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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 %, — A7 decays which are compared with the predictions of

the other approaches and existing experimental data.
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I. INTRODUCTION

Inrecent years, we 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 nonperturbative
method is needed. Among all nonperturbative approaches,
the QCD sum rules approach [1-3] has received special
attention in studying the properties of hadrons. In the case
of the light baryons, this method has been successfully
applied for the 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 calcu-
lated in the same framework in [13—16]. The latter has also
been studied in light cone QCD sum rules (LCQSR) in
[17]. The coupling constants for K meson-octet baryons
and 7 meson-octet baryons have also been calculated in
[18] in LCQSR.

The QCD sum rules are also applied to the study of the
heavy hadron mass spectrum (see e.g. [19]). The masses
are also studied in the QCD string model [20] and using the
quark model in [21,22]. In [22], sum rules between the
masses of the heavy baryons derived using the quark model
have 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 2,
and A, baryons, we calculate the 83 hom (O = b and c)

coupling constants in the framework of the LCQSR ap-
proach. Having computed the coupling constants, we also
evaluate the total decay widths for strong %, — Apw
decays and compare our results with the predictions of
the relativistic three-quark model (RTQM) [24], the light-
front quark model (LFQM) [25], chiral perturbation theory

PACS numbers: 11.55.Hx, 13.30.—a, 14.20.Lq, 14.20.Mr

section, we calculate the LCQSR for the coupling constant
83 oA g Section III is devoted to the numerical analysis of

the coupling constant gs -, our prediction for the total
decay rates, and a discussion.

II. LIGHT CONE QCD SUM RULES FOR THE
COUPLING CONSTANT g5 4~

To calculate the coupling constant gy ohom in LCQSR,

one starts with a suitably chosen correlation function. In
this work, the following correlation function is chosen:

m— [ d'xeP(m(q) | T{na, )iz, O} 0, (1)

where 73, and 7,, are the interpolating currents of the
heavy baryons X, and A,. 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 contribu-
tions of the higher states and continuum.

The derivation of the physical (or phenomenological)
representation of the correlation function follows along 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 interpolat-
ing currents in (1) with quantum numbers of the X, and
A baryons.

01 ma, | Ag(p)

(xPT) [26], and existing experimental data. In the next 1l 5 5 (Ao(p)m(q) | Zp(p1))
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where p; = p + ¢, p, = p, and ... stands for the contri-
butions of higher states and continuum. The vacuum to
baryon matrix elements of the interpolating currents are
defined as

(o MB | B(p, s)) = Agugp(p, s), 3)

where B = X, or Ay, ug(p, s) is a spinor describing the
baryon B, and Ay is the residue of the B baryon. The last
ingredient is the matrix element (Ay(p,)7(q) | 2o(p1))
which can be parametrized in terms of the coupling con-
stant gs A, s

<AQ(P2)7T(C]) | EQ(P1)> = gEQAQwﬁAQ(Pz)iYSMEQ(Pl)-
)

Using Egs. (2)-(4) and summing over the spin of the
baryons, the following representation of the correlator for
the phenomenological side is obtained:

ngAQW)lAQ/\EQ
[—Pdys — ms dvs
(P} —m3 )(p% —m} ) Yo

ImT=i

+ (mp, — ms ) pys + (ms,mp, — p*)ysl  (5)
Note that the structures p7ys and ys have very small

coefficients due to the fact that my 0 =MALS hence they

will not yield reliable sum rules.
To calculate the representation of the correlation func-
tion, Eq. (1), from the QCD side, we need the explicit

11 =
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expressions of the interpolating currents for %, and A,
baryons. In principle, any operator having the same quan-
tum numbers as the corresponding baryon can be used. It is
well known that there is a continuum of choices for the
heavy spin—% baryon interpolating currents that does not
contain any derivatives. The general form of the X, and
Ay currents can be written as (see also [27])

1 X :
N3, = _\/—zfabc{(M“TCQb)stL + BT CysQ")d

—[(QCd")ysuc + B(Q™T Cysd)u‘T},

1
My, = ﬁfabc{z[(M“TCdb)?’ch + B/ Cysd”) Q]

+ W CQ")ysd® + B(uT CysQP)de
+(QTCd?)ysu® + B(QTCysd®)uc}, (6)

where B and B’ are arbitrary parameters. Note that SU(4),
symmetry would require that 8 = B’. Even though this
symmetry is broken, for simplicity we assume they are
equal. 8 = —1 corresponds to the loffe current, and C is
the charge conjugation operator; a, b, and ¢ are color
indices.

