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We give a systematic study ofBc → BnV decays, whereBc andBn correspond to the antitriplet charmed
and octet baryons, respectively, while V stands for the vector mesons. We calculate the color-symmetric
contributions to the decays from the effective Hamiltonian with the factorization approach and extract the
antisymmetric ones based on the experimental measurements and SUð3ÞF flavor symmetry. We find that
most of the existing experimental data for Bc → BnV are consistent with our fitting results. We present all
the branching ratios of the Cabibbo allowed, singly Cabibbo suppressed, and doubly Cabibbo suppressed
decays of Bc → BnV. The decay parameters for the daughter baryons and mesons in Bc → BnV are also
evaluated. In particular, we point out that the Cabibbo allowed decays of Λþ

c → Λ0ρþ and Ξ0
c → Ξ−ρþ as

well as the singly Cabibbo suppressed ones of Λþ
c → Λ0K�þ, Ξþ

c → Σþϕ, and Ξ0
c → Ξ−K�þ have large

branching ratios and decay parameters with small uncertainties, which can be tested by the experimental
searches at the charm facilities.

DOI: 10.1103/PhysRevD.101.053002

I. INTRODUCTION

Recently, the LHCb Collaboration has obtained the
antitriplet charmed baryon lifetimes with high precision,
given by [1]

ðτΛþ
c
; τΞþ

c
; τΞ0

c
Þ

¼ ð203.5� 2.2; 456.8� 5.5; 154.5� 2.5Þ fs: ð1Þ

Note that the decay lifetime of Ξ0
c is 3σ above the pre-

vious averaged value of ð112� 12Þ fs in Particle Data
Group (PDG) [2]. Furthermore, BESIII [3] and Belle [4]
Collaborations have precisely measured the absolute
decay branching ratio for Λþ

c → pK−πþ with the world
average of

BðΛþ
c → pK−πþÞ ¼ ð6.28� 0.32Þ% ð2Þ

in PDG [2]. Moreover, Belle Collaboration has determined
the absolute branching ratios in Ξc, given by [5,6]

BðΞ0
c → Ξ−πþÞ ¼ ð1.80� 0.52Þ%;

BðΞþ
c → Ξ−πþπþÞ ¼ ð2.86� 1.27Þ%; ð3Þ

from the decay chains of Bmesons. These decay branching
ratios are important, as most of the other branching ratios of
antitriplet charmed baryons are measured relative to them.
It is known that there are some difficulties for the

theoretical study in the nonleptonic decays of charmed
baryons due to the failure of the factorization approach. On
the other hand, one can use the SUð3ÞF flavor symmetry to
relate the amplitudes among different decays [7–9]. This
becomes possible [10–27] as there have been recently many
new experimental measurements for charmed baryon
decays [3–6, 28–37]. In addition to the analysis of charmed
baryon decays with SUð3ÞF, the theoretical calculations
based on dynamical models have also been done in the
literature [38–50]. However, the results are often not
reliable and different among models. The main difficulties
are due to the unknown baryon wave functions and non-
factorizable contributions.
In this work, we concentrate on the decays ofBc → BnV

with the SUð3ÞF flavor symmetry, where Bc and Bn
correspond to the antitriplet charmed and octet baryons,
and V stands for the vector mesons, respectively. In fact,
some of the decay branching ratios have been recently
explored based on SUð3ÞF in Ref. [25]. However, the
approach in Ref. [25] has ignored the contributions from
color-symmetric parts of the effective Hamiltonian and

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOI. Funded by SCOAP3.

PHYSICAL REVIEW D 101, 053002 (2020)

2470-0010=2020=101(5)=053002(12) 053002-1 Published by the American Physical Society

https://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevD.101.053002&domain=pdf&date_stamp=2020-03-20
https://doi.org/10.1103/PhysRevD.101.053002
https://doi.org/10.1103/PhysRevD.101.053002
https://doi.org/10.1103/PhysRevD.101.053002
https://doi.org/10.1103/PhysRevD.101.053002
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


correlations among the SUð3ÞF parameters. In addition,
there should be four independent wave amplitudes [51],
but only one is used in Ref. [25]. In this study, we shall
include all the wave amplitudes and consider the full
effective Hamiltonian. We shall also discuss the decay
asymmetry parameters in Bc → BnV, such as the up-down
and longitudinal polarization asymmetries of Bn and the
asymmetry parameter of V.
This paper is organized as follows. In Sec. II, we present

the formalism. In Sec. III, we extract the SUð3ÞF param-
eters from the experimental data. We conclude our study
in Sec. IV.

II. FORMALISM

The most general form of the amplitude for Bc → BnV
can be written as

M ¼ ūfðpfÞϵμ�
�
A1γμγ5 þ A2

pfμ

mi
γ5 þ B1γμ þ B2

pfμ

mi

�

× uiðpiÞ; ð4Þ

where ϵμ is the four-vector polarization for the vector
meson of V, uiðpiÞ and ufðpfÞ are the four-component
spinors (momenta) for the initial and final baryons,
respectively, and mi represents the initial baryon mass.
In general, the physical vector meson with its momentum
in the z direction has the vector polarizations of ϵμ ¼
ð0; 1ffiffi

2
p ; �iffiffi

2
p ; 0Þ for λV ¼ �1 and ϵμ ¼ ðjp⃗V j=mV; 0; 0;

EV=mVÞ for λV ¼ 0, where λV is the helicity and mV ,
p⃗V , and EV are the mass, 3-momentum, and energy of the
vector meson, respectively. In the center of the momentum
frame (CMF), the kinematic factors of A2 and B2 in Eq. (4)
can be further written as

ϵμ�pfμ=mi ¼ ϵμ�piμ=mi ¼ ϵ0�: ð5Þ

Here, we have used pμ
i ¼ pμ

f þ pμ
V and ϵμp

μ
V ¼ 0, where

pV corresponds to the 4-momentum of the vector meson. It
is clear that the terms associated with A2 and B2 will only
contribute to the decay in the case of λV ¼ 0, which are
suppressed by the factor of pc=mV with pc defined as the
magnitude of the 3-momentum in the CMF, so that they can
be ignored.
The decay width, up-down asymmetry and longitudinal

polarization of Bc → BnV are given by

Γ ¼ pc

4π

Ef þmf

mi

×

�
2ðjSj2 þ jP2j2Þ þ

E2
V

m2
V
ðjSþDj2 þ jP1j2Þ

�
; ð6Þ

α ¼ 2E2
VReðSþDÞ�P1 þ 4m2

vReðS�P2Þ
2m2

VðjSj2 þ jP2j2Þ þ E2
VðjSþDj2 þ jP1j2Þ

; ð7Þ

PL ¼ 2E2
VReðSþDÞ�P1 − 4m2

VReðS�P2Þ
2m2

VðjSj2 þ jP2j2Þ þ E2
VðjSþDj2 þ jP1j2Þ

; ð8Þ

where S, P1;2, and D, corresponding to the orbital angular
momenta of l ¼ 0, 1, 2 in the nonrelativistic limit, are given
by [51]

