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Semileptonic Z. baryon decays in the light cone QCD sum rules
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Form factors of the weak =. — E(A) transitions are calculated within the light cone QCD sum rules. The
pollution coming from the contribution of the negative parity E} baryon is eliminated by considering the
combinations of sum rules corresponding to the different Lorentz structures. Having obtained the form factors,
the branching ratios of the E, — E(A)Zv decays are also calculated, and our predictions are compared with
the results of other approaches as well as the measurements done by the BELLE and ALICE collaborations.
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I. INTRODUCTION

The electroweak decays of the heavy flavored hadrons
provide useful information about the helicity structure
of the effective Hamiltonian and the matrix elements of
the Cabibbo-Kobayashi-Maskawa matrix (CKM). These
decays are also very promising in looking for new physics
searches. For these goals, the semileptonic decays of the
heavy mesons and baryons provide an ideal research area.
Since the leptonic part of these transitions is well known,
all probable complications can be attributed to the
hadronic matrix element. The study of the semileptonic
E. - B(B=EorA)¢v decays that are induced by the
¢ — s and ¢ — d transitions are helpful for precise deter-
mination of the values of the CKM matrix elements V., and
V .q4- Moreover, these decays can also be used to test the
predictions of the heavy quark effective theory.

The form factors also play a crucial role in the theoretical
analysis of the nonleptonic decays of the baryons and might
also be useful for the study of CP violation.

Significant experimental progress on the semileptonic
decays of E. baryon has been achieved recently. The Belle
Collaboration reported the measurement of the branching
ratios of the semileptonic decays 20 — 2~/ v [1],

B(E0 > E-¢*y,) = (1.72 £ 0.10 + 0.12 + 0.50) %,
B(E - Euty,) = (171 +0.17 £ 0.13 + 0.50) %.
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Moreover, the ALICE Collaboration has also announced
the result for the branching ratio of the Z0 — E-/v
transition [B = (1.8 £0.2)%] [2], which agrees with
BELLE’s measurement within error ranges.

The semileptonic decays of the =, baryon have been
comprehensively studied in the framework of different
approaches, such as the light-front formalism [3,4], rela-
tivistic quark model [5], lattice QCD [6], three-point QCD
sum rules [7], and light cone QCD sum rules method [8].

In this study, we calculated the form factors and
branching ratios of the semileptonic decay of E. within
the light cone sum rules (LCSR) framework. It should be
noted that the same channel was already studied in [8].
However, the prediction of the branching ratio obtained in
that study is considerably larger than the results of the other
approaches as well as experimental measurements. This
study also aims to understand the source of this discrep-
ancy. In our opinion, the reason for the discrepancy can be
attributed to the fact that the interpolating current for the
given heavy baryon couples not only to the ground state
baryon with positive parity J* = %* but also to a heavier
baryon with negative parity J* = %‘. Hence, the dispersion
relation of the E. baryon gets modified when the contri-
bution of the negative parity E. baryon is taken into
account, which is 300 MeV heavier compared to the
ground state =, baryon. In the light of new experimental
data, we reanalyze the semileptonic decays of E, —
E(A)lv within light-cone sum rules in detail by taking
into account the contributions of the J© = %‘ heavy baryon.

So far, the LCSR have successfully been applied to the
wide range of problems of hadronic physics, such as the
nucleon electromagnetic form factor [9], form factors and
strong coupling constants of the heavy baryons [10], rare
Ay = N(N*)£*¢~ decays [11], etc.

The paper is organized as follows. In Sec. II, the LCSR
for the E, — B(Eor A) transition form factors are derived.

Published by the American Physical Society
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In Sec. 111, the numerical analysis of the transition form factors is performed. This section also contains our predictions on
the decay widths of the 2. — BZv transitions. Finally, we compare our results on the branching ratios with those predicted
by the other approaches.

