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cP (V ) final states within the factorization framework. Employing this framework and

incorporating the contributions from the current-current operators, we compute the tree-level decay

amplitudes and decay widths of the Ω∗
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cP (V ) processes in terms of the Ω∗
b → Ω∗

c transition

form factors. Here, P and V denote pseudoscalar and vector mesons, respectively. Using the

form factors obtained in our previous work, we evaluate the numerical values of the decay widths

and branching fractions for all relevant weak channels. This study complements our previous

analysis of the semileptonic weak transitions Ω∗
b → Ω∗

cℓν̄ℓ reported in Ref. [1], thereby providing a

comprehensive investigation of all possible Ω∗
b → Ω∗

c weak decays of the Ω∗
b baryon.
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1 Introduction

One of the central topics in heavy baryon physics is the investigation of their decay modes, par-

ticularly weak transitions, which provide essential insights into the origin of CP violation, offer

stringent tests of the Standard Model (SM), constrain possible new physics effects, and assess the

reliability of theoretical approaches used to describe such processes. In theoretical studies, sig-

nificant progress has been achieved in understanding both the semileptonic and nonleptonic weak

decay processes. For semileptonic decays, the primary challenge is the evaluation of heavy-to-light

transition form factors, which encode nonperturbative QCD dynamics. These form factors have

been extensively investigated using a variety of QCD-based approaches and quark models [1–11].

Compared with semileptonic decays, the nonleptonic weak decays of heavy baryons involve more

intricate QCD dynamics due to strong interactions among the final state particles. Their theoretical

treatment typically relies on various factorization approaches originally developed for the study of

B-meson decays. The study of two-body nonleptonic B decays began with the naive factorization

approach [12–14]. However, this method exhibited certain limitations in describing specific decay

channels and was subsequently refined through the development of QCD factorization (QCDF) [15–

17]. The factorization framework has since been successfully applied to a wide range of hadronic

systems, including mesons [15, 18–30], exotic hadrons [31, 32], and baryons [33–38].

The Ω∗
b baryon is one of the fifteen single-heavy bottom baryons whose existence is predicted

by the quark model; however, its definitive experimental establishment remains challenging due

to current experimental limitations [1]. Since no Okubo-Zweig-Iizuka (OZI)-allowed strong decay

channels are available, this baryon is expected to decay only through electromagnetic and weak

interactions. Although the radiative transition Ω∗
b → Ωbγ is allowed, the small hyperfine mass

splitting between the Ω∗
b and Ωb states results in the emission of a very soft photon, rendering its

detection extremely difficult in a hadron-collider environment [1, 39].
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In this context, weak decays of the Ω∗
b baryon may provide a more promising avenue for its

experimental identification. Unlike radiative decays, weak decays do not rely on the reconstruction

of soft photons and instead produce final states containing charged hadrons and/or leptons, which

can be detected with high efficiency. In particular, semileptonic decays such as Ω∗
b → Ω∗

cℓν̄ℓ

benefit from clean lepton triggers, while nonleptonic modes of the type Ω∗
b → Ω∗

cP (V ) allow for

full reconstruction and invariant-mass analyses. Despite challenges related to limited production

rates and combinatorial backgrounds, these weak decay channels may offer a viable strategy for the

experimental observation of the Ω∗
b baryon, especially at experiments such as LHCb.

Various strong, radiative, and semileptonic weak decay modes of Ω∗
b have been investigated in

previous studies [1, 39, 40]. In the present study, we employ the factorization approach to investigate

the nonleptonic two-body weak decays of the spin-32 bottom baryon Ω∗
b to Ω∗

c . This analysis is

intended as a complement to our earlier study of the semileptonic weak decays Ω∗
b → Ω∗

cℓν̄ℓ [1],

with the aim of providing a comprehensive investigation of all possible weak decay channels of the

Ω∗
b baryon. Such a theoretical analysis may contribute to and support its eventual experimental

establishment. Under the diquark approximation, a baryon can be treated analogously to a meson,

which allows the factorization framework to be extended naturally to heavy baryon decays. We

perform a systematic study of the decays Ω∗
b → Ω∗

cP (V ), where P and V denote the pseudoscalar

and vector mesons, respectively. The analysis includes the contributions of the current-current

operators at leading order in the effective weak Hamiltonian. Using the factorization formalism,

we derive the decay amplitudes and decay widths in terms of the transition form factors of the

Ω∗
b → Ω∗

c process. Employing the form factors previously computed in our earlier work [1], we then

obtain numerical predictions for the decay widths and branching fractions of all relevant channels.

In this analysis, we neglect long-distance contributions arising from interactions between the P (V )

meson and the Ω∗
bΩ

∗
c system, which are discussed in detail in Ref. [37]. Further information on the

higher order QCD corrections in terms of αs for the baryonic and mesonic decays can also be found

in Refs. [36, 41–43].

The paper is organized as follows. Section 2 presents the theoretical framework of this study,

including the effective weak Hamiltonian, the factorization approach, and the derivation of the

decay amplitudes and decay widths. In Section 3, we provide the numerical analysis, where the form

factors, decay widths, and branching fractions are evaluated. The main conclusions are summarized

in Section 4. Finally, Appendix A contains the explicit expressions for the squared decay amplitudes.

2 Theoretical framework

In this section, we outline the theoretical framework of our analysis, including a brief review of the

effective weak Hamiltonian, the factorization approach, and the derivation of the decay amplitudes

and decay widths for the nonleptonic weak decays of the Ω∗
b baryon.

