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We systematically study the semileptonic decays of B, — B,Z"v, in the light-front constituent
quark model, where B, represents the antitriplet charmed baryons of (22,2, A}) and B, corresponds
to the octet ones. We determine the spin-flavor structures of the constituents in the baryons
with the Fermi statistics and calculate the decay branching ratios (8s) and averaged asymmetry para-
meters (as) with the helicity formalism. In particular, we find that B(A - Ae'v,,netv,)=
(3.55+£1.04,0.36+0.15)%, B(Ef -»Ee*v,, 20 v, Aetr,)=(11.3£3.35), 0.3340.09, 0.12+0.04%,
and B(E2 - E-eTr,, X7 ety,) = (3.49 4 0.95,0.22 4 0.06)%. Our results agree with the current exper-
imental data. Our prediction for B(A} — ne'wv,) is consistent with those in the literature, which can be

measured by the charm facilities, such as BESIII and BELLE. Some of our results for the E:r © semileptonic
channels can be tested by the experiments at BELLE as well as the ongoing ones at LHCb and BELLEII.
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I. INTRODUCTION

In the recent few years, there have been two important
experiments in charmed baryon physics. One is the
measurement of the absolute branching ratios of B(Z? —
Ext)=(1.8£05)% [1] and BE! - Eztz") =
(2.86 £ 1.21 £0.38)% [2] from the Belle Collaboration,
and the other is the most precise measurement of the Z0’s
lifetime of 7z =1545+1.7+1.6+1.0fs from the
LHCb Collaboration [3], which significantly deviates from
the past world averaged value of 7z = 112713 fs in PDG
[4]. Both of them bring us new hints as well as new
problems in charm physics. We are now in a precision era
of charm physics. It is expected that as more high quality
data will be accumulated in the future, stronger constraints
on various baryonic QCD models as well as physics beyond
the standard model can be given.

Recently, the antitriplet charm baryon decays have been
extensively discussed in the literature. However, due to the
large nonperturbative effects from the quantum chromo-
dynamics (QCD), the decay amplitudes and observables of
hadrons are very hard to obtain from the QCD first
principle. To avoid the difficulties, various charmed baryon
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decay processes have been studied based on the flavor
symmetry of SU(3), such as semileptonic, two-body, and
three-body nonleptonic decays, to get reliable results [5—
24]. It is known that SU(3), is an approximate symmetry,
resulting in about 10% of uncertainties for the predictions
inherently. Moreover, the SU(3) ; symmetry itself does not
directly reveal any clue about the QCD dynamics. In fact,
its applications heavily rely on the experimental data as
inputs. In order to have precise calculations, we need a
specific dynamical QCD model to understand each decay
process. For simplicity, we only discuss the semileptonic
processes of the antitriplet charmed baryons in this study,
which involve purely factorizable contributions. There are
several theoretical calculations on these decay processes
with different QCD frameworks in the literature [25-34].

The light front (LF) QCD formalism in the quark model
is a consistent relativistic approach, which has been tested
successfully in the mesonic and light quark sectors in early
times [35,36]. Because of these successes, it has been used
in other generalized systems, such as those containing the
heavy mesons, pentaquarks, and so on [37-44]. Apart from
the charm system, the bottom to charmed baryon non-
leptonic decays have been recently analyzed in the LF
formalism [45]. For a review on the comprehensive
introduction of the LF QCD and its vacuum structure,
one can refer to Ref. [35]. For the LF constituent quark
model (LFCQM), we recommend Ref. [36] and references
therein. The advantage of LFCQM is that we can boost the
reference frame without changing the equation of motion
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because of the commutativity of the LF Hamiltonian and
boost generators. It provides us with a great convenience to
calculate the wave function in different inertial frames
because of the recoil effects in the transition form factors.

This paper is organized as follows. We first present our
formal calculations of the branching ratios and averaged
decay asymmetries in terms of the helicity amplitudes, the
baryonic states in LFCQM, and the baryonic transition
form factors in Sec. II. In Sec. III, we show our numerical
results and compare them with those in the literature. In
Sec. IV, we give our conclusions.