II. THE LCSR FOR THE Z, —» B TRANSITION FORM FACTORS

—

E. — B(Eor A) decay is induced by the ¢ — s(d) transition. The matrix elements induced by the vector and axial-vector
transition currents are described with the help of the three-form factors,

2 2
o = Dlancle o) =1 (0 - )| 1@+ 172 g0+ B ey ), m
2 2
(o = DlarrsclB ) = 1, (0 = ) |on @+ 12 g+ B g ), 2)

=k

The form factors responsible for the = — B transition can be obtained from Eqs. (1) and (2) with the replacements f; — f;,
g; — §;, inserting the Dirac matrix y5 after the Z. baryon bispinor, and replacing =, with E.
In order to derive the LCSR for the form factors, we start by considering the following correlation function(s):

1 (pug) = [ déxeis(OIT {1, (0)7) ()} B(p). ®)

where 77z is the interpolating current of the =, baryon, and J, ,‘f @ — ¢7,4(Cy,rsq) are the transition currents. In further
calculations, we use the general form of the interpolating current Z. [12],

ns, = \/igeabc{2[61“T(X)Csb (0)]rsee (x) + [q (x) CcP (x)]yss (x) + [T (x)Cs” (x)]rs5q° (%)

+ 2p[u" (x)Crss” (x)] e (x) + lg*" (x)Crsc” (x)]s(x) + Bl (x)Crss® (x)]q¢ (x)}. (4)

Here ¢ is the light quark, C is the charge conjugation operator, a, b, and c are the color indices, f is an arbitrary parameter,
and f = —1 corresponds to the loffe current.

To derive the LCSR for the transition form factors, we first calculate the hadronic part of the correlation function, which is
achieved by inserting the full set of charmed-baryon states between the interpolating current 77z _and the transition current J,
in Eq. (3). Thus, the hadronic part contains the contributions of the lowest positive-parity =, as well as its negative—parity
partner E}, i.e.,

1 (pg) =3 (Oln=, (0)[EL(P - q. S))(ZEé(p = q.5)[er,q(Cr,rs9)|B(p))

i mi_(P—CI>2 T ®)

where - - - denotes the contributions of all excited and continuum states with the quantum numbers of =, and summation is
performed over the ground and first orbital excited states. The first term on the right-hand side of Eq. (5) describes the
coupling of the Z.(E}) baryon with the interpolating current 7z which is defined as

5;75145;(17 - Q), (6)
where Az (4z:) is the residue of the corresponding baryon.

Using the definitions of the transition form factors for the vector transition current, and using the Dirac equation
Pup(p) = mpup(p) we get,
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Y (p.q) = W{ (@®)2p, + (ms, = mp)y, =24, + 1,4)
LD i (2 = s, 4 ey = (i, + ),
2 o -
+f;EZ) (mg, +mp— %)%}”B(P) + ”7%—/1(;’—‘1)2 {fl (¢*)[=2py + (mz; + mg)y, + 24, — 1,4
]72(6]2) 2 2N, _ _ _
+ . 2pud + (mz, —my)y, — (mz. —mp)y,d + (m=; —mp)q, — q,4
7 2
D 2+ D fua) )

II;(p.q) can easily be obtained from Iy (p,q) by making the replacements (f; — gisfi = Gimp — —myg), and
multiplying ys matrix to the right end, i.e.,

4(p.q) =10 (p. q)(fi = gis fi = Gizmp — —mp)ys.

We now turn our attention to the calculation of the correlation function (3) for the E.(E%) — B transition. We take
(p- q) ¢ < m% to justify the expansion of the product of the two currents in the correlation function (3) near the light
cone x? ~ 0, hence, the matrix element £%%¢ <O|qg(0)s2(0)s§(0) |B(p)) is obtained. This matrix element is parametrized in
terms of the E and A baryon distribution amplitudes (DAs) of a different twist. The explicit expressions of the = and A
baryon DAs can be found in [13-15]. The operator product expansion is obtained by convolution of the hard-scattering
amplitudes formed by the virtual c-quark propagator and the Z(A) baryon DAs with increasing twists. In our calculations,
we take into account all three particle B baryon DAs up to twist-6. However, we neglect the contributions of the four-particle
(quark and gluon) DAs.

Matching the coefficient of the relevant Lorentz structures in both representations of the correlation function, we get the
sum rules for the transition form factors. Finally, we perform Borel transformation over —(p — ¢)? in order to suppress the
higher state and continuum contributions and obtain the following sum rules for the form factors of the cy,s transition
current,

mzc* /M?
4

N2(p, q) = 22z, f1(g2)e™"=/™ —222. 7, (¢P)e

?e
2
M (p.q) = 24z 2 o) o gy FAG) ot

)