2.1 Nonleptonic decays of Ω∗
b

The dominant nonleptonic weak decays of Ω∗
b proceed via the underlying quark-level transition

b → W−c. Accordingly, in this study we focus on the nonleptonic decays Ω∗
b → Ω∗

cP (V ). In these

processes, P denotes the pseudoscalar mesons π−, K−, D− and D−
s , while V represents the vector

mesons ρ−, K∗−, D∗− and D∗−
s . These pseudoscalar and vector mesons in the final state originate

from the hadronization of the W− boson, which decays into quark-antiquark pairs dū, sū, dc̄ and

sc̄, respectively.

2.2 Effective weak Hamiltonian

To describe the weak decays of the Ω∗
b baryon, it is essential to consider the corresponding effective

weak Hamiltonian. In these processes, three distinct energy scales are involved: mW ≫ mb ≫
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ΛQCD. The most suitable framework for such a multiscale problem is the Effective Field Theory

(EFT) approach, where the high energy degrees of freedom are integrated out and the interactions

are expressed through a series of local effective operators using the Operator Product Expansion

(OPE). In this formalism, all short-distance (high energy) effects above the scale mb are encap-

sulated in the Wilson coefficients, which can be computed perturbatively order by order through

matching at the quark level. Accordingly, the effective weak Hamiltonian governing the nonlep-

tonic weak decays of Ω∗
b , corresponding to the underlying b → c transition at the tree-level, is given

by [44],

Heff =
GF√
2

Vbc V ∗
qq′ [C1(µ) Q1 + C2(µ) Q2] . (2.1)

The coefficients C1(µ) and C2(µ) are the Wilson coefficients evaluated at the renormalization scale

µ, while the corresponding current-current operators, Q1 and Q2 are defined as,

Q1 = (q̄iq
′
i)V−A(c̄jbj)V−A, Q2 = (q̄iq

′
j)V−A(c̄jbi)V−A , (2.2)

where q = d, s and q′ = u, c, while i, j denote the color indices. The vector minus axial-vector

current is given by (q̄1q2)V−A = q̄1γµ(1− γ5)q2.

The theoretical description of these tree-level nonleptonic weak decays of the Ω∗
b baryon can be

formulated through the evaluation of the matrix elements of the local effective operators between

appropriate hadronic states. The amplitudes of such processes can be effectively computed using

the naive factorization approach, in which the decay amplitude is expressed as the product of the

decay constant of the pseudoscalar (or vector) mesons P (V ) and the weak transition form factors

governing the Ω∗
b → Ω∗

c transition.

2.3 Factorization approach

In nonleptonic weak decays of hadrons, the final state typically involves at least three hadrons.

Consequently, the evaluation of the hadronic matrix elements of the local operators appearing

in the effective Hamiltonian, Eq. (2.1), represents a nonperturbative and technically challenging

problem. To simplify these challenging calculations, the factorization approach was proposed. The

earliest and most straightforward version of this method is the naive factorization approach [12–14].

To illustrate the underlying idea, consider a typical two-body decay of a heavy meson, such as M →
M1M2, where M1 denotes the recoiling meson containing the spectator quark, and M2 represents

the emitted meson produced directly from the weak current. The key assumption of factorization

is that the emitted meson M2 decouples from the remaining MM1 system, a simplification known

as the vacuum insertion approximation. Under this assumption, the three hadron matrix element

factorizes into the product of a transition form factor and a decay constant. Although the naive

factorization approach describes color-allowed tree-level processes reasonably well [12–14, 28], it

fails for color-suppressed and penguin-induced transitions [36].

In this study, both the initial and final states involve heavy baryons, while the emitted meson

carries large momentum in the heavy-quark limit. Under the diquark approximation, a heavy baryon

can be treated analogously to a heavy meson, which allows the extension of factorization arguments

to baryonic decays. In this framework, soft gluon interactions between the energetic emitted meson

and the recoiling baryonic system are suppressed due to color transparency, particularly for energetic

pseudoscalar or vector mesons. Consequently, the leading contribution to the decay amplitude

factorizes into the product of a meson decay constant and a baryonic transition matrix element. The

inclusion of hard spectator-scattering effects would require modeling the internal structure of the

diquark via an additional form factor, which is currently not well constrained from first principles.

Therefore, following established studies of nonleptonic heavy baryon decays, such contributions are

commonly neglected at leading order [36, 37].
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For the tree-level, color-allowed processes induced solely by current-current operators in the

Ω∗
b → Ω∗

cP (V ) transitions considered here, we adopt the naive factorization approach to compute

the nonleptonic decay amplitudes.

2.4 Decay amplitudes and decay widths

The decay amplitudes of the weak transition Ω∗
b → Ω∗

cP (V ), corresponding to each four-quark

operator in the effective Hamiltonian given in Eq. (2.1), can be generally expressed in terms of the

hadronic matrix elements of these operators as follows,

Al(Ω
∗
b → Ω∗

cP (V )) = ⟨Ω∗
cP (V )|Heff |Ω∗

b⟩ =
GF√
2

VCKM

∑
l

Cl⟨Ω∗
cP (V )|Ql|Ω∗

b⟩ . (2.3)

As discussed in subsections 2.2 and 2.3, within the naive factorization approximation, these hadronic

matrix elements can be decomposed into the product of the decay constant of the emitted meson

P (V ) and the form factors describing the Ω∗
b → Ω∗

c transition,

⟨Ω∗
cP (V )|Ql|Ω∗

b⟩ = ⟨P (V )|(q̄rq′s)V−A|0⟩ × ⟨Ω∗
c |(c̄r′bs′)V−A|Ω∗

b⟩ . (2.4)

