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The strong coupling constants of newly observed Q¢ baryons with spins J = 1/2 and J = 3/2 decaying into £/ K" are estimated
within light cone QCD sum rules. The calculations are performed within two different scenarios on quantum numbers of Q,
baryons: (a) all newly observed Q. baryons are negative parity baryons; that is, the Q.(3000), 2.(3050), Q2. (3066), and ©2.(3090) have
quantum numbers J© = (1/2)” and J¥ = (3/2) states, respectively; (b) the states Q.(3000) and Q.(3050) have quantum numbers
JP = (1/2)" and J* = (1/2)*, while the states Q_(3066) and Q_(3090) have the quantum numbers J* = (3/2)” and J© = (3/2)",
respectively. By using the obtained results on the coupling constants, we calculate the decay widths of the corresponding decay. The
results on decay widths are compared with the experimental data of LHC Collaboration. We found out that the predictions on decay
widths within these scenarios are considerably different from the experimental data; that is, both considered scenarios are ruled out.

1. Introduction

Lately, in the invariant mass spectrum of E'K~, very
narrow excited Q. states (Q.(3000), Q.(3050), Q.(3066),
Q,.(3090), and Q.(3119)) have been observed at LHCb [1].
Quantum numbers of these newly observed states have not
been determined in the experiments yet. Hence, various
possibilities about the quantum numbers of these states
have been speculated in recent works. In [2], the states
Q,.(3050) and Q.(3090) are assigned as radial excitation of
ground state 2.(3000) and Q" (3066) baryons with the J P
(1/2)" and (3/2)", respectively. On the other hand, in [3-
7] these new states are assumed as the P-wave states with
JP = (1/2)7, (1/2)7, (3/2)7, (3/2)", and (5/2)", respectively.
Moreover the new states are assumed as pentaquarks in [8].
Similar quantum numbers of these new states are assigned in
[9]. Analysis of these states is also studied with lattice QCD,
and the results indicated that most probably these states have
TP = (1/2)7,(3/2)7,(5/2)" quantum numbers [3]. Another
set of quantum number assignments, namely, (3/2)7, (3/2)",
(5/2)7, and (3/2)*, is given in [4]. In [10], it is obtained
that the prediction on mass supports assigning ).(3000) as
JP = (1/2)7, ©,(3090) as J* = (3/2)” or the 2§ state with
JP = (1/2)*,and Q.(3119) as J* = (3/2)".

In this work, we estimate the strong coupling constants of
QY — E'K™ in the framework of light cone QCD sum rules.
In our calculations, two different possibilities on quantum
numbers of Q) baryons are explored:

(a) All newly observed (), states have negative parities.
More precisely, 2.(3000) and Q,(3050) have quantum
numbers J¥ = (1/2)7, Q.(3066), and Q.(3090) have
(3/2)7, and Q,(3119) has quantum numbers (5/2)".

(b) Part of newly observed (. baryons have negative
parity, and another part represents a radial excitations
of ground state baryons; that is, Q(3000) has J© =
(1/2)7, ©.(3050) has J* = (1/2)*, and Q_(3066) and
Q,.(3090) states have quantum numbers ¥ = 3/2)°
and (3/2)", respectively.

Note that the strong coupling constants of O, — E'K~
decay within the same framework are studied in [11] and in
chiral quark model [12], respectively. However, the analysis
performed in [11] is incomplete. First of all, the contribution
of negative parity . baryons is neglected entirely. Second,
in our opinion the numerical analysis presented in [11] is
inconsistent.
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The article is organized as follows. In Section 2 the light
cone sum rules for the coupling constants of Q, — E'K~
decay are derived. Section 3 is devoted to the analysis of the
sum rules obtained in the previous section. In this section,
we also estimate the widths of corresponding decay, and
comparison with the experimental data is presented.