9’

mEC e mgz
2 2 2 —m? o 5 7 2
M(0.) = da. e (1) =20 n ) ) e ™ (11 P2 g = ) ).
(5. = % (=) (1) L2 e 4y ) )
2 2 7 2
+/15?e_m5‘*'/M <(m5; + mp) <~|(q2) +f;5i ) (mz; — m3)>>7
2 2
Hg(p, q) _ A'E‘e—mé(/Mz <—2f1 (6]2) + (fZ(q )mtf3(q ) (mﬁ* + mB))
i (o )+ CAELEDED )
B _ B kM 2 Agi —mZ M ae
g (p.q) = (f2(8%) = f3(¢%) = —=e "="" (f2(4*) = f3(¢))- (8)

= Mg+
E. B

Here, II¥(p,q), I8(p.q), 1I5(p.q), NZ(p,q), IE(p,q), and TIZ(p,q) are the invariant functions for the Lorentz
structures, p,,, p”;é, yﬂ¢j, Yu> Gy and qﬂ¢j structures, respectively.
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Note that the equations for the axial vector current y,ys can be obtained from Eq. (8) by making the following

replacements: f; — —g;, fi = —§;, mg — —mg, and HSV)B - HEA)B. )
Solving the six equations given in (8) we obtain the LCSR for the transition form factors f;, f; for vector current

and g;, and §; for axial vector which read as

mg /M?
e =c
fi= 2%z (mz- +mz ) {(msc + mp) [HSV)B — (mz: — mB)HgWB} 2 (me, —mz )Y ZH‘(lV)B}’
Nz emél_/Mz s e .
T e 1 R LR e
L ;nz /M?
mg e = . VB . . )
15 =20 (mz, +m=) {HE B2 4+ 1) = (e — mg) (1377 4 211 )},
c m;*/MZ
~ —e “c V)B ) (V)B (V>B
Ji= 22z (mz: + mz ) {(m:( —mp) [H1 + (mg, + mp)Il, } — 2(mg. — mz )T, o1 }7
ﬁ emé*/M2
f = : V)B V)B \%
)2 " 2= (mz + mz ) [H(l Pt (mg, + mp)y"® —2my” }
m esz*/Mz
LRy P Y% 200+ 107) 4 (me, 4+ mg) (% 4+ 21157%)]
_(37'1§F/M2 (A)B (A)B (4B )5
e m{(m: M) [Hl — (mzg; +mp)IT ] +2(mg; —mg I 4 21, }
_mEl‘e'nil_/Mz s . "
Ggr = m |:H1 - (mEf + I’I’l}g)l—l2 — 2]_[3 } ,
_msceméc/w (4)B (4)B (A)B (4B W8
B = 2 (mz. + mz) [Hl +2(I;7° + 11577) = (mz; + mp) (I, + 21, )}7
c mE:/M2
~ e =
g = 20z (mz: + mz ) {(mEj + mp) [HSA)B + (mg, — mB)HgA)B} ~2(mes mEC)HgAw 3 2H§A)B}’
( (mi*/M2
g M=l - A)B A)B A)B
=00 (mz: + mz) [HE Py (mz, - mB)Hg ® ZHg : }
m emi*/Mz
~ g€ A)B A\B ny . ",

A few words about the theoretical calculations are in order. The correlation function with the y, and y,ys transition
currents can be transformed to the following form:

V(A)
1/ “N(p - 9%, ¢*) = / Ll b (P = )]
12370 A"

where A = mi —x(p — q)* —=X¢* + xXmZ , and X = 1 —x and pi‘;(A) are the spectral densities of the corresponding

invariant functions H,Y(A) [(p — q)*, ¢*]. Their expressions are too lengthy, hence, we do not present them here. To obtain the
relevant sum rules for the form factors, Borel transformation to the dispersion integral representation and subtraction of
continuum should be performed. These operations can be implemented with the help of the following replacements:

054030-4



SEMILEPTONIC Z. BARYON DECAYS IN THE LIGHT ...

PHYS. REV. D 104, 054030 (2021)

pi(x) (x) Udx =s(x)
—pi(x)en”,
/ /O L ()
1 [ldx =) pia(xo)er”
n(x)em + )
/ A2 M2/ 2Pt m2+ - ¢

L) 1 frde
3 2M4 —3/)1»3()6)6 M

1 Pi3(xo)€%J
2M? xo(m? + x%m%v -4%)

*Y
2,
1 erM

2m? + xOmEC -q°

< (o —q2>)

and x, is the solution of the equation

m? — xq*> + xfcmé

S0 —

X

The expressions of the form factors involve residues of
E. and E} baryons. These residues can be calculated using
the two-point correlation function,

(g = i / e (0[T{110 (x)70(0)}]0).
=7 (¢*)¢ + 15 (g*)1.

