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Ξ++cc
Bcc B D(∗)

Bcc→BD∗

BR(Ξ++cc → Σ+D∗+) ∈ [0.46%,3.33%] τΞ++cc
= 256

BR(Ξ+cc→ ΛD∗+) ∈ [0.38%,2.63%] BR(Ξ+cc→ Σ0D∗+) ∈ [0.45%,3.16%] τΞ+cc
= 45 BR(Ω+cc→

Ξ0D∗+) ∈ [0.27%,1.03%] BR(Ω+cc→ Ξ0D+) ∈ [0.07%,0.44%] BR(Ω+cc→ Σ0D∗+) ∈ [0.06%,0.45%]
τΩ+cc
= 75

Abstract: The  discovery  of  has  inspired  new  interest  in  studying  doubly  heavy  baryons.  In  this  study,  the
weak decays of a doubly charmed baryon  to a light baryon  and a charm meson  (either a pseudoscalar or
a vector  one) are calculated.  Following our previous work,  we calculate the short  distance contributions under the
factorization hypothesis,  whereas the long distance contributions are modeled as the final  state interactions,  which
are calculated with the one particle exchange model. We find that the  decays' branching ratios are obvi-
ously larger, as they receive contributions of more polarization states. Among the decays that we investigate, the fol-
lowing  have  the  largest  branching  fractions:  estimated  with  fs;

 and  with  fs;  and 
, ,  and  with

 fs. By comparing the decay widths of pure color commensurate channels with those of pure bow-tie ones,
we find that the bow-tie mechanism plays an important role in charm decays.
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I.  INTRODUCTION

Ξ+cc

Ξ++cc Ξ++cc →
Λ+c K−π+π+ mΞ++cc

= 3.621
256

Ξ++cc → Ξ+c π+ Ξ++cc

Studies  on  doubly  heavy  baryons  that  contain  two
heavy  constituent  quarks  (c or b quark) have  been  con-
ducted  for  a  long  time.  They  are  predicted  by  the  quark
model and allowed by the quantum chrodynamics theory.
Physicists  believe  in  their  existence,  even  though  they
have not been found in experiments. The SELEX collab-
oration announced the discovery of  in 2002 and 2005
[1, 2]. However, the reported production is large, and the
lifetime that was measured is very long. Their results do
not  agree  with  the  theoretical  predictions  and  have  not
been confirmed by other experiments. In 2017, the LHCb
collaboration  declared  the  discovery  of  via 

 with  GeV [3]. In  2018,  the  LH-
Cb collaboration  measured  its  lifetime as  fs  [4]  and
confirmed  the  discovery  via [5].  is  the
first doubly  heavy  baryon  to  be  discovered  in  experi-
ments with  properties  that  agree  with  the  theoretical  ex-
pectations. Its discovery is meaningful to the study of the
hadron  spectrum  and  baryon  decays.  Physicists  have
already conducted substantial research on the spectrum of
doubly  heavy  baryons.  However,  the  determination  of  a
proper  framework  to  study  their  weak  decays  is  a  very

challenging task. Numerous studies have been conducted
on  this  topic  [6-24],  and  the  form  factors  as  well  as  the
semileptonic decays of a doubly heavy baryon to a singly
heavy baryon  have  been  studied  under  various  frame-
works. However, few systematic methods are available to
deal with even two body nonleptonic decays, which is es-
sential for  guiding  new  particle  discoveries,  understand-
ing  the  dynamics  of  strong  interactions,  and  testing  the
standard model precisely.

Ξ++cc

Ξ++cc

In  2017,  we  applied  final  state  interactions  (FSIs)  to
baryon decays at the charm scale to estimate the branch-
ing  fractions  of  two  body  nonleptonic  weak  decays  of
doubly charmed baryons [25].  We suggested two golden
discovery  channels  of ,  which,  as  mentioned  above,
were adopted by the LHCb collaboration and aided in the
discovery of the  particle. The discovery inspired the
research  of  doubly  heavy  baryons  and  further  questions
are posed: which are the golden discovery channels of the
other doubly charmed baryons and what else can we find
in  the  decays  of  doubly  charmed  baryons?  To  answer
these  questions,  further  research  on  the  weak  decays  of
doubly heavy baryons is  required.  In our previous work,
we calculated the decays of a doubly charmed baryon to a
singly charmed baryon and a light vector meson. We also

        Received 30 October 2020; Accepted 5 January 2021; Published online 23 February 2021
      * Supported by the National Natural Science Foundation of China (11765012, 12075126)
     † E-mail: lirh@imu.edu.cn

Chinese Physics C    Vol. 45, No. 4 (2021) 043108

 Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution of this work must main-
tain attribution to the author(s) and the title of the work, journal citation and DOI. Article funded by SCOAP3 and published under licence by Chinese Physical Society
and the Institute of High Energy Physics of the Chinese Academy of Sciences and the Institute of Modern Physics of the Chinese Academy of Sciences and IOP Pub-
lishing Ltd

043108-1



Ξ++cc

Ξ++cc

Bcc→BD(∗) Bcc
B

D(∗)

investigated  the  possibility  of  these  decays  as  potential
discovery channels  [26].  After  discovering , measur-
ing its lifetime, and confirming the discovery with anoth-
er  decay,  the  LHCb  collaboration  also  focused  on  the
weak decays of  with a charm meson in the final state
[27]. Motivated by these theoretical questions and experi-
mental efforts,  we  study  the  two  body  nonleptonic  de-
cays of a doubly charmed baryon , where 
represents  a  doubly  charmed  baryon,  denotes  a  light
baryon, and  is either a pseudoscalar or vector charm
meson.

There are many interesting physics to be explored in
baryon  decays.  For  example,  the CP violations  have
already been observed in K, B, and D meson decays but
have  not  been  observed  in  baryon  decays.  Theoretical
progress in this topic is slow because it is challenging to
calculate the dynamics. No systematic factorization meth-
od has been established thus far, even for two body non-
leptonic decays. In general, the contributions in two body
nonleptonic baryon  decays  can  be  topologically  classi-
fied  into  several  types: T, C, E, and B [28].  In b baryon
decays,  the E and B contributions  are  numerically  small
[29]. In the charm sector, the situation differs, and the E
and B contributions  may  become  important  [30].  The
study of  these  decays  will  aid  in  understanding  the  dy-
namics of baryon decays at the charm scale.

The  remainder  of  this  paper  is  organized  as  follows.
In Section  II,  the  phenomenological  framework  is  intro-
duced,  the  contributions  in  these  decays  are  discussed,
and  the  analytical  expressions  are  presented.  Section  III
presents several  inputs,  tables  of  our  results,  and discus-
sions.  A  summary  is  provided  in  Section  IV.  Owing  to
space  limitations,  we  list  all  of  the  expressions  of  the

amplitudes in Appendix B, whereas the strong couplings
are presented in Appendix C.

II.  THEORETICAL FRAMEWORK AND
ANALYTICAL CALCULATIONS

A.    Theoretical framework

Ξ++cc

HW = λiQi λi
Qi

Bcc→ i

In our previous work, we extended the model of FSIs
to  baryon  decays  [25, 26]  and  suggested  the  discovery
channels  for  successfully. We  also  found  a  misun-
derstanding of  FSIs  in  certain  earlier  reports,  and  inter-
ested readers are referred to our upcoming paper. To be-
gin with, we briefly introduce this framework by follow-
ing  the  ideas  proposed  in  Ref.  [31].  Suppose  that  the
weak Hamiltonian is in the form , where  are
the combinations of quark mixing matrix elements and 
are time  reversal  invariant  weak  operators.  The  amp-
litude of  can be decomposed as

⟨i;out |Q|Bcc; in⟩∗ =
∑

j

S ∗ji⟨ j;out |Q|Bcc; in⟩, (1)

S ji ≡ ⟨i;out | j; in⟩

S = 1+ iT

where  is  the strong interaction S matrix
element.  Using  the  unitarity  of  the S-matrix  and

, one can obtain an identity related to the optic-
al theorem:

2Abs ⟨i;out |Q|Bcc; in⟩ =
∑

j

T ∗ji⟨ j;out |Q|Bcc; in⟩. (2)

Bcc→BD(∗)
Specifically,  the  absorptive  part  in  the  amplitude  of

the  decay can be obtained as

AbsM(Bcc→BD(∗)) =
1
2

∑
j

 j∏
k=1

∫
d3qk

(2π)32Ek

 (2π)4δ4

pB+ pD(∗) −
j∑

k=1

qk


×M(pBcc

→ {qk})T ∗(pBpD(∗) → {qk}). (3)

2 ⇌

Eqs. (1) and (3) indicate that the decay process can be di-
vided into two steps. The first is the generation of an in-
termediate state under weak interactions, which is domin-
ated  by  short  distance  dynamics,  and  the  second  is  the
subsequent  formation  of  a  final  state  through  the  strong
interactions among intermediate particles. In principle, all
possible  intermediate  states  should  be  considered.
However,  based  on  the  argument  that  the -body  n-
body rescattering is  negligible  [32, 33],  we only need to
consider the intermediate states with two particles.

