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Abstract

The strong coupling constants gs,a,~ (€ = b and c) are studied in
the framework of the light cone QCD sum rules using the most general
form of the baryonic currents. The predicted coupling constants are
used to estimate the decay widths for the Yo — Agm decays which
are compared with the predictions of the other approaches and existing
experimental data.
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1 Introduction

Recent years have witnessed advances in the heavy baryon spectroscopy, with
the discoveries of the heavy baryons involving the b and ¢ quarks. Since the
spin of the baryon carries information on the spin of the heavy quark, the
study of the heavy baryons might also lead us to study the spin effects at
the loop level in the standard model.

To study the meson-baryon couplings, a non-perturbative method is needed.
Among all non-perturbative approaches, the QCD sum rules approach [1]-[3]
has received special attention to study the properties of hadrons. In the case
of the light baryons, this method has been successfully applied for calculation
of the meson-baryon coupling constants. The pion-nucleon coupling constant
has been studied in traditional three-point QCD sum rules [4]-[12]. The kaon-
baryon coupling constants have also been calculated in the same framework
in [I3]-[16]. The latter has also been studied in light cone QQCD sum rules
(LCQSR) in [I7]. The coupling constant for K meson-octet baryons and 7
meson-octet baryons have also been calculated in [I§] in LCQSR.

The QCD sum rules is also applied to the study of the heavy hadron mass
spectrum (see e.g. [19]). The masses are also studied in QCD string model
[20] and using quark model in [21, 22]. In [22], sum rules between the masses
of the heavy baryons derived using the quark model has been analyzed and
experimental tests of sum rules for heavy baryon masses have been discussed
in [23]. In the present work, using the general form of the current for ¥
and Ag baryons, we calculate the gs,a,- (@ = b and c¢) coupling constants
in the framework of the LCQSR approach. Having computed the coupling
constants, we also evaluate the total decay widths for strong Xo — Agm
decays and compare our results with the predictions of the relativistic three-

quark model (RTQM) [24], light-front quark model (LFQM) [25] and existing



experimental data. The paper encompasses three sections: in the next sec-
tion, we calculate the LCQSR for the coupling constant gs,a,-. Section III
is devoted to the numerical analysis of the coupling constant gs,a,rx, our

prediction for the total decay rates and discussion.

2 Light cone QCD sum rules for the coupling
constant gsohon

To calculate the coupling constant gs,a,~ in LCQSR, one starts with a
suitably chosen correlation function. In this work, the following correlation

functions is chosen:

=i [ dae™ (w(a) | T{msg (o) (0)) | 0). 1)

where 7z, and 7, are the interpolating currents of the heavy baryons ¥q
and Ag. In this correlator, the hadrons are represented by their interpolating
quark currents. This correlation function can be calculated in two different
ways: on the one hand, inserting complete sets of hadronic states into the
correlation function, it can be expressed in terms of hadronic parameters such
as the masses, residues and the coupling constants. On the other hand, it can
be calculated in terms of quark-gluon parameters in the deep Euclidean region
when p* — —oo and (p+¢)? — —oo. The coupling constant is determined by
matching these two different representations of the correlation function and
applying double Borel transformation with respect to the momentum of both
hadrons to suppress the contributions of the higher states and continuum.
The derivation of the physical (or phenomenological) representation of
the correlation function follows the same lines as in the case of light hadrons
(see e.g. [18]). For completeness, we repeat the derivation below. First, one

inserts two complete sets of states between the interpolating currents in ()
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with quantum numbers of the ¥ and Ay baryons.