2. Light Cone Sum Rules for
the Strong Coupling Constants of
Q. —

—_
(=

E'K"™ Transitions

For the calculation of the strong coupling constants of Q. —
ETK™ transitions we consider the following two correlation
functions in both pictures:

Il = ijd“xe"f”“ (K (9) |5, ()77, (0] 0),
| )

I = i‘[dzlxe'p’C <K (q) "75; (x) 7t (0)| 0> ,
where 15 (77, ) is the interpolating current of £.(€),) baryon
and . is the interpolating current of ] P = (3/2)Q baryon:

1 T T

= %e“bc {2 (ua Csb) ysc” + 2 (ua Cyssb) ¢

+ (u“TCCb) yss”+ B (uaTCyscb) s+ (c“TCsb) ysut (2)

+p (C“TCyssb) uc}

Mz,
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Mo, =N, (4 —3) (3)
qg: = %e“bc {(s“TCy“sb) ¢+ (s“TCy“cb) s
(4)
+ (c“TCy"sb) sc} ,

where a, b, and ¢ are color indices, C is the charge conjuga-
tion operator, and f3 is arbitrary parameter.

We calculate IT (I1,) employing the light cone QCD sum
rules (LCSR). According to the sum rules method approach,
the correlation functions in (1) can be calculated in two
different ways:

(i) In terms of hadron parameters.

(ii) In terms of quark-gluons in the deep Euclidean
domain.

These two representations are then equated by using the
dispersion relation, and we get the desired sum rules for
corresponding strong coupling constant. The hadronic rep-
resentations of the correlation functions can be obtained by
saturating (2) and (3) with corresponding baryons.

Here we would like to note that the currents 7 , 71, , and
fo; interact with both positive and negative parity baryons.
Using this fact for the correlation functions from hadronic
part we get

rhad) _ Z <0"75¢
2

(+

B/ (p)) (K () EL(p) |0l (p+q)) (0L (p+q) i, |0)
e+ - )

(5)

&l (p)) (K (@EL(p) |0 (p+a)) (O (p+a) |y |0)

i=t- - m}
J=H- G
(had) <0 Mg,
- 5 L
- 2 2
i=+,— —-m3
J=t (P e

The matrix elements in (5) are determined as
(0n5] B (p)) = A,u(p),
(0lns| BV (p)) = A-u(p),

(6)
(K(a)B(p)IB (p+4q)) =gu(p)iTu(p+aq),
(K(q)B(p)|B (p+q)) =g"u(p)T'u, (p+q)q",
where
I ys for —(+) — —(+)
- 1 for —(+) — +(-) transitions,
(7)
o 1 for —(+) — —(+)
- ys for —(+) — +(-) transitions,

2
— MG
(OO

)((PH])2 )

g is strong coupling constant of the corresponding decay, A 5w
are the residues of the corresponding baryons, and u,, is the
Rarita-Schwinger spinors. Here the sign +(—) corresponds
to positive (negative) parity baryon. In further discussions,
we will denote the mass and residues of ground and excited
states of Q.(Q) baryons as mg, Ay(my, Ay), my, A (my, 1)),
and m,, A,(m,, A;) for scenario (a) and for scenario (b); the
same notation is used as in previous case by just replacing
my, Ay (m3, A3) to ms, A5(mjy, A3). Moreover, the mass and
residues of E_ baryons are denoted as m, Ay, and m], A.
Using the matrix elements defined in (6) for the correlation
functions given in (1) we get (for case (a))

I =iA, (p+my)ys(p+d+my)

+iA, (P + m(')) (1” ++ my) (~ys)
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+iAps (p+m;) (P +d+mg)
+iALYs (P+ m;))’s (p+d+m)(-ys)
+iAs (p+mg) (p+d+m,) (-ys)

+iAgYs (P + m;) Vs (I’ +o + m,) (~ys)

(8)
T =+ A7 (p+my) (p+ df + mg) (-q)
+ A3 (P mo) ys (P4 g+ m7) (-p5) (-4
+ ASys (P +my)ys (P4 +mg) (=4")
+ Ayys (P +m)) (Prd+m)) (-ps) (-¢") O
+ AL (p+mo) ys (P4 d+m3) (-p5) (-4
+Agys (p+my) (p+ d+m3) (-ys) (-4")