Bcc→BD(∗)

c→ s/d
The  weak  decays  are  induced  by  the

charged  current .  For  charm  decays  induced  by
the flavor changing neutral current (FCNC) with a quark
loop effect, cancellation occurs between the d and s quark
loop contributions; therefore, the FCNC contributions can

safely be ignored. The low energy effective Hamiltonian
with a charged current is given by

Heff =
GF√

2

∑
q=d,s

V∗cqVuD
[
C1(µ)Oq

1(µ)+C2(µ)Oq
2(µ)

]
+h.c.,

(4)
with

Oq
1 = (ūαDβ)V−A(q̄βcα)V−A,

Oq
2 = (ūαDα)V−A(q̄βcβ)V−A, (5)

D = s, d Vcq VuD

C1/2(µ)

where , , and  are the Cabibbo-Kobayashi-
Maskawa (CKM) matrix elements whose values are used
from  the  CKMfitter  Group  [34],  represents  the
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GF = 1.166×
10−5 GeV−2 Oq

1/2
α β

Wilson  coefficients,  the  Fermi  constant  is 
,  and  are  the  local  four-quark  operators

in which  and  are color indices.

Bcc

C′

E1

E2

The contributions  induced by  the  above  Hamiltonian
in two body nonleptonic  decays of  can be classified
into  eight  topological  diagrams,  which  are  depicted  in
Fig.  1.  The  external W emission  contribution  is  denoted
by  the  symbol T.  The  internal W emission  contributions
can be classified as two types. In the C diagram, the two
constituent quarks of the meson are all obtained from the
weak vertex. In the  diagram, one constituent quark of
the  meson  is  obtained  from  the  initial  state  baryon.  The
diagrams in the second line of Fig. 1 are all W exchange
diagrams. In ,  the light quark,  which is obtained from
the c quark by emitting a W boson, is picked up by the fi-
nal state baryon, whereas in , it is picked up by the fi-
nal  state  meson.  In  the  bow-tie  diagram (denoted  by B),
both  light  quarks  generated  in  the  weak  interaction  are
picked up  by  the  final  state  baryon.  The  strong  interac-
tions in Fig. 1, both short and long distance, are included
although they are not drawn.

Bcc→BD(∗)

Bcc BcM BD(∗)

The  short  distance  strong  interactions  are  associated
with the weak vertex, and this part of the contribution oc-
curs at a high energy scale so that the perturbative calcu-
lation is  still  valid.  Drawing on the  experience of  study-
ing b baryon decays [28, 29], one can observe that the W
exchange  contribution  can  be  safely  neglected  at  a  short
distance.  The  situation  differs  when  one  considers  the
long distance contributions, which are thought to be dom-
inating because of the low energy release, and the W ex-
change mechanism may become important [35-39]. A de-
cay process of  can be divided into two steps:
a  baryon first  decays to  and then to  via
long  distance  interactions.  The  former  step  occurs  at  a
short  distance;  therefore,  the W exchange  contribution
can be  omitted.  The  long  distance  part,  which  is  essen-
tially  nonperturbative,  is  difficult  to  calculate.  In  this
work, we  model  it  as  the  FSIs  and  perform  the  calcula-
tion at  the hadron level.  In  this  model,  the long distance
dynamics  are  realized  by  exchanging  hadron-state
particles  (depicted  in Fig.  2).  Now we  arrive  at  the  step
for calculating the amplitude in detail.

B.    Calculation of weak vertices
As stated in  the  previous  subsection,  the  first  step in

obtaining the  amplitude is  to  calculate  the  weak produc-
tion  of  an  intermediate  state.  To  avoid  double  counting,
this part of the contribution is short distance dynamics in
principle. At the hadron level, this part is represented by a
weak vertex.  At a short  distance,  the W exchange mech-
anism can  safely  be  neglected.  Therefore,  the  weak  ver-
tex can be calculated reliably with the factorization hypo-

 

Bcc→B(c) M(D(∗)) B(c)Fig.  1.    Topological  diagrams of  at  tree level.  denotes  a  light  baryon or  singly charmed baryon. M is  a  light
meson. The thick lines represent c quarks and the wavy lines represent W bosons.

 

 

BcM
Fig.  2.    Decay  process  indicated  at  hadron  level.  The  black
square is a weak vertex at which the intermediate state  is
generated.  The  gray  ellipse  represents  the  strong  interactions
between intermediate  particles,  which  is  realized  by  exchan-
ging hadrons.
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thesis.  Given  the  Hamiltonian  in  Eqs.  (4)  and  (5),  the T
diagram  in  the  factorization  hypothesis  is  factorized  as

follows:

A(Bcc→BcM) =
GF√

2

∑
q=d,s

V∗cqVuD (C2+C1/NC) ⟨M|(ūαDα)V−A|0⟩⟨Bc|(q̄βcβ)V−A|Bcc⟩ (6)

Nc = 3 Bcc 1/2 Bcwith . The weak transition of  to a spin-  singly charmed baryon  is parameterized as

⟨Bc(p′, s′z)|(V −A)µ|Bcc(p, sz)⟩ = ū(p′, s′z)
[
γµ f1(q2)+ iσµν

qν

M
f2(q2)+

qµ

M
f3(q2)

]
u(p, sz)

− ū(p′, s′z)
[
γµg1(q2)+ iσµν

qν

M
g2(q2)+

qµ

M
g3(q2)

]
γ5u(p, sz), (7)

q = p− p′ Bcc fi giwhere , M is the mass of , and  and  are
the form factors.

fi giThe expressions  of  and ,  which  can  be  obtained
with  the  aid  of  certain  quark  models  or  sum  rules,  are
used as inputs here. In this study, we adopt the results cal-
culated under the light-front quark model in Ref. [10].

The  decay  constants  of  pseudoscalar  and  vector
mesons are respectively defined as as

⟨0|Aµ|P(q)⟩ = i fPqµ , (8)

and

⟨0|Vµ|V(q)⟩ = fVmVϵµ , (9)

Bcc→BcP

where the subscripts "P" and "V" correspond to a pseudo-
scalar  and  vector  meson,  respectively.  Combining  Eqs.
(7)-(9), the weak vertex of  is expressed as

WT (Bcc→BcP) = i
GF√

2
V∗cqVuDa1 fPū(p′, s′z)

[
(M−M′) f1(m2

P)+ (M+M′)g1(m2
P)γ5

]
u(p, sz) . (10)

The C diagram can be calculated via its relation to the T diagram under Fierz transformation:

WC(Bcc→BcP) = i
GF√

2
V∗cqVuDa2 fPū(p′, s′z)

[
(M−M′) f1(m2

P)+ (M+M′)g1(m2
P)γ5

]
u(p, sz) . (11)

a1 =C2+C1/NC a2 =C1+

C2/NC

a1(mc) a2(mc) M′ Bc

In  the  above  equations,  and 
 are  the  combinations  of  Wilson  coefficients.  In

this  work,  the  decays  are  under  the  charm  scale,  so  we
use  and  in Ref. [40].  is the mass of .

f3 g3

m2
P/M

2
We  omit  the  terms  with  and  in  Eq.  (11),  because
they are suppressed by .

Bcc→BcVFor , we obtain
 

WT (Bcc→BcV) =
GF√

2
V∗cqVuDa1 fVϵ∗µū(p′, s′z)

[(
f1(m2

V )− M+M′

M
f2(m2

V )
)
γµ+

2
M

f2(m2
V )p′µ

−
(
g1(m2

V )+
M−M′

M
g2(m2

V )
)
γµγ5−

2
M

g2(m2
V )p′µγ5

]
u(p, sz) ,

WC(Bcc→BcV) =
GF√

2
V∗cqVuDa2 fVϵ∗µū(p′, s′z)

[(
f1(m2

V )− M+M′

M
f2(m2

V )
)
γµ+

2
M

f2(m2
V )p′µ

−
(
g1(m2

V )+
M−M′

M
g2(m2

V )
)
γµγ5−

2
M

g2(m2
V )p′µγ5

]
u(p, sz) . (12)

C.    Rescattering at long distance

The rescattering between the intermediate particles is
nonperturbative dynamics by nature and very difficult  to
calculate. In this work, we employ the framework of FS-

Ω+cc→ Ξ0D+s

Ω+cc→Ω0
c(K+/K∗+)→Ξ0D+s Ω

+
cc→ (Ξ+c /Ξ

′+
c )

Is  and  perform  the  calculation  with  the  one-particle-ex-
change model at the hadron level [31, 35-39, 41, 42]. In the-
following, we use  as an example to demon-
strate  the detailed process  of  our  calculation.  This  decay
can proceed as , 
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(ϕ/η1/η8)→Ξ0D+s Ω+cc→ (Ξ0
c/Ξ

′0
c )(π+/ρ+)→ Ξ0D+s

c→ sus̄
c→ dud̄

Ω0
c(K+/K∗+) (Ξ0

c/Ξ
′0
c )(π+/ρ+)

(Ξ+c /Ξ
′+
c )(ϕ/η1/η8)

,  and .
The first one is induced by  at the quark level and
the  latter  two  are  induced  by ,  which  indicates
that it is a singly CKM suppressed decay. The intermedi-
ate states  and  are generated
via the T diagram, and  originates from
the C mechanism.

