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It is shown that for the effective Lagrangian with the factorization ansatz considered here, in the two-
body hadronic decay Bbð12þÞ → Bð1

2
þ; 3

2
þÞ þ V, with Bbð12þÞ belonging to the representation 3̄, the only

allowed decay channel is Bbð12þÞ → Bð1
2
þÞ þ V, where Bð1

2
þÞ belongs to the representation 8 of SUð3Þ.

However, for Bbð12þÞ belonging to the sextet representation 6, the allowed decay channels are

Bbð12þÞ → Bð1
2
þ; 3

2
þÞ þ V, where Bð1

2
þÞ and Bð3

2
þÞ belong to the octet representation 80 and the decuplet

10 of SUð3Þ, respectively. The decay channel Bbð12þÞ → Bð1
2
þÞ þ V is analyzed in detail. The decay rate (Γ)

and the asymmetry parameters α; α0; β; γ, and γ0 are expressed in terms of four amplitudes. In particular, for
the decay Λb → Λþ J=ψ it is shown that within the factorization framework, using heavy quark spin
symmetry, the decay rate and the asymmetry parameters can be expressed in terms of two form factors F1

and F2=F1, which are to be evaluated in some model. By using the values of these form factors calculated
in a quark model, the branching ratio and the asymmetry parameters α and α0 are calculated numerically.
For other heavy quarks belonging to the triplet and sextet representations, the results can be easily obtained
by using SUð3Þ symmetry and a phase-space factor. Finally, the decayΩ−

b → Ω− þ J=ψ is analyzed within
the factorization framework. It is shown that the asymmetry parameter α in this particular decay is zero. The
branching ratio obtained in the first approximation is compared with the experimental value.

DOI: 10.1103/PhysRevD.95.113002

I. INTRODUCTION

Heavy flavor physics is of topical interest. New data
for decays of b hadrons will be forthcoming from the
LHCb. In 2013 the LHCb Collaboration performed an
angular analysis of the decay Λb → Λþ J=Ψ, where the
Λb’s are produced in proton-proton ðppÞ collisions at a
center of mass energy

ffiffiffi
s

p ¼ 7 TeV at the LHC [1]. By
fitting several asymmetry parameters in the cascade decay
distribution of Λb → Λð→ pπ−Þ þ J=Ψð→ lþl−Þ, the
collaboration has reported the relative magnitude of
helicity amplitudes in Λb → Λþ J=Ψ decay and also
the transverse polarization of Λb relative to the produc-
tion plane.
Theoretically, the nonleptonic decay Λb → Λþ J=Ψ

is quite attractive because only the factorizable tree
diagram contributes to the decay and there is no
contribution due to W exchange diagrams [2]. In the
b baryon sector, the decay Λb → Λþ J=Ψ has been
studied theoretically in the quark model by using the
factorization hypothesis [3–11] and the results of some
of these calculations have been compared to the new
experimental results by the LHCb Collaboration. The
results of the branching fraction of Λb → Λþ J=Ψ
decay given by the Particle Data Group, BrðΛb → Λþ
J=ΨÞ × Brðb → Λ0

bÞ ¼ ð5.8� 0.8Þ × 10−5 [12], are
deduced from the measurements by the CDF [13] and

D0 collaborations [14]. The result for the branching
fraction from the LHCb is still missing for this decay. In
the present study, we give a general formalism for
Bbð12þÞ → Bð1

2
þÞ þ V, especially with V ¼ J=ψ . Using

this formalism, we analyze Λb → Λþ J=Ψ decay in
detail.
Heavy baryons with JP ¼ 1

2
þ belong to either represen-

tation 3̄ or the sextet 6, whereas JP ¼ 3
2
þ belongs only to

the sextet representation of the SUð3Þ [15]:

3̄∶ Aij ¼
1ffiffiffi
2

p ðqiqj − qjqiÞQχMA;

6∶ Sij ¼
1ffiffiffi
2

p ðqiqj þ qjqiÞQχMS;

6∶ S�ij ¼
1ffiffiffi
2

p ðqiqj þ qjqiÞQχS; ð1Þ

where qi, qj are u, d, s; Q ¼ b or c; and the χ’s are the spin
wave functions [15]. In Eq. (1) Aij; Sij, and S�ij correspond
to JP ¼ 1