II. FORMALISM

A. Helicity amplitudes and observables

The effective Hamiltonian for the antitriplet charmed
baryon semileptonic weak decays can be written as

ARG I (1)
where G is the Fermi constant, ch is the CKM matrix
element, and (£v,),_, and (gc),_4 denote the usual V — A
currents Zy*(1 — ys)v, and qr,(1 =ys)c with g =d, s,
respectively. The weak transition amplitudes of the anti-
triplet charmed baryons are given by

7_(eff

AB. - B, v,)

Gr - _
= %chﬁ”(l —75)ve(Balgru(1 —ys)c[Be),  (2)

where the baryon transition matrix elements are para-
metrized by

(B,.ps.S2|qy,(1=75)c|B..p;i.S,)
v

=iy (ps.S ){7,;]61( ?) = A/I;B fZ(k2)+f3<k2)Mk—;]

¢

X ”B[<pi7sz)

_ } k¥ k
=, (159 |0 =312 0%) + ()

X 75”B(.(pisz)v 3)
|

[H_y_y > + |[Hyl* -

Oy = % [}//u 71/]’ and fl(kz) and gl(kz)
being the form factors describing the nonperturbative QCD
effect in the timelike range of m> < k* < (Mp_— My, )*.

We introduce a set of helicity amplitudes Hi(fwj

with & = p - p,

to calculate

the decay branching ratios and other physical quantities,
where 4, and Ay, represent the helicity quantum numbers of
the daughter baryon and off shell W' boson in the decay
processes, respectively. These amplitudes give more intui-
tive physical pictures about the helicity structures of the
decay processes. Furthermore, when we evaluate the
asymmetries of these processes, such as the integrated
(averaged) decay asymmetry, also known as the longi-
tudinal polarization of the daughter baryon, these ampli-
tudes result in much simpler expressions than the
traditional ones. Relations between the helicity amplitudes
and form factors are given by [33,46]

M M
HY = VIR (=f1(0) =R ) ).
Yy = Y= (00, + M 1) + 502 )
k
H; = \/I;r ((MB + Mg,)f1(k) +—f3(k2))
M M
H?l = V2K, <—91(k2) —%gz(kz))

+

2
(My, — My, )1 () - Aj—Bgz(kz)),

3

| Il
=
TN TN

(My, — My )1 (%) —Mk—ﬂg3<k2>), @

where Ki = (MBc + MB“)2 - kz.

The differential decay widths and asymmetries can be
expressed in the following analytic forms in terms of the
helicity amplitudes with the nonvanishing lepton masses of
my [19],

mfﬂ)zp _2 2 2 2 2 3 2 2
U2 ) (1 P+ [P+ [P+ 1) +58 (1 P+ 1) | (5)

|H o) + 5 (lHitl2 = |H_?)]
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ae =307 el TR 242
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=

where p = \/K K_/2My,_and H,,,, = H], —H}, .

2k2)(|H1 P+ [Hoyy P+ [Hy? + [H ) +

(6)
S (|Hu|2 +IH P )
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B. Light front constituent quark model

From Egs. (5) and (6), we see that as long as the timelike
form factors are known, both branching ratios and averaged
decay asymmetries can be determined. To calculate these
timelike form factors, we use LFCQM, in which a baryon is
treated as a bound state of three constituent quarks
quantized in the LF formalism and its state is denoted
by the momentum P, canonical spin S, and the z-direction
projection of spin S, respectively. As a result, the baryon
state can be expressed by [35,36,39,47-49]

N 1 = . . .
B.P.5.S) = [{@P)2020) (P~ 1= p1= 3

X Z P55 (P Pas P3s s Aas Aa)
4142043

X CP'F apelqf(Pr. 21) a5 (P2. 42) a5 (P3. 43)).