As  mentioned  previously  and  depicted  in Fig.  2,  the
long  distance  contributions  are  calculated  at  the  hadron
level. The  calculation  is  performed  with  the  chiral  Lag-
rangian. One can draw all of the leading diagrams accord-
ing to  the  perturbation  theory  with  only  one  particle  ex-
changed, as in Fig.  3.  The Lagrangian used in this study
is  obtained  from Refs.  [43-46].  The  readers  can  refer  to
Ref. [25] for specific expressions.

Ω+cc

500 Ξ++cc

The  three  diagrams  of  the s channel,  presented  in
Figs.  3(g), (h) and (i),  make a sizeable contribution only
when the mass of each resonant state is quite close to the
mass  of  the  mother  particle .  Among  the  discovered
singly charmed baryons, even the heaviest one is approx-
imately  MeV lighter than . Therefore, these con-
tributions are supposed to be suppressed by the off-shell
effect.  As  a  result,  we neglect  these  contributions  in  our
calculation and only consider the t channel contributions,
which are  the typical  triangle  diagrams depicted in Figs.

3(a)-(f).  Eq.  (3)  is  employed  to  calculate  the  absorptive
part of these diagrams. In principle, the amplitude of the
diagram can be obtained via the dispersion relation

A(m2
1) =

1
π

∫ ∞

s

Abs A(s′)
s′−m2

1− iϵ
ds′. (13)

As opposed to QCD sum rules, our calculation is per-
formed in the physical kinematics region, where a singu-
larity exists in the above integration. In this study, we fol-
low the scheme adopted by Hai-Yang Cheng, Chun-Khi-
ang  Chua,  and  Amarjit  Soni  in  Ref.  [31]. Only  the  ab-
sorptive part of the amplitude is maintained for order es-
timation. An additional phenomenological factor is asso-
ciated with the exchanged particle to account for  its  off-
shell effect  and  to  make  the  theoretical  framework  con-
sistent.  The  expression  of  this  factor  is  provided  in  the
following subsection.

D.    Analytical expressions for diagrams
We derive  the  analytical  expressions  of  the  amp-

litudes by combining the discussions in Sections II B and
II C in this subsection. To simplify the subscripts, we as-
sign numbers to the particles in a triangle diagram, as il-
lustrated in Fig. 4, in which the momentum flows are also

Ω+cc→ Ξ0D+s

Ω0
c K+/K∗+ Ξ+c /Ξ

′+
c ϕ/η1/η8

Ξ0
c/Ξ

′0
c π+/ρ+.

Fig. 3.    Leading FSI contributions to  manifested at hadron level. The black squares denote weak vertices and dots repres-
ent strong vertices. Each thick line in diagrams (g), (h), and (i) denotes a resonant structure. Diagrams (a), (d), and (g) are induced by
the rescattering between  and , diagrams (b), (c), (e), and (h) by the rescattering between  and , and diagram (f)
by  and 
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Ma/b/c/d/e/ f (P2; P3; P4)

a/b/c/d/e/ f P2
P3 P4 2 3 4

defined.  We  use  to  denote  the
amplitude  of  such  a  triangle  diagram.  The  subscripts
" "  correspond  to Figs.  3(a)-(f),  whereas ,

,  and  denote the particles at positions , ,  and ,
respectively.

P2 = K+ P3 = Ω0
c P4 = D∗0

Specifically,  the  absorptive  part  of Fig.  3(a) is  given
by , , and 

Abs Ma(K+;Ω0
c ; D∗0) =

∫ | p⃗2|sinθdθdφ
32π2mΩ+cc

GF√
2

V∗csVusa1 fK+
F2(t,mD∗0 )

t−m2
D∗0 + imD∗0ΓD∗0

gD∗0D+s K+ p2α

×u(p6, s′z)
 f1Ω0

cΞ
0D∗0γµ(−gµα+

pµ4 pα4
m2

D∗0
)+

f2Ω0
cΞ

0D∗0

mΩ0
c
+mΞ0

σµνip
µ
4(−gνα+

pν4 pα4
m2

D∗0
)


× (/p3+mΩ0
c
)
[
(mΩ+cc

−mΩ0
c
) f1(m2

K+ )+ (mΩ+cc
+mΩ0

c
)g1(m2

k+ )γ5
]
u(p1, sz). (14)

Ω0
c D∗0

θ ϕ p⃗3

gD∗0D+s K+ f1Ω0
cΞ

0D∗0 f2Ω0
cΞ

0D∗0

P2 P3

F(t,m)
F(t,m)

In  the  calculation,  summations  over  the  polarization
states of the intermediate and exchanged particles need to
be  performed.  For  example,  in Fig.  3(a),  one  needs  to
sum  over  the  polarization  states  of  and .  In  Eq.
(14),  and  are the polar and azimuthal angles of  in
the  spherical  coordinate  system,  respectively,  whereas

, ,  and  are strong  coupling  con-
stants. Furthermore,  and  are set to be on-shell. To
account for the off-shell effect and to make the theoretic-
al  framework  self-consistent,  a  Breit-Wigner  structure
and  a  form  factor  are associated  with  the  ex-
changed  particle.  The  form  factor  is parameter-
ized as [31]

F(t,m) =
(
Λ2−m2

Λ2− t

)n

, (15)

1 t = m2

Λ

which is  normalized to  at ,  where m is  the mass
of the exchanged particle. The cutoff  is given as

Λ = m+ηΛQCD (16)

ΛQCD = 330MeV
η

η = 1.5 1 2

1

with .  The  phenomenological  parameter
 depends on all of the particles at the strong vertex. Be-

cause numerous strong vertices appear in the calculation,
a huge  amount  of  experimental  data  are  required  to  de-
termine these parameters individually. In our calculation,
we set  and vary it from  to  for the error estima-
tions.  In  Eq.  (15), n is another  phenomenological  para-
meter that  needs to be extracted from experimental  data.
Owing to a lack of experimental data, we draw on the ex-
perience of Ref. [31] and set it to .

Similarly, the absorptive part of Fig. 3(d) is given as

Abs Md(K∗+;Ω0
c ; D0) =− i

∫ | p⃗2|sinθdθdφ
32π2mΩ+cc

GF√
2

V∗csVusa1 fK∗+
F2(t,mD0 )

t−m2
D0 + imD0ΓD0

gΩ0
cΞ

0D0 gD+s D0K∗+ (p5α+ p4α)

×u(p6, s′z)γ5(/p3+mΩ0
c
)
−gµα+

pµ2 pα2
m2

K∗+


×

[(
f1(m2

K∗+ )−
mΩ+cc
+mΩ0

c

mΩ+cc

f2(m2
K∗+ )

)
γµ +

2
mΩ+cc

f2(m2
K∗+ )p3µ

−
(
g1

(
m2

K∗+
)
+

mΩ+cc
−mΩ0

c

mΩ+cc

g2
(
m2

K∗+
))
γµγ5

− 2
mΩ+cc

g2
(
m2

K∗+
)

p3µγ5

]
u(p1, sz), (17)

Ω0
c K∗+

where the spin summation is performed over the polariza-
tion states of  and . It  should be stressed that cer-
tain symbols of strong coupling constants resemble those
of  weak  transition  form factors.  Readers  can  distinguish
these according  to  the  feature  that  strong  coupling  con-

Ω+cc→ Ξ0D+s

stants have particle names as subscripts. The expressions
of  the remaining diagrams in Fig.  3 are provided in  Ap-
pendix A.  With  all  of  the  diagrams  calculated,  the  amp-
litude of  is given as
 

 

Fig.  4.    Numbers  assigned to  lines  in  triangle  diagram.  The
arrows define the momentum directions in our calculation.
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A(Ω+cc→ Ξ0D+s ) = iAbs[Ma(K+;Ω0
c ; D∗0)+Mb(ϕ;Ξ+c ; D+s )+Mb(ϕ;Ξ′+c ; D+s )+Mc(ϕ;Ξ+c ;Ξ0)+Mc(ϕ;Ξ′+c ;Ξ0)

+Mc(η1;Ξ+c ;Ξ0)+Mc(η1;Ξ′+c ;Ξ0)+Mc(η8;Ξ+c ;Ξ0)+Mc(η8;Ξ′+c ;Ξ0)+Md(K∗+;Ω0
c ; D0)

+Me(η1;Ξ+c ; D∗+s )+Me(η1;Ξ′+c ; D∗+s )+Me(η8;Ξ+c ; D∗+s )+Me(η8;Ξ′+c ; D∗+s )

+M f (π+;Ξ0
c ;Ξ−)+M f (π+;Ξ′0c ;Ξ−)+M f (ρ+;Ξ0

c ;Ξ−)+M f (ρ+;Ξ′0c ;Ξ−)]. (18)

The amplitudes of the other decays can be obtained in the
same  manner.  Owing  to  space  limitations,  we  provide
these expressions in Appendix B.

III.  NUMERICAL RESULTS AND DISCUSSIONS

Bcc→BD(∗)

Bcc

The decay width of  can be calculated at
the rest frame of  by

Γ(Bcc→BD(∗)) =

√
(m2
Bcc
− (mB+mD(∗) )2)((m2

Bcc
− (mB−mD(∗) )2

32πm3
Bcc

∑
pol.

|A(Bcc→BD(∗))|2, (19)

1/2

Bcc

where the  summations  are  performed  over  the  polariza-
tions of the initial and final states. Moreover, a factor 
has already been multiplied to average over the polariza-
tions of the mother particle .