2
þ and JP ¼ 3

2
þ, respectively. The triplet of heavy

baryons is

ðA12; A13; A23Þ∶ ðΛ0;þ
b;c ;Ξ

0;þ
b;c ;Ξ

−;0
b;c Þ; ð2Þ

whereas the sextet is
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ðS11; S12; S22Þ∶ ð
ffiffiffi
2

p
Σþ;þþ
b;c ;Σ0;þ

b;c ;
ffiffiffi
2

p
Σ−;0
b;c Þ;

ðS13; S23Þ∶ ðΞ00;þ
b;c ;Ξ0−;0

b;c Þ;
S33∶

ffiffiffi
2

p
Ω−;0

b;c : ð3Þ

In the Standard Model (SM), two-body hadronic decays of

heavy flavor mesons and baryons are analyzed in terms of

the effective Lagrangian or Hamiltonian. Here, we take the

Hamiltonian

Heff ¼ VcbV�
cs½a1ðs̄cÞV−Aðc̄bÞV−A þ a2ðc̄cÞV−Aðs̄bÞV−A�;

ð4Þ

where a1 ¼ C1 þ ζC2 and a2 ¼ C2 þ ζC1, with ζ being

the parameter for the possible number of colors. In terms of

the diagrams, a1 and a2 correspond to the contribution from

tree and color-suppressed tree diagrams, respectively.
In the factorization ansatz, for the tree diagram and color-

suppressed tree diagram, the relevant matrix elements are
hBcjðc̄bÞV−AjBbi and hBsjðs̄bÞV−AjBbi, respectively. First,
one can notice that c̄b is a SUð3Þ singlet, whereas s̄b is a
SUð3Þ triplet. Now

3 × 3̄ ¼ 8þ 1;

3 × 6 ¼ 10þ 80: ð5Þ

Hence the possible decay modes for Bbð12þÞ for the first
term in Eq. (4) are

3̄∶ ðΛ0
b;Ξ0

b;Ξ−
b Þ → ðΛþ

c ;Ξþ
c ;Ξ0

cÞðD−
s Þ�;

6∶ ðΣþ
b ;Σ0

b;Σ−
b Þ → ðΣþþ

c ;Σþ
c ;Σ0

cÞ�ðD−
s Þ�;

ðΞ00
b ;Ξ0−

b Þ → ðΞþ
c
0Ξ0

cÞ�ðD−
s Þ�;

Ω−
b → Ω0

cðΩ�0
c ÞðD−

s Þ�: ð6Þ

Some of the decays given in Eq. (6) have been studied in
Ref. [16]. The main focus of the present study is the heavy
to light decays of b baryons.
For the color-suppressed tree diagram, as noted in

Eq. (5), for Bbð12þÞ belonging to the representation 3̄ the
possible decay mode is

Bb

�
1

2

þ�
→ B

�
1

2

þ�
J=Ψ; ð7Þ

where Bð1
2
þÞ belongs to the octet representation 8 of SUð3Þ.

However, for Bbð12þÞ belonging to the sextet representation,
we have two possible decay modes:

Bb

�
1

2

þ�
→ B

�
1

2

þ�
J=Ψ;

Bb

�
1

2

þ�
→ B

�
3

2

þ�
J=Ψ: ð8Þ

For this case, Bð1
2
þÞ and Bð3

2
þÞ belong to the octet

representation 80 and decuplet representation 10 of
SUð3Þ, respectively. For the decay Bbð12þÞ → Bð1

2
þÞJ=Ψ,

the decay channels are

3̄∶ ðΛb;Ξ0
b;Ξ−

b Þ → ðΛ;Ξ0;Ξ−ÞJ=Ψ;
6∶ ðΣ0

b;Σ−
b ;Σ

þ
b Þ → ðΣ0;Σ−;ΣþÞJ=Ψ;

ðΞ00
b ;Ξ−0

b Þ → ðΞ0;Ξ−ÞJ=Ψ; ð9Þ

where Λ;Ξ0;Ξ− are members of the octet representation 8
and Σ0;Σ−;Σþ;Ξ0;Ξ− are members of the octet represen-
tation 80. This study focuses on the analysis of Bbð12þÞ →
Bð1

2
þÞV decays.
For the decay Bbð12þÞ → Bð3

2
þÞJ=Ψ, where Bbð12þÞ

belongs to the representation 6, the decay channels are

ðΣ0
b;Σ−

b ;Σ
þ
b Þ → ðΣ�0;Σ�−;Σ�þÞJ=Ψ;

ðΞ00
b ;Ξ−0

b Þ → ðΞ�0;Ξ�−ÞJ=Ψ;
Ω−

b → Ω−J=Ψ; ð10Þ

where the last decay is the most interesting in this category.