After contracting out all quark pairs in Eq. (1), the
following expression for the correlation function in terms
of the quark propagators is obtained:

i 7 oyl / A SNl ! / oyl ! N ! ! /
\/_geabcfa’b’c’ [d4xe'px<77((]) [ {ysSg SiP Shys — ysSY Sy Sucys — 1/2(ysSG SEP Sicys — vsSi S Sh s

+ T SG" S Tys S ys — THSG S5 TysSi vs) + BlysSg vsSu? i — vsSg vsSy Suc
+ SIS ysSh ys — SG ST ysSi ys + 1/2(ys S ysSEUSE = vsSiysSEY Su — S vs S vs

+ S S ys S ys — S ys TilysSEU S T+ Siys Tilys Sy S5P1 = s

Se Tr[ S ysSit']

S TS ysSEY D] + BASG vsSE ysSi + G ysSP ysSie + 1/2S58 ysSg ys S — S ysSEY s Sy

— TrysSe ysSBa1SE + TrlysSY ys SIS | 0),

where §" = CSTC and Sy, (¢ = u, d) is the full heavy
(light) quark propagator. Note that, Eq. (7) is a schematical
representation for the full expression. To obtain the full
expression from Eq. (7), one should replace S, by u(0)i(x)
to calculate the emission from the u quark, and then add to
this the result obtained by replacing S, by d(0)d(x). From
Eq. (7), it follows that the expressions of the light and
heavy quark propagators are needed.

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

(7

small [29]. In this approximation, the heavy and light quark
propagators have the following expressions:

k. 1 +
4eﬂkxf d”[ %2 m% 2
2m o “Lm3 =12

1
XGH (X))o +—5— zvaG’“’%,],
my —k

Sol) = SE*(x) — g,

G x> 5, . !
— cfree _ _ 2 _
S, (x) = S5 (x) B 192mo<qq> ig /0 du

£ ,
X [WGW(WC)UW —ux*G,, (ux)y W]
3)
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The expressions of the free light and heavy quark propa-
gators in the x representation are

Sfree — lx
q _27sz4’ ©
m2 K,(mov—x2) m2x —
5§ = 477?2 1 Q_x2 .4 §22 2K2(mQ _x2)’

where K; are the Bessel functions.
|

(m(p)lg(x)y . v59(0)]0) =

(m(p)a(W)iysqOI0) = [0 ! due ™ pp(u),

(T (DIaW05 739O0 = L 11,1 = B2y

(TG0 Y38, Gap(v)g(0)]0) = iuw[papﬂ(gy,;

- p,Bp;z,(gva

1 . 1
_ifﬂp,u]o duelupx(¢7(u) +—

1
——(puxg + pgx,) ) —
px(pv B p,B V)) papv<g,u,/3

1
- _(pv-xa + paxv)> + p,BpV(gu,a
pX
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In order to calculate the contributions of the pion emis-
sion, the matrix elements (7(q) | gI';q | 0) are needed.
Here, I'; is any member of the complete set of Dirac
matrices {1, Vs, Yo iV5Var a’aﬁ/\/i}. These matrix ele-
ments are determined in terms of the pion distribution
amplitudes (DA’s) as follows [30,31].

o ZA(M)) S [ due ™ B(w),

1 .
~ Ppra) [0 due™* o, (1),

1
- E(pﬂxﬁ + ppxy)

1
- a(puxa + pa-xu))]

X f Daei(aq+vag)pxt]"(al_),

1 )
<7T(p)|q(x)7#YSgSGaB(Ux)q(0)|O> = p,u,(paxﬂ - pra)_fﬂmzr Daet(aq+uag)pxﬂll(ai)
pXx

+ [pﬁ(g,u.af

1
- E(p,u,xa + pax,u.)> - pt)z(g/.l,ﬁ

1
— + 2
px (p,ux,B pﬁx#))]fﬂmw

X ffDaei(“é+““g)p"ﬂJ_(ai),

1 .
(PN 18, Cop (w010 = (s ~ Ppa) = ] Dare @ va )V (a;)