(0] ma, | Ag(p2)) (Eq(p1) | msq 10)

II = P2 — m?\Q (Ag(p2)m(q) [ Xg(p1)) P — m%Q +
(2)

where p; = p+¢q, po = p, and ... stands for the contributions of higher states
and continuum. The vacuum to baryon matrix element of the interpolating

currents are defined as

(0]ns | B(p,s)) = Apus(p, s), (3)

where B = ¥ or Ag, up(p,s) is a spinor describing the baryon B and Ag
is the residue of the B baryon. The last ingredient is the matrix element
(Ag(p2)m(q) | Xo(p1)) which can be parameterized in terms of the coupling

constant gsoAgn A

(Ag(p2)7(q) | Zo(p1)) = gsgaont(p2)ivsu(pr).
(4)

Using Eqgs. (2H]) and summing over the spin of the baryons, the following

representation of the correlator for the phenomenological side is obtained:

. IsohorAagAsg
I = — P dvs —ms, 45
) ) .
+ (mag —msy) Pys + (msymag, —P2)75} . (5)

Note that, the structures pvys; and 75 have very small coefficient due to the
fact that my, >~ m,,, hence they will not yield reliable sum rules.

To calculate the representation of the correlation function, Eq. (), from
QCD side, we need the explicit expressions of the interpolating currents for

Yo and Ag baryons. In principal, any operator having the same quantum



numbers as the corresponding baryon can be used. It is well known that

there is a continuum of choices for the heavy spin—% baryons interpolating

currents that does not contain any derivatives. The general form of the X

and Ag currents can be written as (see also [26])

772@
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(6)

where 5 and (' are arbitrary parameters. For simplicity, we assume 5 = 5.

The § = —1 corresponds to the Ioffe current and C' is the charge conjugation

operator and a, b and ¢ are color indices.

After contracting out all quark pairs in Eq. (), the following expression

for the correlation function in terms of the quark propagators is obtained

I =

?
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— 8§55 1584 — TrhsSi 15557185 + Trmsgb’%sgba’]SzC’)] } | 0),
(7)
where S" = CSTC and Sg) (¢ = u,d) is the full heavy (light) quark
propagator. Note that, the Eq. () is a schematical representation for the
full expression. To obtain the full expression from the Eq. (7)), one should
replace S, by u(0)u(x) to calculate the emission from the u quark, and then
add to this the result obtained by replacing Sy by d(0)d(x). From Eq. (),
it follows that the expression of the light and heavy quark propagators are
needed.

The light cone expansion of the quark propagator in the external field is
calculated in [27]. The propagator receives contributions from higher Fock
states proportional to the condensates of the operators ¢Gq, ¢GGq and qqqq,
where G is the gluon field strength tensor. In this work, we neglect contri-
butions with two gluons as well as four quark operators due to the fact that
their contributions are small [28]. In this approximation, the heavy and light

quark propagators have the following expressions:

1 1
So(z) = Sgee(x) —z'gs/ dk e_““/o dv {MGW(“@UW

(2m)* mg — k?)?
+ ﬁvxﬂ(}“”%},
Si@) = spee(e) - Iy
—igs /01 du [MTZ;x?GW(ux)UW - ux”GW(ux)v”#%x2 . (8)

The expression of the free light and heavy quark propagators in the x

representation are:

Sfree —
a 224’



2 / 2 2
free mQ Kl(mQ —-T ) _ 'mQ ’i A/ — 2
S = 472 V-2 Cina? Ka(mov=a2),

(9)

where K, are the Bessel functions.

In order to calculate the contributions of the pion emission, the matrix
elements (7(q) | gL';q | 0) are needed. Here, I'; is any member of the complete
set of Dirac matrices {1,7s, Ya» iV5Yas 0as/V2}. These matrix elements are

determined in terms of the pion distribution amplitudes (DA’s) as follows
129, 130].

(r(0)|a@)5aO)0) = —ifspy / duci (mw%mim(u))
- §fﬂm72rp—;/0 due" " B(u),
(r(P)a(@)insaO0) = s / duc ™ o (1),
(m(p)|d(2)0as75q(0)[0) = éuw (1= fi2) (pazs — ppta) /0 due™ p,(u),

(r (D)|1()0,159:Cap(v2)gO)[0) = it [papu (gyﬁ—]%@ympﬁm)