By evaluating the hadronic matrix elements ⟨Ω∗
cP (V )|Ql|Ω∗

b⟩ in Eq. (2.3) for each current-current

operator Q1,2 using Eq. (2.4) and performing a Fierz transformation to match the flavor quantum

numbers of the currents with those of the physical hadrons, the decay amplitude for the Ω∗
b →

Ω∗
cP (V ) transition can be written as:

A(Ω∗
b → Ω∗

cP (V )) =
GF√
2

Vbc V ∗
qq′ (⟨Ω∗

cP (V )|C1(µ)Q1|Ω∗
b⟩+ ⟨Ω∗

cP (V )|C2(µ)Q2|Ω∗
b⟩)

=
GF√
2

Vbc V ∗
qq′ a1(µ) ⟨P (V )|(q̄iq′i)V−A|0⟩ × ⟨Ω∗

c |(c̄jbj)V−A|Ω∗
b⟩ . (2.5)

For pseudoscalar and vector mesons, the decay amplitudes are explicitly given by,

A(Ω∗
b(p) → Ω∗

c(p
′)P (q)) =

GF√
2
VbcV

∗
qq′ a1(µ) ⟨P (q)|q̄iγµ(1− γ5)q

′
i|0⟩

× ⟨Ω∗
c(p

′)|c̄jγµ(1− γ5)bj |Ω∗
b(p)⟩ ,

(2.6)

A(Ω∗
b(p) → Ω∗

c(p
′)V (q)) =

GF√
2
VbcV

∗
qq′ a1(µ) ⟨V (q)|q̄iγµ(1− γ5)q

′
i|0⟩

× ⟨Ω∗
c(p

′)|c̄jγµ(1− γ5)bj |Ω∗
b(p)⟩ ,

(2.7)

where a1(µ) denotes the effective Wilson coefficient combination associated with the color-allowed

tree-level contribution, defined as,

a1(µ) = C1(µ) +
1

Nc
C2(µ) , (2.8)

with Nc = 3 being the number of quark colors. In Eqs. (2.6) and (2.7), the first matrix element can

be parametrized in terms of the mesons decay constants as follows,

⟨P (q)|q̄iγµ(1− γ5)q
′
i|0⟩ = ifP qµ , (2.9)

⟨V (q)|q̄iγµ(1− γ5)q
′
i|0⟩ = mV fV ϵ

∗
µ , (2.10)

where fP and fV denote the decay constant of the pseudoscalar and vector mesons, respectively,

while mV and ϵµ represent the mass and polarization vector of the vector meson. The second matrix
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element, ⟨Ω∗
c(p

′)|c̄jγµ(1−γ5)bj |Ω∗
b(p)⟩, encodes the nonperturbative dynamics of the Ω∗

b → Ω∗
c weak

transition and is expressed in terms of the corresponding form factors [1],

⟨Ω∗
c(p

′)|c̄jγµ(1− γ5)bj |Ω∗
b(p)⟩ = ūα

Ω∗
c
(p′, s′)

[
gαβ

(
γµF1(q

2)− iσµν
qν
mΩ∗

b

F2(q
2) +

qµ
mΩ∗

b

F3(q
2)
)

+
qαqβ
m2

Ω∗
b

(
γµF4(q

2)− iσµν
qν
mΩ∗

b

F5(q
2) +

qµ
mΩ∗

b

F6(q
2)
)
+

(gαµqβ − gβµqα)

mΩ∗
b

F7(q
2)
]
uβ
Ω∗

b
(p, s)

− ūα
Ω∗

c
(p′, s′)

[
gαβ

(
γµG1(q

2)− iσµν
qν
mΩ∗

b

G2(q
2) +

qµ
mΩ∗

b

G3(q
2)
)
+

qαqβ
m2

Ω∗
b

(
γµG4(q

2)

− iσµν
qν
mΩ∗

b

G5(q
2) +

qµ
mΩ∗

b

G6(q
2)
)
+

(gαµqβ − gβµqα)

mΩ∗
b

G7(q
2)
]
γ5 uβ

Ω∗
b
(p, s) , (2.11)

where q = p− p′ denotes the transferred momentum, with p and p′ being the four-momenta of the

initial and final baryons, respectively.

At this stage, the decay amplitudes for the Ω∗
b → Ω∗

cP (V ) transitions can be computed using

the relations introduced above. For the weak decay Ω∗
b → Ω∗

cP , where the final state contains a

pseudoscalar meson, substituting Eqs. (2.9) and (2.11) into Eq. (2.6) and performing the required

algebraic manipulations lead to the following expression for the decay amplitude:

AP

(
Ω∗

b(p) → Ω∗
c(p

′)P (q)
)
= i

GF√
2
VbcV

∗
qq′ a1(µ)fP

[(
(mΩ∗

b
−mΩ∗

c
)F1(q

2) +
q2

mΩ∗
b

F3(q
2)
)

gαβ ū
α
Ω∗

c
(p′, s′)uβ

Ω∗
b
(p, s)−

(mΩ∗
b
−mΩ∗

c

m2
Ω∗

b

F4(q
2) +

q2

m3
Ω∗

b

F6(q
2)
)
pαp

′
β ū

α
Ω∗

c
(p′, s′)uβ

Ω∗
b
(p, s)

+
(
(mΩ∗

b
+mΩ∗

c
)G1(q

2)− q2

mΩ∗
b

G3(q
2)
)
gαβ ū

α
Ω∗

c
(p′, s′)γ5u

β
Ω∗

b
(p, s)

−
(mΩ∗

b
+mΩ∗

c

m2
Ω∗

b

G4(q
2)− q2

m3
Ω∗

b

G6(q
2)
)
pαp

′
β ū

α
Ω∗

c
(p′, s′)γ5u

β
Ω∗

b
(p, s)