+ [Pﬁ(gw

8 [Daei(%+vag)pxyi(ai),

2
where pu, = fr 5=, iy = XMy the functions ¢, (1),

mgy
Aw), Bw), “opl0). ‘e ). T(a). A (@), Aja),
V(a;), and V“(a ) are functions of definite twist, and
their expressions will be given in the numerical analysis
section. The measure Da is defined as

[Da=[ldaq[1daqflda88(l—aq—aq—ag).
0 0 0
(11)

Note that, in the approximation of this work where we
neglect the light quark masses, m2 =0, @i, =0, p, =
—au)/fr = —(dd)/ f.

Using the expressions of the light and heavy full propa-
gators and the pion DA’s, the correlation function, Eq. (1),
can be calculated in terms of QCD parameters. Separating
the coefficient of the structure p 475 in both representa-

1 1
- E(pﬂxa + paxﬂ)> - pa<gﬂﬂ - E(pﬂxﬁ + pﬁxy))]fﬂm

(10)

tions and equating them, the sum rules for the coupling
constant gx ., are 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 + q)* is applied. Here, we should mention that we
have also studied the other structure in Eq. (5), i.e., 47¥s,
but its result for the coupling constant is not stable and only
the p 475 structure leads to a reliable prediction of the
coupling constant gs A -

The sum rules for the coupling constant are obtained as

—(m2

)/2M2
/\EQ)lAQe «Q EQ/

gsoagr =1L (12)

where the function IT is
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S0
n-;

Q

with

e M p(s)ds + e~
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/M, (13)

p(s) = (dd) + (i) \/—fw(ﬁ_l)ﬁs%(uo)lﬁoo - f [mQua ){—6[—2@&20—¢3l>mguw[—;s<1+2ﬁ>

+ 401+ B)] = Promoun 361 + B) — 441 — mou, (341 + B) — 4§6>1n(%)]

2

2
T 6fmd(1+ B2 — ¢20+¢31+2ln< )%<uo)+2<¢20 ¢31)mQ/L77(1+2,3)§0o(M0)H (14)

and

[sz’T[—n ~ 178+ (71 + )]

2

__m
1926

X (B 1)@77'(”0) le"Lﬂ'(ﬂz + B + 1)¢o’(”0)

3M?
4
= 515 19Fzmo(B ~ 1)Be 1 (uo)
1 _
_ 2 _
ol + 26 + 3, )} | + ()
+au)mopL(B* + B+ 1), (u). (15)
The other functions entering Eqs. (14) and (15) are given as
= ffDai ];)1 dvf(a;)d(a, + va, — ug),
{i= [Da[ j;)l dvg(a;)8'(a, + va, — ug),

(s mp)
"b"m - sm(mZQ)n—m’ (16)
and  fi(a;) = V(e), fala) = vV”(a) fila) =
Vi(e), fia)=vVi(a), gi(a)="T(a), and

g»(a;) = vT (a;) are the pion distribution amplitudes.
Note that, in the above g}(\lllélatlons the Bogel parameter
M? is defined as M? = ey and u, = e Since the
masses of the initial and'final baryons are close to each
other, we can set M? = M3 = 2M? and u, = 1. The con-
tributions of the terms ~(G2> are also calculated but their
numerical values are very small. Therefore, as is custom-
ary, these terms are omitted.

For the calculation of the coupling constants of the
considered baryons, their residues, /\EQ(AQ), are needed.