S ¼ −A1; ð9Þ

P1 ¼ −
pc

EV

�
mi þmf

Ef þmf
B1 þ B2

�
; ð10Þ

P2 ¼
pc

Ef þmf
B1; ð11Þ

D ¼ −
p2
c

EVðEf þmfÞ
ðA1 − A2Þ; ð12Þ

respectively. Here, α and PL are defined by

dΓ
d cos θ

∝ 1þ α cos θ; ð13Þ

PL ¼ ΓðλBn
¼ 1Þ − ΓðλBn

¼ −1Þ
ΓðλBn

¼ 1Þ þ ΓðλBn
¼ −1Þ ; ð14Þ

where dΓ is the partial decay width, λBn
is the helicity of

Bn, and θ is the angle between the spin and momentum
directions of Bc and Bn, respectively.
Since the vector meson of V subsequently decays into

two pseudoscalar mesons, its polarization can be deter-
mined. As a result, we can discuss the decay asymmetry
parameter of V, defined by [38]

dΓV

d cos θV
∝ 1þ αVcos2θV; ð15Þ

with

αV ¼ E2
VðjSþDj2 þ jP1j2Þ −m2

VðjSj2 þ jP2j2Þ
m2

VðjSj2 þ jP2j2Þ
; ð16Þ

where dΓV is the partial decay width for the V decay and θV
is the polar angle between p⃗V and the momentum directions
of the pseudoscalar mesons in the CMF of V.
The effective Hamiltonian responsible for the decay

processes with Δc ¼ −1 is
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Heff

¼ GFffiffiffi
2

p
X

q;q0¼d;s

½c1V�
uqVcq0 ðūqÞðq̄0cÞ þ c2V�

uqVcq0 ðūqÞðq̄0cÞ�;

ð17Þ

where the quark operators are defined as ðq̄1q2Þ ¼
ðq̄1γμð1 − γ5Þq2Þ with summing over the colors, the
Wilson coefficient of c1ðc2Þ is 1.246ð−0.636Þ at the scale
of μ ¼ 1.25 GeV [52], and GF is the Fermi constant.
Note that ðq; q0Þ ¼ ðd; sÞ, ðd; dÞ, or ðs; sÞ and ðs; dÞ corres-
pond to the Cabibbo allowed, singly Cabibbo suppressed,
and doubly Cabibbo suppressed decays, respectively.

By using the Cabibbo-Kobayashi-Maskawa mixing
parameters of Vcs ¼ Vud ≈ 1 and sc ≡ Vus ¼ −Vcd ≈
0.225, the effective Hamiltonian in the flavor basis is
given by

Heff ¼
GF

2
ffiffiffi
2

p
�
c−
2
ϵlijHð6Þlk þ cþHð15Þijk

�
ðq̄jqkÞðq̄icÞ;

ð18Þ

where ðq1; q2; q3Þ ¼ ðu; d; sÞ, c� ¼ c1 � c2, and ϵlij rep-
resents the total antisymmetric tensor with ϵ123 ¼ 1. Here,
the tensor components are given by

Hð6Þij ¼

0
B@

0 0 0

0 2 2sc
0 2sc 2s2c

1
CA;

Hð15Þijk ¼

0
B@

0
B@

0 0 0

0 0 0

0 0 0

1
CA;

0
B@

0 −sc 1

−sc 0 0

1 0 0

1
CA;

0
B@

0 −s2c sc
−s2c 0 0

sc 0 0

1
CA

1
CA: ð19Þ

Two of the creation operators generated by Hð15Þ are symmetric in color. As a result, Hð15Þ does not contribute to the
nonfactorizable amplitudes since the charmed baryons are total antisymmetric in color [53,54].
We separate A1 and B1 into 6 and 15 parts under the SUð3ÞF symmetry,

A1 ¼ Að6Þ
1 þ Að15Þ

1 ;

B1 ¼ Bð6Þ
1 þ Bð15Þ

1 : ð20Þ

In Eq. (20), Að6Þ
1 and Bð6Þ

1 are parametrized as

Að6Þ
1 ðBc → BnVÞ ¼ a0Hð6ÞijðB0

cÞikðBnÞjkðVÞll þ a1Hijð6ÞðB0
cÞikðBnÞlkðVÞjl

þa2Hijð6ÞðB0
cÞikðVÞlkðBnÞjl þ a3Hijð6ÞðBnÞikðVÞjlðB0

cÞkl; ð21Þ

Bð6Þ
1 ðBc → BnVÞ ¼ b0Hð6ÞijðB0

cÞikðBnÞjkðVÞll þ b1Hijð6ÞðB0
cÞikðBnÞlkðVÞjl

þb2Hijð6ÞðB0
cÞikðVÞlkðBnÞjl þ b3Hijð6ÞðBnÞikðVÞjlðB0

cÞkl; ð22Þ

where ai and bi are the SUð3ÞF parameters, while Bc;n and V can be written under the tensor components of the SUð3ÞF
representations, given by

Bc ¼ ðΞ0
c;−Ξþ

c ;Λþ
c Þ;

Bn ¼

0
BBB@

1ffiffi
6

p Λþ 1ffiffi
2

p Σ0 Σþ p

Σ− 1ffiffi
6

p Λ − 1ffiffi
2

p Σ0 n

Ξ− Ξ0 −
ffiffi
2
3

q
Λ

1
CCCA; ð23Þ
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and

V ¼

0
BB@

1ffiffi
2

p ðωþ ρ0Þ ρþ K�þ

ρ− 1ffiffi
2

p ðω − ρ0Þ K�0

K�− K̄�0 ϕ

1
CCA; ð24Þ

respectively.
On the other hand, the contribution from Hð15Þ to c →

uq0q̄ is factorizable, given by

Mð15Þ ¼ GF

2
ffiffiffi
2

p VuqVcq0cþ

�
1þ 1

Nc

�

× hVjðūqÞj0ihBnjðq̄0cÞjBci ð25Þ

for the vector mesons with positive charges, while the
creation operators q̄0 and ū are interchanged for the neutral

vector mesons. Accordingly, Að15Þ
1 and Bð15Þ

1 in Eq. (20) are
given by [50]

Að15Þ
1 ¼ −

GF

2
ffiffiffi
2

p VuqVcq0fVmVcþ

×

�
1þ 1

Nc

��
g1 − g2

mi −mf

mi

�
;

Bð15Þ
1 ¼ GF

2
ffiffiffi
2

p VuqVcq0fVmVcþ

×

�
1þ 1

Nc

��
f1 þ f2

mi þmf

mi

�
; ð26Þ

where hVjðq̄q0Þj0i ¼ fVmVϵ
�
μ and Nc is the effective color

number. In Eq. (26), we take that fV ¼ 0.215 GeV and the
form factors of fiðgiÞ are defined by

hBnjðq̄cÞjBci ¼ ūfðpfÞ
��

f1γμ − f2iσμν
qν

mi
þ f3

qμ
mi

�

−
�
g1γμ − g2iσμν

qν

mi
þ g3

qμ
mi

�
γ5

�
uiðpiÞ:

ð27Þ

In our calculation, we evaluate the form factors from the
MIT bag model [55,56]. The baryon wave functions and
form factors are listed in the Appendix A.
The factorizable parts in A2 and B2 are given by

AðfacÞ
2 ¼ GFffiffiffi

2
p

�
cþ

�
1þ 1

Nc

�
� c−

�
1 −

1

Nc

��

× VuqVcq0fVmVg2; ð28Þ

BðfacÞ
2 ¼ −

GFffiffiffi
2

p
�
cþ

�
1þ 1

Nc

�
� c−

�
1 −

1

Nc

��

× VuqVcq0fVmVf2; ð29Þ

with the “�” signs for mesons with positive and neutral
charges, respectively. In general, it is also possible to
parametrize the nonfactorizable contributions in A2 and
B2 according to the SUð3ÞF symmetry. However, since
they are suppressed due to Eq. (5), we will neglect
these parts.