Following the standard sum rules methodology, namely,
saturating the correlation function with . and =}, and
performing the Borel transformation and continuum sub-
traction, we obtain,

—m2 I M? -m2, /M?
¥ =z e me. /M +Az:e /M
2 2 —m2, | M?
Hg = /136 mECe mE‘«'/M - /15:‘ mE;e m:ﬁ’/ N
where Az (Az:) and mg (mg.) are the residues and the

masses of the E.(E}) baryons respectively. Solving these
equations, for the residue of the E. baryon we get,

g = ———— (me 118 + TI5). 11
Mz + ms (m_c 7 +105) (11)

—c

The invariant functions I1? and 1% are calculated in [11],
which we will use in our numerical analysis.

III. NUMERICAL ANALYSIS

This section is devoted to the numerical analysis of the
form factors derived in the previous section. The main input

parameters of LCSR are the DAs of the E baryon, which are
calculated in [13,14].

The normalization parameters of these DAs are obtained
from the analysis of the two-point sum rules (see for
example [13-15]), whose values are

f= = (9.9 +0.4) x 1073 GeV?,
A =—(2.840.1) x 1072 GeV?2,
Jy = (524£0.2) x 1072 GeV?,
A3 = (1.7£0.1) x 1072 GeV?2.

The numerical values of other input parameters used in
the calculations are presented in Table I.

The sum rules contain three auxiliary parameters,
the Borel mass M?, the continuum threshold s, and the
parameter f in the expression of the interpolating current.
According to the sum rules methodology, we should find
the working regions of these parameters, where the form
factors are practically insensitive to their variations.

The working interval of the Borel mass parameter is
determined by demanding that both the continuum and
power corrections have to be sufficiently suppressed.
These requirements lead to the following working inter-
val of the Borel mass parameter, M?> = (8 2) GeV>.
Moreover, the value of the continuum threshold is
determined by requiring that the mass sum rules repro-
duce the measured mass of the lowest baryon mass to
within 10% accuracy for definite values of the parameter
. This leads to the threshold value, sy = (11 + 1) GeV?2.
Finally, to find the working region of f, where f = tan 6,
we study the dependency of mass on cos @ at several fixed
values of M? and s,. We observe that the mass exhibits
good stability to the variation of cosf in the inter-
val —1.0 < cos @ < —0.6.

It should be emphasized that, the LCSR predictions,
unfortunately, are not applicable to the whole physical
region m? < ¢* < [mg_(mz:) — mz]>. The LCSR for the
form factors are reliable only up to ¢ <0.5 GeV>.

TABLE 1. The values of the input parameters used in our
calculations.

Parameters Value

Mg+ (2467.71 +0.23) MeV [16]
Mgo (2470.44 £ 0.28) MeV [16]
Mg+ (2791.9 +0.5) MeV [16]
mz:0 (2793.9 + 0.5) MeV [16]
m(E’ (1314.86 + 0.20) MeV [16]
mg (1321.71 + 0.07) MeV [16]
(Gg)(1 GeV) —(24622 MeV)? [10]
m.(m.) 1.28 +0.03 GeV [17]
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To extend this restricted domain to the full physical domain given above, we use the z-series parametrization of the form

factors [18], which is given as

g’ 1) = ol Loh
Vie— ¢+ ;=1

where 7o = g = [ms, (mz;) — mz]® and 1, = (mp, + mg)*.

The following parametrization

2 =
f(q ) 1- qz/(mgole)

) + dlz2(q% 1o) + al[z(¢% 1)}, (12)

reproduces best fits for the form factors predicted by the LCSR. The pole masses for the E. — E(A) transition are

2.112(2.010

Mpole =
2.317(2.300

1.969(1.870

The values of the fit parameters af;, a’,[ and aé for the

E. — Zand E. — A form factors are presented in Tables II
and III, respectively.

Dependency of the form factors f1, f,, f3 and g1, g», and
g3 on ¢, at the fixed value of sy = 10.0 GeV?, and at
several fixed values of the Borel mass parameter M? from

TABLE II. Form factors of the E. — E transition.