()

where W55 (B, Pa, P3. A1, A2, A3) is the vertex function
describing the overlapping between the baryon and its
constituents, which can be formally solved from the three-
body Bethe-Salpeter equations, C*" (F,,.) are the color
(flavor) factors, 4; and p; with i =1, 2, 3 are the LF
helicities and three momenta of the on-mass-shell constitu-
ent quarks, defined as

m} + p3,
pi

pi=(p{.piL).  pi=(pi.p}). pi= . (8)
and |g%(p,4)) and {d®p} correspond to the light front

constituent quark states and the integral measure, given by

dP?LaaPu

(P2 =di* (b)) {@'p)= T] G

i=1.23

©)

respectively, with the quark field operators satisfied the
following anticommutation relations
{d5(p! ). i (p. )} = 2278 (p = P)Sr10ad”".

& (p) =8(p*)&(p.). (10)

To separate the internal motion of the constituents from the
bulk motion, we use the kinematic variables of (¢, ,¢),

(QJJ 7])7 and PtO[’ giVen by

+ Tt
5 B LB D Pl +P;
Po=P\+Py+P3, {=———F, n= ,
“ pi+r; P,
gL=1=8p11=Epri. Qi=1=n)(p1L+P21)—1P31,

(11)

where (g,,&) and (Q,,n) capture the relative motions
between the first and second quarks, and the third and other
two quarks, respectively. We consider the three constituent
quarks in the baryon independently with suitable spin-
flavor structures satisfying the Fermi statistics to have a
correct baryon bound state system. The vertex function of
WSS (B, Pas P3s A1 A2y A3) in Eq. (7) can be further written
into two parts [35,36,50],

Tssz(ﬁlvﬁ%f)&llvl%l?’) :¢(qJ_’§v QLJ?)Essz(j’l’/lZ’jG)’
(12)

where ¢(q,,& Q,,n) is the momentum distribution of

constituent quarks and Z5%(1,,1,,43) represents the

momentum-dependent spin wave function, given by

E%: (A1, dgs 43) = Z (A1|R] |s1) (22| R} |s2) (23| RSs3)

51,852,583
1 1 1
X<§Sl,§SZ,ES3|SSZ>, (13)

with the SU(2) Clebsch-Gordan coefficients of
(551,352.353/8S.), and R; is the Melosh transformation
matrix [36,51], which corresponds to the ith constituent
quark, expressed by

m 4 xM — i - (i % §)
V(m+xM) + 3
Ry =Ry (1, Q1 M3, M)Ry (&, 1, my, M3),
Ry =Ry (n. Q1. M3, M)Ry (1 = &, —q ., my, M3),
Ry =Ry(l—n,-Q1,m3,M). (14)

Ry(x,p.m M) =

Here, & stands for the Pauli matrix, 77 = (0,0, 1), and M
and M5 are invariant masses of (¢,,&) and (Q,,n)
systems, represented by [36]

2 2 2
q1 my m;
M2 = +—Ly 2
PUE1=¢) o 1-¢
M? = o1 My m5 , (15)
n(l—=n) n 1-ng

respectively.
The spin-flavor structures of B, and B,, are given by
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Be) = 7[¢3}(”3(|q|%6‘> [92q1€)) + ¢ (191¢02) = |azcqn)) + ¢ix” (leq192) = [eg2q1)).

|A%) = 7¢b{”3(lduS> |uds)) + x*(|dsu) = |usd)) + ¢! (|sdu) = |sud))].

|2°) = 7¢W3(|dw> +[uds)) + 2 (|dsu) + |usd)) + y* (|sdu) + |sud))].

B,) = =l |ard1a) + 22 laraaas) + 2 g, (16)

P

where qy2) =u, d, s, B, = (N,E,X%,X7), ¢; is the
momentum distribution of the constituents with the corre-
sponding spin-flavor configuration, and

20 =—= (1) = 1[4,

=Sl
[\S)

(D +R) =21t1).  (17)

VG

In principle, one could solve ¢ ;) from the Bethe-Salpeter
equation with an explicit QCD-inspired potential, but it is
beyond the scope of this paper. Nonetheless, we use a
Gaussian type distribution with the phenomenological
shape parameters /3, and f3, to describe the relative motions
of constituents. Consequently, we represent the LF kin-
ematic variables (£,¢,) and (,Q,) in the forms of

ordinary three momenta q = (¢,,¢.) and Q = (Q,,0.):
¢ 8qz 8QZ 2/32 2/,2
0& 817 ’
_ M5 _mital 0 _ M _ M3+ 0% (18)
== " o T T T oMy

where N is the normalization constant. Since the one-
particle baryonic state is normalized as
(B.P'.S'".S.|B.P,S.S,) =2(21)*P+8(P' = P)dgs . (19)
the normalization condition of the momentum wave func-
tion is given by