Their expressions are obtained as

2 2 5
Y mEQ(AQ)/M _ 0
AEQ(AQ)e >

Mo

eﬂ/MZPl(z)(S)dS
+e "My, 7

with

2
p1(5) = (@d) + Gy B 1

{ g (6400 — 134

—64) +3moQReyg — Yy — in + 2¢21)}

4
+ Q

204874

+ 230 —A4ha + han — 12111( )]
mp

[5+ B2 + Sﬂﬂ[lzwm — 6420

(18)

(1,392 12){ g [6(1 + B) oo

=T+ 1By —6(1 + ﬂ)lﬂn] + (1 +58)myg

4

pa(s) = ((dd) + (au))

m
X Qo= — ¢t ¢21)} W

X [5+ B2+ SB)][lzwlo — 60 + 2430

S

— 4y + Py — 1210 |, (19)

41 42 <m2Q)]

(B 1)2 my

r, = (dd)i >[2 41;2—1],
2
L ('3 )<dd>< >[ 0" (13 4 11p)

+ %(25 +238) — (13 + 11,8)]. (20)

III. NUMERICAL ANALYSIS

This section is devoted to the numerical analysis of the
coupling constant gx 4, and the calculation of the total
decay width for %, — Ay The input parameters used in
the analysis of the sum rules are (iiu)(1 GeV)=(dd)X
(1GeV)= —(0.243)° GeV?, (5s)(1 GeV) = 0.8(iu) X
(1 GeV), my =4.7GeV, m, =123GeV, ms, =
5.805 GeV, mys =2439 GeV, m,, =5.622 GeV,
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my = 2.297 GeV, and m3(1 GeV) = (0.8 = 0.2) GeV? [32]. From the sum rules for the coupling constant, it is clear that
the 77-meson wave functions are needed. These wave functions are given as [30,31]

¢ () = 6uii(1 + aTC;2u — 1) + aTCY*(2u — 1)),

51

w

1 7

— 6uil| 1 + — - S

¢, (u) 6““[1 (5”73 533 T 5
Vi) = 120a,a;a,(vey + vio(3a, — 1)),

5

1
T(a;,) = 360n3aqaqa§(l + w3§(7ag — 3)),

271 811

_ 7\ 1/2 _
%E EEQZ )C4 (2M 1),

3
wh = *M%aér)ci/z@u - 1)],

Ajlay)

= 120a,0,a,(0 + ajg(a, — ay)),

3
Vi(a;) = —30a§|:h00(1 —ag) + hy(a,(l — a,) — 6a,a;) + higla,(1 — a,) — i(aé + a%))],

1
A (a;) = 30a2(a; — aq)[hoo +hgraag + 3 ho(Se, — 3)],

B(u) = g (u) — ¢, (u),

g (1) = goClQu — 1) + g,CY*(2u — 1) + g,CY*Qu — 1),

16 24 20 1
A(u) = 6uit| —+=—=aZ7 +20m5 + —my +[——+
(u) 6uu[15 3542 20m; g M < 15

16 27

7 10 3/2
MW T 55 "74)C2/ Qu-—1)

11 4 18
+ (— mag - —773w3)ci/2(2u — 1)] + (—?ag + 21n4w4)[2u3(10 — 15u + 6u2) Inu

135

+2a%(10 — 15 + 6%) Inii + ui(2 + 13ui)],

where Ck(x) are the Gegenbauer polynomials,

1 21 9 .

h00=v00=—§774, a10=§774w4_%‘12’

21 7 3
Vip = §7I4W4, hor = 4 MNaws4 — %az,

3 v
hip = 7 M4wa + 5547, g =1 (22)
18 20

82 = 1+ —af +60n; + ==,
84 = _%a;’ - 67]3W3.

The constants appearing in the wave functions are cal-
culated at the renormalization scale u = 1 GeV?, and they
are given as aj =0, ai = 0.44, n; = 0.015, n, = 10,
wy = —3, and wy = 0.2.

The sum rules for the coupling constant also contain
three auxiliary parameters: the Borel mass parameter M2,
the continuum threshold s(, and the general parameter 3
which enters the expressions of the interpolating currents.
In principle, M? and S 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 calcula-
tions, there is a residual dependence of the predictions on
these unphysical parameters. Hence, a range for these
parameters should be found where the predictions are
practically insensitive to variations of these parameters.
To find the working region for M2, we proceed as follows.

21

The upper bound is obtained, requiring that the contribu-
tion of the higher states and continuum should be less than
that of the ground state. The lower bound of M? is deter-
mined from the condition that the highest power of 1/M?
be less than, say, 30% of the highest power of M?. These
two conditions are both satisfied in the region 15 GeV? =
M? = 30 GeV? and 4 GeV? = M? = 10 GeV? for bary-
ons containing b and ¢ quarks, respectively. The third
parameter, sy, has a physical meaning, and it should have
a value near the first excited state. The value of the con-
tinuum threshold is calculated from the two-point sum
rules. We choose the intervals s, = (6.0—6.22) GeV?
and sy = (2.5°-2.7%) GeV? for baryons containing the b
and ¢ quarks, respectively.