1
— Daby — —(purs + pax
PaP (W pz(ma Ps u))
1
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PsPu <9 " (p p ))
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+ PPy (g/wc - ﬁ(puxa + pazu))]
% /'DOéei(aq+vag)pr(Ozi),
A 1 i(agt+vag)px
(m(P)|a(®)71.7595Gas(vx)q(0)[0) = pu(Pats _pﬁxa)ﬁfwmi / Dae TP A ()
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1 2
— Pa (ﬁluﬁ - ﬁ(mxﬁ +pﬁ%))} frmi

X /Daei(o“#mg)prL(ai),

. 1 i(ag+vag)px
()03, Gos (02)a0)0) = Dulpos — paze)fom? [ Dacer ey o)

1
+ |ipﬁ (g/wc - ﬁ(pul’a + paxu))
L (pp + psr) ) | fom?
- Da — —(p,x T M
Po | 9us = Pulp T Pply
X /Daei(o“frvo‘g)pxl}l(ai),

where p, = fwmmfg;nd, fr = %ﬁnd and the functions ¢, (u), A(u), B(u),

op(u), wo(u), T(w), Ai(a), Aj(a;), Vi(o;) and Vj(a;) are functions of
definite twist and their expressions will be given in the numerical analysis

section. The measure D« is defined as

1 1 1
/Da:/ daq/ daq/ dagd(1 — g — a, — ). (11)
0 0 0

Note that, in the approximation of this work where we neglect the light quark
masses, m2 = 0, jipx = 0, iy = —{(uu)/fr = —(dd)/ f~.

Using the expressions of the light and heavy full propagators and the pion
DA’s, the correlation function Eq. (Il) can be calculated in terms of QCD
parameters. Separating the coefficient of the structure p ¢vs in both repre-
sentations, and equating them, sum rules for the coupling constant gs,a,x
is obtained. The contribution of the higher states is subtracted using quark
hadron duality, and in order to further suppress their contribution, Borel
transformation with respect to the variables p3 = p? and p? = (p + ¢)* is
applied. Here, we should mention that we have also studied the other struc-
ture in Eq. (), i.e., ¢7s but its result for coupling constant is not stable and

only the ¥ ¢vs5 structure leads to reliable prediction on the coupling constant
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The sum rules for the coupling constant is obtained as

3 4md
AnoAge 2 gsongr = 1, (12)
where the function II is
/ s)ds + e_Q_F (13)
with
p(s) = (<dd>+ <Tu >)1 7o fx(B = 1)Bex(uo)thoo

96\/1671'2 {mQ(ﬁ - 1){ -6 [ - 2(¢20 - ¢31)mQ,u7r[—§5(1 + 25) + C6(1 4 ﬁ)]

— hiomopix[3¢s(1 + B) — 4¢6] — mqp (3¢5 (1 + B) — 4C6)ln(%)
2

b 6fm3 (1 + B)[ 2010 — o + i + 21n(ms Yo (o)

¥ 2<wzo—wm)mQuw(Hzm%(uo)H, (14)
and
m% — _ .f7r
r = 192\/,(< dd > + < uu >) [ [—11 = 1784+ (74 B)|(B — 1)@= (uo)
8

e n (£ + B + Do)

— o0 ofma(F ~ 1)) — =35+ 25 + ol

+ L(< dd > + < au >)mopu (8> + B+ 1), (ug). (15)

6v/6

The other functions entering Eqs. (I4UIH) are given as
1
= /Dai/ dv f;(a;)6 (g + vog — ),
0
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1
C]/- — pai/ dvg;(a;)d" (g + vy, — up),
0

(s —mg*)"
’anm Sm(m%)n—m’
(16)

and fi(a;) = Vi), folai) = vV)(e), fa(ow) = Vila), falai) = vVi(a),
g1(a;) = T () and g2(a;) = vT (o) are the pion distribution amplitudes.

Note that, in the above equations, the Borel parameter M? is defined as

M? = % and vy = #121\/12 Since the mass of the initial and final
baryons are close to each other, we can set M7 = M3 = 2M? and uy = . The

contributions of the terms ~< G2 > are also calculated, but their numerical
values are very small and therefore for customary in the expressions these
terms are omitted.