1
i | e lba =1 (20)

In this paper, we take different shape parameters of 3, and
P in the momentum wave functions ¢; to describe the
scalar diquark effects in B.. On the other hand, we assume
the momentum-distribution function ¢ of octet baryons B,
is flavor symmetric for all constituents. In other words, the

[
SU(3); flavor symmetry is held in the momentum wave
function of B,,. As a result, the shape parameters of ¢ are
equal, ie., fop, = B,B, = PB, Note that there is no SU(6)
spin-flavor symmetry in B, and B, because of the
momentum-dependent Melosh transformation even though
the forms of these states are similar to those with the SU(6)
spin-flavor wave functions.

C. Transition form factors

We pick the gy™ (1 —ys)c current or so-called good
component of the baryon transition amplitudes

<Bn’pf’S/z|EIy+(1 _75)C|Bc’pi’sz>

5 S’ + k2 +v kl/ k2 k2 k*
=i, (S0 1L 08) i () £ ]

¢

XuBC(pisz)

i, (p2S0) |1 (00) = it gy (12) 1 gy 2) K
B, (P 1 My, 3 My,

XJ/S”B(.(pi’Sz)’ (21)

and choose the frame such that pI ) is conserved (kT = 0,

k* = —k?) to calculate the form factors to avoid zero-mode
contributions and other x"-ordered diagrams in the LF
formalism [35,36]. The matrix elements of the vector and
axial-vector currents at quark level correspond to three
different lowest-order Feynman diagrams as shown in
Fig. 1. Since the spin-flavor-momentum wave functions
of baryons are totally symmetric under the permutation of
constituents, we have that (a)+ (b)+ (¢) =3(a) =
3(b) =3(c) [36]. We only present the calculation for
the diagram (c), which contains simpler and cleaner forms
with our notation (g, Q |, £,7) as a demonstration. We can
extract the form factors from the matrix elements through
the relations
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(a) (b) ()

12 P P pe g

— & f“O bl

FIG. 1. Feynman diagrams for the baryonic weak transitions at the lowest order, where the sign of “filled circle” denotes the V-A
current vertex, where (a) p} — p; =k, (b) p5 — po =k, and (c) p5 — p; = k.

Note that f53 and g are not available when k™ = 0, but they

1
B
1k) = p+< w Py M@y e[Be, pio 1), are negligible because of the suppressions of kz/M%c. In

1

1 Mg, _ fact, f; and g5 are only associated with H V(A), which do not
f2(k?) :2—+k—<Bn,Pf,T|¢17+C|Bc,Pi,¢>, f3 93 'y ' U
pPi ki contribute to the semileptonic decays in the massless lepton
1 _ limit [19]. As aresult, we can safely set both f3 and g5 to be
2 + 3
9i(k) = 2p + (Bo. py. Martyse|Be. pi 1), 0 in this study. With the help of the momentum distribution
| M functions and Melosh transformation matrix in Eq. (7), the
g (K*) = Z—k—BC (Bn. 2 Mar rs|Be. pis d). (22)  transition matrix elements can be written as

(Bn. ps. Slart (r°)c|Be. pin S;)

1 .
:m/dfdﬂdZQLJzQﬂﬁ(fIl’fv QLW)%(QL‘S, QJ_v”I)FlmnFijkééﬁin

X Z Z (S, SL|s), sh. s5) (51, 82, 87

5132535 s s1

x 2P+ (3548 (s4|R} Z(%
WA

(1 IRI R [s1) (s3] Ry R |5)

()RS 53), (23)

where the indices of ¢ and c in the delta symbols correspond to the quark flavors in the gy*(y>)c current, ¢, = ¢, and
' = Q) + k. Using Egs. (22) and (23), we find that