To sum up, Að15Þ
1 ðBð15Þ

1 Þ and AðfacÞ
2 ðBðfacÞ

2 Þ can be calcu-

lated from the factorization approach, while Að6Þ
1 ðBð6Þ

1 Þ are
parametrized by the SUð3ÞF symmetry. The detailed results
are shown in Appendix B.

III. NUMERICAL RESULTS

The effective color number can be extracted from the
decay branching ratio of Λþ

c → pϕ since it only receives
the factorizable contribution [43,53]. The decay amplitude
is given by

MðΛþ
c → pϕÞ ¼ GFffiffiffi

2
p VusVcs

�
c2 þ

c1
Nc

�

× hϕjðs̄sÞj0ihpjðūcÞjΛci: ð30Þ

With the form factors given in Appendix A, we obtain the
decay parameters

αðΛþ
c → pϕÞ ¼ −0.08;

PLðΛþ
c → pϕÞ ¼ −0.85; αVðΛþ

c → pϕÞ ¼ 0.97; ð31Þ

which are independent of Nc. On the other hand, with
the experimental data of BðΛþ

c → pϕÞ ¼ ð1.06� 0.14Þ ×
10−3 [2], we find that ðc2 þ c1=NcÞ ¼ 0.49, leading to
Nc ¼ 9, while the effective coupling strengths are found
to be

A1ðΛþ
c → pϕÞ ¼ 0.0110GF GeV2;

B1ðΛþ
c → pϕÞ ¼ −0.0175GF GeV2; ð32Þ

A2ðΛþ
c → pϕÞ ¼ 0.0034GF GeV2;

B2ðΛþ
c → pϕÞ ¼ 0.0109GF GeV2: ð33Þ

For the other decay modes of Bc → BnV, the non-

factorizable effects in Að6Þ
1 and Bð6Þ

1 are sizable, which
cannot be ignored. The calculations of the nonfactorizable
amplitudes are nonperturbative, which are generally model
dependent. To tackle these effects, we determine the
parameters in Eqs. (21) and (22) with the experimental
data, which are listed in Table I. Here, we have used
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Eq. (C14) in Appendix C to exact the branching ratios in
Ξþ
c . In particular, we have BðΞþ

c → Ξ0ρþÞ ≈ BðΞþ
c →

Ξ0πþπ0Þ ¼ ð8.3� 3.6Þ% as the experimental branching
ratio, as stated in Appendix C. In addition, the branching
ratios of Ξþ

c → Σþϕ and Λþ
c → Σþρ0 can be obtained by

the event counting method in Refs. [57,58]. For Λþ
c → pϕ,

we impose 10% error deviations for the effective coupling

strengths in Eq. (32) to account for the errors in the form
factors evaluated from the MIT bag model.
In our numerical calculations, we adopt the minimal

χ2 fitting. We find that the minimal value of χ2=
ðdegree of freedomÞ is given by 18=4 ¼ 4.5, which is
reasonable as SUð3ÞF is not an exact symmetry. The results
of the effective coupling parameters are found to be

ða1; a2; a3; ãÞ ¼ ð−2.40� 0.24; 0.82� 0.44;−2.05� 0.38;−1.59� 0.10ÞGF GeV2; ð34Þ

ðb1; b2; b3; b̃Þ ¼ð6.91� 0.28;−0.82� 0.99; 2.82� 0.52; 0.75� 0.42ÞGF GeV2; ð35Þ

with the correlation in the sequences ða1; a2; a3; ã; b1; b2; b3; b̃Þ given by

R ¼

0
BBBBBBBBBBBBB@

1 −0.087 0.085 −0.043 0.423 0.161 −0.091 0.083

−0.087 1 0.599 0.325 0.043 0.540 0.105 0.363

0.085 0.599 1 −0.094 0.126 0.257 0.346 −0.096
−0.043 0.325 −0.094 1 −0.011 0.473 −0.308 0.640

0.423 0.043 0.126 −0.011 1 0.314 0.135 −0.150
0.161 0.540 0.257 0.473 0.314 1 −0.112 0.472

−0.091 0.105 0.346 −0.308 0.135 −0.112 1 −0.355
0.083 0.363 −0.096 0.640 −0.150 0.472 −0.355 1

1
CCCCCCCCCCCCCA

; ð36Þ

where ã ¼ a0 þ ða1 þ a2 − a3Þ=3 and b̃ ¼ b0 þ ðb1 þ
b2 − b3Þ=3. Accordingly, the branching ratios, up-down
asymmetries, and longitudinal polarizations for the Cab-
ibbo allowed, singly suppressed, and doubly suppressed
decays of Bc → BnV are shown in Tables II–IV, respec-
tively. The reconstructed branching ratios are also listed in
Table I. Most of the results are consistent with the
experimental data except BðΛþ

c → ΣþK�0Þ. The errors in
our results arise from the uncertainties in the SUð3ÞF
parameters, which could be viewed as error propagations
from the data. With more experimental data in the future,
the SUð3ÞF breaking effects could also be systematically
considered with additional parameters [8,15,27]. In this

work, we merely note that our results might have around
20% deviations caused by the SUð3ÞF breaking.
Note that our result of BðΛþ

c → Λ0ρþÞ ¼ ð4.81�
0.58Þ × 10−2 agrees with the experimental upper limit
of 6 × 10−2 (90% C.L.) [2,59], which is obtained from
BðΛþ

c → Λ0πþπ0Þ=BðΛþ
c → pK−πþÞ < 0.95 by CLEO

[59], where the resonant contribution of BðΛþ
c → Λ0ρþ;

ρþ → πþπ0Þ is included in BðΛþ
c → Λ0πþπ0Þ along with

BðΛþ
c → pK−πþÞ ¼ ð6.28� 0.32Þ%. However, it is incon-

sistentwith the latest experimentalmeasurement ofBðΛþ
c →

Λ0πþπ0Þ=BðΛþ
c → pK−πþÞ ¼ 1.20� 0.11 [3],making the

experimental upper limit for BðΛþ
c → Λ0ρþÞ questionable.

The other possible resonant dominated contribution in
Λþ
c → Λ0πþπ0 is given by

TABLE I. Decay branching ratios of Bc → BnV from the experimental data and our SUð3ÞF reconstructed values.