II. HADRONIC WEAK DECAY OF THE BARYON
Bbð12 + Þ → Bð12 + ÞV: A GENERAL FORMALISM

For the decay

Bb

�
1

2

þ�ðpÞ → B
�
1

2

þ�ðp0Þ þ Vðk; ϵÞ; ð11Þ

where p ¼ p0 þ k and k · ϵ ¼ 0, the Lorentz structure of
the T matrix is given by

T ¼ 1

ð2πÞ9=2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mm0

2p0p0
0k0

s
ūðp0Þ½γ · ϵðAðsÞ þ BðsÞγ5Þ

þ iϵμσμνkνðCðsÞ þDðsÞγ5Þ�uðpÞ: ð12Þ

In Eq. (12) the amplitudes A, B, C, and D are functions of
the square of the momentum transfer, i.e., s ¼ ðp − p0Þ2. In
the rest frame of baryon Bb

m ¼ p0
0 þ k0;

p⃗0 ¼ −k⃗ ¼ −jk⃗jn⃗: ð13Þ

In this particular frame, one can write
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T ¼ χ†fMχi; ð14Þ

where

M ¼ 1

ð2πÞ9=2
1ffiffiffiffiffiffiffi
2k0

p ½if1σ⃗ · ðn⃗ × ϵ⃗Þ þ g1σ⃗ · ϵ⃗þ f2n⃗ · ϵ⃗

þ g2ðn⃗ · ϵ⃗Þðσ⃗ · n⃗Þ�; ð15Þ

where σ⃗ are the Pauli matrices. The amplitudes f1;2, g1;2,
and h can be written in terms of A, B, C, and D:

f1 ¼
jk⃗jffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2p0
0ðp0

0 þm0Þp ½AðsÞ − CðsÞðmþm0Þ�; ð16Þ

g1 ¼ −
1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2p0
0ðp0

0 þm0Þp
× ½BðsÞðp0

0 þm0Þ þDðsÞðk0ðmþm0Þ −m2
VÞ�; ð17Þ

f2 ¼
1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2p0
0ðp0

0 þm0Þp jk⃗j
k0

½AðsÞðmþm0Þ − CðsÞm2
V �; ð18Þ

g2 ¼
1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2p0
0ðp0

0 þm0Þp jk⃗j2
k0

½−BðsÞ þDðsÞðmþm0Þ�; ð19Þ

h ¼ g1 þ g2 ¼
−1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2p0
0ðp0

0 þm0Þp
×

1

k0
½BðsÞððmþm0Þk0 −m2

VÞ

þDðsÞm2
Vðp0

0 þm0Þ�: ð20Þ

Under space reflection, σ⃗ → σ⃗, n⃗ → −n⃗, and ϵ⃗ → −ϵ⃗,
and thus f1 and f2 are the parity-conserving, i.e., p-wave
amplitudes, whereas g1 and g2 are the parity-violating
s-wave amplitudes. We also note that for the transverse
polarization of the V meson, only f1 and g1 are relevant,
whereas for the longitudinal polarization the relevant
amplitudes are f2 and h. The decay width of the above
mode is given by

dΓ ¼ ð2πÞ7δ4ðp − p0 − kÞ
�
1

2
TrðMM†Þ

�
d3p0d3k; ð21Þ

which gives

Γ ¼ jk⃗jp0
0

2πm

�
2ðjf1Þj2 þ jg1j2Þ þ

k20
m2

V
ðf2Þj2 þ jhj2Þ

�
: ð22Þ

The first term on the left-hand side of Eq. (22) corresponds
to the transverse polarization and the second term to the
longitudinal one.