( ) GeV for the form factors f, f>, §;, and g,
2.535(2.423) GeV for the form factors gy, g». f1,and f5,

( ) '

( )

(13)

GeV for the form factors f3, 3,
GeV for the form factors g, f5

its working region of the E, — Euv,, decay are presented in
Figs. 1 and 2, respectively.

Having obtained the results for the form factors, we
estimate the decay widths of the E. — BZv decays. The
width of these decays can be calculated using helicity
formalism [19]. We choose the rest frame of the E.. baryon,

E.—~E £i(0) agp a a,

f1 —-0.29 +0.05 —-0.70 £0.08 12.11 &£ 1.50 —89.50 £ 10.00
fa —-0.12 +£0.02 —0.55 +£0.06 12.78 +1.50 —-95.67 +11.00
f3 —-0.49 £ 0.10 —1.81 £0.20 37.68 +=4.00 —263.79 £ 15.00
g1 —-0.22 +£0.04 —-0.39 £ 0.04 5.52 +0.60 —44 91 £+ 6.00
g 0.45 +£0.10 1.24 +0.15 —-20.95 £2.60 132.68 4+ 8.00
93 0.57 £0.12 1.26 £0.15 —18.27 £2.20 114.76 +12.00

TABLE III. Form factors of the Z. — A transition.

E.—A £i(0) ag ai a

fi —-0.36 = 0.06 —-0.19 £0.05 —-4.00 £ 0.80 22.68 +2.20
fa —-0.18 £ 0.04 —-0.21 £0.08 —-0.49 £0.08 8.77 £ 1.00
f3 0.11 +£0.03 1.17 £0.12 —19.94 £ 2.50 93.66 + 9.40
g1 —0.12 £0.03 0.26 +£0.04 -7.65 £0.90 38.88 = 4.00
9 0.18 = 0.04 0.38 £ 0.08 —-3.10 £ 0.50 10.74 £ 1.10
93 —0.05 £ 0.01 —-0.24 £0.05 4.28 +1.00 —22.98 +2.30
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0.0 0.0 0.00
0.1 M2 =7.0 GeV? —o— M2 =7.0GeV? —o— 0.25 ME=T0GeV? —o—
M? =80 GeV? 01 M2 =80 Gev? M2 =80 GeV?
02 M2 — 0.0 GeV? —e— ~ M2 =9.0 GeV? —e— —~ 050 M= 9.0 GeV? —e
T 04 2 0s 4 -0.75
o A T oo
o -05 or 0= 10.0 GeV? or s
T 06 50=10.0 GeV? g =04 ’ . 1 1 80.=10.0 GeV*
07 05 Sl s
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
¢*(GeV?) ¢*(GeV?) (GeV?)
FIG. 1. The dependency of the form factors f, f», and f5 for the Ef — To/ﬁu transition on ¢, at s, = 10 GeV?, and several values

of the Borel mass parameter M>.

1.25 1.50
-0.20 P
55 1.00 » 1.25
T o0asp oesSsssiE 3 5= 100 GeV? = 0= 100 GeV? /
K < oom = 10
€ 030 g Yoo
t+o +o 0.50 +o
I\'; -0.35 50 = 10.0 GeV? ELN I\”/m 0.50
= & M2 =70 GeV? —o— = M2 =70 GeV? —o—
0.25 M? =80 GeV? . M? = 8.0 GeV?
-0.40 M2 =90 GeV? —o— 025 M? =90 GeV? —e—
0.00 0.00
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
*(GeV?) ¢*(GeV?) ¢*( GeV?)
FIG. 2. The dependency of the form factors g, g», and g5 for the E — :O;ﬁu transition on g2, at s, = 10 GeV?, and several values
of the Borel mass parameter M>.
where the z axis points along the W oo to calculate the 2\( 2 232
er XIS P g the Woftshell dr(E. - BfY) G A(m% ,mB,q )(q°—m3)
helicity amplitudes, and we obtain ¢ —_F Vo2
dq? (2r)*' 48m3 ¢*
V(A)
H+7’+1 V20+ |:f1 (91) - _ (92):| ) « {|H+§.+1 2+ |H_%__1 2
2
via) V9= _q m>
H. )= N mofi(g) = —fa(9)]: F (15 ) { Hogol? + [H oo
q E, 2q
7 2
v VOi+ 3m
H+1’ = m:Ffl(gl) f3(g3> ) +Tf |H+%,t|2+‘H—%.t|2 ,
2 A/ q E( q
where m, = mg +mp, and 0, = mi -4 where Gy is the Fermi constant, V., is the CKM matrix

In these expressions, the first and second subindices
describe the helicities of the B baryon and virtual W,
correspondingly. The amplitudes for the negative values
of the helicities can be obtained from the parity consid-
eration, i.e.,

\4 |4
H_AB —w His Aw?