]
. (2.12)

For the weak decay Ω∗
b → Ω∗

cV , where the final state contains a vector meson, substituting

Eqs. (2.10) and (2.11) into Eq. (2.7) and carrying out the necessary algebraic manipulations yield:

AV

(
Ω∗

b(p) → Ω∗
c(p

′)V (q)
)
=

GF√
2
VbcV

∗
qq′ a1(µ)mV fV ϵ

∗µ
[(

F1(q
2) +

mΩ∗
b
+mΩ∗

c

mΩ∗
b

F2(q
2)
)

gαβ ū
α
Ω∗

c
(p′, s′)γµu

β
Ω∗

b
(p, s)− 2

mΩ∗
b

F2(q
2)p′µgαβ ū

α
Ω∗

c
(p′, s′)uβ

Ω∗
b
(p, s)

−
( 1

m2
Ω∗

b

F4(q
2) +

mΩ∗
b
+mΩ∗

c

m3
Ω∗

b

F5(q
2)
)
pαp

′
β ū

α
Ω∗

c
(p′, s′)γµu

β
Ω∗

b
(p, s)

+
2

m3
Ω∗

b

F5(q
2)p′µpαp

′
β ū

α
Ω∗

c
(p′, s′)uβ

Ω∗
b
(p, s)− 1

mΩ∗
b

(
gαµp

′
β + gβµpα

)
F7(q

2)ūα
Ω∗

c
(p′, s′)uβ

Ω∗
b
(p, s)

+
(
−G1(q

2) +
mΩ∗

b
−mΩ∗

c

mΩ∗
b

G2(q
2)
)
gαβ ū

α
Ω∗

c
(p′, s′)γµγ5u

β
Ω∗

b
(p, s)

+
2

mΩ∗
b

G2(q
2)p′µgαβ ū

α
Ω∗

c
(p′, s′)γ5u

β
Ω∗

b
(p, s)

+
( 1

m2
Ω∗

b

G4(q
2)−

mΩ∗
b
−mΩ∗

c

m3
Ω∗

b

G5(q
2)
)
pαp

′
β ū

α
Ω∗

c
(p′, s′)γµγ5u

β
Ω∗

b
(p, s)

− 2

m3
Ω∗

b

G5(q
2)p′µpαp

′
β ū

α
Ω∗

c
(p′, s′)γ5u

β
Ω∗

b
(p, s) +

1

mΩ∗
b

(
gαµp

′
β + gβµpα

)
G7(q

2)ūα
Ω∗

c
(p′, s′)γ5u

β
Ω∗

b
(p, s)

]
.

(2.13)
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meson fP (V )(MeV) mP (V )(MeV) Quantity Value

π− 131 139.57± 0.00017 mΩ∗
b

(6084± 84) MeV

K− 155.72± 0.51 493.677± 0.013 mΩ∗
c

(2765.9± 2) MeV

D− 203.7± 4.7 1869.66± 0.05 GF 1.17× 10−5 GeV−2

D−
s 257.8± 4.1 1968.30± 0.07 |Vbc| 0.0422± 0.00008

ρ− 216 775.26± 0.23 |Vud| 0.9742± 0.00021

K∗− 210 891.67± 0.26 |Vus| 0.2243± 0.0005

D∗− 230 2010.26± 0.05 |Vcd| 0.218± 0.004

D∗−
s 271 2112.2± 0.4 |Vcs| 0.997± 0.017

Table 1. Decay constants and masses of the final state pseudoscalar and vector mesons. The CKM matrix

elements are also included.

The decay widths of the nonleptonic Ω∗
b → Ω∗

cP (V ) transitions can be obtained by applying

the following general relations:

Γ(Ω∗
b → Ω∗

cP ) =
1

64πm3
Ω∗

b

|AP |2λ
1
2 (m2

Ω∗
b
,m2

Ω∗
c
,m2

P ) . (2.14)

Γ(Ω∗
b → Ω∗

cV ) =
1

64πm3
Ω∗

b

|AV |2λ
1
2 (m2

Ω∗
b
,m2

Ω∗
c
,m2

V ) . (2.15)

where λ(x, y, z) = x2 + y2 + z2 − 2xy − 2xz − 2yz is the usual triangle function. We evaluate

Eqs. (2.12) and (2.14) at q2 = m2
P for pseudoscalar mesons, and Eqs. (2.13), (2.15) at q2 = m2

V for

vector mesons, corresponding to the physical kinematics of the respective final states. The explicit

expressions for the squared amplitudes, |AP |2 and |AV |2, are provided in Appendix A.

3 Numerical Results

In this section, we first summarize the input parameters employed in our numerical analysis. Utiliz-

ing these parameters, we calculate the decay widths and branching fractions for the two categories

of nonleptonic Ω∗
b decays, namely Ω∗

b → Ω∗
cP (V ), by applying Eqs. (A.1), (2.14), (A.2), and (2.15).

3.1 Input parameters

The input parameters employed in the numerical calculations are summarized in Table 1 [32, 37, 45].