S U(3)F

The calculation of  the  short  distance  contribution re-
quires  the  decay  constants  of  several  pseudoscalar  and
vector  mesons,  which  are  presented  in Table  1. Further-
more,  numerous  strong  couplings  are  required,  most  of
which are obtained from Refs. [31, 47-53]. Certain strong
couplings that cannot be found in literature are calculated
under the  symmetry. The data of the strong coup-
lings are presented in Appendix C.

τΞ++cc
= 256fs

Ξ++cc

Ξ++cc →BD∗

Ξ++cc →BD

Ξ++cc →BD∗

Now we  can  obtain  the  numerical  values  of  the  re-
lated decays. We use the lifetime , which was
measured by the LHCb collaboration [4], to calculate the
branching fractions of the  decays, and our results are
presented in Table 2. It can be observed that the branch-
ing ratios of the  decays tend to be larger than
those  of  the  mode when  the  quark  constitu-
ents  are  the  same.  This  can  easily  be  understood  by  the
fact  that  decays  have  more  polarization

Ξ++cc → Σ+D∗+

states. Among these  decays,  the  CKM favored ones  cer-
tainly have the largest branching ratios. The branching ra-
tio  of  is  estimated  to  reach  the  percentage
level.

Ξ+cc Ω+cc

Bcc→BD Bcc→BD∗

In Tables 3 and 4 the decay widths of  and  de-
cays instead  of  the  branching  ratios,  because  no  experi-
mental  data  of  their  lifetimes  are  available.  Among  the
decays  of  the  same  mode,  or ,  the
CKM favored, singly CKM suppressed, and doubly CKM
suppressed decays fall into a hierarchy naturally.
Ξ+cc→ ΛD∗+ Ξ+cc→ Σ0D∗+

Ξ+cc→BD(∗)

τΞ+cc
= 45 fs

 and  possess the largest  de-
cay widths  among the  decays. When estim-
ated  with  a  recently  calculated  lifetime  of  in
Ref. [57], their branching ratios are given by

BR(Ξ+cc→ ΛD∗+) ∈ [0.38%,2.63%],

BR(Ξ+cc→ Σ0D∗+) ∈ [0.45%,3.16%]. (20)

Ω+cc
75 ∼ 180 75

Ω+cc→BD(∗)

The lifetime of  is predicted to lie in the range of
 fs in Ref. [57]. Here, we use the boundary of 

fs to estimate the three largest branching fractions in the
 decays, which are given as

BR(Ω+cc→ Ξ0D∗+) ∈ [0.27%,1.03%],

BR(Ω+cc→ Ξ0D+) ∈ [0.07%,0.44%],

BR(Ω+cc→ Σ0D∗+) ∈ [0.06%,0.45%]. (21)

fη8
fη1

Table  1.    Decay  constants  of  light  pseudoscalar  and  vector
mesons  obtained  from  Refs.  [54, 55]  (in  units  of  MeV). 
and  are calculated using the formulae in Ref. [56].

fπ fK fη8 fη1 fρ fK∗ fω fϕ

130 156 163 152 216 217 195 233

Ξ++cc →BD(∗)

η 1 2
η = 1.5 C′

Table 2.    Results for branching ratios of . The terms "CF," "SCS," and "DCS" represent CKM favored, singly CKM sup-
pressed, and doubly CKM suppressed processes, respectively. The errors are estimated by varying  from  to , and the central values
are given at . Topologically, these decays are all classified as the  diagram.

Channel BR(10−3) CKM Channel BR(10−3) CKM

Ξ++cc → Σ+D+ 2.98+3.16
−2.02 CF Ξ++cc → Σ+D∗+ 16.06+17.28

−10.50 CF

Ξ++cc → Σ+D+s 0.17+0.18
−0.12 SCS Ξ++cc → Σ+D∗+s 2.68+2.64

−1.71 SCS

Ξ++cc → pD+ 0.16+0.18
−0.11 SCS Ξ++cc → pD∗+ 2.96+3.38

−2.06 SCS

Ξ++cc → pD+s 0.01+0.02
−0.00 DCS Ξ++cc → pD∗+s 0.11+0.13

−0.07 DCS

Bcc→BD(∗)Weak decays of doubly heavy baryons: Chin. Phys. C 45, 043108 (2021)
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Ω+cc→ Ξ0D+ Ω+cc→ Σ+D0

We also  specify  the  topological  contributions  of  the  de-
cays  in  the  tables.  It  can  be  observed  that  the  bow-tie
mechanism  makes  a  sizeable  contribution  to  the  charm
decays.  Let  us  take  and  as  an
example for clarification. The former decay is a pure col-
or commensurate process, whereas the latter one is purely
dominated by the bow-tie mechanism. It can be observed
from Table 4 that

Γ(Ω+cc→ Ξ0D+)
Γ(Ω+cc→ Σ+D0)

∼ 10. (22)

The ratio of their CKM matrix elements is

VcsV∗ud

VcsV∗us
∼ 4.4. (23)

20

Considering that the CKM factors are squared in the cal-
culation  of  decay  widths,  it  can  be  found  that  the  CKM
factors will cause a difference of approximately  times.
This means  that  the  bow-tie  mechanism  and  color  com-
mensurate mechanism contribute with the same order.

IV.  SUMMARY

Ξ++ccThe discovery of  in 2017 has inspired interest in
studying doubly  charmed  baryons.  Among  all  of  the  re-
lated  topics,  how  to  calculate  their  weak  decays  is  a
meaningful and challenging one, which can provide valu-
able suggestions for experimental research as well as aid
in  understanding  the  dynamics  of  baryon  decays.  In  our
previous  work,  we  applied  the  model  of  FSIs  to  baryon
decays and  realized  the  estimation  of  two  body  non-
leptonic decays of charm baryons.

Bcc→BD Bcc→BD∗

Bcc→BD∗

Ξ++cc → Σ+D∗+

Ξ++cc →BD(∗)

(0.46 ∼ 3.33)%
Ξ+cc→BD(∗) BR(Ξ+cc→ ΛD∗+) ∈ [0.38%,
2.63%] BR(Ξ+cc→ Σ0D∗+) ∈ [0.45%,3.16%]

In  this  study,  we  calculated  the  decays  of  a  doubly
charmed baryon to a light baryon and a charm meson. In
the  same  decay  mode,  or ,  the
CKM favored, singly CKM suppressed, and doubly CKM
suppressed  decays  fall  into  a  hierarchy  naturally.  The

 decays  tends  to  have  larger  branching  ratios
or  decay  widths  because  they  have  more  polarization
states. Moreover,  has the largest branching
ratio  in  decays,  which  lies  in  the  range
of .  The two largest branching ratios in the

 mode  are 
 and , which are

Ξ+cc→BD(∗)

η 1 2
η = 1.5 C′

Table 3.    Results for branching ratios of . The terms "CF," "SCS," and "DCS" represent CKM favored, singly CKM sup-
pressed, and doubly CKM suppressed processes, respectively. The errors are estimated by varying  from  to , and the central values
are given at . B and  represent the contributions in Fig. 1.