+ other structures,

where
A(l*) _ A(*)Aogl*
(my? = p2) (" - (p+0)°)

= A (m? —mi”, g7 — g7 17 — 1)
AY = Ay (my — my, 17 — 657,40 — 1)

N (10)
A4

=A; (m(()*) - mg* ’93

N g4 ’A(* N | *))
(*)
A
(*) (%) (%) (%) (%) (*)
:Az(””l —my g, g5 AL A )
() _ ! ! () () ! !
A —As(mo_’ml’gs — Ys ’AO_)AI)'

The result for scenario (b) can be obtained from (8) and (9)
by following replacements:

As(p+my) (Pp+d+m,) (-ys) —
A (p + m('))in (p+d+ms)

Agys (p+my)ys (p+d+m,) (—ys) —
Agys (p+m)) (p+d+ms)
AL(p+mg) ysa” (P +d+m5) (—y5) (~a) —
As (prmy) g (p+d+m3) (~ya)

Agys (P+m)) g (p+d+m) (~Gua) (-75) —
Agys (p+m)a%ys (P+d+m3) (~9ua) -

(11)

Note that to derive (9), we used the following formula
for performing summation over spins of Rarita-Schwinger
spinors:

. tte (P) T (p) = = (p +m)

YaVp zpocpﬁ pocyﬁ - pﬁ))oc (12)
I8 ™ T3 T T ’

2 3m

and in principle one can obtain the expression for the
hadronic part of the correlation function. At this stage two
problems arise. One of them is dictated by the fact that the
current 77, interacts not only with spin 3/2 but also with spin
1/2 states. The matrix element of the current 77, with spin 1/2
state is defined as

(st ) =46

that is, the terms in the RHS of (12) ~ y, and the right end
(p+9q 4 contain contributions from 1/2 states, which should
be removed. The second problem is related to the fact that
not all structures appearing in (9) are independent. In order
to cure both these problems we need ordering procedure of
Dirac matrices. In present work, we use ordering of Dirac
matrices as pqy,. Under this ordering, only the term ~g,,
contains contributions solely from spin 3/2 states. For this
reason, we will retain only g, terms in the RHS of (9).

In order to find sum rules for the strong coupling
constants of O, — EK" transitions we need to calculate II

and IT,, from QCD side in the deep Euclidean region, Pt -

4
- ;py) u(p); (13)

—00, (p + q)2 — —00. The correlation from QCD side can be
calculated by using the operator product expansion.

Now let us demonstrate steps of calculation of the
correlation function from QCD side. As an example let us
consider one term of correlation I1; that is, consider

_ pabc alblc1 ipx L 5 bl
I, ~¢€ J.d xe?* (K (q)| NG (u Cy’s ) »
-7 (x) [_C‘ (s (0)y,Cs" ) IO)] .

By using WicK’s theorem, this term can be written as

H# - eabcealblcl Jd4xeipx <K (q)l

A (€)M T (s ) 09
~ (3 (0 p,C8TCTu ) 52 ()} 10 )

From this formula, it follows that, to obtain the correlation
function(s) from QCD side, first of all we need the expres-
sions of light and heavy quark propagators. The expressions



of the light quark propagator in the presence of gluonic and
electromagnetic background fields are derived in [13]

S(X): lx — mq — lgs
2m2x* 4nx? 1672

. J-du {ﬁ;éaaﬁ + U0, [

" gSG“/3 (ux) + eqF“ﬁ]

(16)
m
— [gSGWUW + eqFWoW]

242
-x"A
-(ln 1 +2yE)]>.

The heavy quark propagator is given as

'k ai(Brmo) o 'k
Sq = J ¢ _lgsj Qn)ti

. Jl du MGW (ux) GW (17)

+ —“ZGW (ux)y, |,

where yy, is the Euler constant.