Let S⃗ and s⃗ be the polarizations (spins) of Bb and B,
respectively. The decay probability in terms of these
polarization vectors is given by

dW ¼ ð2πÞ7δ4ðp − p0 − kÞ

×
1

2
Tr½ð1þ σ⃗ · s⃗ÞMð1þ σ⃗ · S⃗ÞM†�d3p0d3k: ð23Þ

Hence, the transition rate is

dW
Γ

¼ dΩSdΩs

ð4πÞ2 ½1þ αS⃗ · n⃗þ α0s⃗ · n⃗þ βs⃗ · ðS⃗ × n⃗Þ

þ ððs⃗ · n⃗ÞðS⃗ · n⃗ÞÞð−1þ γ0Þ þ γs⃗ · ðn⃗ × ðS⃗ × n⃗ÞÞ�;
ð24Þ

where

α ¼ 2Re

�
−2f�1g1 þ

�
k0
mV

�
2

f�2h
�
p0
0

jk⃗j
2πmΓ

; ð25Þ

α0 ¼ 2Re

�
2f�1g1 þ

�
k0
mV

�
2

f�2h
�
p0
0

jk⃗j
2πmΓ

; ð26Þ

β ¼ 2Im½f�2h�p0
0

jk⃗j
2πmΓ

; ð27Þ

γ ¼
�
k0
mV

�
2

½jf2j2 − jhj2�p0
0

jk⃗j
2πmΓ

; ð28Þ

γ0 ¼
�
k0
mV

�
2

½jf2j2 þ jhj2�p0
0

jk⃗j
2πmΓ

: ð29Þ

A few comments are in order. For the transverse
polarization, the asymmetry parameters are

α ¼ −
4Re½f�1g1�p0

0k0
2πmΓ

¼ −α0; ð30Þ

whereas in the case of the longitudinal polarization

α ¼
�
k0
mV

�
2 2Re½f�2h�p0

0k0
2πmΓ

¼ α0: ð31Þ

It is clear from Eqs. (27)–(29), that β, γ, and γ0 are nonzero
only for the longitudinal polarization. For the longitudinal
polarization, we get exactly the same result as that in the
nonleptonic decay of the B baryon, when V is replaced by
the pseudoscalar meson P [17].

III. FACTORIZATION: BARYON FORM FACTORS

In the factorization framework, the effective Hamiltonian
for the decay Bbð12þÞ → Bð1

2
þÞ þ J=ψ is given by
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Heff ¼
GFffiffiffi
2

p VcbV�
csa2h0jc̄γμð1 − γ5ÞcjJ=Ψi

× hBjs̄γμð1 − γ5ÞbjBbi: ð32Þ

The relevant matrix elements are

h0jc̄γμð1− γ5ÞcjJ=Ψi¼
�
1

2π

�
3=2 1ffiffiffiffiffiffiffi

2k0
p FJ=ΨmJ=Ψϵ

μ; ð33Þ

hBjs̄γμð1 − γ5ÞbjBbi ¼
�
1

2π

�
3

ffiffiffiffiffiffiffiffiffiffi
mm0

p0p0
0

s
ūðp0Þ½ðgVðk2Þ

− gAðk2Þγ5Þγμ − iðfVðk2Þ
þ hAðk2Þγ5Þσμνkν − ðhVðk2Þ
− fAðk2Þγ5ÞkμuðpÞ�; ð34Þ

where fVðk2Þ; gVðk2Þ; fAðk2Þ; gAðk2Þ; hVðk2Þ, and hAðk2Þ
are the form factors. Now, using Eqs. (33) and (34) in
Eq. (32), the T matrix can be written as