Channel Γ/GeV CKM Contributions Channel Γ/GeV CKM Contributions

Ξ+cc→ Σ0D+ (5.93+6.31
−4.05)∗10−15 CF C′  B Ξ+cc→ ΛD∗+ (1.82+2.03

−1.26)∗10−13 CF C′  B

Ξ+cc→ ΛD+ (5.84+6.16
−3.98)∗10−15 CF C′  B Ξ+cc→ Σ0D∗+ (2.17+2.45

−1.51)∗10−13 CF C′  B

Ξ+cc→ Σ+D0 (1.23+1.24
−0.77)∗10−15 CF B Ξ+cc→ Σ+D∗0 (6.77+7.37

−4.46)∗10−14 CF B

Ξ+cc→ Ξ0D+s (4.52+5.22
−3.49)∗10−16 CF B Ξ+cc→ Ξ0D∗+s (2.52+2.23

−1.48)∗10−14 CF B

Ξ+cc→ pD0 (1.85+2.02
−1.27)∗10−15 SCS B Ξ+cc→ Σ0D∗+s (1.15+1.41

−0.85)∗10−14 SCS C′  B

Ξ+cc→ ΛD+s (3.00+2.93
−2.00)∗10−16 SCS C′  B Ξ+cc→ ΛD∗+s (1.58+1.73

−1.09)∗10−14 SCS C′  B

Ξ+cc→ nD+ (1.59+1.87
−1.13)∗10−16 SCS C′  B Ξ+cc→ nD∗+ (1.04+1.41

−0.87)∗10−15 SCS C′  B

Ξ+cc→ Σ0D+s (2.85+2.72
−1.78)∗10−16 SCS C′  B Ξ+cc→ pD∗0 (9.46+10.20

−6.49 )∗10−15 SCS B

Ξ+cc→ nD+s (3.26+3.88
−2.41)∗10−17 DCS C′ Ξ+cc→ nD∗+s (1.47+1.57

−1.00)∗10−16 DCS C′

Ω+cc→BD(∗).Table 4.    The same as Table 3 but for decay widths of 

Channel Γ/GeV CKM Contributions Channels Γ/GeV CKM Contributions

Ω+cc→ Ξ0D+ (1.88+1.97
−1.25)∗10−14 CF C′ Ω+cc→ Ξ0D∗+ (4.99+4.05

−2.62)∗10−14 CF C′

Ω+cc→ Σ+D0 (1.76+1.71
−1.07)∗10−15 SCS B Ω+cc→ Σ0D∗+ (1.80+2.14

−1.27)∗10−14 SCS C′  B

Ω+cc→ ΛD+ (1.75+1.98
−1.21)∗10−15 SCS C′  B Ω+cc→ ΛD∗+ (7.65+8.69

−5.32)∗10−15 SCS C′  B

Ω+cc→ Ξ0D+s (9.93+10.87
−6.84 )∗10−16 SCS C′  B Ω+cc→ Ξ0D∗+s (4.26+4.06

−2.81)∗10−16 SCS C′  B

Ω+cc→ Σ0D+ (2.37+2.14
−1.20)∗10−16 SCS C′  B Ω+cc→ Σ+D∗0 (6.91+6.24

−4.15)∗10−15 SCS B

Ω+cc→ Σ0D+s (1.17+10.93
−6.57 )∗10−16 DCS C′  B Ω+cc→ Σ0D∗+s (1.68+1.92

−1.18)∗10−16 DCS C′  B

Ω+cc→ pD0 (1.74+2.05
−1.23)∗10−17 DCS B Ω+cc→ pD∗0 (3.83+4.85

−2.74)∗10−16 DCS B

Ω+cc→ nD+ (4.32+5.56
−3.30)∗10−17 DCS B Ω+cc→ ΛD∗+s (1.06+1.27

−0.75)∗10−16 DCS B

Ω+cc→ ΛD+s (7.00+7.87
−4.85)∗10−18 DCS B Ω+cc→ nD∗+ (2.74+3.29

−2.09)∗10−17 DCS B
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τΞ+cc
= 45 Ω+cc→BD(∗)

BR(Ω+cc→ Ξ0D∗+) ∈ [0.27%,1.03%] BR(Ω+cc→ Ξ0D+) ∈
[0.07%,0.44%] BR(Ω+cc→ Σ0D∗+) ∈ [0.06%,0.45%]

τΩ+cc
= 75

estimated  with  fs.  For  the  mode,
, 

,  and 
are  the  three  largest  ones,  and  they  are  calculated  with

 fs.
By comparing  the  decay  widths  of  pure  color  com-

mensurate processes  with  those  of  pure  bow-tie  pro-

cesses,  we  found  that  the  bow-tie  mechanism also  plays
an important role in charm decays.
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APPENDIX A: EXPRESSIONS OF DIAGRAMS (C)-(I) IN FIG. 3

Abs Mb(ϕ;Ξ+c ; D+s ) = i
∫ |p⃗2|sinθdθdφ

32π2mΩ+cc

GF√
2

V∗csVusa2 fϕ
F2(t,mD+s )

t−m2
D+s
+ imD+s ΓD+s

gΞ+cΞ0D+s gD+s D+s ϕ(p4α+ p5α)

×u(p6, s′z)γ5(/p3+mΞ+c )

−gµα+
pµ2 pα2
m2
ϕ

× [(
f1(m2

ϕ)−
mΩ+cc
+mΞ+c

mΩ+cc

f2
(
m2
ϕ

))
γµ +

2
mΩ+cc

f2(m2
ϕ)p3µ

−
(
g1(m2

ϕ)+
mΩ+cc
−mΞ+c

mΩ+cc

g2(m2
ϕ)

)
γµγ5 −

2
mΩ+cc

g2(m2
ϕ)p3µγ5

]
u(p1, sz). (A1)

Abs Mb(ϕ;Ξ′+c ; D+s ) = i
∫ |p⃗2|sinθdθdφ

32π2mΩ+cc

GF√
2

V∗csVusa2 fϕ
F2(t,mD+s )

t−m2
D+s
+ imD+s ΓD+s

gΞ′+c Ξ0D+s gD+s D+s ϕ(p4α+ p5α)

×u(p6, s′z)γ5(/p3+mΞ′+c )

−gµα+
pµ2 pα2
m2
ϕ

×[( f1
(
m2
ϕ

)
−

mΩ+cc
+mΞ′+c

mΩ+cc

f2
(
m2
ϕ

))
γµ +

2
mΩ+cc

f2
(
m2
ϕ

)
p3µ

−
(
g1

(
m2
ϕ

)
+

mΩ+cc
−mΞ′+c

mΩ+cc

g2
(
m2
ϕ

))
γµγ5 −

2
mΩ+cc

g2
(
m2
ϕ

)
p3µγ5

]
u(p1, sz). (A2)

Abs Me(η1;Ξ+c ; D∗+s ) =−
∫ | p⃗2|sinθdθdφ

32π2mΩ+cc

GF√
2

V∗csVusa2 fη1

F2(t,mD∗+s )

t−m2
D∗+s
+ imD∗+s ΓD∗+s

gD∗+s D+s η1
p2α

×u(p6, s′z)

 f1Ξ+cΞ0D∗+s γµ

−gµα+
pµ4 pα4
m2

D∗+s

+ f2Ξ+cΞ0D∗+s

mΞ+c +mΞ0

σµνip
µ
4

−gνα+
pν4 pα4
m2

D∗+s




× (/p3+mΞ+c )
[
(mΩ+cc

−mΞ+c ) f1(m2
η1

)+ (mΩ+cc
+mΞ+c )g1(m2

η1
)γ5

]
u(p1, sz), (A3)

Abs Me(η1;Ξ′+c ; D∗+s ) =−
∫ | p⃗2|sinθdθdφ

32π2mΩ+cc

GF√
2

V∗csVusa2 fη1

F2(t,mD∗+s )

t−m2
D∗+s
+ imD∗+s ΓD∗+s

gD∗+s D+s η1
p2α

×u(p6, s′z)

 f1Ξ′+c Ξ0D∗+s γµ

−gµα+
pµ4 pα4
m2

D∗+s

+ f2Ξ′+c Ξ0D∗+s

mΞ′+c +mΞ0

σµνip
µ
4

−gνα+
pν4 pα4
m2

D∗+s




× (/p3+mΞ′+c )
[
(mΩ+cc

−mΞ′+c ) f1(m2
η1

)+ (mΩ+cc
+mΞ′+c )g1(m2

η1
)γ5

]
u(p1, sz), (A4)

Abs Me(η8;Ξ+c ; D∗+s ) =−
∫ | p⃗2|sinθdθdφ

32π2mΩ+cc

GF√
2

V∗csVusa2 fη8

F2(t,mD∗+s )

t−m2
D∗+s
+ imD∗+s ΓD∗+s

gD∗+s D+s η8
p2α

×u(p6, s′z)

 f1Ξ+cΞ0D∗+s γµ

−gµα+
pµ4 pα4
m2

D∗+s

+ f2Ξ+cΞ0D∗+s

mΞ+c +mΞ0

σµνip
µ
4

−gνα+
pν4 pα4
m2

D∗+s




× (/p3+mΞ+c )
[
(mΩ+cc

−mΞ+c ) f1(m2
η8

)+ (mΩ+cc
+mΞ+c )g1(m2

η8
)γ5

]
u(p1, sz), (A5)
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Abs Me(η8;Ξ′+c ; D∗+s ) =−
∫ | p⃗2|sinθdθdφ

32π2mΩ+cc

GF√
2

V∗csVusa2 fη8

F2(t,mD∗+s )

t−m2
D∗+s
+ imD∗+s ΓD∗+s

gD∗+s D+s η8
p2α

×u(p6, s′z)

 f1Ξ′+c Ξ0D∗+s γµ

−gµα+
pµ4 pα4
m2

D∗+s

+ f2Ξ′+c Ξ0D∗+s

mΞ′+c +mΞ0

σµνip
µ
4

−gνα+
pν4 pα4
m2

D∗+s




× (/p3+mΞ′+c )
[
(mΩ+cc

−mΞ′+c ) f1(m2
η8

)+ (mΩ+cc
+mΞ′+c )g1(m2

η8
)γ5

]
u(p1, sz), (A6)

Abs Mc(ϕ;Ξ+c ;Ξ0) = − i
∫ | p⃗2|sinθdθdφ

32π2mΩ+cc

GF√
2

V∗csVusa2 fϕ
F2(t,mΞ0 )

t−m2
Ξ0 + imΞ0ΓΞ0

gΞ+cΞ0D+s

×u(p5, s′z)

 f1Ξ0Ξ0ϕγµ

−gαµ+
pα2 pµ2
m2
ϕ

+ f2Ξ0Ξ0ϕ

mΞ0 +mΞ0

σµν(−ipµ2)

−gαν+
pα2 pν2
m2
ϕ


× (/p4+mΞ0 )γ5(/p3+mΞ+c )

[(
f1(m2

ϕ)−
mΩ+cc
+mΞ+c

mΩ+cc

f2(m2
ϕ)

)
γα +

2
mΩ+cc

f2(m2
ϕ)p3α

−
(
g1(m2

ϕ)+
mΩ+cc
−mΞ+c

mΩ+cc

g2(m2
ϕ)

)
γαγ5 −

2
mΩ+cc

g2(m2
ϕ)p3αγ5

]
u(p1, sz). (A7)