3 o
f1(k?) = 22(27)8 / dédnd®q d*Q p(q . & O m)bs(qr. & Qr.n) (F™ Fiju83i8:8i6m)
X 3D (S s b sh) (s, s, ) T (siIRIR]|s:). (24)
$1:52,53 1 ,85,8% i=123

3 o
g1(K*) = W/dfd’?dZQLfQﬁﬁ(flLf, O\ .md3(q.. & Qu.n)(F™F; 81655i60)

X Y > (S st b ) (s 50,5308, 1) T T (SHRIRTs0) (5| R50- R s3). (25)

851,52:53 8,587,584 i=12

3 Mg
fz(kz) 72 (2 ) k. /dfd’ld2 J_dZQJ_¢(qJ_’§ QL, né3(q.. ¢, QL’”)(FI’nnFljk5q5k5151)

Z Z ' s 8. 55) (510 52, ) 11 (sHRR]s:), (26)
Sl s2 s3 i=123
3
00(0) = o5 [ dedna, 0, 4(a. . 0L s 6 QL) (P dtotoish)
x Z Z (S". 1s}. 55, 85) (s1. 52, 5: >H<S:'|R§Rj-|Si><SI3|R'30zR§|S3>~ (27)
S stss s Sz i=1.2
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III. NUMERICAL RESULTS

To find out the decay branching ratios and averaged
asymmetries in the helicity formalism, we first calculate the
transition form factors with LFCQM. By imposing the
condition kT =0, the form factors can be evaluated
only in the spacelike region (k* = —k?%) instead of the
timelike one. Nonetheless, we still can extract the timelike
information of the form factors via analytically continua-
tions [39,48,52,53].

We fit f1(5)(k*) and g;(5)(k*) with the analytic functions
in the spacelike region with the following form

Fu) = PO 28)
1 —qik* + g,k

We employ the numerical values of the constituent quark
masses and shape parameters in Table I. The values of the
shape parameters can be determined approximately by the
calculations in the mesonic cases [47,54]. Because the
strength of the quark-quark pairs is a half of the quark-anti-
quark one [47], we will get the shape parameters of the
quark pairs, which are approximately /2 smaller than
those in the mesonic cases.

We adopt /BqAC = Z(ﬂu{z/\/i) and ﬂqEU = 2(ﬁsﬁ(3)/\/§)’
where the factor of 2 comes from the effects of the diquark
clustering, making the light quark pairs to be more compact
in B, baryons. For the octet baryons of B,,, we assume that
the SU(3), flavor symmetry is hold, and therefore, the
shape parameters is flavor symmetric for each constituent,
Le., po =P, As a result, we approximate the shape
parameters of the octet baryons equal to the mesonic ones
by effectively treating any pair of two constituents as a
heavier antiquark. By using Eqs. (24)—(27), we numerically
compute 32 points for all form factors from k> = 0 to k*> =
—9.7 GeV? and fit them with the MATLAB curve fitting
toolbox. We present our fitting results of the form factors in
Tables II-I1V, and our predictions of the branching ratios
and asymmetry parameters in Table V. The comparisons
with different theoretical models are presented in
Tables VI-VIIL

The uncertainties of our results mainly arise from the
extrapolations by the analytical continuation method. The
magnitudes of average asymmetry parameters predicted by

TABLE 1L
LECQM.

Fitting results of the Al — B, form factors in

A= A

Si /2 91 92
F(0) 0.67 +£0.01 0.76 +0.02 0.59 + 0.01 (3.8+1.2) x 10-3

q; 148 £0.31 1.44 +0.30 1.22 £0.28 499 £17.6
q> 2.29+0.49 2.23+0.48 1.82+0.39 24.8 +£95.8
A —-n
S 2 91 %)
F(0) 0834+0.01 1.05+£0.02 0.71+£0.01 0.27+0.01
q, 1.25+036 1.20+£0.30 094 +0.28 1.37+£0.40
q> 1.85+0.68 1.78+048 1.36+0.39 2.08+0.83

TABLE 1III. Fitting results of the Ef — B, form factors in
LFCQM.
B - =0
f1 /2 91 92