T ¼ 1

ð2πÞ9=2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

mm0

2k0p0p0
0k0

s
GFffiffiffi
2

p VcbV�
csa2FJ=ΨmJ=Ψūðp0Þ

× ½γ · ϵðgVðk2Þ þ gAðk2Þγ5Þ − iϵμσμνkνðfVðk2Þ
þ hAðk2Þγ5Þ�uðpÞ: ð35Þ

Hence, comparing Eq. (12) and Eq. (35), one gets

A ¼ G0mJ=ψFJ=ψgVðk2Þ;
B ¼ G0mJ=ψFJ=ψgAðk2Þ;
C ¼ −G0mJ=ψFJ=ψfVðk2Þ;
D ¼ −G0mJ=ψFJ=ψhAðk2Þ; ð36Þ

where

G0 ¼ VcbV�
cs
GFffiffiffi
2

p ðC2 þ ζC1Þ: ð37Þ

The short-distance QCD effects are taken care of in the
Wilson coefficients C1 and C2. The long-distance inter-
actions are shifted to the form factors gV , gA, fV , and hA,
which need to be evaluated in some model. Using the heavy
quark spin symmetry, one can relate the different form
factors [18] for which there are two choices:

ðiÞ∶ gVðk2Þ ¼ gAðk2Þ ¼ F1ðk2Þ þ
mb

m
F2ðk2Þ;

fVðk2Þ ¼ hAðk2Þ ¼
1

m
F2ðk2Þ;

ðiiÞ∶ gVðk2Þ ¼ −gAðk2Þ ¼ F1ðk2Þ þ
mb

m
F2ðk2Þ;

fVðk2Þ ¼ −hAðk2Þ ¼
1

m
F2ðk2Þ; ð38Þ

wherem ¼ mΛb
andmb is the mass of the b quark, which in

this work is taken to be 4.65 GeV. Thus, in terms of the
form factors F1ðk2Þ and F2ðk2Þ, we can write

A ¼ G0mJ=ψFJ=ψF1ðk2Þ
�
1þmb

m
F2ðk2Þ
F1ðk2Þ

�
¼ �B;

C ¼ −G0mJ=ψFJ=ψF1ðk2Þ
1

m
F2ðk2Þ
F1ðk2Þ

¼ �D; ð39Þ

where the � sign in Eq. (39) corresponds to the choices (i)
and (ii), respectively. We need the form factors at
k2 ¼ m2

J=ψ :

F1ðm2
J=ψÞ≡ F1;

F2ðm2
J=ψÞ

F1ðm2
J=ψÞ

≡ F2

F1

: ð40Þ

From Eqs. (16)–(19) and by using Eqs. (39) and (40), we
can express the amplitudes f1, g1, f2, and h in terms of the
form factors F1 and F2=F1 as

f1 ¼ R
jk⃗jffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2p0
0ðp0

0 þm0Þp F1

�
1þ ðmb þ ðmþm0ÞÞ 1

m
F2

F1

�
; ð41Þ

g1 ¼ R
p0
0 þm0ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2p0
0ðp0

0 þm0Þp F1

�
∓1þ

�∓mbðp0
0 þm0Þ � k0ðmþm0Þ −m2

J=Ψ

ðp0
0 þm0Þ

�
1

m
F2

F1

�
; ð42Þ

f2 ¼ R
jk⃗j
k0

mþm0ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2p0

0ðp0
0 þm0Þp F1

�
1þmbðmþm0Þ þm2

J=Ψ

mþm0
1

m
F2

F1

�
; ð43Þ

h ¼ R
ðmþm0Þk0 −m2

J=Ψffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2p0

0ðp0
0 þm0Þp F1

�
∓1þ

�∓mbðk0ðmþm0 −m2
J=ΨÞ �m2

J=Ψðp0
0 þm0ÞÞ

ðk0ðmþm0Þ −m2
J=ΨÞ

�
1

m
F2

F1

�
; ð44Þ

with R ¼ G0mJ=ΨFJ=Ψ which is a dimensionless parameter.
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We now consider the decay Λb → Λþ J=ψ which is of
experimental interest. In order to calculate this decay,
various models to evaluate the form factors have been
considered in the literature [9–11]. In Ref. [6], form factors
were evaluated in a quark model, and their values were
F1 ≈ −0.219 and F2=F1 ≈ 0.169. We put F2=F1 ≈ 0.169
and other input parameters into Eqs. (41)–(44), and the
numerical values of the amplitudes are given in Table I.
These results can be extended for other baryons by using
physical masses for the relevant parameters and SUð3Þ
symmetry.
Making use of the values of the amplitudes outlined in

Table I, the value of the branching ratio for Λb → Λþ J=ψ
decay is [cf. Eq. (22)]

Br ≈ 1.18 × 10−2ðC2 þ ζC1Þ2; ð45Þ

where ζ ¼ 1
Nc
, where Nc is the effective number of colors.