Channel 102Bex 102BSUð3Þ Channel 103Bex 103BSUð3Þ

Λþ
c → Λ0ρþ < 6 [2,59] 4.81� 0.58 Λþ

c → pω 0.94� 0.39 [2] 0.63� 0.34
Λþ
c → Σþω 1.70� 0.21 [2] 1.81� 0.19 Λþ

c → ΣþK�0 3.5� 1.0 [2] 0.38� 0.09
Λþ
c → pK̄�0 1.96� 0.27 [2] 2.03� 0.25 Λþ

c → pϕ 1.06� 0.14 [2] 0.87� 0.14
Λþ
c → Σþϕ 0.39� 0.06 [2] 0.39� 0.06 Ξþ

c → pK̄�0 4.13� 1.69 [2,6] 4.71� 1.22
Λþ
c → Σþρ0 1.0� 0.5 [2] 1.43� 0.42 Ξþ

c → Σþϕ 1.17� 0.87 [2,6,57] 1.82� 0.40
Ξþ
c → ΣþK̄�0 2.88� 1.06 [2,6] 1.40� 0.69 Ξ0

c → Λ0ϕ 0.49� 0.15 [2] 0.44� 0.08
Ξþ
c → Ξ0ρþ 8.2� 3.6 [2,6] 14.48� 2.44
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TABLE II. Cabibbo allowed decays of Bc → BnV.

Channel 102BSUð3Þ α PL αV

Λþ
c → Λ0ρþ 4.81� 0.58a −0.27� 0.04 −0.93� 0.05 2.01� 0.39

Λþ
c → pK̄�0 2.03� 0.25a −0.18� 0.05 −0.62� 0.16 4.96� 0.76

Λþ
c → Σ0ρþ 1.43� 0.42 −0.34� 0.18 −0.66� 0.34 9.82� 7.19

Λþ
c → Σþρ0 1.43� 0.42a −0.34� 0.18 −0.66� 0.34 9.82� 7.19

Λþ
c → Σþω 1.81� 0.19a −0.34� 0.11 −0.67� 0.22 1.60� 0.62

Λþ
c → Σþϕ 0.39� 0.06a 0.02� 0.03 0.08� 0.10 0.16� 0.01

Λþ
c → Ξ0K�þ 0.10� 0.10 −0.15� 0.20 −0.40� 0.55 0.35� 0.52

Ξþ
c → ΣþK̄�0 1.40� 0.69a 0.32� 0.30 0.37� 0.35 40.30þ68.54

−41.30
Ξþ
c → Ξ0ρþ 14.48� 2.44a 0.00� 0.07 −0.62� 0.13 1.07� 0.09

Ξ0
c → Λ0K̄�0 1.37� 0.26 −0.28� 0.10 −0.67� 0.24 6.94� 2.28

Ξ0
c → Σ0K̄�0 0.42� 0.23 −0.33� 0.50 −0.42� 0.62 38.99þ82.32

−39.99
Ξ0
c → ΣþK�− 0.24� 0.17 −0.37� 0.31 −0.76þ0.64

−0.24 1.94� 2.63
Ξ0
c → Ξ0ρ0 0.88� 0.22 −0.15� 0.18 −0.26� 0.32 20.55� 5.91

Ξ0
c → Ξ0ω 2.78� 0.45 −0.40� 0.07 −0.71� 0.12 2.03� 0.47

Ξ0
c → Ξ0ϕ 0.14� 0.13 0.22� 0.10 0.61� 0.27 0.71� 0.51

Ξ0
c → Ξ−ρþ 8.98� 0.55 −0.32� 0.01 −0.94� 0.01 2.45� 0.21
aReconstructed values.

TABLE III. Singly Cabibbo suppressed decays of Bc → BnV.

Channel 103BSUð3Þ α PL αV

Λþ
c → Λ0K�þ 3.35� 0.37 −0.13� 0.05 −0.81� 0.09 1.03� 0.22

Λþ
c → pρ0 0.02þ0.07

−0.02 −0.27þ1.27
−0.73 −0.28þ1.28

−0.72 � � �
Λþ
c → pω 0.63� 0.34a 0.36� 0.17 0.88þ0.12

−0.21 2.95� 1.01
Λþ
c → pϕ 0.87� 0.14a −0.06� 0.04 −0.83� 0.08 0.88� 0.14

Λþ
c → nρþ 1.76� 0.72 −0.09� 0.22 −0.84þ0.35

−0.16 1.48� 0.47
Λþ
c → Σ0K�þ 0.18� 0.04 −0.14� 0.17 −0.35� 0.41 11.71� 5.00

Λþ
c → ΣþK�0 0.38� 0.09a −0.14� 0.17 −0.34� 0.41 11.86� 4.99

Ξþ
c → Λ0ρþ 1.52� 0.57 0.49� 0.22 0.28� 0.46 2.05� 0.82

Ξþ
c → pK̄�0 4.71� 1.22a −0.12� 0.15 −0.23� 0.29 13.01� 1.39

Ξþ
c → Σ0ρþ 11.45� 1.52 −0.39� 0.02 −0.96� 0.00 3.32� 0.67

Ξþ
c → Σþρ0 2.85� 0.81 −0.42� 0.04 −0.91þ0.12

−0.09 4.99� 2.14
Ξþ
c → Σþω 4.11� 0.77 −0.13� 0.17 −0.48� 0.28 1.68� 0.23

Ξþ
c → Σþϕ 1.82� 0.40a −0.56� 0.02 −0.75� 0.06 3.19� 1.56

Ξþ
c → Ξ0K�þ 4.28� 1.64 0.28� 0.10 −0.45� 0.27 0.40� 0.07

Ξ0
c → Λ0ρ0 0.13� 0.11 0.51� 0.17 0.72� 0.21 13.22� 7.92

Ξ0
c → Λ0ω 1.51� 0.20 −0.16� 0.19 −0.19� 0.31 2.12� 0.19

Ξ0
c → Λ0ϕ 0.44� 0.08a −0.10� 0.13 −0.63� 0.32 0.90� 0.36

Ξ0
c → pK�− 0.19� 0.14 −0.47� 0.26 −0.88þ0.49

−0.12 3.36� 3.92
Ξ0
c → nK̄�0 2.52� 0.79 −0.31� 0.19 −0.58� 0.36 10.29� 3.73

Ξ0
c → Σ0ρ0 0.11� 0.10 −0.08� 0.25 −0.28� 0.69 6.42� 4.14

Ξ0
c → Σ0ω 0.70� 0.13 −0.13� 0.17 −0.48� 0.28 1.70� 0.24

Ξ0
c → Σ0ϕ 0.30� 0.07 −0.57� 0.02 −0.75� 0.06 3.21� 1.57

Ξ0
c → Σþρ− 0.19� 0.13 −0.50� 0.32 −0.83þ0.53

−0.17 3.24� 4.27
Ξ0
c → Σ−ρþ 5.56� 0.34 −0.37� 0.01 −0.97� 0.01 3.32� 0.27

Ξ0
c → Ξ0K�0 0.79� 0.23 −0.33� 0.15 −0.71þ0.32

−0.29 7.39� 6.19
Ξ0
c → Ξ−K�þ 3.36� 0.23 −0.12� 0.01 −0.87� 0.03 1.07� 0.09
aReconstructed values.
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BðΛþ
c → Σð1385Þ�þð0Þπ0ðþÞ;