A A
H—AB,—AW - Hﬁgsiw'

The total helicity amplitude is given by

—HA

_ \%
=H Dy

H)‘B Aw A, Aw

Using the expressions of the above-given helicity ampli-
tudes for the differential decay widths, we obtain

element (¢ = s or d), and

2

2+ my+qt - Zm%CmB

2 2\
My, q°) = mz,

-2mz ¢

Amz,

- 2m3q°,

The differential decay width for the E} — BZv decay can
be obtained from &, — B£v decay by making the follow-
ing replacements: f — —g1, f2 = 92.91 = —f1.92 = [,
and mg,

Usmg the values of the CKM matrix elements V.l =
0.2211 £ 0.0700 and |V ;| = 0.987 £ 0.011 [16] and the &
life time 7(20)=(1.53+0.06)x10""%s, and (Z)
(4.56 +0.05) x 10713 s we can predict the branching ratios
of the corresponding semileptonic decays. Our results are
presented in Table IV. In this table, we also present the values

g m'—*
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. = Blv decays.

—
=
—c

TABLE IV. The existing experimental and theoretical results on the branching ratios (in %) of the semileptonic

LF [20]
1.72 +0.35

3PSR [7] LCSR [8] LFQM [21]

LATTICE [6]
2.38 £0.30 £0.33 1.45+0.31 7.26 £ 2.54

2.294+0.29+0.31 1.45+0.31 7.15 £ 2.50

RQM [5]

SU3) [4]

ALICE [2] SUQ@3) [3]

BELLE [1]
1.724+0.10+0.12+0.50 1.8 +0.2 4.87 £1.74

Decay channel Present work

1.354

2.38
2.31

9.40
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of the branching ratios of the semileptonic . — B£v decays
obtained from other theoretical approaches, as well as the
latest announced experimental results. From a comparison of
the predictions of the different approaches, we see that our
results are close to that of the ones given in [20] as well as the
experimental measurements [1,2]. On the other hand, the
obtained branching ratios are slightly smaller than the results
presented in [4-6] but larger than the values obtained in
[7,21]. However, our results are considerably different from
the results obtained in [8] for the E. — E£v decay, although
they applied the same method as used in this work. This
discrepancy can be explained as follows. The interpolating
current of . baryon interacts not only with ground state
positive parity baryons J” = (3)* but also with J* =1~
negative parity baryon which was neglected in [8]. Thus, the
dispersion relation of E, baryon is modified, and since the
mass difference between these states is around 300 MeV,
the results change considerably.

Our predictions on the branching ratios of 27 — Ay,
are also quite in agreement with the results of [5] within the
error. The predictions on the branching ratios can further be
improved by more precise determination of the input
parameters appearing in DAs of the E and A baryons, as
well as taking into account O(ay) corrections.

IV. CONCLUSION

The form factors of the semileptonic E. — E(A)fv
decays are studied in the framework of the light cone
QCD sum rules method. In order to eliminate the con-
tamination of the negative parity Z} baryon, the combina-
tion of the sum rules obtained from different Lorentz
structures is used.

Using the obtained results on the form factors and
applying the helicity formalism, we also estimated the
corresponding branching ratios of the considered decays.
Moreover, our results on the branching ratios are compared
with the predictions of the other approaches as well as with
the experimental measurements.

The branching ratios of E. - E£v decays has already
been studied in various models like the relativistic quark
model [5], LATTICE QCD [6], 3-point sum rules [7], and
light front quark models [20,21]. Our calculations within
the light cone sum rule showed that the results are in good
agreement with the experimental measurements done by
the BELLE [1] and ALICE [2] collaborations.

The discrepancy between our finding and the results of
[8] in which the same method was used can be explained by
taking into account the contributions of the E} baryon that
was neglected in [8].

Moreover, we also estimated the decay width of the
CKM suppressed semileptonic E — Alv decay within the
light cone sum rules. The obtained branching ratios are
close to the predictions of [5] and the magnitude of the
obtained value shows that it has potential to be measured in
the future experiments
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