F(0) 0.77 £0.02 0.964+0.02 0.69 +0.01 (6.8 4+0.3) x 1073

q 1.50 £0.31 1.45+0.31 1.254+0.28 2.00 £0.76
4> 2.30 £0.49 2.26 +£0.49 1.854+0.39 3.00 £ 1.41
Ef >0
fi /2 91 92
F(0) 0524001 0.70+0.02 0.45+0.01 0.08+0.01
q; 1.49+032 143+0.33 1.18+0.28 1.88+0.39
q> 235+051 238+053 1.79+£0.38 2.88 4+0.67
EF->A
S fa 9 92
F(O) 028 £0.01 0.38+£0.01 025+£0.01 0.04=£0.01
q1 1.50£0.31 1.35+£051 1.18£0.28 1.71 £0.38
q> 232+050 230+£0.81 1.77+£0.38 2.78 £0.66

TABLE IV. Fitting results of the Z2 — B, form factors in
LFCQM.

i /2 g1 9
F(0) 0.74 +£0.02 0.96 +0.02 0.69 + 0.01 (6.8 +0.3) x 10-3

TABLE 1. Values of the constituent quark masses (m;) and q 1.50+0.31 1.47+031 1.21 +0.28 2.00 + 0.76
shape parameters (f,p_, fgs, fB,) in units of GeV. g 2.30+0.50 2.25+0.48 1.98 £0.39 3.00 £ 1.41
me mg my me ﬂq/\( ﬁQA(, E(C) N
1.3 04 0.26 0.26 0.44 0.53

fi fa g1 92
B - - 3 - F(0) 0.73£0.01 0.99+0.02 0.63£0.01 0.11=£0.01
Pez. Po=. P P iz Fe q 149+032 1434033 1.184+0.28 1.884+0.39
0.49 0.53 0.32 0.34 0.34 037 ¢, 235+0.51 238+053 1.79+0.38 2.88+0.70
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TABLE V. Predictions of the decay branching ratios and asymmetry parameters.

£t — ot £t = ut
B(%) a B(%) a

Af = ATy, 3.55+1.04 —-0.97 £0.03 340+1.02 —-0.98 +£0.02
A - nt v, 0.36 +£0.15 —0.96 £ 0.04 0.34 +0.15 —0.96 £+ 0.04
B - B0ty 11.3 +£3.35 —0.97 £0.03 10.8 +3.3 —-0.97 +0.03
EF - 320y, 0.33 +0.09 —0.98 £ 0.01 0.31 £0.09 —0.98 +0.02
EF > Ay, 0.12 £ 0.04 —0.98 £0.02 0.11 +0.05 —0.98 +£0.02
2 By, 3.49 +£0.95 —0.98 +0.02 3.34+0.94 —0.98 +0.02
205 2y, 0.22 + 0.06 —0.98 £0.02 0.21 £+ 0.06 —0.98 +£0.02

TABLE VI.
calculations in the literature.

Our results of A — B,ev, decay in comparison with the experimental data and those in various

Al = Aety,

+ +
A — ne'y,

B(%) a B(%) a
LFCQM 3.55+1.04 —0.97 £0.03 0.36 £0.15 —0.96 £ 0.04
Data [4] 3.6+04 —0.86 £+ 0.04
SU(3) [19] 32+03 —0.86 £ 0.04 0.51 £0.04 —0.89 £ 0.04
RQM [28,29] 3.25 —0.86 0.268 -0.91
HQET [25] 1.42 N
LF [33] 1.63 0.201
MBM (NRQM) [34] 2.6 3.2) 0.20 (0.30)
LQCD [26,27] 3.80 £0.22 e 0.41 £0.03
CCQM [30] 2.78 —0.87 0.20
LCSR [31,32] 3.0+£03 8.69 £2.89

TABLE VIL
calculations in the literature.