Σ�þð0Þ → Λ0πþð0ÞÞ ¼ ð1.9� 0.4Þ × 10−3; ð37Þ

where we have taken BðΛþ
c → Σð1385ÞπÞ ¼ ð2.2� 0.4Þ ×

10−3 from our previous work [20] and BðΣð1385Þ →
ΛπÞ ¼ 0.87� 0.01 in PDG [2]. By subtracting these
resonant contributions in Λþ

c → Λπþπ0, we find that

BðΛþ
c → Λ0π0πþÞnon=BðΛþ

c → Λπ0πþÞ < 44% ð38Þ

with 90% C.L. and BðΛþ
c → Λ0π0πþÞnon ¼ ð1.9� 0.7Þ%

by neglecting other resonant channels, where the subscript
of “non” represents the nonresonant contribution only.
This result shows that Λþ

c → Λ0πþπ0 is dominated by
the resonances, which is one of the important predictions
in Ref. [21].
We point out that the decays of Λþ

c → ΣþK�0 and Ξþ
c →

pK̄�0 are dominated by the P1 waves in Eq. (10), which
contribute roughly 10 times larger than those from the S1,
P2, and D waves in Eqs. (9), (11), and (12), resulting in
αV ≈ 10. Two decays share the same coupling strengths in
terms of the U-spin symmetry [27], as they are related
through interchanging d and s quarks. Naively, one expects
that they should have the same decay widths. However, our
results indicate that

ΓðΛþ
c → ΣþK�0Þ=ΓðΞþ

c → pK̄�0ÞSUð3ÞF ¼ 0.18� 0.01;

ð39Þ

in which the uncertainty is very small. This hierarchy in
Eq. (39) can be understood by the phase space differences.
In the limit of P1 ≫ ðS; P2; DÞ, we have Γ ∝ p3

c þOðp5
cÞ,

which leads to the suppression in Λþ
c → ΣþK�0 due to the

smaller released energy given by

mΛþ
c
−mΣþ −mK�0 ¼ 0.20 GeV;

mΞþ
c
−mp −mK̄�0 ¼ 0.64 GeV: ð40Þ

It can be interpreted as the SUð3ÞF breaking effect, caused
by the mass differences. Meanwhile, the experimental data
lead to

ΓðΛþ
c → ΣþK�0Þ=ΓðΞþ

c → pK̄�0Þex ¼ 1.9� 0.8; ð41Þ
which is much larger than the value in Eq. (39). We remark
that in Ref. [25] the ratio is obtained as 0.66, which is also
smaller than the experimental value in Eq. (41). Despite this
inconsistence, we are still confident that our result in
Eq. (39) due to the phase space suppression is correct.
We view this result as one of our predictions and suggest
future experiments to revisit the channels.
It is interesting to note that the Cabibbo allowed decays

ofΛþ
c → Λ0ρþ and Ξ0

c → Ξ−ρþ have large branching ratios
and decay parameters with small uncertainties, as shown in
Table II, so that they can be viewed as the golden modes for
the experimental searches. Similarly, the singly Cabibbo
suppressed decays ofΛþ

c → Λ0K�þ, Ξþ
c → Σþϕ, and Ξ0

c →
Ξ−K�þ are also recommended to future experiments for the
same reasons. In addition, we point out that the decay

parameters in Ξþð0Þ
c → Σþð0Þϕ are almost the same in terms

of the isospin symmetry. However, the decay branching
ratio for the neutral Ξ0

c mode is suppressed due to the
shorter lifetime compared to the Ξþ

c one and the factor 2
from the Clebsch–Gordan (CG) coefficient.
In Table V, we compare our results of the Cabibbo

allowed decays with those in the literature, where Körner
and Krämer (KK) [38], Żenczykowski (Zen) [45] and

TABLE IV. Doubly Cabibbo suppressed decays of Bc → BnV.

Channel 104BSUð3Þ α PL αV

Λþ
c → pK�0 0.04þ0.05

−0.04 0.83þ0.17
−0.21 0.38� 0.55 2.13þ3.35

−3.13
Λþ
c → nK�þ 1.48� 0.25 −0.01� 0.06 −0.78� 0.12 0.99� 0.11

Ξþ
c → Λ0K�þ 0.34þ0.37

−0.34 0.59� 0.27 0.62� 0.31 10.37þ14.78
−11.37

Ξþ
c → pρ0 0.22� 0.17 −0.58� 0.25 −0.92þ0.39

−0.08 5.07� 5.72
Ξþ
c → pω 1.66� 0.70 0.42� 0.17 0.69� 0.28 3.55� 0.81

Ξþ
c → pϕ 2.29� 0.39 −0.40� 0.01 −0.93� 0.03 3.76� 1.04

Ξþ
c → nρþ 0.43� 0.33 −0.58� 0.25 −0.92þ0.39

−0.08 5.06� 5.72
Ξþ
c → Σ0K�þ 3.08� 0.20 −0.16� 0.01 −0.96� 0.02 1.56� 0.12

Ξþ
c → ΣþK�0 0.40� 0.08 −0.11� 0.03 −0.89þ0.16

−0.11 1.97� 0.63

Ξ0
c → Λ0K�0 0.28� 0.13 −0.35� 0.31 −0.58þ0.51

−0.42 14.64� 13.20
Ξ0
c → pρ− 0.15� 0.11 −0.58� 0.25 −0.92þ0.39

−0.08 5.09� 5.74
Ξ0
c → nρ0 0.07� 0.06 −0.58� 0.25 −0.92þ0.39

−0.08 5.08� 5.74
Ξ0
c → nω 0.56� 0.24 0.43� 0.17 0.69� 0.28 3.56� 0.82

Ξ0
c → nϕ 0.77� 0.13 −0.40� 0.01 −0.93� 0.03 3.77� 1.04

Ξ0
c → Σ0K�0 0.07� 0.01 −0.12� 0.03 −0.89þ0.16

−0.11 2.03� 0.64
Ξ0
c → Σ−K�þ 2.08� 0.14 −0.17� 0.01 −0.96� 0.02 1.58� 0.12
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Hsiao et al. (HYZ) [25] are the studies based on the
covariant quark model, pole model, and SUð3ÞF, respec-
tively. In Ref. [38], only the decay widths are provided,
instead of the branching ratios. To obtain the branching
ratios, we have used the lifetimes in Eq. (1). As seen from
Table V, our results are consistent with those in Ref. [38].
However, the branching ratios of ρþ modes ofΛþ

c → Λ0ρþ,
Λþ
c → Σ0ρþ, Ξþ

c → Ξ0ρþ, and Ξ0
c → Ξ−ρþ in Ref. [38]

are too large compared to our predictions as well as the
existing data. Furthermore, most of our results are com-
patible with those in Ref. [45], whereas they differ largely
in Λþ

c → Λ0ρþ, Ξ0
c → ðΞ−ρþ;Ξ0ωÞ, and Ξþ

c decays. Note
that, in Ref. [25], the contributions from Hð15Þ and the
correlations between the parameters are not included in
their calculations, resulting in larger errors than ours.
Except for the decays with the existing experimental data,
which are also the inputs for the fitting, the predictions in
Ref. [25] are quite different from ours, even though both of
us take the SUð3ÞF approach. In particular, due to the
different treatments of the wave amplitude, the predicted
decay branching ratio of Λþ

c → Ξ0K�þ in Ref. [25] is about
8 times larger than ours and the one in the literature [38,45].