This table lists the decay constants and masses of the final state mesons, as well as the relevant CKM

matrix elements. The Wilson coefficients C1(µ = mb) and C2(µ = mb), including next-to-leading

order QCD corrections, are taken from Ref. [32],

C1(mb) = 1.117, C2(mb) = −0.257 . (3.1)

3.2 Form factors

An essential ingredient in the calculation of the decay widths for the Ω∗
b → Ω∗

cP (V ) transitions is

the set of form factors governing the Ω∗
b → Ω∗

c transition. As introduced in Eq. (2.11), these form

factors capture the nonperturbative dynamics of the baryonic transition. In the present work, we
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Process F1(m
2
P ) F3(m

2
P ) F4(m

2
P ) F6(m

2
P )

Ω∗
b → Ω∗

cπ
− 9.21± 1.05 −0.60± 0.05 −3.27± 0.32 −0.85± 0.08

Ω∗
b → Ω∗

cK
− 9.30± 1.06 −0.60± 0.05 −3.31± 0.32 −0.86± 0.09

Ω∗
b → Ω∗

cD
− 10.83± 1.23 −0.70± 0.06 −3.93± 0.38 −1.09± 0.11

Ω∗
b → Ω∗

cD
−
s 11.03± 1.25 −0.71± 0.06 −4.02± 0.39 −1.12± 0.12

Table 2. The vector form factors contributing to the processes with a pesudoscalar meson in the final

state.

Process G1(m
2
P ) G3(m

2
P ) G4(m

2
P ) G6(m

2
P )

Ω∗
b → Ω∗

cπ
− 3.07± 0.29 −2.34± 0.27 3.41± 0.33 −3.16± 0.33

Ω∗
b → Ω∗

cK
− 3.09± 0.30 −2.36± 0.28 3.45± 0.33 −3.21± 0.34

Ω∗
b → Ω∗

cD
− 3.34± 0.32 −2.76± 0.32 4.03± 0.40 −4.00± 0.42

Ω∗
b → Ω∗

cD
−
s 3.37± 0.33 −2.81± 0.32 4.11± 0.40 −4.11± 0.43

Table 3. The axial vector form factors contributing to the processes with a pseudoscalar meson in the final

state.

Process F1(m
2
V ) F2(m

2
V ) F4(m

2
V ) F5(m

2
V ) F7(m

2
V )

Ω∗
b → Ω∗

cρ
− 9.45± 1.08 −3.57± 0.45 −3.37± 0.33 3.02± 0.30 2.52± 0.21

Ω∗
b → Ω∗

cK
∗− 9.54± 1.08 −3.60± 0.46 −3.40± 0.33 3.05± 0.30 2.54± 0.21

Ω∗
b → Ω∗

cD
∗− 11.12± 1.27 −4.24± 0.54 −4.06± 0.39 3.78± 0.37 2.91± 0.24

Ω∗
b → Ω∗

cD
∗−
s 11.36± 1.29 −4.34± 0.55 −4.16± 0.40 3.89± 0.38 2.97± 0.25

Table 4. The vector form factors contributing to the processes with a vector meson in the final state.

employ the form factors obtained in our previous study [1], where they were calculated in detail for

the semileptonic Ω∗
b → Ω∗

cℓν̄ℓ decays. These form factors are parameterized as follows,

Fl(q
2) =

Fl(0)

1− a
(

q2

m2
Ω∗
b

)
+ b

(
q2

m2
Ω∗
b

)2

+ c
(

q2

m2
Ω∗
b

)3

+ d
(

q2

m2
Ω∗
b

)4 . (3.2)

The relevant form factors are subsequently evaluated at q2 = m2
P and q2 = m2

V for the processes

with pseudoscalar and vector mesons in the final states, respectively. These values are then inserted

into Eqs. (2.14) and (2.15) to determine the corresponding decay widths. The resulting numerical

values for the form factors across the different decay channels are summarized in Tables 2, 3, 4,

and 5.

3.3 Ω∗
b → Ω∗

cP decays

In these decay channels, the final mesonic state is a pseudoscalar meson, specifically π−, K−, D−

and D−
s . The decay widths were computed using the input parameters and form factors listed in

Tables 1, 2, and 3, together with Eqs. (A.1) and (2.14). The obtained results are presented in

Table 6.
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Process G1(m
2
V ) G2(m

2
V ) G4(m

2
V ) G5(m

2
V ) G7(m

2
V )

Ω∗
b → Ω∗

cρ
− 3.12± 0.30 −2.71± 0.30 3.51± 0.33 0.48± 0.05 −0.27± 0.05

Ω∗
b → Ω∗

cK
∗− 3.13± 0.30 −2.73± 0.30 3.54± 0.34 0.48± 0.05 −0.27± 0.05

Ω∗
b → Ω∗

cD
∗− 3.39± 0.32 −3.24± 0.36 4.14± 0.40 0.58± 0.06 −0.30± 0.06

Ω∗
b → Ω∗

cD
∗−
s 3.42± 0.33 −3.31± 0.37 4.23± 0.41 0.59± 0.07 −0.31± 0.06

Table 5. The axial vector form factors contributing to the processes with a vector meson in the final state.

Process Ω∗
b → Ω∗

cπ
− Ω∗

b → Ω∗
cK

− Ω∗
b → Ω∗

cD
− Ω∗

b → Ω∗
cD

−
s

Γi(GeV) 5.59+1.33
−1.04 × 10−13 4.18+0.99

−0.78 × 10−14 6.39+1.58
−1.23 × 10−14 2.12+0.53

−0.41 × 10−12

Table 6. The decay widths of the Ω∗
b → Ω∗

cP transitions.

Process Ω∗
b → Ω∗

cρ
− Ω∗

b → Ω∗
cK

∗− Ω∗
b → Ω∗

cD
∗− Ω∗

b → Ω∗
cD

∗−
s

Γi(GeV) 1.47+0.35
−0.28 × 10−12 7.28+1.75

−1.36 × 10−14 6.44+1.55
−1.21 × 10−14 1.79+0.42

−0.34 × 10−12

Table 7. The decay widths of the Ω∗
b → Ω∗

cV transitions.

