Many attention was paid to magnetic moments [2, 3, 4, 5, 6] and axial-vector
coupling constants in the framework of the Borel sum rules [7, ?]. Analysis of the meson-
baryon couplings in the framework of the QCD Borel sum rules are also of great interest
as these couplings enter many physical problems [8, 9, 10, 11, 12]. Recently we have found
intercrossed relations between QCD sum rules for £° and A hyperons constructed for such
important characteristics as masses and magnetic moments [14], [15], [16].

It is natural to put a question whether similar relations can be constructed for other
quantities such as pseudoscalar meson-baryon coupling constants. The problem has also
a practical side, as, for example, QCD sum rules in [11, 12] were written for all g,pp and
gnBB coupling constants but the g,aa one.

We shall show here in what way one can construct QCD sum rule for the g,xa coupling
constant on example of the known QCD sum rules derived in [11, 12].

2 Nonlinear relation between g,y and g,5o50 in the

SU(3)

We begin as in [14, 15] from a simple example. In the unitary model all the pseudoscalar
meson-baryon coupling constants can be expressed in terms of F' and D constants from
the known unitary symmetry Lagrangian [13]

L = DSpB{P, B} + FSpB|P, B. (1)

wherefrom

genN = F + D, gezs = —V2F, grzz=—F + D, gasa=—/2D,

1 2
gnNN = 76(3}7 — D), gy = \/;Dv
— L3P+ D), gnAA) = \/?D 2)
gnEE = \/f_i sy g\ = 3

But these coupling constants for # and 7 mesons can be written in a form similar to that
found for ¥-like baryon magnetic moments in SU(3); [17]:

1(B(qq', h) = (eq + eg)pur + en(pr — pp),

wherefrom usual unitary symmetry pattern for the magnetic moments of the ¥-like baryon

emerges:
1
p(p) = W(E7) = pr + ShD;
. B 1
p(E7) = p(E7) = —pr + pp,

p(n) = p(E") = —cpp.



Namely, let us write coupling constants of 7° and 5 mesons related in the quark model
to currents

0 1 -
= E[ﬂ%u — dysd] (3)
and )

with octet X-like baryons as B(qq, h)

IMB(qa,h)B(aah) = IMeq2F + grnn(F — D), (5)

or, particle per particle:

1
Irlpp = gﬂ'uu2F + gﬂ'dd(F - D) = \/;(F + D),
groz+ty+ = gﬂ'uu2F —I'gﬂ'ss(F - -D) = \/§F,

1
gr0E050 = gﬂ'ss2F —I'gﬂ'uu(F - -D) == \/;(F — _D),

and so on, where Jruuw = —I_\/gv Grdd = _\/g and Grss = 0 can be jllSt read off Eq(?)), and
1
Gop = G2 F + gpaa(F — D) = 8(3}7 — D);
2

1
gnEoE0 = g17332F —|—g17uu(F — D) = —\/%(317 + D),

and so on, where g, = —I—\/g, Gndd = —I—\/g and gy,ss = —\/g are read off the Eq.(4).
The SU(3) summetry model gives for

2
gaan = =[5 D (6)

Let us write now the relation for g,sose coupling constant:

2
Gnxoxo = gnuuF + gnddF + gnSS(F - D) = \/;Dv (7)
and change (d <> s) to form an auxiliary quantity
1
958,59, = Grun” + Guas '+ gnaa(F — D) = — [, (8)
and (uw > s) to form one more auxiliary quantity
1
Gys0 550 = GnddF + Gnss F' + gruu(F — D) = — ED' (9)



The following relation holds:
29,59,50, T 29,50,5, — Jzrz0 = 3gaas- (10)

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

2V/3|Z°(ud, 5))1 = |2updysy + 2dyursy — upsydy — syupdy — dpsyuy — sydyuy),

2[A)y = |dpsyuy + sydyuy — upsydy — spupdy),

where ¢t (q;) means wave function of the quark g (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

9IS, (us, d)) = [£°(ud. s) > +V3|A),

—2|Ages) = —V3|X%(ud, s) > +|A),

while V =1,V3 =0 and V = 0 baryon wave functions are

28, (ds,w)) = [2°(ud. s)) — V3IA),

U3

URurs) = VIS (ud, 5)) + |A).
It is easy to show that the relation given by Eq.(10) immeaditely follows.

3 Relation between QCD correlators for ¥’ and A
hyperons

Now we demonstrate how similar considerations work for QCD sum rules on the example
of QCD Borel sum rules for pseudoscalar meson-baryon coupling constants.