For calculation of the coupling constants of the considered baryons, their

residues, Ax,(a,) are needed. Their expressions are obtained as:

)‘EQ (ho)€ —mEomg)/ M _ /80 eMQpl (s )d8+6 T D), (17)
m
with
N ) o
pi(s) = (<dd>+ <uu>) i 4 (6%0 13¢02 — 6¢11)
+ 3mg(2¢i0 — Y11 — Y12 + 2¢21)}
s
+ 2048 1[5+ B(2+58)][12¢h10 — 6920 + 2930 — 4ha1 + P2 — 120n(—5
- _ B—1 2
pls) = (<> + <) S 60 Byuna - (74 110)vin

— 6(1+ B)Yu] + (14 58)mq(2¢10 — Y11 — Y12 + 2¢21)}
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(B-1)

r, = <Ed><ﬂu>{

21 SNVEERIVE
B-1) - _ mgmg

r, = dd 134+ 11

9 . < dd><uu> 2M4(3+ B)

2
Mg

40?2

2,2 2
mgmy mg _1]
Y

(25 +238) — (13 + 115)} . (20)

3 Numerical analysis

This section is devoted to the numerical analysis for the coupling constant
gsonror and calculation of the total decay width for g — Agm. The
input parameters used in the analysis of the sum rules are (uu)(1 GeV') =
(dd)(1 GeV) = —(0.243)® GeV3, B(1 GeV) = 0.8(uu) (1 GeV), my = 4.7 GeV,
me. = 1.23 GeV, my, = 5.805 GeV, my, = 2.439 GeV, m,, = 5.622 GeV,
my, = 2.297 GeV, and m3(1 GeV) = (0.8 +0.2) GeV? [31]. From the sum
rules for coupling constant, it is clear that the m-meson wave functions are

needed. These wave functions are given as [29] [30]
3
Or(u) = 6uu <1 +a7Cy(2u — 1) + a5 Cq (2u — 1)) ,

1
T(w) = 3607]3045%043 (1 + w3§(70z9 — 3)) ,

51 1
271 811 _\ i
+ (—3n3w3 w02 l—ou—%%) Cf (2u — 1),
1 7 3 3
¢o(u) = O6uu {1 + (5773 W — 2—0,U72r - g#i@) C5 (2u — 1)} )

Vi(oi) = 120040504 (Voo + v10(30g — 1)),
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1200050 (0 + aro(og — o))

3
—300; [hoo(l — ay) + hor(ag(1 — ay) — 6ayag) + hig(ag(l — ay) — 5(@2 + ag))} ’
1
300‘52;(046 — ay) {hoo + horag + §h10(5ag - 3)} ,
gﬂ(u) - ¢7T(u)7
GoCE(2u — 1) + g2CZ (2u — 1) + g4CZ (2u — 1),

15 35 9 15 16 27 27

11 4 3
gt 2 (20 — 1
( 210" 135773“’3) Ci (2u )}

16 24 20 1 1 7 10 3
6uu {— + —aj +20n; + —ny + <—— + — = S53Ws — —774) Cy(2u—1)

18
(—gag + 21774w4) [2u*(10 — 15u + 6u”) Inwu

2a°(10 — 154 + 6u°) In @ + ua(2 + 13ua)] (21)

where C*(z) are the Gegenbauer polynomials,

1

hoo = oo = —5774,
21 9 -
a = — — —a
10 3 NaWy 20 25
21
v = —
10 3 TNaWay,
L 7 3 o
= MWy — —
01 4774 4 20 25
hiy = I Wy + =—aj
10 = 4774 4 20 29
go = 1a
18 20
g2 = 1+ —a5+60n; + —n4,
7 3
9
ga = —2—8a’2r — Onzws. (22)