IV. CONCLUSIONS

Wehave explored the charmedbaryondecays ofBc→BnV
based on the SUð3ÞF flavor symmetry. In these processes, we
have calculated the color-symmetric parts of the effective
Hamiltonian by the factorization approach assisted with the
MIT bag model, while the antisymmetric ones are extracted
from the experimental data. We have systematically
obtained all decay branching ratios and parameters in
Bc → BnV. We have found that our results are consistent
with the experimental data except Λþ

c → Σ0K�þ, for which

our fitted value of BðΛþ
c →Σ0K�þÞ¼ð0.38�0.09Þ×10−3 is

much smaller than the data of ð3.5� 1.0Þ × 10−3. As our
result contains a very small error, whereas the experimental
one is large, we are eager to see the precision measurement
of this mode in future experiments. We have demonstrated
that the branching ratios of Λþ

c → Λ0πþπ0 and Ξþ
c →

Ξ0πþπ0 are dominated by the resonances with the decay
chains of Λþ

c → Λ0ρþ; ρþ → πþπ0, and Ξþ
c → Ξ0ρþ;

ρþ → πþπ0, respectively. We have shown that most of
our results with SUð3ÞF are consistent with those calculated
from the dynamical models in Refs. [38,45]. However, the
predictions for the ρþ modes of Λþ

c → Λ0ρþ, Λþ
c → Σ0ρþ,

Ξþ
c → Ξ0ρþ, and Ξ0

c → Ξ−ρþ in Ref. [38] are too large,
whereas those of Λþ

c → Λ0ρþ and Ξ0
c → ðΞ−ρþ;Ξ0ωÞ in

Ref. [45] are found to be too small, compared to our values.
On the other hand, our results are very different from those
in Ref. [25], in which the SUð3ÞF approach is also used, but
the contributions from color-symmetric parts of the effec-
tive Hamiltonian are ignored.
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APPENDIX A: DYNAMICS

To get a consistent results with the SUð3ÞF representa-
tion in Sec. II, we adopt the baryon wave functions as

Bc ¼
1ffiffiffi
6

p ½ðBcÞkϵijkqiqjc ⊗ χA þ ð23Þ þ ð13Þ� ðA1Þ

TABLE V. Decay branching ratios (%) of the Cabibbo favored channels in our SUð3ÞF approach and those in
KK [38], Zen [45], and HYZ [25], along with the data in Ref. [2].

Channel Our results KK [38] Zen [45] HYZ [25] Data [2]

Λþ
c → Λ0ρþ 4.81� 0.58 19.4 1.80 0.74� 0.34 <6

Λþ
c → pK̄�0 2.03� 0.25 3.13 5.03 1.9� 0.3 1.96� 0.27

Λþ
c → Σ0ρþ 1.43� 0.42 3.19 1.56 0.61� 0.46

Λþ
c → Σþρ0 1.43� 0.42 3.17 1.56 0.61� 0.46

Λþ
c → Σþω 1.81� 0.19 4.09 1.10 1.6� 0.7 1.70� 0.21

Λþ
c → Σþϕ 0.39� 0.06 0.26 0.11 0.39� 0.06 0.39� 0.06

Λþ
c → Ξ0K�þ 0.10� 0.10 0.12 0.11 0.87� 0.27

Ξþ
c → ΣþK̄�0 1.40� 0.69 2.42 7.38 10.1� 2.9 2.88� 1.06

Ξþ
c → Ξ0ρþ 14.48� 2.44 99.0 5.48 9.9� 2.9 8.2� 3.6

Ξ0
c → Λ0K̄�0 1.37� 0.26 1.55 1.15 0.46� 0.21

Ξ0
c → Σ0K̄�0 0.42� 0.23 0.85 0.77 0.27� 0.22

Ξ0
c → ΣþK�− 0.24� 0.17 0.54 0.37 0.93� 0.29

Ξ0
c → Ξ0ρ0 0.88� 0.22 2.36 1.22 1.4� 0.4

Ξ0
c → Ξ0ω 2.78� 0.45 3.21 0.15 0.10þ0.86

−0.10
Ξ0
c → Ξ0ϕ 0.14� 0.13 0.25 0.10 0.015þ0.071

−0.015
Ξ0
c → Ξ−ρþ 8.98� 0.55 16.9 1.50 0.86� 0.12
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and

Bn ¼
1

3
½ðBnÞilϵljkqjqkqi ⊗ χA þ ð23Þ þ ð13Þ� ðA2Þ

for the antitriplet charmed and octet baryons, respectively,
where (23) stands for interchanging second and third
quarks in the first term, while (13) stands for first and
third ones. Here, the spin structure is defined as χA ¼
ð↑↓↑ − ↓↑↑Þ= ffiffiffi

2
p

.
The definitions in Eqs. (A1) and (A2) have different

signs for Ξ− and Λþ
c compared to those in Refs. [43,44],

while they differ in sign for Σþ, Ξ0, and Λ0 in Ref. [56].
In this work, the form factors are evaluated from the MIT

bag model [55,56]. We follow the calculations in Ref. [56].
For completeness, the input parameters are given by

mu;d ¼ 0.005 GeV; ms ¼ 0.28 GeV;

mc ¼ 1.5 GeV; R ¼ 5 GeV−1; ðA3Þ
where R is the radius of the quark bag. After correcting a
typographical error in the original derivation, Eq. (19f) in
Ref. [56] shall be read as

AT ¼ ðA − BÞNiNfR3Wi
−Wf

−J11ð−2R2=15Þ; ðA4Þ
where AT is one of the components in the axial vector,
AðBÞ is the quark overlapping factor for the spin-up
(down), NiðNfÞ is the normalized factor for the initial
(final) baryon, WiðfÞ

− is associated with the normalized
factor for quarks, and J11 is the overlapping between two
Bessel functions. The details can be found in Ref. [56].
Our results with q2 ¼ 0 are provided in Table VI, where

we have assumed the dipole momentum dependences,
given by

fi ¼
fð0Þ�

1 − q2

M2
V

�
2
; gi ¼

gð0Þ�
1 − q2

M2
A

�
2
; ðA5Þ

with ðMV;MAÞ ¼ ð2.01; 2.42Þ GeV for c → s and
ðMV;MAÞ ¼ ð2.11; 2.51Þ GeV for c → u=d. The sign
differences in the form factors compared to Ref. [56] are
due to the baryon wave functions.

APPENDIX B: AMPLITUDES WITH
SUð3ÞF REPRESENTATIONS

In this Appendix, we provide the effective coupling
strengths in Tables VII–IX. We distinguish A1ðB1Þ in
two different parts according to the effective Hamiltonian.

TABLE VI. Form factors for charmed baryons decaying to
octet baryons with q2 ¼ 0.

Channel f1 f2 f3 g1 g2 g3

Λþ
c → Λ0 −0.455 −0.189 −0.001 −0.497 0.055 0.438

Λþ
c → p 0.328 0.181 0.000 0.407 −0.070 −0.501

Λþ
c → n 0.330 0.182 −0.000 0.408 −0.070 −0.502

Ξþ
c → Λ0 −0.138 −0.093 0.009 −0.168 0.026 0.271

Ξþ
c → Σ0 0.290 0.201 −0.031 0.332 −0.031 −0.550

Ξþ
c → Σþ −0.410 −0.285 0.044 −0.469 0.044 0.778

Ξþ
c → Ξ0 −0.587 −0.309 0.029 −0.630 0.053 0.732

Ξ0
c → Λ0 0.137 0.093 −0.009 0.167 −0.026 −0.271

Ξ0
c → Σ0 0.288 0.201 −0.031 0.330 −0.031 −0.549

Ξ0
c → Σ− 0.408 0.284 −0.044 0.467 −0.045 −0.777

Ξ0
c → Ξ− 0.590 0.312 −0.030 0.632 −0.052 −0.738

TABLE VII. Effective coupling strengths for Cabibbo allow decays with units 10−1 GF GeV2.