Our result of ZF — B,etv, decays in comparison with the experimental data and those in various

Ef - X0y,
BEf = Aety,

B(%) a B(%) a
LFCQM 11.3+£3.35 —0.97 +0.03 0.33 £0.09 —0.98 4 0.01
0.12 £0.04 —0.98 +0.02
Data [2.4] 6,6j§‘-57
SU(3) [19] 10.7+ 0.9 —-0.83 +0.04 0.46 +0.04 —-0.85 +0.04
0.22 £0.02 —0.86 4= 0.04
RQM [29] 9.40 -0.80
0.13 -0.84
LF [33] 5.39 0.19
0.08
MBM (NRQM) [34] 11.1 (13.3) 0.28 (0.41)
0.09 (0.14)

LFCQM almost reach their extremums in all channels. As
shown in Tables VI-VIII, we obtain that B(A} — Ae'v,) =
(3.55 + 1.04)%, B(Ef - E%"v,) = (11.3 +3.4)%, and
B(EY - E-etv,) = (3.49 £ 0.95)%, which are all consis-
tent with the current data from PDG [4] and the

BELLE experiments [1,2]. Our branching ratios are also
consistent with the predictions of the relativistic quark model
(RQM) [28,29], the covariant constituent quark model
(CCQM) [30], and the SU(3), approach [19]. The results
given by the LF formalism [33] and heavy quark effective
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TABLE VIII.
calculations in the literature.

Our result of 20 — B, e*v, decays in comparison with the experimental data and those in various

B0 & Brety, B0 ¥ety,

B(%) a B(%) a
LFCQM 3.49 +0.95 —0.98 +0.03 0.22 +0.06 —0.98 +£0.02
Data [1,4] 1.8+1.2
SU(3) [19] 37+03 —0.83 £0.04 0.33 +£0.03 —0.85 £0.04
RQM [29] 2.38 —0.80
LF [33] 1.35 0.10
MBM (NRQM) [34] 3.55 (4.47) 0.19 (0.26)

theory (HQET) [25] are half of ours because they choose the
spin-flavor wave function of B, to be c(q,9> — g2 )15’
instead of the totally symmetric one. The averaged asym-
metry parameter predicted by LFCQM in A — Ae'v, is
10% lower than the data. Since we do not consider any
parameters about spin interactions in our phenomenological
wave functions, the helicity-structure-related results, such as
the decay asymmetries, are clearly not precise enough to
explain the experimental data. On the other hand, the
prediction from RQM and the SU(3) ; approach are almost
the same as the data. Since the authors for RQM in
Refs. [28,29] have considered a comprehensive QCD-
inspired potential including the chromomagnetic effect, their
results are more close to the experimental values than ours.
Meanwhile, the SU(3), approach is a model independent
way to analyze B, — B, v, decays, which automatically
includes the information related to the spin interaction when
the asymmetry parameters are used as the fitting inputs.
Clearly, our results of the asymmetry parameters could be
improved by considering the full QCD potential and its
solutions.

IV. CONCLUSIONS

We have systematically studied the semileptonic decays
of B, = B,¢"v, in LFCQM. By requiring the constituents
in the baryonic states to obey the Fermi statistics, we are
able to determine the overall spin-flavor-momentum struc-
tures of the baryons. We assume that the momentum

distribution of B,, is symmetric in flavor indices and any
pair of two quarks can be effectively treated as a heavier
antiquark. We have found that B(A — Aetv,) =
(3.55 £ 1.04)%, B(E - 2% *ty,) = (11.3 +3.35)%,
and B(E? - E-e*v,) = (3.49 £ 0.95)% in LFCQM: this
is consistent with the experimental data of (3.6 +0.4) x
1072 [4], (6.673]) x 1072 [2,4] and (1.8 £1.2) x 1072
[1,4] as well as the values predicted by SU(3), [19],
LQCD [26,27], RQM [28], and CCQM [30], but twice
larger than those in HQET [25] and LF [33]. We have also
obtained that a(Al - Aetv,) = (-0.97 £0.03) in
LFCQM, which is 10% lower than the experimental data
of —0.86 £ 0.04 [4]. The reason of this deviation may arise
from the QCD spin-spin interacting effects, which are not
included in our phenomenological wave functions. Our
results of the averaged decay asymmetries could be
improved if we consider the wave function solved from

the full QCD potential. It is clear that our predicted values

for the decay branching ratios and asymmetries in = ©)

B,etv, could be tested in the ongoing experiments at
LHCb and BELLEII.
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