For calculation of the correlator function(s) we need
another ingredient of light cone sum rules, namely, the
matrix elements of nonlocal operators g(x)I'q(y) and
q(x)IG,,q(y) between vacuum and the K-meson, that is,
(K(9)lg(x)Iq(»)|0) and (K(q)Iq(x)I'G,,q(y)I0). Here T is
the any Dirac matrix, and G,, is the gluon field strength
tensor, respectively. These matrix elements are defined in
terms of K-meson distribution amplitudes (DAs). The DAs
of K meson up to twist-4 are presented in [12].

From (8) and (9) it follows that the different Lorentz
structures can be used for construction of the relevant sum
rules. Among of six couplings, we need only A,(A}) and
As(A}) and A,(A3) and Ag(A%) for cases (a) and (b),
respectively. For determination of these coupling constants,
we need to combine sum rules obtained from different
Lorentz structures. From (8) and (9) (for case (a)) it follows
that the Lorentz structures pys, pys, dys» ys and pdq,,
P4, 49, and q, appear. We denote the corresponding
invariant functions IT;, I1,, 115, I, and I1}, I3, II}, and ITj,
respectively. Explicit expressions of the invariant functions IT;
and IT} are very lengthy, and therefore we do not present them
in the present study.

The sum rules for the corresponding strong coupling
constants are obtained by choosing the coeflicients afore-
mentioned structures and equating to the corresponding
results from hadronic and QCD sides. Performing doubly
Borel transformation with respect to variable p* and (p + q)*
in order to suppress the contributions of higher states and

Advances in High Energy Physics

continuum we get the following four equations (for each
transition):

~AP — AP + AP - AP+ AP,
112 = A9 (g~ ) + AP (-, — )
+ AP (-my —my) + AP (m
my) + AP (my —m;)
11 = A% (o) + AP (<) + AP ()
+ AP (-my) + AQ (-mj) + AP (-m)

B _ 4(B) i 12 (B) i 12
s = A (momo_mo >+A2 (_moml —my )

+ A(f)

- m;) + A(SB) (—m2

2 2

+ AgB) (mom; + m; ) + A(4B) (—m;m1 + mi )
A® ! 12 AB) ! 12

+ AT -mymy —my )+ Ag ( —mymy +my

*(B) *(B)

my® = {ay® e a3® - ay®

—A3 +(B)

_ A4 % (B)

+Aj
_AZ(B)}’ (18)
157 = = {A17 (g +my) + 45 (mg - my)
+ AZ(B) (—m; + mi) + A*(B (m; + m;)

+ AP (-my" +my) + AP (my + mz*)}

% (B) +(B) % (B)

1% = = {43 Py + 43P+ 45O m) 4+ A

+ A*(B) my + A*(B) }

*B «(B) E 12
I, :_{A1 (m0m0+m0>

+ A*(B) (mo -m] mo) + A’;(B) (—miz + mimé)
+ AZ(B) (—miz - m;mf) + A*(B) ( (')2 - m(')m;)
+ AP (—miz - mim;)} ,
where superscript B means Borel transformed quantities,

ABCY = GO X g M, (19)

The masses of the initial and final baryons are close to
each other; hence in the next discussions, we set M; =
M2 = 2M’. In order to suppress the contributions of
higher states and continuum we need subtraction procedure.
It can be performed by using quark-hadron duality; that is,
starting some threshold the spectral density of continuum
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coincides with spectral density of perturbative contribution.
The continuum subtraction can be done using formula

2"—2M2 1 So 71
(M) e e/ —)mj dse M? (s—
m

2

mf)n—l . (20)

For more details about continuum subtraction in light cone
sum rules, we refer readers to work [14].

As we have already noted in case (a) we need to determine
two coupling constants g,(g,) and gs(g:) for each class of
transitions. From (18) it follows that we have six unknown
coupling constants but have only four equations. Two extra
equations can be obtained by performing derivative over
(1/M?) of the any two equations. In result, we have six
equations and six unknowns and the relevant coupling
constants g,(g;) and gs(g:) can be determined by solving
this system of equations.

The results for scenario (b) can be obtained from the
results for scenario (a) with the help of aforementioned
replacements.