Channel Að15Þ
1

AðfacÞ
2 Bð15Þ

1
BðfacÞ
2 Að6Þ

1

Λþ
c → Λ0ρþ 0.281 0.084 −0.430 0.312 −

ffiffi
6

p
a1
3

−
ffiffi
6

p
a2
3

−
ffiffi
6

p
a3
3

Λþ
c → pK̄�0 −0.305 0.052 0.460 0.154 −2a1

Λþ
c → Σ0ρþ 0 0 0 0 −

ffiffiffi
2

p
a1 þ

ffiffiffi
2

p
a2 þ

ffiffiffi
2

p
a3

Λþ
c → Σþρ0 0 0 0 0

ffiffiffi
2

p
a1 −

ffiffiffi
2

p
a2 −

ffiffiffi
2

p
a3

Λþ
c → Σþω 0 0 0 0 −2

ffiffiffi
2

p
ã −

ffiffi
2

p
a1
3

−
ffiffi
2

p
a2
3

þ
ffiffi
2

p
a3
3

Λþ
c → Σþϕ 0 0 0 0 −2ãþ 2a1

3
þ 2a2

3
− 2a3

3

Λþ
c → Ξ0K�þ 0 0 0 0 −2a2

Ξþ
c → ΣþK̄�0 0.335 −0.030 −0.656 −0.224 2a3

Ξþ
c → Ξ0ρþ 0.350 0.074 −0.619 0.472 −2a3

Ξ0
c → Λ0K̄�0 −0.123 0.018 0.213 0.073 − 2

ffiffi
6

p
a1

3
þ

ffiffi
6

p
a2
3

þ
ffiffi
6

p
a3
3

Ξ0
c → Σ0K̄�0 −0.236 0.021 0.461 0.158 −

ffiffiffi
2

p
a2 −

ffiffiffi
2

p
a3

Ξ0
c → ΣþK�− 0 0 0 0 2a2

Ξ0
c → Ξ0ρ0 0 0 0 0 −

ffiffiffi
2

p
a1 þ

ffiffiffi
2

p
a3

Ξ0
c → Ξ0ω 0 0 0 0 2

ffiffiffi
2

p
ãþ

ffiffi
2

p
a1
3

− 2
ffiffi
2

p
a2

3
−

ffiffi
2

p
a3
3

Ξ0
c → Ξ0ϕ 0 0 0 0 2ã − 2a1

3
þ 4a2

3
þ 2a3

3

Ξ0
c → Ξ−ρþ −0.351 −0.073 0.624 −0.477 2a1
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TABLE VIII. Effective coupling strengths for the singly Cabibbo suppressed decays with units 10−2 GF GeV2.

Channel Að15Þ
1

AðfacÞ
2 Bð15Þ

1
BðfacÞ
2 s−1c Að6Þ

1

Λþ
c → Λ0K�þ 0.812 0.242 −1.291 0.937 −

ffiffi
6

p
a1
3

þ 2
ffiffi
6

p
a2

3
−

ffiffi
6

p
a3
3

Λþ
c → pρ0 −0.397 0.067 0.574 0.192 −

ffiffiffi
2

p
a2 −

ffiffiffi
2

p
a3

Λþ
c → pω 0.406 −0.069 −0.589 −0.197 −2

ffiffiffi
2

p
ãþ 2

ffiffi
2

p
a1

3
−

ffiffi
2

p
a2
3

þ
ffiffi
2

p
a3
3

Λþ
c → pϕ −0.889 0.150 1.420 0.476 −2ã − 4a1

3
þ 2a2

3
− 2a3

3

Λþ
c → nρþ 0.563 0.248 −0.815 0.716 −2a2 − 2a3

Λþ
c → Σ0K�þ 0 0 0 0 −

ffiffiffi
2

p
a1 þ

ffiffiffi
2

p
a3

Λþ
c → ΣþK�0 0 0 0 0 −2a1 þ 2a3

Ξþ
c → Λ0ρþ −0.228 −0.085 0.379 −0.339 −

ffiffi
6

p
a1
3

−
ffiffi
6

p
a2
3

þ 2
ffiffi
6

p
a3

3

Ξþ
c → pK̄�0 0 0 0 0 −2a1 þ 2a3

Ξþ
c → Σ0ρþ 0.436 0.102 −0.818 0.733 −

ffiffiffi
2

p
a1 þ

ffiffiffi
2

p
a2

Ξþ
c → Σþρ0 0.436 −0.039 −0.818 −0.280

ffiffiffi
2

p
a1 −

ffiffiffi
2

p
a2

Ξþ
c → Σþω −0.446 0.040 0.840 0.287 −2

ffiffiffi
2

p
ã −

ffiffi
2

p
a1
3

−
ffiffi
2

p
a2
3

− 2
ffiffi
2

p
a3

3

Ξþ
c → Σþϕ 0.975 −0.087 −2.025 −0.692 −2ãþ 2a1

3
þ 2a2

3
þ 4a3

3

Ξþ
c → Ξ0K�þ 1.011 0.215 −1.858 1.418 −2a2 − 2a3

Ξ0
c → Λ0ρ0 −0.161 0.023 0.266 0.091

ffiffi
3

p
a1
3

þ
ffiffi
3

p
a2
3

− 2
ffiffi
3

p
a3

3

Ξ0
c → Λ0ω 0.164 −0.024 −0.273 −0.093 −2

ffiffiffi
3

p
ãþ

ffiffi
3

p
a1
3

þ
ffiffi
3

p
a2
3

Ξ0
c → Λ0ϕ −0.359 0.051 0.658 0.225 −

ffiffiffi
6

p
ã −

ffiffi
6

p
a1
3

−
ffiffi
6

p
a2
3

Ξ0
c → pK�− 0 0 0 0 2a2

Ξ0
c → nK̄�0 0 0 0 0 −2a1 þ 2a2 þ 2a3

Ξ0
c → Σ0ρ0 −0.307 0.028 0.575 0.197 −a1 − a2

Ξ0
c → Σ0ω 0.314 −0.028 −0.591 −0.202 2ãþ a1

3
þ a2

3
þ 2a3

3

Ξ0
c → Σ0ϕ −0.687 0.062 1.423 0.486 ffiffiffi

2
p

ã −
ffiffi
2

p
a1
3

−
ffiffi
2

p
a2
3

− 2
ffiffi
2

p
a3

3

Ξ0
c → Σþρ− 0 0 0 0 −2a2

Ξ0
c → Σ−ρþ 0.614 0.146 −1.151 1.031 −2a1

Ξ0
c → Ξ0K�0 0 0 0 0 2a1 − 2a2 − 2a3

Ξ0
c → Ξ−K�þ −1.014 −0.210 1.873 −1.431 2a1

TABLE IX. Effective coupling strengths for the doubly Cabibbo suppressed decays with units 10−3 GF GeV2.