The starting point would be two-point Green’s function for hyperons X% and A of the
baryon octet:

A — i/d‘*miw < O[T{T=" A (z), JZ4(0)} ] >, (11)
where isovector (with Is = 0) and isocalar field operators could be chosen as [12]

o 1
JE = §eabc[(uaTCsb)fy5dc — (d*TCsP)y5u® — (0T Crss®)d® 4 (AT Cryss®)uc],

1

JA = abe
23
2(uaTny5db)s° — (uaTC’y5Sb)dc - (daTC%Sb)uc]a (12)

[—2(uaTCdb)fy5s° + (uaTCsb)fyg,dC + (daTCsb)fyg,uC +

where a, b, ¢ are the color indices and w, d, s are quark wave functions, C' is charge conju-
gation matrix,

We show now that one can operate with with 5 - coupling to ¥ hyperon and obtain
the results for the n- coupling to the A hyperon. The reasoning would be valid also for
charm and beaty X-like and A-like baryons.



In order to arrive at the desired relations we write not only isospin quantities but also
U-spin and V-spin ones.

Let us introduce U-vector (with Us = 0) and U-scalar field operators just formally
changing (d <> s) in the Eq.(12):

=10 1

JEOders) _ §€abc[(uaTC .1 db)%sc _ (SaTCdb) cs - u’ — (1 < 75)]
1

—~ /=Cabc —2

el [(=2(

JAders) _

wTC-1.5")y5d® + (u*TC-1-d") -5 -5+
(s"TC-1-d%) -5 - u°) — (1 & 75)]. (13)

Similarly we introduce V-vector (with V3 = 0) and V-scalar field operators just changing
(w <> s) in the Eq.(12):

~s0 1
JE (usrs) _ §€abc[(SaTC .1- ub),y5dc _ (daTCub) s . s — (1 — ’)’5)]

jA(uHs) —

1
ﬁeabc[(_2(ua’rc -1- Sb)"y5llc + (uaTC .1- ub) “Ys - g€ +
(@*TC-1-u) 5 -5°) — (1 ¢ ). (14)
Field operators of the Eq.(12) and Eq.(13) can be related through

2JA (d¢+s) \/_JE + JA

2% @0 — 1% _ /3 A
2jA(uHs) — \/§JEO T JA7
2JF wes) — 20 4 /3 JA (15)

Upon using Eqs.(12-15) two-point functions of the Eq.(11) for hyperons X° and A of
the baryon octet can be related as

2[ﬁ20(de>s) + f[EO(uHs)] . HEO — 3HA, (16)

2[ﬁA(d<—>8) + HA(UHS)] — HA = 3]:[20. (]‘7)

In [12] the pion and eta-coupling constants to octet baryons were calculated within
the framework of the Light-Cone QCD. It was shown that the corresponding LC QCD
SR’s respected the unitary symmetry pattern.

We rewrite LC QCD SR’s (Eq.(40) from [12]), taking only those with the n-meson, in

a way to make clear unitary symmetry pattern:

—VBmy Ny ganune” MmN = T(M?) — T3 (M?) =

Inaalli + gngg (—113),  q,¢' = u, d;

~VBmsAygasse” M) = T (M?) 4 213 (M?) =

Gnggl1] + Gnas (—113);

—V3BmeAigzze” MM = oI} (M?) — I (M?) =
gnssl_q + gnqq(_Hg)S (18)



where II7 ,(M?) are given in [12] and are rather cumbersome. Here for us it is important
that IT] corresponds exactly to 2F, that is p-meson interacts with a quark ¢ from the
biquark (gq) of the baryon B(qq,q'), while (—II3) corresponds exactly to (F' — D) of the
Eq.(5), that is n-meson interacts with a quark ¢’

Thus up to a renormalization factor mpALe™("5/M") relations Eq.(18) and Eq.(3) are
identical that is QCD sum rules shows implicit unitary symmetry pattern. Following
reasoning of the previous section and analogues of the Eq.(10) we obtain

—VBma N gaane” M) = _IT(M?) — 200 (M?). (19)

But in [12] LC QCD SR’s are flavour symmetric So we search to investigate a more
complicated case where unitary symmetry of v.e.v. and quark masses is broken.

Recently Kim et al.[11] have elaborated QCD SR for the pion- and #- coupling con-
stants to octet baryons taking into account corrections due to m, and < §s > so it would
be ideal for us to take it as a probe and an independent test of our reasoning.

QCD Borel sum rules were obtained in [11] for coupling of the octet X-like baryons to
7% and 7. It is convenient for us to rewrite the result of [11] only for n-meson coupling to
Y% hyperon as

1 24,2
—m127)\22g172020 6_(M /mE)[l + A2M2] =

V2
(3s) 3fan
12n2f, + 4\/%2]
—gnssfiM2<md<au> T (dd)) (35)

n

Gt M* Eo(2)]

2
n /- Xs 2
—Qpss < — >
g”7 72f17<33> 7Tg
1

6fn —m[(538)(MaGumuu (W) + Mygnaa(dd))

+10s (G + Gnaa) () (dd)]. (20)

where m,, ¢q = wu,d,s are current quark masses, f, is a decay constant, taken as
fn = 1.2f, in calculations, < g¢ >, ¢ = u,d, s are v.e.v.’s, taken as —(27)* < @u >=
—(27)? < dd >= —(27)? < gg >= 0.55 GeV? < 55 > / < dd >= 0.8, mZ = 0.8
GeV?. E,(z) are the factors used to subtract the continuum contribution, z = W?/M?.
W? = 2.0 GeV? is taken with the overlap amplitude (27)*\% = 1.88 GeV®.