Abs Mc(ϕ;Ξ′+c ;Ξ0) = − i
∫ | p⃗2|sinθdθdφ

32π2mΩ+cc

GF√
2

V∗csVusa2 fϕ
F2(t,mΞ0 )

t−m2
Ξ0 + imΞ0ΓΞ0

gΞ′+c Ξ0D+s

×u(p5, s′z)

 f1Ξ0Ξ0ϕγµ

−gαµ+
pα2 pµ2
m2
ϕ

+ f2Ξ0Ξ0ϕ

mΞ0 +mΞ0

σµν(−ipµ2)

−gαν+
pα2 pν2
m2
ϕ


× (/p4+mΞ0 )γ5(/p3+mΞ′+c )

[(
f1(m2

ϕ)−
mΩ+cc
+mΞ′+c

mΩ+cc

f2(m2
ϕ)

)
γα +

2
mΩ+cc

f2(m2
ϕ)p3α

−
(
g1(m2

ϕ)+
mΩ+cc
−mΞ′+c

mΩ+cc

g2(m2
ϕ)

)
γαγ5 −

2
mΩ+cc

g2(m2
ϕ)p3αγ5

]
u(p1, sz). (A8)

Abs Mc(η1;Ξ+c ;Ξ0) =i
∫ | p⃗2|sinθdθdφ

32π2mΩ+cc

GF√
2

V∗csVusa2 fη1

F2(t,mΞ0 )
t−m2

Ξ0 + imΞ0ΓΞ0

gΞ0Ξ0η1
gΞ+cΞ0D+s

×u(p5, s′z)γ5(/p4+mΞ0 )γ5(/p3+mΞ+c )

×
[
(mΩ+cc

−mΞ+c ) f1(m2
η1

)+ (mΩ+cc
+mΞ+c )g1(m2

η1
)γ5

]
u(p1, sz). (A9)

Abs Mc(η1;Ξ′+c ;Ξ0) = i
∫ | p⃗2|sinθdθdφ

32π2mΩ+cc

GF√
2

V∗csVusa2 fη1

F2(t,mΞ0 )
t−m2

Ξ0 + imΞ0ΓΞ0

gΞ0Ξ0η1
gΞ′+c Ξ0D+s

×u(p5, s′z)γ5(/p4+mΞ0 )γ5(/p3+mΞ′+c )

×
[
(mΩ+cc

−mΞ′+c ) f1(m2
η1

)+ (mΩ+cc
+mΞ′+c )g1(m2

η1
)γ5

]
u(p1, sz). (A10)

Abs Mc(η8;Ξ+c ;Ξ0) = i
∫ | p⃗2|sinθdθdφ

32π2mΩ+cc

GF√
2

V∗csVusa2 fη8

F2(t,mΞ0 )
t−m2

Ξ0 + imΞ0ΓΞ0

gΞ0Ξ0η8
gΞ+cΞ0D+s

×u(p5, s′z)γ5(/p4+mΞ0 )γ5(/p3+mΞ+c )

×
[
(mΩ+cc

−mΞ+c ) f1(m2
η8

)+ (mΩ+cc
+mΞ+c )g1(m2

η8
)γ5

]
u(p1, sz). (A11)
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Abs Mc(η8;Ξ′+c ;Ξ0) = i
∫ | p⃗2|sinθdθdφ

32π2mΩ+cc

GF√
2

V∗csVusa2 fη8

F2(t,mΞ0 )
t−m2

Ξ0 + imΞ0ΓΞ0

gΞ0Ξ0η8
gΞ′+c Ξ0D+s

×u(p5, s′z)γ5(/p4+mΞ0 )γ5(/p3+mΞ′+c )

×
[
(mΩ+cc

−mΞ′+c ) f1(m2
η8

)+ (mΩ+cc
+mΞ′+c )g1(m2

η8
)γ5

]
u(p1, sz). (A12)

Abs M f (π+;Ξ0
c ;Ξ−) = i

∫ | p⃗2|sinθdθdφ
32π2mΩ+cc

GF√
2

V∗cdVuda2 fπ+
F2(t,mΞ− )

t−m2
Ξ−
+ imΞ−ΓΞ−

gΞ0Ξ−π+gΞ0
cΞ
−D+s

×u(p5, s′z)γ5(/p4+mΞ− )γ5(/p3+mΞ0
c
)

×
[
(mΩ+cc

−mΞ0
c
) f1(m2

π+ )+ (mΩ+cc
+mΞ0

c
)g1(m2

π+ )γ5
]
u(p1, sz). (A13)

Abs M f (π+;Ξ′0c ;Ξ−) = i
∫ | p⃗2|sinθdθdφ

32π2mΩ+cc

GF√
2

V∗cdVuda2 fπ+
F2(t,mΞ− )

t−m2
Ξ−
+ imΞ−ΓΞ−

gΞ0Ξ−π+gΞ′0c Ξ−D+s

×u(p5, s′z)γ5(/p4+mΞ− )γ5(/p3+mΞ′0c )

×
[
(mΩ+cc

−mΞ′0c ) f1(m2
π+ )+ (mΩ+cc

+mΞ′0c )g1(m2
π+ )γ5

]
u(p1, sz). (A14)

Abs M f (ρ+;Ξ0
c ;Ξ−) =− i

∫ | p⃗2|sinθdθdφ
32π2mΩ+cc

GF√
2

V∗cdVuda2 fρ+
F2(t,mΞ− )

t−m2
Ξ−
+ imΞ−ΓΞ−

gΞ0
cΞ
−D+s

×u(p5, s′z)
[

f1Ξ0Ξ−ρ+γµ+
f2Ξ0Ξ−ρ+

mΞ0 +mΞ−
σµν(−ipµ2)

]
× (/p4+mΞ− )γ5(/p3+mΞ0

c
)

−gαµ+
pα2 pµ2
m2
ρ+

−gαν+
pα2 pν2
m2
ρ+


×

[(
f1(m2

ρ+ )−
mΩ+cc
+mΞ0

c

mΩ+cc

f2(m2
ρ+ )

)
γα +

2
mΩ+cc

f2(m2
ρ+ )p3α

−
(
g1(m2

ρ+ )+
mΩ+cc
−mΞ0

c

mΩ+cc

g2(m2
ρ+ )

)
γαγ5 −

2
mΩ+cc

g2(m2
ρ+ )p3αγ5

]
u(p1, sz). (A15)

Abs M f (ρ+;Ξ′0c ;Ξ−) = − i
∫ | p⃗2|sinθdθdφ

32π2mΩ+cc

GF√
2

V∗cdVuda2 fρ+
F2(t,mΞ− )

t−m2
Ξ−
+ imΞ−ΓΞ−

gΞ′0c Ξ−D+s

×u(p5, s′z)
[

f1Ξ0Ξ−ρ+γµ+
f2Ξ0Ξ−ρ+

mΞ0 +mΞ−
σµν(−ipµ2)

]
× (/p4+mΞ− )γ5(/p3+mΞ′0c )

−gαµ+
pα2 pµ2
m2
ρ+

−gαν+
pα2 pν2
m2
ρ+


×

[(
f1(m2

ρ+ )−
mΩ+cc
+mΞ′0c

mΩ+cc

f2(m2
ρ+ )

)
γα +

2
mΩ+cc

f2(m2
ρ+ )p3α

−
(
g1(m2

ρ+ )+
mΩ+cc
−mΞ′0c

mΩ+cc

g2(m2
ρ+ )

)
γαγ5 −

2
mΩ+cc

g2(m2
ρ+ )p3αγ5

]
u(p1, sz). (A16)

APPENDIX B: EXPRESSIONS OF AMPLITUDES

Bcc→BD(∗)

M(P1,P2,P3,P4,P5,P6)

The  expressions  of  the  amplitudes  for  all  of  the
 decays  are  presented  in  this  section.  To

make  the  expressions  simpler,  we  define  a  function
 to  represent  the  absorptive  part

of the triangle diagram depicted in Fig. 4. The absorptive

part in Eq. (14) is related to this function as follows:

Abs Ma(K+;Ω0
c ; D∗0) =M(Ω+cc,K

+,Ω0
c ,D

∗0,Ξ0,D+s ). (B1)

Bcc→BD(∗)The  amplitudes  of  all  decays are  calcu-
lated as follows using this function:
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A(Ξ++cc → Σ+D+) = i[M(Ξ++cc ,π
+,Ξ+c ,D

∗0,D+,Σ+)+M(Ξ++cc ,π
+,Ξ′+c ,D

∗0,D+,Σ+)+M(Ξ++cc ,ρ
+,Ξ+c ,D

0,D+,Σ+)

+M(Ξ++cc ,ρ
+,Ξ′+c ,D

0,D+,Σ+)+M(Ξ++cc , K̄
0,Σ++c ,D

∗+
s ,D

+,Σ+)+M(Ξ++cc , K̄
∗0,Σ++c ,D

+
s ,D

+,Σ+)

+M(Ξ++cc ,π
+,Ξ+c ,Σ

0,Σ+,D+)+M(Ξ++cc ,π
+,Ξ+c ,Λ,Σ

+,D+)+M(Ξ++cc ,π
+,Ξ′+c ,Σ

0,Σ+,D+)