From (18), it follows that, to estimate strong coupling
constants g,(g;) and gs(g:) responsible for the decay of
Q. - E.Kand Q] — E_K, we need the residues of ), and B,
baryons. For calculation of these residues for ), we consider
the following two point correlation functions:

11(p) = [ d'xe (01 o, )7, O)}]0),
1)

I (p) = Jd4xeipx (0|1 {nts, )75, @}]0).

The interpolating currents #,_and 77, couple not only
to ground states, but also to negative (positive) parity excited
states; therefore their contributions should be taken into
account. In result, for physical parts of the correlation
functions we get

I1(p)
_ {0fn[ Q. (p.5)) (O (p,5) [11(0)] 0)
—pPmg
. 0]1[Qu (p25)) (e () [71(0)] 0)
—p*+mi
. €0 |1] Qa1 (p>9)) {Qaaye (5 5) [77(0)] 0)
—pm
F-
HW’ (22)
_ (0f]0< (p:9)) €92 (p9) 7, (©)] 0)
mg’ - p?
{0 2. (59) (9. (0.9 1, O])
m’ = p
. <0 |’1,4| Qs (P 5)> <0§<3)c (p.9) [, (0)] 0>
m;Z _ p2

where the dots denote contributions of higher states and
continuum. The matrix elements in these expressions are
defined as

(0fn[ Qe (p>s)) = Aou(p),
(01 Q1 (p25)) = A1y ysu (p)

(0fn[QZ (p>s)) = Agu, (p)
(01 Qe (£25)) = A1y Vs (P)-

(23)

As we already noted, only the structure g, describes the
contribution coming from 3/2 baryons. Therefore we retain
only this structure.

For the physical parts of the correlation function, we get

thy _ (ﬁ"’mo)A%) + (P_ml)Aﬁ

mg — p? mi - p?
. (P F my3)) Ao
mg(s) -p?
(24)
* *2 * *2
thy _ (p+m0)g;wA0 N (p_ml)g;w)H
w mg’ — p? m; — p?
— * 2
N (P + mz(s)) Ay)
*2 :
Myi&y — P’

Here in the last term, upper (lower) sign corresponds to
case (a) (case (b)).

Denoting the coefficients of the Lorentz structures ¢ and
I operators I1;, I, and pg,,,» g, as I1}, I1;, respectively, and
performing Borel transformations with respect to —p?, for
spin 1/2 case, we find

2 2 2 2 2 2
Hf = Aée"mU/M + )ﬁe—ml/M + Aiw)e_mz/M ,
8 = )2 —md | M? 22 —-m? | M? (25)
2 = AoMpe A me

42 —m? ., | M?
+ A2(3)m2(3)e ") .

The expressions for spin 3/2 case formally can be obtained
from these expressions by replacing A — A", m — m”, and
IT — IT". The invariant functions IT;, IT; from QCD side can
be calculated straightforwardly by using the operator product
expansion. Their expressions are presented in [15] (see also
(5D).

Similar to the determination of the strong coupling
constant, for obtaining the sum rule for residues we need the
continuum subtraction. It can be performed in following way.
In terms of the spectral density p(s) the Borel transformed IT°
can be written as

m’ - J P e M s, (26)



The continuum subtraction can be done by using the quark-
hadron duality and for this aim it is enough to replace

So

J L Pi(s) e M ds — J LPi(s) e Mds. (@)

It follows from the sum rules that we have only two
equations, but six (three masses and three residues) are
unknowns. In order to simplify the calculations, we take the
masses of (. as input parameters. Hence, in this situation,
we need only one extra equation, which can be obtained by
performing derivatives over (-1 /M?) on both sides of the
equation. Note that the residues of £, baryons are calculated
in a similar way.