As noted in Ref. [6], there are two regimes, viz. Nc < 1=3
[Eq. (46)] and the large-Nc limit. In Table II, we show the
values for the branching ratio using the Wilson coefficients
C2 ¼ −0.257 and C1 ¼ 1.009 [19] and for different values
of ζ that correspond to the large-Nc limit. One can see that
for ζ ¼ 0, our results for the branching ratio are comparable
with the value 8.9 × 10−4 that was obtained in Ref. [11].
Similarly, for the values of ζ that correspond to the small-

Nc limit, the values of the branching ratios are given in
Table III. The experimental value of the branching ratio
[12] is

BrðΛb → ΛJ=ψÞ × Brðb → Λ0
bÞ ¼ ð5.8� 0.8Þ × 10−5:

Using Bðb → baryonÞ ≈ 9.29 × 10−3, the experimental
value of the branching ratio for Λb → ΛJ=ψ is
Br ¼ ð6.2� 0.8Þ × 10−4, which is comparable to our value
6.1 × 10−4 when ζ ¼ 0.48 as well as for ζ ¼ 0.01.
The values of the asymmetry parameters for Λb → Λþ

J=ψ decay are obtained from Eqs. (30) and (31):

α ≈ ∓ 0.19; αT ≈ � 0.39; αL ≈ ∓ 0.58;

α0 ≈ ∓ 0.98; α0T ≈ ∓ 0.39; α0L ≈ ∓ 0.58: ð46Þ

The experimental value of the asymmetry parameter
α ¼ 0.18� 0.13. With our choice (i) of the form factors
given in Eq. (38), the value of the asymmetry parameter
α ¼ −0.19 is comparable to the values obtained in
Refs. [3–9]. However, for choice ðiiÞ of the form factors,
the value of the asymmetry parameter α ¼ 0.19 is compa-
rable to the experimental value α ¼ 0.18� 0.13.
We have discussed Λb → Λþ J=Ψ decay in detail and

with this in hand, for a heavy baryon belonging to
representations 3̄ and 6, the branching ratio can be easily
obtained by using SUð3Þ symmetry, taking into account the
phase space for each baryon decay. For the decays
Bbð12þÞ → Bð1

2
þÞJ=Ψ, SUð3Þ gives the relation

3̄∶ ðΞ−
b ;Ξ0

b;ΛbÞ → ðΞ−;Ξ0;ΛÞJ=Ψ∶ð1; 1;
ffiffiffiffiffiffiffiffi
2=3

p
Þ ð47Þ

for Bbð12þÞ belong to representation 3̄ and Bð1
2
þÞ belonging

to the octet representation. In the case of Bbð12þÞ belonging
to the sextet representation and Bð1

2
þÞ belonging to the

representation 80, SUð3Þ gives

ðΣþ
b ;Σ0

bΣ−
b Þ → ðΣþ;Σ0;Σ−ÞJ=Ψ∶

ffiffiffi
2

p
ð−1; 1; 1Þ;

ðΞ0−
b ;Ξ00

b Þ → Ξ−;Ξ0ÞJ=Ψ∶ ð1; 1Þ: ð48Þ

IV. THE DECAY Ωb → Ω− + J=Ψ

In the factorization ansatz corresponding to the effective
Hamiltonian given in Eq. (4), the matrix element for
Ωb → Ω− þ J=Ψ decay is

M ¼ GFffiffiffi
2

p VcbV�
csðC2 þ ζC1Þh0jc̄γμð1 − γ5ÞcjJ=ΨihΩ−js̄γμ

× ð1 − γ5ÞbjΩ−
b i: ð49Þ

We can write

TABLE I. Numerical values of the amplitudes for Λb →
Λþ J=ψ for F2=F1 ≈ 0.169. Here R2 ¼ ðVcbV�

cs
GFffiffi
2

p ðC2 þ
ζC1ÞmJ=ΨFJ=ΨÞ2 ≈ 18.97 × 10−14ðC2 þ ζC1Þ2. The values of
the masses are from Ref. [12]. Here, the − and þ signs are
for the choices (i) and (ii), respectively.