+M(Ξ++cc ,π
+,Ξ′+c ,Λ,Σ

+,D+)+M(Ξ++cc ,ρ
+,Ξ+c ,Σ

0,Σ+,D+)+M(Ξ++cc ,ρ
+,Ξ+c ,Λ,Σ

+,D+)

+M(Ξ++cc ,ρ
+,Ξ′+c ,Σ

0,Σ+,D+)+M(Ξ++cc ,ρ
+,Ξ′+c ,Λ,Σ

+,D+)+M(Ξ++cc , K̄
0,Σ++c , p,Σ

+,D+)

+M(Ξ++cc , K̄
∗0,Σ++c , p,Σ

+,D+)], (B2)

A(Ξ++cc → Σ+D∗+) = i[M(Ξ++cc ,π
+,Ξ+c ,D

0,D∗+,Σ+)+M(Ξ++cc ,π
+,Ξ′+c ,D

0,D∗+,Σ+)+M(Ξ++cc ,ρ
+,Ξ+c ,D

∗0,D∗+,Σ+)

+M(Ξ++cc ,ρ
+,Ξ′+c ,D

∗0,D∗+,Σ+)+M(Ξ++cc , K̄
0,Σ++c ,D

+
s ,D

∗+,Σ+)+M(Ξ++cc , K̄
∗0,Σ++c ,D

∗+
s ,D

∗+,Σ+)

+M(Ξ++cc ,π
+,Ξ+c ,Σ

0,Σ+,D∗+)+M(Ξ++cc ,π
+,Ξ+c ,Λ,Σ

+,D∗+)+M(Ξ++cc ,π
+,Ξ′+c ,Σ

0,Σ+,D∗+)

+M(Ξ++cc ,π
+,Ξ′+c ,Λ,Σ

+,D∗+)+M(Ξ++cc ,ρ
+,Ξ+c ,Σ

0,Σ+,D∗+)+M(Ξ++cc ,ρ
+,Ξ+c ,Λ,Σ

+,D∗+)

+M(Ξ++cc ,ρ
+,Ξ′+c ,Σ

0,Σ+,D∗+)+M(Ξ++cc ,ρ
+,Ξ′+c ,Λ,Σ

+,D∗+)+M(Ξ++cc , K̄
0,Σ++c , p,Σ

+,D∗+)

+M(Ξ++cc , K̄
∗0,Σ++c , p,Σ

+,D∗+)], (B3)

A(Ξ++cc → Σ+D+s ) = i[M(Ξ++cc ,K
+,Ξ+c ,D

∗0,D+s ,Σ
+)+M(Ξ++cc ,k

+,Ξ′+c ,D
∗0,D+s ,Σ

+)+M(Ξ++cc ,K
∗+,Ξ+c ,D

0,D+s ,Σ
+)

+M(Ξ++cc ,K
∗+,Ξ′+c ,D

0,D+s ,Σ
+)+M(Ξ++cc ,ϕ,Σ

++
c ,D

+
s ,D

+
s ,Σ
+)+M(Ξ++cc ,η1,Σ

++
c ,D

∗+
s ,D

+
s ,Σ
+)

+M(Ξ++cc ,η8,Σ
++
c ,D

∗+
s ,D

+
s ,Σ
+)+M(Ξ++cc ,K

+,Ξ+c ,Ξ
0,Σ+,D+s )+M(Ξ++cc ,K

+,Ξ′+c ,Ξ
0,Σ+,D+s )

+M(Ξ++cc ,K
∗+,Ξ+c ,Ξ

0,Σ+,D+s )+M(Ξ++cc ,K
∗+,Ξ′+c ,Ξ

0,Σ+,D+s )+M(Ξ++cc ,ϕ,Σ
++
c ,Σ

+,Σ+,D+s )

+M(Ξ++cc ,η1,Σ
++
c ,Σ

+,Σ+,D+s )+M(Ξ++cc ,η8,Σ
++
c ,Σ

+,Σ+,D+s )+M(Ξ++cc ,π
+,Λ+c ,Σ

0,Σ+,D+s )

+M(Ξ++cc ,π
+,Λ+c ,Λ,Σ

+,D+s )+M(Ξ++cc ,π
+,Σ+c ,Σ

0,Σ+,D+s )+M(Ξ++cc ,π
+,Σ+c ,Λ,Σ

+,D+s )

+M(Ξ++cc ,ρ
+,Λ+c ,Σ

0,Σ+,D+s )+M(Ξ++cc ,ρ
+,Λ+c ,Λ,Σ

+,D+s )+M(Ξ++cc ,ρ
+,Σ+c ,Σ

0,Σ+,D+s )

+M(Ξ++cc ,ρ
+,Σ+c ,Λ,Σ

+,D+s )], (B4)

A(Ξ++cc → Σ+D∗+s ) = i[M(Ξ++cc ,K
+,Ξ+c ,D

0,D∗+s ,Σ
+)+M(Ξ++cc ,K

+,Ξ′+c ,D
0,D∗+s ,Σ

+)+M(Ξ++cc ,K
∗+,Ξ+c ,D

∗0,D∗+s ,Σ
+)

+M(Ξ++cc ,K
∗+,Ξ′+c ,D

∗0,D∗+s ,Σ
+)+M(Ξ++cc ,ϕ,Σ

++
c ,D

∗+
s ,D

∗+
s ,Σ

+)+M(Ξ++cc ,η1,Σ
++
c ,D

+
s ,D

∗+
s ,Σ

+)

+M(Ξ++cc ,η8,Σ
++
c ,D

+
s ,D

∗+
s ,Σ

+)+M(Ξ++cc ,K
+,Ξ+c ,Ξ

0,Σ+,D∗+s )+M(Ξ++cc ,K
+,Ξ′+c ,Ξ

0,Σ+,D∗+s )

+M(Ξ++cc ,K
∗+,Ξ+c ,Ξ

0,Σ+,D∗+s )+M(Ξ++cc ,K
∗+,Ξ′+c ,Ξ

0,Σ+,D∗+s )+M(Ξ++cc ,ϕ,Σ
++
c ,Σ

+,Σ+,D∗+s )

+M(Ξ++cc ,η1,Σ
++
c ,Σ

+,Σ+,D∗+s )+M(Ξ++cc ,η8,Σ
++
c ,Σ

+,Σ+,D∗+s )+M(Ξ++cc ,π
+,Λ+c ,Σ

0,Σ+,D∗+s )

+M(Ξ++cc ,π
+,Λ+c ,Λ,Σ

+,D∗+s )+M(Ξ++cc ,π
+,Σ+c ,Σ

0,Σ+,D∗+s )+M(Ξ++cc ,π
+,Σ+c ,Λ,Σ

+,D∗+s )

+M(Ξ++cc ,ρ
+,Λ+c ,Σ

0,Σ+,D∗+s )+M(Ξ++cc ,ρ
+,Λ+c ,Λ,Σ

+,D∗+s )+M(Ξ++cc ,ρ
+,Σ+c ,Σ

0,Σ+,D∗+s )

+M(Ξ++cc ,ρ
+,Σ+c ,Λ,Σ

+,D∗+s )], (B5)

A(Ξ++cc → pD+) = i[M(Ξ++cc ,π
+,Λ+c ,D

∗0,D+, p)+M(Ξ++cc ,π
+,Σ+c ,D

∗0,D+, p)+M(Ξ++cc ,ρ
+,Λ+c ,D

0,D+, p)

+M(Ξ++cc ,ρ
+,Σ+c ,D

0,D+, p)+M(Ξ++cc ,ρ
0,Σ++c ,D

+,D+, p)+M(Ξ++cc ,ω,Σ
++
c ,D

+,D+, p)

+M(Ξ++cc ,π
0,Σ++c ,D

∗+,D+, p)+M(Ξ++cc ,η1,Σ
++
c ,D

∗+,D+, p)+M(Ξ++cc ,η8,Σ
++
c ,D

∗+,D+, p)
+M(Ξ++cc ,π

+,Λ+c ,n, p,D
+)+M(Ξ++cc ,π

+,Σ+c ,n, p,D
+)+M(Ξ++cc ,ρ

+,Λ+c ,n, p,D
+)

+M(Ξ++cc ,ρ
+,Σ+c ,n, p,D

+)+M(Ξ++cc ,ρ
0,Σ++c , p, p,D

+)+M(Ξ++cc ,π
0,Σ++c , p, p,D

+)

+M(Ξ++cc ,η1,Σ
++
c , p, p,D

+)+M(Ξ++cc ,η8,Σ
++
c , p, p,D

+)+M(Ξ++cc ,K
+,Ξ+c ,Σ

0, p,D+)

+M(Ξ++cc ,K
+,Ξ+c ,Λ, p,D

+)+M(Ξ++cc ,K
+,Ξ′+c ,Σ

0, p,D+)+M(Ξ++cc ,K
+,Ξ′+c ,Λ, p,D

+)

+M(Ξ++cc ,K
∗+,Ξ′+c ,Σ

0, p,D+)+M(Ξ++cc ,K
∗+,Ξ′+c ,Λ, p,D

+)+M(Ξ++cc ,K
∗+,Ξ+c ,Σ

0, p,D+)

+M(Ξ++cc ,K
∗+,Ξ+c ,Λ, p,D

+)], (B6)
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A(Ξ++cc → pD∗+) = i[M(Ξ++cc ,π
+,Λ+c ,D