3. Numerical Analysis

In this section we present our numerical results of the
sum rules for the strong coupling constants responsible for
Q,(3000) — EYK™ and Q.(3066) — E'K" decay derived in
previous section. The Kaon distribution amplitudes are the
key nonperturbative inputs of sum rules whose expressions
are presented in [12]. The values of other input parameters
are

fx = 0.16 GeV,

mg = (0.8 +0.2) GeV?,

(9q)
(ss) = 0.8(qq) -

The sum rules for g_, and g*, contain the continuum
threshold sy, Borel variable M?, and parameter f3 in inter-
polating current for spin 1/2 particles. In order to extract
reliable values of these constants from QCD sum rules, we
must find the working regions of s,, M, and f in such a
way that the result is insensitive to the variation of these
parameters. The working region of M? is determined from
conditions that the operator product expansion (OPE) series
is convergent and higher states and continuum contributions
should be suppressed. More accurately, the lower bound
of M? is obtained by demanding the convergence of OPE
and dominance of the perturbative contributions over the
nonperturbative one. The upper bound of M? is determined
from the condition that the pole contribution should be
larger than the continuum and higher states contributions.
We obtained that both conditions are satisfied when M? lies
in the range

(28)
—(0.240 £ 0.001)° GeV?,

2.5 GeV? < M?* < 5 GeV>2. (29)

The continuum threshold s, is not arbitrary and related to the
energy of the first excited state; that is, s, = (My0unq + 0)°-
Analysis of various sum rules shows that § varies between 0.3
and 0.8 GeV, and in this analysis § = 0.4 GeV is chosen. As an
example, in Figures 1 and 2 we present the dependence of the
residues of Q.(3000) and Q.(3050) on cos @ for the scenario
(a) ats = 11 GeV? and several fixed values of M?, respectively.
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1.6 e
Fos = 2 '
1af S0 11 GeV iy E
r [ P J
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-- M*=35 - - M?>=50
- M?=40

FIGURE 1: The dependence of residue for 3.(3000) on cos 0 at s, =
11 GeV? and at various fixed values of M? for scenario (a).
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-- M?>=35 = M*=50
- - M?>=40

FIGURE 2: Same as in Figure 1, but for Q.(3050).

From these figures, we obtain that when cos 0 lies between —1
and —0.5 the residues exhibit good stability with respect to the
variation of cos 0 and the results are practically insensitive to
the variation of M?. And we deduce the following results for
the residues:

A; = (0.08 +0.03) GeV?,
(30)
A, = (0.11 +0.04) GeV”.

Performing similar analysis for Q) baryons in scenario (b)
we get (Figures 3 and 4)

A; = (0.030 £ 0.001) GeV>,
31)
A; = (0.04 £0.01) GeV”.
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0.25 ; ; ; ; ; ; ; ; ;
[ i ; ! 7
s = 11GeV | i
i !
02 j ‘g .
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L s Y ]
< f ,
01[ ! 17 J
. Iy '
y) %
J AV
0.05 |- & e 7
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-—- M*=30 M?=45
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FIGURE 3: Same as in Figure 1, but for scenario (b).
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FIGURE 4: Same as in Figure 2, but for scenario (b).

The detailed numerical calculations lead to the following
results for spin 3/2 Q) baryon residues:

A} = (0.18 +0.02) GeV>,

A5 = (0.17 +£0.02) GeV>,

(32)
A} = (0.024 +0.002) GeV>,
A% = (0.05+0.01) GeV”.

From these results we observe that the residues of Q.
baryons in scenario (a) are larger than that one for the
scenario (b). This leads to the larger strong coupling constants
for scenario (b) because it is inversely proportional to the
residue.

Having obtained the values of the residues, our next
problem is the determination of the corresponding coupling

constants using the values of M* and s, in their respective
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FIGURE 5: The dependence of strong coupling constant for
Q,(3066) — E.K on cosf at s, = 11 GeV* and at three fixed values
of M? for scenario (a).
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FIGURE 6: Same as in Figure 5, but for .(3090) — E_K transition.

working regions which are determined from mass sum rules.
In Figures 5, 6, 7, and 8, we studied the dependence of the
strong coupling constants for QO — E K’ transitions for the
scenarios (a) and (b) on cos 0, respectively. We obtained that
when M? varies in its working region the strong coupling
constant demonstrates weak dependence on M?, and the
results for the spin-3/2 states also practically do not change
with the variation of s,. Our results on the coupling constants

are as follows:

For scenario (a),

g, =19%2
g, =40+ 10
g5 =20+2 oY
g: =42+£10
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TABLE 1: Decay widths for the two-scenarios considered are shown.