3.4 Ω∗
b → Ω∗

cV decays

In these decay channels, the final mesonic state is a vector meson, namely ρ−, K∗−, D∗− and D∗−
s .

The decay widths were evaluated using the input parameters and form factors listed in Tables 1, 4,

and 5, together with Eqs. (A.2) and (2.15). The resulting decay widths are summarized in Table 7.

3.5 All Ω∗
b → Ω∗

c weak decays

As discussed in our previous work [1], we performed a detailed analysis of the semileptonic weak

decay Ω∗
b → Ω∗

cℓν̄ℓ. In the present study, we adopt the decay width of these processes from that

work and combine it with the results obtained in subsections 3.3 and 3.4 to determine the branching

fractions across all Ω∗
b → Ω∗

c weak decay channels. The resulting branching fractions are presented

in Table 8. For the semileptonic channels, we adopt the total decay width 6.79+1.57
−1.21 × 10−12 GeV

obtained in Ref. [1], which corresponds to a branching fraction of 52.3%. The nonleptonic decay

modes considered in the present analysis yield a combined decay width of 6.18+1.48
−1.17 × 10−12 GeV,

corresponding to a branching fraction of 47.7%. The branching fractions reported in Table 8 are

normalized with respect to the total weak decay width obtained by combining the semileptonic

channels from Ref. [1] and the nonleptonic channels analyzed in this work. Among the nonleptonic

transitions, the Cabibbo-suppressed processes Ω∗
b → Ω∗

cK
−, Ω∗

b → Ω∗
cD

−, Ω∗
b → Ω∗

cK
−, and

Ω∗
b → Ω∗

cD
− exhibit the smallest decay widths and branching fractions.

4 Conclusions

The experimental observation of the Ω∗
b baryon remains challenging, which underscores the impor-

tance of theoretical investigations of its weak decay channels. In this work, we have conducted

a comprehensive analysis of the nonleptonic weak decays Ω∗
b → Ω∗

cP (V ), within the factorization

framework, a method that has proven reliable for studying two-body baryonic decays with a meson

in the final state. Utilizing the Ω∗
b → Ω∗

c transition form factors obtained in Ref. [1], we have
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Process Γi(GeV) Branching fraction

Ω∗
b → Ω∗

cℓν̄ℓ 6.79+1.57
−1.21 × 10−12 52.3%

Ω∗
b → Ω∗

cπ
− 5.59+1.33

−1.04 × 10−13 4.3%

Ω∗
b → Ω∗

cK
− 4.18+0.99

−0.78 × 10−14 0.32%

Ω∗
b → Ω∗

cD
− 6.39+1.58

−1.23 × 10−14 0.50%

Ω∗
b → Ω∗

cD
−
s 2.12+0.53

−0.41 × 10−12 16.3%

Ω∗
b → Ω∗

cρ
− 1.47+0.35

−0.28 × 10−12 11.3%

Ω∗
b → Ω∗

cK
∗− 7.28+1.75

−1.36 × 10−14 0.60%

Ω∗
b → Ω∗

cD
∗− 6.44+1.55

−1.21 × 10−14 0.50%

Ω∗
b → Ω∗

cD
∗−
s 1.79+0.42

−0.34 × 10−12 13.8%

Total (Ω∗
b → Ω∗

cX) 12.97+3.06
−2.38 × 10−12 100%

Table 8. The decay widths and branching fractions of all weak decay channels of the Ω∗
b baryon.

calculated the decay amplitudes, decay widths, and branching fractions for all relevant nonlep-

tonic channels. The numerical results are summarized in Table 8. Our findings indicate that the

semileptonic weak decays account for approximately 52.3% of the total branching fraction, while

nonleptonic weak decays contribute about 47.7%, emphasizing the significant role of nonleptonic

channels in the overall weak decay dynamics of the Ω∗
b baryon. For the complete set of weak decay

modes considered in this study and in our earlier work [1], we obtained a total decay width of

12.97+3.06
−2.38 × 10−12 GeV. Together with Ref. [1], the present study provides a purely theoretical

framework and quantitative predictions that may assist and support the eventual experimental

establishment of the Ω∗
b state.

A Amplitude squared

The squared amplitude for the processes with a pseudoscalar meson in the final state (i.e., the

squared modulus of the amplitude AP (Ω
∗
b → Ω∗

cP )) is expressed as,

|AP |2 =
1

2
G2

F |Vbc|2|Vqq′ |2a21(µ)f2
P

{
−
(
− m2

P

mΩ∗
b

G3(m
2
P ) +m+ G1(m

2
P )

)2[
− 28ma

9
− 2m3

a

9m2
b

+
8m2

a

9mb
+

40mb

9

]
+
( m2

P

mΩ∗
b

F3(m
2
P ) +m− F1(m

2
P )

)2[28ma

9
+

2m3
a

9m2
b

+
8m2

a

9mb
+

40mb

9

]
− 2

( m2
P

mΩ∗
b

F3(m
2
P ) +m−F1(m

2
P )

)( m2
P

m3
Ω∗

b

F6(m
2
P ) +

m−

m2
Ω∗

b

F4(m
2
P )

)[
− 2m2

a

9
+

m4
a

9m2
b

+
m3

a

3mb

− 4mamb

3
− 8m2

b

9

]
+ 2

(
− m2

P

mΩ∗
b

G3(m
2
P ) +m+ G1(m

2
P )

)(
− m2

P

m3
Ω∗

b

G6(m
2
P ) +

m+

m2
Ω∗

b

G4(m
2
P )