Amplitudes Numerical Values

f1 RF1ð0.644Þ
g1 RF1ð∓0.880Þ
f2 RF1ð1.075Þ
h RF1ð∓1.197Þ

TABLE II. The values of the branching ratio for Λb → Λþ
J=ψ for different values of ζ that correspond to the large-Nc limit.

Λb → Λþ J=ψ ζ ¼ 0 ζ ¼ 0.01 ζ ¼ 0.05

Br 7.8 × 10−4 6.1 × 10−4 5.0 × 10−4

TABLE III. The values of the branching ratio for Λb → Λþ J=ψ for different values of ζ that correspond to the small-Nc limit.

Λb → Λþ J=ψ ζ ¼ 1=3 ζ ¼ 0.40 ζ ¼ 0.45 ζ ¼ 0.48 ζ ¼ 0.50

Br 0.74 × 10−4 2.6 × 10−4 4.6 × 10−4 6.1 × 10−4 7.2 × 10−4
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hΩ−js̄γμð1− γ5ÞbjΩ−
b i

¼ 1

ð2πÞ3
ffiffiffiffiffiffiffiffiffiffi
mm0

p0p0
0

s
½ðFV

1 − γ5FA
1 Þðūμðp0ÞuðpÞÞþ �� ��; ð50Þ

where the dots denote the contribution from other form
factors which are suppressed by a factor of 1

mΩb
compared to

FV
1 and FA

1 and hence will be neglected. From Eqs. (49) and
(50) along with Eq. (38), we get

jMj2 ¼ G0F2
J=Ψm

2
J=Ψϵ

μϵν

× ½uνðp0Þūμðp0ÞðFV
1 − γ5FA

1 ÞuðpÞūðpÞ
× ðF�V

1 þ γ5F�A
1 Þ�; ð51Þ

where G0 ¼ GFffiffi
2

p VcbV�
csðC2 þ ζC1Þ. Now

X
Polarization

ϵμðkÞϵνðkÞ ¼
�
−ημν þ kμkν

m2
J=Ψ

�
;

X
Spin

uνðp0Þūμðp0Þ ¼ −
γ · p0 þm0

2m

×

�
ηνμ − γνγμ þ

i
3m0 ðγνp0

μ − p0
νγμÞ

−
2

3m02 p
0
νp0

μ

�
;

X̄
spin

uðpÞūðpÞ ¼ 1

2

γ · pþm
2m

: ð52Þ

Using the above equations, the decay rate is given by

Γ ¼ 1

2πm
jk⃗jðG0FJ=ΨmJ=ΨÞ2

�
1þ 1

3

m2

m02
jk⃗j2
m2

J=Ψ

�

× ½jFV
1 j2ðp0

0 þm0Þ þ jFA
1 j2Þðp0

0 −m0Þ�ðC2 þ ζC1Þ2:
ð53Þ

In particular, for Ω−
b → Ω− þ J=Ψ, we have m ¼ mΩb

and
m0 ¼ mΩ. Now

jΩ−i ¼ 1ffiffiffi
3

p ðs↑s↑s↓ þ s↑s↓s↑ þ s↓s↑s↑i;

jΩ−
b i ¼ −

1ffiffiffi
6

p js↑s↓b↑ þ s↓s↑b↑ − 2s↑s↑b↓i:

In nonrelativistic quark model, the relevant operators for
Oðv2=c2Þ are (for details, see Ref. [20]) β and βσi with
i ¼ z. Using βjbi ¼ jsi, we have

βjΩ−
b ;
1

2
i ¼ −

1ffiffiffi
6

p jðs↑s↓s↑ þ s↓s↑s↑ − 2s↑s↑s↓Þi

and

βσzjΩ−
b ;
1

2
i ¼ −

1ffiffiffi
6

p jðs↑s↓s↑ þ s↓s↑s↑ þ 2s↑s↑s↓Þi:

This gives FV
1 ¼ 0 and FA

1 ð0Þ ¼ − 2
ffiffi
2

p
3

[21]. Thus,

ΓðΩ−
b →Ω−þJ=ΨÞ≈ 1.76×10−14jFA

1 j2ðC2þζC1Þ2 GeV:
ð54Þ

Hence, the branching ratio

BrðΩ−
b → Ω− þ J=ΨÞ ¼ τΩb

ℏ
ΓðΩ−

b → Ω− þ J=ΨÞ
¼ 2.94 × 10−2jFA

1 j2ðC2 þ ζC1Þ2;
ð55Þ

where FA
1 ¼ FA

1 ðm2
J=ΨÞ and τΩb

is the decay time of Ωb.
Now, using

FA
1 ¼ 1

mJ=Ψ

mbms

mb þms
FA
1 ð0Þ ≈

ms

mJ=Ψ
FA
1 ð0Þ ≈ 0.152; ð56Þ

the form factor FA
1 at mJ=ψ is expected to be smaller than

FA
1 ð0Þ. For this purpose, we have introduced a dimension-

less phenomenological factor ð 1
mJ=ψ

Þð mbms
mbþms

Þ, where the

second factor is the reduced mass of the constituents of
Ω−

b . Using FA
1 ≈ 0.152, the branching ratio is

Br ≈ 6.8 × 10−4ðC2 þ ζC1Þ2:

The values of the branching ratio corresponding to different
values of ζ are given in Table IV.
The experimental BrðΩ−

b →Ω−þJ=ΨÞ×Brðb→ΩbÞ¼
ð2.9þ1.1

−0.8Þ×10−6 with Bðb → baryonÞ ≈ 9.29 × 10−3 [12]
gives

BrðΩ−
b → Ω−J=ΨÞ ¼ ð3.12þ1.1

−0.8Þ × 10−5: ð57Þ

TABLE IV. The values of the branching ratio for Ωb → Ωþ J=ψ for different values of ζ.

Ωb → Ωþ J=ψ ζ ¼ 0 ζ ¼ 0.01 ζ ¼ 0.05 ζ ¼ 1=3 ζ ¼ 0.40 ζ ¼ 0.44

Br 4.5 × 10−5 4.1 × 10−5 2.9 × 10−5 0.8 × 10−5 1.8 × 10−5 3.0 × 10−5
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Finally, in this model, the asymmetry parameter is

αðΩ−
b → Ω−J=ΨÞ ¼ 0: ð58Þ

To conclude: using the effective Lagrangian together with
the factorization ansatz, the two-body hadronic decay
Bbð12þÞ → Bð1

2
þ; 3

2
þÞ þ V was calculated. In the case of

Bbð12þÞ belonging to the representation 3̄, the only allowed
decay channel is Bbð12þÞ → Bð1

2
þÞ þ V, where Bð1

2
þÞ

belongs to the representation 8 of SUð3Þ. However, if
Bbð12þÞ belongs to the sextet representation 6, the allowed
decay channels are Bbð12þÞ → Bð1

2
þ; 3

2
þÞ þ V, where Bð1

2
þÞ

and Bð3
2
þÞ belong to the octet representation 80 and the

decuplet 10 of SUð3Þ, respectively. We have analyzed
the decay channel Bbð12þÞ → Bð1

2
þÞ þ V in detail, where

the decay rateΓ and the asymmetryparametersα; α0; β; γ, and
γ0 were expressed in terms of four amplitudes. These
amplitudes were written in terms of the transverse and
longitudinal polarizations of V. This general formalism

was then applied to the decay Λb → ΛJ=ψ. It was shown
that within the factorization framework, using heavy quark
spin symmetry, the decay rate and asymmetry parameters can
be expressed in terms of two form factors F1 and F2=F1,
which nonperturbative quantities that need to be evaluated in
some model. Here, by taking the values of these form factors
calculated in the quark model [6], the branching ratio and
asymmetry parameters α and α0 were obtained numerically.
By taking the color factor ζ ¼ 0.01 or ζ ¼ 0.48, the
branching ratio for the decay Λb → Λþ J=ψ was matched
to the corresponding experimental value. Havingworked out
Λb → Λþ J=ψ decay, this formalism can be easily applied
to other heavy quarks belonging to the triplet and sextet
representations by using SUð3Þ symmetry and the phase-
space factor. Finally, the decay Ω−

b → Ω− þ J=ψ was
analyzed within the factorization framework. It was shown
that the asymmetry parameter α in this particular decay is
zero. The branching ratio obtained in the first approximation
was compared with the experimental value.
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