The n-quark coupling constants g,.s, ¢ = u,d, s are read off the Eq.(4). Finally,

_ 2 2 5 3f3
B2\ gL 4 AgM?) = —2m? M Ey() |22 L
Vg L A M) = =2m, MEBo (@) e, 4\/5772]

2 a2 2m2 ,
+ M i)+ muld)) () + 57 (5s) < 267>
—I-%mg[@s}(md@u) + M (dd)) + 2m (T )(dd)). (21)

Now we are able to construct two auxiliary sum rules for g,50 50 and g, 50 5 upon
ds " ds us “us
changes d <+ s and u <> s in the Eq.(20). Note that the n-quark current coefficients



should be taken into account only in the quark lines with the attached n-line. So,

\/_m2)\go Iz 50 € (m%gs/MZ)(l + Aigst) -
Jd 3 3n
] -
_f_nM2(mu<SS> + m,(au))(dd)
m;‘; - 2 1 2 1d) (5
~7af (4D < g > T, ol 2ma(dd) {s)
—ma{au) (55) + m (i) (dd)); (22)

2M4EO($)[ <ﬂu> 3f377 ]

" 127T2fn 4\/5772

—finM2(mu<ss> + m(au))(dd)

_72;,7<_ u) < _g2 > -|-@ 2[—2mg(iiu)(3s)
—mu<dd><ss> + m3<ﬂu><Jd>] (23)

Now we can construct sum rule for A coupling to n-meson. Upon using the relations

(16,20-23 ) we get

%m%imw‘(mi/m[l +AM?Y =
%ﬁ;ﬁ@[(?gﬁmw + 29naa(dd) — gyas(3s)) + i%:; ]
o — g )+ Cats — s 0] 5 -

+2m0 (G + Gaa) (Tu)(dd)]
o )+ 20— gyalsn] < 2267 >
+ 17;1;17 [40s (ma(tn) + m,(dd))(55) + ms(Goun + Gnaa) (Tw){dd) +

(9nddmugnaa(dd) + gnuuma(iu))(3s)]. (24)
Finally,
ﬁmiAignAAe‘(Mz/mi)[l + Ay M?) =

2 + (dd) + (5s) | 3fsn
3 127T2f17 4\/5772

m2 M By )| 2 ]



4 M
3

[(malta) + mu(dd))(5s) + m.,(wu)(dd)]

2

_1087}17[@@ +(dd) + (55)] < =G >
N 18}; [—7(ma{@u) + ma(dd))(3s) + 2m,(@u)(dd)]. (25)

Here we use (27)*A\3 = 1.64GeV°. It is straightforward to show that starting from the
Eq.(25) and applying Eq.(17) one returns to the Eq.(20).

4 Analysis of the sum rules and discussion

We have calculated numerically RHS’s of the sum rules multiplied by exponential terms
eM*/(m3) and e(M*/m3) (see Fig.1) and deduced coupling constants g,aa = —3.39 and
gnsoso = 2.24 in the borel parameter window 1.0 < M? < 2.0 GeV? upon using the values
of parameters cited in the text. We arrive at the parameters g,ap A = —1.92 GeV~2 and
gpzn Ay = 1.2 GeV~2 in the chosen range of M?. The main result is that the ratio of the
discussed constants is practically stable in the borel parameter window 1.0 < M? < 2.0
GeV? (see Fig.2) and equal to

gnxoxo

gnAA

= —0.66.

Remind that in the strict linear SU(3) scheme these constants are equal (£12.8) up to a
sign as seen from the Eq.(3). These values differ drastically from those given by SU(3)

scheme
gnAA

GnAr|sU(3)

gnxoxo

= 0.26, = 0.18.

gnxoxo |SU(3)
This result is in accord with that obtained in [11] for coupling constants g,s» and g,z= .
New relations for strong coupling constants are derived in the SU(3) and between
QCD Borel sum rules for n¥% and nAA couplings. It is shown that starting from the sum
rule for the coupling constant g,xx it is straightforward to obtain the corresponding sum
rule for the g,aa et vice versa. The derived sum rule is used to obtain the value of the
gnaa coupling constant. Calculations show large SU(3) symmetry breaking. Our result
is the net D constant SU(3) breaking as in the strict SU(3) scheme both constants g,aa
and g,»x are given by the D coupling and should be equal up to a sign.
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