)
×
[2m2

a

9
− m4

a

9m2
b

+
m3

a

3mb
− 4mamb

3
+

8m2
b

9

]
−
(
− m2

P

m3
Ω∗

b

G6(m
2
P ) +

m+

m2
Ω∗

b

G4(m
2
P )

)2[4m3
a

9
− m5

a

18m2
b

+
m4

a

9mb
− 8m2

amb

9
− 8mam

2
b

9
+

16m3
b

9

]
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+
( m2

P

m3
Ω∗

b

F6(m
2
P ) +

m−

m2
Ω∗

b

F4(m
2
P )

)2[
− 4m3

a

9
+

m5
a

18m2
b

+
m4

a

9mb
− 8m2

amb

9
+

8mam
2
b

9
+

16m3
b

9

]}
,

(A.1)

Similarly, the squared amplitude for the processes with a vector meson in the final state (i.e., the

squared modulus of the amplitude AV (Ω
∗
b → Ω∗

cV )) is given by,

|AV |2 =
1

2
G2

F |Vbc|2|Vqq′ |2a21(µ)m2
V f

2
V

{
− 2

mΩ∗
b

F7(m
2
V )

(
F1(m

2
V ) +

m+

mΩ∗
b

F2(m
2
V )

)[32mΩ∗
b
mb

9
+

32mΩ∗
c
mb

9
+

16mΩ∗
b
mc

9

+
16mΩ∗

c
mc

9
− 8m2

c

9mΩ∗
b

− 8m2
c

9mΩ∗
c

− 4m3
c

9mΩ∗
b
mb

− 4m3
c

9mΩ∗
c
mb

]
+

2

mΩ∗
b

G7(m
2
V )

(
−G1(m

2
V ) +

m−

mΩ∗
b

G2(m
2
V )

)[
−

32mΩ∗
b
mb

9
+

32mΩ∗
c
mb

9
+

16mΩ∗
b
mc

9

−
16mΩ∗

c
mc

9
− 8m2

c

9mΩ∗
b

+
8m2

c

9mΩ∗
c

+
4m3

c

9mΩ∗
b
mb

− 4m3
c

9mΩ∗
c
mb

]
+
(
F1(m

2
V ) +

m+

mΩ∗
b

F2(m
2
V )

)2[
− 128mb

9
+

40m2
Ω∗

b
mb

9m2
V

+
40m2

Ω∗
c
mb

9m2
V

− 80m2
b

9m2
V

+
8mc

9

+
28m2

Ω∗
b
mc

9m2
V

+
28m2

Ω∗
c
mc

9m2
V

− 56mbmc

9m2
V

− 16m2
c

9m2
V

+
8mΩ∗

b
m2

c

9mΩ∗
c
m2

V

+
8mΩ∗

c
m2

c
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b
m2

V

− 16m2
c

9mb

+
2m3
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9m2
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b
m2

V

+
2m3

c
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Ω∗
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m2

V

+
4m3

c

9m2
b

− 4m3
c

9m2
V mb

]
+
(
−G1(m

2
V ) +

m−

mΩ∗
b

G2(m
2
V )

)2[128mb

9
−

40m2
Ω∗

b
mb

9m2
V

−
40m2

Ω∗
c
mb

9m2
V

− 80m2
b

9m2
V

+
8mc

9

+
28m2

Ω∗
b
mc

9m2
V

+
28m2

Ω∗
c
mc

9m2
V

+
56mbmc

9m2
V

− 16m2
c

9m2
V

−
8mΩ∗

b
m2

c

9mΩ∗
c
m2

V

−
8mΩ∗

c
m2

c

9mΩ∗
b
m2

V

+
16m2

c

9mb

+
2m3

c

9m2
Ω∗

b
m2

V

+
2m3

c

9m2
Ω∗

c
m2

V

+
4m3

c

9m2
b

+
4m3

c

9m2
V mb

]
+

1

m2
Ω∗

b

F 2
7 (m

2
V )

[
− 16

3
m2

Ω∗
b
mb −

16m2
Ω∗

c
mb

3
− 16m2

b

9
−

8m2
Ω∗

b
mc

3
−

8m2
Ω∗

c
mc

3
+

8mbmc

9

+
4m2

c

3
+

4mΩ∗
b
m2

c

3mΩ∗
c

+
4mΩ∗

c
m2

c

3mΩ∗
b

+
2m3

c

3m2
Ω∗

b

+
2m3

c

3m2
Ω∗

c

− 2m3
c

9mb
− 2m4

c

9m2
b

]
+

4

m2
Ω∗

b

F2(m
2
V )F7(m

2
V )

[8m2
b

9
+

4mbmc

3
+

2m2
c

9
− m3

c

3mb
− m4

c

9m2
b

]
− 4

m2
Ω∗

b

G2(m
2
V )G7(m

2
V )

[
− 8m2

b

9
+

4mbmc

3
− 2m2

c

9
− m3

c

3mb
+

m4
c

9m2
b

]
− 1

m2
Ω∗

b

G2
7(m

2
V )

[
− 16

3
m2

Ω∗
b
mb −

16m2
Ω∗

c
mb

3
+

16m2
b

9
+

8m2
Ω∗

b
mc

3
+

8m2
Ω∗

c
mc

3
+

8mbmc

9

− 4m2
c

3
+

4mΩ∗
b
m2

c

3mΩ∗
c

+
4mΩ∗

c
m2

c

3mΩ∗
b

− 2m3
c

3m2
Ω∗

b

− 2m3
c

3m2
Ω∗

c

− 2m3
c

9mb
+

2m4
c

9m2
b

]
+

2

mΩ∗
b

F7(m
2
V )

( 1

m2
Ω∗

b

F4(m
2
V ) +

m+

m3
Ω∗

b

F5(m
2
V )