The constants appearing in the wave functions are calculated at the renor-

malization scale p = 1 GeV? and they are given as af = 0, a] = 0.44,

ns = 0.015, ny = 10, w3 = —3 and wy = 0.2.
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The sum rules for the coupling constant also contains three auxiliary
parameters: Borel mass parameter M2, continuum threshold s, and general
parameter [ enters the expressions of the interpolating currents. In principal,
M? and B are completely arbitrary and hence the coupling constant, which
is a physical observable, should be independent of their exact values. In
practice, though, due to the approximations made in the calculations, there
is a residual dependence of the predictions on these unphysical parameters.
Hence, a range for these parameter should be found where the predictions
are practically insensitive to variations of these parameters. To find the
working region for M?, we proceed as follows. The upper bound is obtained
requiring that the contribution of the higher states and continuum should be
less than that of the ground state. The lower bound of M? is determined
from condition that the highest power of 1/M? be less than say 30°/ of
the highest power of M?2. These two conditions are both satisfied in the
region 15 GeV? < M? < 30 GeV? and 4 GeV? < M? < 10 GeV? for baryons
containing b and c-quark, respectively. The third parameter, sy has a physical
meaning, and it should have a value near the first excited state. The value
of the continuum threshold is calculated from the two-point sum rules. We
choose the interval sy = (6.0 — 6.2%2) GeV? and sy = (2.5% —2.7?) GeV? for
baryons containing the b and ¢ quark, respectively.

In Figs. 1 and 2, we present the dependence of the coupling constants
gs,a,x and gy oa.r, at fixed values of the continuum threshold sy and the
general parameter 5. From these figures, we see a good stability for coupling
constants gs,,» and gs a.» With respect to the Borel mass square M 2 in the
working region. The next step is to determine the working region for auxiliary
parameter $. For this aim, in Figs. 3 and 4, we depict the dependence of

the coupling constants gs,a,» and gs,a.r on cosf where tanf = (3, at two
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fixed values of M?2. From these Figures, we see that the best stability for the
coupling constants gs,a,r and gs s~ is in the region —0.5 < cosf < 0.2.

Our final results on coupling constants gs,a,» and gs a.- are:

gsonge = 23549,
geae = 108422
(23)

The quoted errors are due to the uncertainties in the input parameters as
well as variation of the Borel parameter M?, continuum threshold s, and
general parameter (.

Having computed the coupling constant gs,a,x, the next step is to cal-
culate the total decay width for ¥, — A,m and ¥, — A.7 decays. From
Eq. (@) the transition amplitude is M = gsohgruiysu and the differential

decay width is found in terms of the coupling constant as:

F — |g2QAQﬂ'|2(

87rm22 myq _mAQ)2|?|a
Q

(24)

where | 7| = (m% — m3 o)/2ms,. The numerical values of the decay rates
are given in Table 1. In order to compare with the predictions of other
methods, in the same table, we present the predictions of the relativis-
tic three-quark model (RTQM) [24], light-front quark model (LFQM) [25]
and existing experimental data [32]. This table depicts a good consistency
among the methods and the experimental data in order of magnitudes for
charm case. Note that, due to the isospin symmetry the decays of differ-
ent charge v+ — AFrt0— (2% — Aynt97) have the same decay
widths. Experimentally, only the widths for X7 — Afr™~ are measured

and the value in the table is their average. Only the upper bound for the

13



¥+ — AF70 is known and it is consistent with other decay modes. Our

prediction for the decay rate of the bottom case can be tested in the future

experiments.
F(Zc — Acﬂ') F(Zb — Abﬂ')
Present work 2.16 & 0.85 3.93+1.5
RTQM [24] 3.63 +0.27 -
LFQM [25] 1.555 +0.165 -
Exp. [32] 2.21 +0.40 -

Table 1: Results for the decay rates of ¥9 — Agm in different approaches
in MeV.

In summary, we calculated the gs,a,» and gs a.r coupling constants in
the light cone QCD sum rules approach. Using these coupling constants, we
also evaluated the total decay width for the strong ¥, — Aym and X, —
A.m decays and compared with the predictions of the other approaches and

existing experimental data.
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Figure 1: The dependence of the gs,a,, on the Borel parameter M? at fixed
value of the continuum threshold s, = 6.0.
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Figure 2: The same as Fig. 1, but for gs_a.. and fixed value of the continuum

threshold sy = 2.52.
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Figure 3: The dependence of |gs,a,-| on cosf at fixed value of the continuum
threshold sy = 6.02.
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