40
—B=>5
i - B=- :
30 - Bt5
B
o 00 i
- -
10 A
0 : : ‘ ‘ ‘
15 20 25 30
M(GeV?)

FIG. 1. The dependence of gs, 5, on the Borel parameter M?
at a fixed value of the continuum threshold s, = 6.0%.
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20 ‘
~ p=5
, - f
15 -
‘:Q
<
e L0 7
S -
o |
L | L L -
0 6 8 10
2 2
MA(GeV?)

FIG. 2. The same as Fig. 1, but for gy , , and a fixed value of
the continuum threshold s, = 2.5

In Figs. 1 and 2, we present the dependence of the
coupling constants gs, A, and gs A . at fixed values of
the continuum threshold s, and the general parameter 3.
From these figures, we see a good stability for the coupling
constants gs, A, » and gs_a_, with respect to the Borel mass
square M? in the working region. The next step is to
determine the working region for the auxiliary parameter
B. For this aim, in Figs. 3 and 4 we depict the dependence
of the coupling constants gs, 5, and gs  , on cosf,
where tand = 3, at two fixed values of M?. From these
figures, we see that the best stability for the coupling
constants gs, p,» and gs p , is in the region —0.5 =
cos) = 0.2.

Our final results for the coupling constants g, 4, and

g3 A, are

gs, A, = 23.5 £4.9, gs. A= 10822 (23)
The quoted errors are due to the uncertainties in the input
parameters as well as the variation of the Borel parameter
M?, the continuum threshold s, and the general parameter
B.

Having computed the coupling constant gy A, the
next step is to calculate the total decay width for 3, —
A, and 3, — A7 decays. From Eq. (4) the transition

50 T T

— M’=15 GeV>
-~ M’=25 GeV’

N
(=]
T T T

e e e e et S S

cosO

FIG. 3. The dependence of |gy, 5, | on cosé at a fixed value of
the continuum threshold s, = 6.0

PHYSICAL REVIEW D 79, 056002 (2009)
20 ‘ ‘ ‘ : ; :

> 10

l25 A 4

il il sl vl melliest vl i Sl

L 1 L 1 L 1
-1 -0.5 0 0.5
cosO

Ju—

FIG. 4. The same as Fig. 3, but for |gy  ,| and a fixed value
of the continuum threshold s, = 2.5%.

amplitude is M = gs A, -iiysu, and the differential decay
width is found in terms of the coupling constant as

g5 np7l"

=228 Gy — my,)2ldl, (24)
[

where |G| = (mZEQ — mig) /2ms . The numerical values of

the decay rates are given in Table I. In order to compare
with the predictions of other methods, in the same table we
present the predictions of the RTQM [24], the LFQM [25],
XPT [26], and existing experimental data [33]. This table
depicts a good consistency among the methods and the
experimental data in order of magnitudes for the charm
case. Note that, due to the isospin symmetry, the decays of
different  charges, STt Afat0T (3007
A,7"%7), have the same decay widths. Experimentally,
only the widths for 37 7% — A7+~ are measured, and
the value in the table is the average of their central value.
Only the upper bound for 3 — A 7 is known, and it is
consistent with other decay modes. Our prediction for the
decay rate of the bottom case can be tested in future
experiments.

In summary, we calculated the gy, A, and gs A » cou-
pling constants in the light cone QCD sum rules approach.
Using these coupling constants, we also evaluated the total
decay width for the strong %, — A7 and 2. — A 7
decays and compared it with the predictions of the other
approaches and existing experimental data.

TABLE 1. Results for the decay rates of 2, — A7 in differ-
ent approaches in MeV.

s, — A.m ', — A,m
Present work 2.16 = 0.85 393 £ 1.5
RTQM [24] 3.63 = 0.27 s
LFQM [25] 1.555 = 0.165
xrr [26] 245
Experiment [33] 2.21 £ 0.40
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