)[
− 32

9
mΩ∗

b
m2

b −
32mΩ∗

c
m2

b

9
+

16mΩ∗
b
m2

c

9
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+
16mΩ∗

c
m2

c

9
− 2m4

c

9mΩ∗
b
mb

− 2m4
c

9mΩ∗
c
mb

]
+
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mΩ∗
b
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V )

( 1
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Ω∗

b
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+
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+
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+
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Ω∗

b

+
7m3

c

9m2
V

−
8mΩ∗
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9mΩ∗
b
m2

V

+
2m2

Ω∗
c
m3

c

9m2
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Ω∗
b
m2

bmc

9m2
V

+
8m2
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9mΩ∗
b
mb

− m5
c

18mΩ∗
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b
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+
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c

18mΩ∗
c
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+

4

m3
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mΩ∗
b
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+
8mΩ∗

c
m3

b

9m2
V

+
4

3
mΩ∗
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+
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−
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−
2mΩ∗
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mbm
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c

3m2
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8mΩ∗

c
mbm
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c

9m2
V
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c

3mΩ∗
b

−
mΩ∗
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m3

c

9m2
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2mΩ∗

c
m3

c

9m2
V
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m2

Ω∗
c
m3

c

3mΩ∗
b
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V

− 5m4
c

18mΩ∗
b
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c

6mΩ∗
c
m2

V

+
mΩ∗

c
m4

c

9m2
Ω∗

b
m2

V

− m4
c

9mΩ∗
b
mb

− m5
c

18mΩ∗
b
m2

V mb
+

m5
c

18mΩ∗
c
m2

V mb

]
+

8

m4
Ω∗

b

G2(m
2
V )G5(m

2
V )

[
− 8

9
m2

Ω∗
c
m2

b +
8m4

Ω∗
c
m2

b

9m2
V

+
4

3
m2

Ω∗
c
mbmc −

4m4
Ω∗

c
mbmc

3m2
V

−
8m2

Ω∗
c
m2

bmc

9m2
V

− 2

9
m2

Ω∗
c
m2

c +
2m4

Ω∗
c
m2

c

9m2
V

+
4m2

Ω∗
c
mbm

2
c

3m2
V

+
2m2
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2
c

9m2
V

−
mΩ∗

c
m3

c

3mΩ∗
b

−
2m2
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c
m3

c

9m2
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+
m3

Ω∗
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c

3mΩ∗
b
m2
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− mbm
3
c

3m2
V

+
m4

c

9m2
Ω∗

b

+
m4

c

18m2
V

−
mΩ∗

c
m4

c

3mΩ∗
b
m2

V

−
m2

Ω∗
c
m4

c

9m2
Ω∗

b
m2

V

+
m5

c

9m2
Ω∗

b
m2

V

+
m5

c

12m2
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− m6
c
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2
b

]
− 8

m4
Ω∗

b
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2
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2
V )
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Ω∗
c
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b −
8m4

Ω∗
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b

9m2
V

+
4

3
m2
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4m4
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c
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3m2
V

+
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Ω∗
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V
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2
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Ω∗
c
m2

c −
2m4

Ω∗
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m2

c
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V

+
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c
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V
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c

9m2
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c
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3mΩ∗
b
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m3

c

9m2
V

+
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c

3mΩ∗
b
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V
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3
c

3m2
V

− m4
c

9m2
Ω∗

b

− m4
c

18m2
V

−
mΩ∗

c
m4

c

3mΩ∗
b
m2

V

+
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Ω∗
c
m4

c

9m2
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b
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V
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c

9m2
Ω∗

b
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V

+
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c
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+
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c
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2
b
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+
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m3
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b

G5(m
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V )
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Ω∗

b
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mΩ∗

c
m3

b +
16m3

Ω∗
c
m3

b

9m2
V

−
16mΩ∗
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8mΩ∗

b
m3

bmc

9m2
V

−
16mΩ∗
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9mΩ∗
b
m2

V

−
m2

Ω∗
c
m5

c

18m2
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−
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c
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+
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+
m3
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V
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V
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c
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c

9m2
V

−
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c

9mΩ∗
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V

+
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V
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c

18m2
Ω∗

b
m2

V

+
m6

c

36m2
V mb

+
m7

c

72m2
V m

2
b

]}
, (A.2)

where the quantities m+, m−, ma, mb, and mc are defined as follows:

m+ = mΩ∗
b
+mΩ∗

c
, m− = mΩ∗

b
−mΩ∗

c
, ma = m2

Ω∗
b
+m2

Ω∗
c
−m2

P ,

mb = mΩ∗
b
mΩ∗

c
, mc = m2

Ω∗
b
+m2

Ω∗
c
−m2

V . (A.3)

In the derivation of Eqs. (A.1) and (A.2), the following relations have been employed [1, 37]:∑
s

u
Ω∗

b

β (p, s) ū
Ω∗

b
ν (p, s) =−

(
/p+mΩ∗

b

) [
gβν − 1

3
γβγν − 2

3

pβpν
m2

Ω∗
b

+
1

3

pβγν − pνγβ
mΩ∗

b

]
,

∑
s′

u
Ω∗

c
ρ (p′, s′) ū

Ω∗
c

α (p′, s′) =−
(
/p′ +mΩ∗

c

) [
gρα − 1

3
γργα − 2

3

p′ρp
′
α

m2
Ω∗

c

+
1

3

p′ργα − p′αγρ

mΩ∗
c

]
,

∑
λ

ϵ∗µλ (q)ϵνλ(q) =− gµν +
qµqν

m2
V

. (A.4)
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