Channel Að15Þ
1

AðfacÞ
2 Bð15Þ

1
BðfacÞ
2 s−2c Að6Þ

1

Λþ
c → pK�0 1.623 −0.275 −2.449 −0.820 2a3

Λþ
c → nK�þ 1.638 0.723 −2.481 2.179 −2a3

Ξþ
c → Λ0K�þ −0.664 −0.246 1.154 −1.031 −

ffiffi
6

p
a1
3

þ 2
ffiffi
6

p
a2

3
þ 2

ffiffi
6

p
a3

3

Ξþ
c → pρ0 0 0 0 0 −

ffiffiffi
2

p
a2

Ξþ
c → pω 0 0 0 0 −2

ffiffiffi
2

p
ãþ 2

ffiffi
2

p
a1

3
−

ffiffi
2

p
a2
3

− 2
ffiffi
2

p
a3

3

Ξþ
c → pϕ 0 0 0 0 −2ã − 4a1

3
þ 2a2

3
þ 4a3

3

Ξþ
c → nρþ 0 0 0 0 −2a2

Ξþ
c → Σ0K�þ 1.268 0.296 −2.491 2.232 −

ffiffiffi
2

p
a1

Ξþ
c → ΣþK�0 −1.781 0.159 3.492 1.194 −2a1

Ξ0
c → Λ0K�0 0.657 −0.094 −1.136 −0.387 −

ffiffi
6

p
a1
3

þ 2
ffiffi
6

p
a2

3
þ 2

ffiffi
6

p
a3

3

Ξ0
c → pρ− 0 0 0 0 −2a2

Ξ0
c → nρ0 0 0 0 0

ffiffiffi
2

p
a2

Ξ0
c → nω 0 0 0 0 −2

ffiffiffi
2

p
ãþ 2

ffiffi
2

p
a1

3
−

ffiffi
2

p
a2
3

− 2
ffiffi
2

p
a3

3

Ξ0
c → nϕ 0 0 0 0 −2ã − 4a1

3
þ 2a2

3
þ 4a3

3

Ξ0
c → Σ0K�0 1.255 −0.114 −2.454 −0.839

ffiffiffi
2

p
a1

Ξ0
c → Σ−K�þ 1.788 0.425 −3.502 3.138 −2a1
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Að15Þ
1 and Bð15Þ

1 are purely factorizable, which are calculated

through the form factors. On the other hand, Að6Þ
1 is

parametrized by the SUð3ÞF symmetry, while Bð6Þ
1 is

obtained by substituting bi for ai. The contributions from
A2 and B2 are suppressed as implied by Eq. (5). We only
consider the factorizable contributions in A2 and B2 for
consistency with the calculation in Λþ

c → pϕ.

APPENDIX C: EXPERIMENTAL BRANCHING
RATIOS

In Refs. [5,6], the experimental decay widths are given
by

ΓðB− → Λ̄−
cΞ0

cÞ ¼ ð5.81� 1.39Þ × 108 s−1; ðC1Þ

ΓðB̄0 → Λ̄−
cΞþ

c Þ ¼ð7.64� 2.94Þ × 108 s−1: ðC2Þ

The effective Hamiltonian responsible for the processes
is [52]

HeffðΔB ¼ 1Þ ¼ GFffiffiffi
2

p
	
ξc½C1ðμÞQc

1ðμÞ þ C2ðμÞQc
2ðμÞ�

þ ξu½C2ðμÞQu
2ðμÞ þ C2ðμÞQu

uðμÞ�

− ξt
Xi¼3

6

CiðμÞQiðμÞ


; ðC3Þ

where ξi ≡ V�
ibVis, Ci are the Wilson coefficients, and Oi

are given as

Qq
1 ¼ ðb̄iqjÞV−Aðq̄jsiÞV−A; ðC4Þ

Qq
2 ¼ðb̄qÞV−Aðq̄sÞV−A; ðC5Þ

Q3 ¼ðb̄sÞV−A
X
q

ðq̄qÞV−A; ðC6Þ

Q4 ¼ ðb̄isjÞV−A
X
q

ðq̄jqiÞV−A; ðC7Þ

Q5 ¼ðb̄sÞV−A
X
q

ðq̄qÞVþA; ðC8Þ

Q6 ¼ ðb̄isjÞV−A
X
q

ðq̄jqiÞVþA; ðC9Þ

with q ¼ u, d, s, c, b in the summations.
The tree order operators Oc

1 and Oc
2 are clearly isospin

singlets since they do not contain either up or down quarks.
The penguin operators O3 ∼O6 are also isospin singlets,
since they treat u and d on equal footing. By neglecting Ou

1

and Ou
2 due to ξu < 0.001, we find that the effective

Hamiltonian is an isospin scalar. By using the identity

�
1

2
;
1

2

����
B

�
j0; 0i ⊗

���� 12 ;
1

2


�
Bc

¼
�
1

2
;−

1

2

����
B

�
j0; 0i ⊗

���� 12 ;−
1

2


�
Bc

; ðC10Þ

with

���� 12 ;
1

2



B
¼ −jB̄0i;

���� 12 ;−
1

2



B
¼ jB−i; ðC11Þ

���� 12 ;
1

2



Bc

¼ jΞþ
c i;

���� 12 ;−
1

2



Bc

¼ jΞ0
ci;

j0; 0iBc
¼ jΛþ

c iBc
; ðC12Þ

we find that the two processes have the same decay widths
as stated in Ref. [6].
We average the decay widths in Eqs. (C2) and (C1),

given by

ΓðB → Λ−
cΞcÞ ¼ ð6.14� 1.26Þ × 108 s−1; ðC13Þ

which has a small uncertainty. With BðB̄0 → Λ̄−
cΞþ

c Þ ×
BðΞþ

c → Ξ−πþπþÞ ¼ ð3.32� 0.81Þ × 10−5 in Ref. [6],
we get

BðΞþ
c → Ξ−πþπþÞ ¼ ð3.56� 1.13Þ%: ðC14Þ

From Eq. (C14) and the CLEO data [60], we have

BexðΞþ
c → Ξ0πþπ0Þ ¼ ð8.2� 3.6Þ%; ðC15Þ

which contains both resonant and nonresonant contribu-
tions. On the other hand, the latest SUð3ÞF analysis with the
nonresonance shows that [21]

BnonðΞþ
c → Ξ0πþπ0Þ ¼ ð1.5� 0.3Þ%: ðC16Þ

As a result, the experimental branching ratio is clearly
dominated by the resonance. There are two dominating
candidates in the resonances, Ξþ

c → Ξ0ð1530Þπþ;Ξ0ρþ.
However, the first process is forbidden by the color
symmetry [20,53,54], which is supported by the exper-
imental data [60]

BðΞþ
c → Ξ0ð1530ÞπþÞ=BðΞþ

c → Ξ0πþπ0Þ < 0.3: ðC17Þ

Consequently, we could safely treat the experimental value
of BðΞþ

c → Ξ0πþπ0Þ as BðΞþ
c → Ξ0ρþÞ.
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