Scenario (a)

Scenario (b)

(GeV) (GeV)
[(Q,(3000) — E.K) 8.1+1.8 0.10 +0.02
[(Q.(3050) — E.K) 14.1+3 (3.8+1.2)x 107

I'(Q,(3066) — E.K)

(6.6+3)x107°

(1.6 +0.6) x 107°

I'(Q.(3090) — E.K) (1.3+0.5) x 1072 0.10 + 0.04
20 k T T T T T T T T T ] 50 F T T T T T T T T T 4
E 1 s
18 L sp = 11GeV? 45 F 4
i i E g
1k ; w0f 4
14| E 3 ]
2E 4 30 F 4
CoES 7 '
‘S 10F 7 «H25E =
L B e F 7 ]
8 :_ \\ ;-: 20 5_ P E
6 Yis N g 15 E i RE 3
o Tie I E o —emrTiTT E
4F CTis— L = 10 B S Setortenl ) E
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FIGURE 7: Same as in Figure 5, but for scenario (b).

For scenario (b),

g, =22+02
g, =2.0£0.5

gs=6%x1 G4
s =8+1

The decay widths of these transitions can be calculated
straightforwardly and we get

9i [ 1\2 2 ] 12 ( 2 2 )
= m.+m,) —my|A m;,my , m
16mm; (i + o) K 0K

*2
g‘ * 2 35
= Tog L+ m0) =] >

3/2 P )
A, (mi ’mO ’mK 5

where m;(m;) and m(') are the mass of initial spin 1/2 (spin
3/2) Q, baryon and E, baryons, respectively, and A(x, y,z) =
x* + y* + 2° — 2xy — 2xz — 2yz. Having the relevant strong
coupling constants, the decay width values for scenario (a)
and (b) are shown in Table 1.

Our results on the decay widths are also drastically
different than the one presented in [11]. In our opinion, the
source of these discrepancies is due to the following facts:

FIGURE 8: Same as in Figure 6, but for scenario (b).

(i) In [11], the contributions coming from & baryons are
all neglected.

(ii) The second reason is due to the procedure presented
n [11]; namely, by choosing the relevant threshold
So» isolating the contributions of the corresponding
Q. baryons is incorrect. From analysis of various
sum rules, it follows that s, = (Mgauug + )%,
where 0.3GeV < & < 0.8GeV. Since the mass
difference between (2.(3000) and ©.(3090) is around
0.1 GeV, isolating the contribution of each baryon is
impossible while their contributions should be taken
into account simultaneously. For these reasons our
results on decay widths are different than those one
predicted in [11]. From experimental data on the
width of Q, there are [16]

I (Q,(3000) — EIK") = (4.5 £ 0.6 + 0.3) MeV
I (Q(3050) — E7K") = (0.8 £ 0.2+ 0.1) MeV
I'(Q.(3066) — EIK™) =(3.5+04+02)MeV  (36)
I (Q.(3090) — E;K") = (8.7 £ 1.0 £ 0.8) MeV
I (Q(3119) — EJK") = (1.1 £ 0.8 + 0.4) MeV

We find out that our predictions strongly differ from the
experimental results.
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By comparing our predictions with the experimental data,
we conclude that both scenarios are ruled out.

4. Conclusion

In conclusion, we calculated the strong coupling constants
of negative parity Q. baryon with spins 1/2 and 3/2 with
E. and K meson in the framework of light cone QCD sum
rules. Using the obtained results on coupling constants we
estimate the corresponding decay widths. We find that our
predictions on the decay widths under considered scenarios
are considerably different from experimental data as well
as theoretical predictions and considered both scenarios are
ruled out. Therefore further theoretical studies for determi-
nation of the quantum numbers of Q, states as well as for
correctly reproducing the decay widths of Q. baryons are
needed.
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