0,D∗+, p)+M(Ξ++cc ,π
+,Σ+c ,D

0,D∗+, p)+M(Ξ++cc ,ρ
+,Λ+c ,D

∗0,D∗+, p)

+M(Ξ++cc ,ρ
+,Σ+c ,D

∗0,D∗+, p)+M(Ξ++cc ,ρ
0,Σ++c ,D

∗+,D∗+, p)+M(Ξ++cc ,ω,Σ
++
c ,D

∗+,D∗+, p)

+M(Ξ++cc ,π
0,Σ++c ,D

+,D∗+, p)+M(Ξ++cc ,η1,Σ
++
c ,D

+,D∗+, p)+M(Ξ++cc ,η8,Σ
++
c ,D

+,D∗+, p)
+M(Ξ++cc ,π

+,Λ+c ,n, p,D
∗+)+M(Ξ++cc ,π

+,Σ+c ,n, p,D
∗+)+M(Ξ++cc ,ρ

+,Λ+c ,n, p,D
∗+)

+M(Ξ++cc ,ρ
+,Σ+c ,n, p,D

∗+)+M(Ξ++cc ,ρ
0,Σ++c , p, p,D

∗+)+M(Ξ++cc ,π
0,Σ++c , p, p,D

∗+)

+M(Ξ++cc ,η1,Σ
++
c , p, p,D

∗+)+M(Ξ++cc ,η8,Σ
++
c , p, p,D

∗+)+M(Ξ++cc ,K
+,Ξ+c ,Σ

0, p,D∗+)

+M(Ξ++cc ,K
+,Ξ+c ,Λ, p,D

∗+)+M(Ξ++cc ,K
+,Ξ′+c ,Σ

0, p,D∗+)+M(Ξ++cc ,K
+,Ξ′+c ,Λ, p,D

∗+)

+M(Ξ++cc ,K
∗+,Ξ′+c ,Σ

0, p,D∗+)+M(Ξ++cc ,K
∗+,Ξ′+c ,Λ, p,D

∗+)+M(Ξ++cc ,K
∗+,Ξ+c ,Σ

0, p,D∗+)
+M(Ξ++cc ,K

∗+,Ξ+c ,Λ, p,D
∗+)], (B7)

A(Ξ++cc → pD+s ) = i[M(Ξ++cc ,K
+,Λ+c ,D

∗0,D+s , p)+M(Ξ++cc ,K
+,Σ+c ,D

∗0,D+s , p)+M(Ξ++cc ,K
∗+,Λ+c ,D

0,D+s , p)

+M(Ξ++cc ,K
∗+,Σ+c ,D

0,D+s , p)+M(Ξ++cc ,K
+,Λ+c ,Σ

0, p,D+s )+M(Ξ++cc ,K
+,Λ+c ,Λ, p,D

+
s )

+M(Ξ++cc ,K
+,Σ+c ,Σ

0, p,D+s )+M(Ξ++cc ,K
+,Σ+c ,Λ, p,D

+
s )+M(Ξ++cc ,K

∗+,Λ+c ,Σ
0, p,D+s )

+M(Ξ++cc ,K
∗+,Λ+c ,Λ, p,D

+
s )+M(Ξ++cc ,K

∗+,Σ+c ,Σ
0, p,D+s )+M(Ξ++cc ,K

∗+,Σ+c ,Λ, p,D
+
s )

+M(Ξ++cc ,K
0,Σ++c ,D

∗+,D+s , p)+M(Ξ++cc ,K
∗0,Σ++c ,D

+,D+s , p)+M(Ξ++cc ,K
0,Σ++c ,Σ

+, p,D+s )

+M(Ξ++cc ,K
∗0,Σ++c ,Σ

+, p,D+s )], (B8)

A(Ξ++cc → pD∗+s ) = i[M(Ξ++cc ,K
+,Λ+c ,D

0,D∗+s , p)+M(Ξ++cc ,K
+,Σ+c ,D

0,D∗+s , p)+M(Ξ++cc ,K
∗+,Λ+c ,D

∗0,D∗+s , p)

+M(Ξ++cc ,K
∗+,Σ+c ,D

∗0,D∗+s , p)+M(Ξ++cc ,K
+,Λ+c ,Σ

0, p,D∗+s )+M(Ξ++cc ,K
+,Λ+c ,Λ, p,D

∗+
s )

+M(Ξ++cc ,K
+,Σ+c ,Σ

0, p,D∗+s )+M(Ξ++cc ,K
+,Σ+c ,Λ, p,D

∗+
s )+M(Ξ++cc ,K

∗+,Λ+c ,Σ
0, p,D∗+s )

+M(Ξ++cc ,K
∗+,Λ+c ,Λ, p,D

∗+
s )+M(Ξ++cc ,K

∗+,Σ+c ,Σ
0, p,D∗+s )+M(Ξ++cc ,K

∗+,Σ+c ,Λ, p,D
∗+
s )

+M(Ξ++cc ,K
0,Σ++c ,D

+,D∗+s , p)+M(Ξ++cc ,K
∗0,Σ++c ,D

∗+,D∗+s , p)+M(Ξ++cc ,K
0,Σ++c ,Σ

+, p,D∗+s )

+M(Ξ++cc ,K
∗0,Σ++c ,Σ

+, p,D∗+s )], (B9)

A(Ξ+cc→ Σ0D+) = i[M(Ξ+cc,π
+,Ξ0

c ,D
∗0,D+,Σ0)+M(Ξ+cc,ρ

+,Ξ0
c ,D

0,D+,Σ0)+M(Ξ+cc,π
+,Ξ0

c ,Σ
−,Σ0,D+)

+M(Ξ+cc,ρ
+,Ξ0

c ,Σ
−,Σ0,D+)+M(Ξ+cc,π

+,Ξ′0c ,D
∗0,D+,Σ0)+M(Ξ+cc,ρ

+,Ξ′0c ,D
0,D+,Σ0)

+M(Ξ+cc,π
+,Ξ′0c ,Σ

−,Σ0,D+)+M(Ξ+cc,ρ
+,Ξ′0c ,Σ

−,Σ0,D+)+M(Ξ+cc, K̄
0,Σ+c ,D

∗+
s ,D

+,Σ0)

+M(Ξ+cc, K̄
∗0,Σ+c ,D

+
s ,D

+,Σ0)+M(Ξ+cc, K̄
0,Λ+c ,D

∗+
s ,D

+,Σ0)+M(Ξ+cc, K̄
∗0,Λ+c ,D

+
s ,D

+,Σ0)

+M(Ξ+cc, K̄
0,Λ+c ,n,Σ

0,D+)+M(Ξ+cc, K̄
0,Σ+c ,n,Σ

0,D+)+M(Ξ+cc, K̄
∗0,Λ+c ,n,Σ

0,D+)

+M(Ξ+cc, K̄
∗0,Σ+c ,n,Σ

0,D+)], (B10)

A(Ξ+cc→ ΛD+) = i[M(Ξ+cc,π
+,Ξ0

c ,D
∗0,D+,Λ)+M(Ξ+cc,ρ

+,Ξ0
c ,D

0,D+,Λ)+M(Ξ+cc,π
+,Ξ0

c ,Σ
−,Λ,D+)

+M(Ξ+cc,ρ
+,Ξ0

c ,Σ
−,Λ,D+)+M(Ξ+cc, K̄

0,Σ+c ,D
∗+
s ,D

+,Λ)+M(Ξ+cc, K̄
∗0,Σ+c ,D

+
s ,D

+,Λ)

+M(Ξ+cc, K̄
0,Λ+c ,D

∗+
s ,D

+,Λ)+M(Ξ+cc, K̄
∗0,Λ+c ,D

+
s ,D

+,Λ)+M(Ξ+cc, K̄
0,Λ+c ,n,Λ,D

+)

+M(Ξ+cc, K̄
0,Σ+c ,n,Λ,D

+)+M(Ξ+cc, K̄
∗0,Λ+c ,n,Λ,D

+)+M(Ξ+cc, K̄
∗0,Σ+c ,n,Λ,D

+)

+M(Ξ+cc,π
+,Ξ′0c ,D

∗0,D+,Λ)+M(Ξ+cc,ρ
+,Ξ′0c ,D

0,D+,Λ)+M(Ξ+cc,π
+,Ξ′0c ,Σ

−,Λ,D+)

+M(Ξ+cc,ρ
+,Ξ′0c ,Σ

−,Λ,D+)], (B11)
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A(Ξ+cc→ Σ0D∗+) = i[M(Ξ+cc,π
+,Ξ0

c ,D
0,D∗+,Σ0)+M(Ξ+cc,ρ

+,Ξ0
c ,D

∗0,D∗+,Σ0)+M(Ξ+cc,π
+,Ξ0

c ,Σ
−,Σ0,D∗+)

+M(Ξ+cc,ρ
+,Ξ0

c ,Σ
−,Σ0,D∗+)+M(Ξ+cc, K̄

0,Σ+c ,D
+
s ,D

∗+,Σ0)+M(Ξ+cc, K̄
∗0,Σ+c ,D

∗+
s ,D

∗+,Σ0)

+M(Ξ+cc, K̄
0,Λ+c ,D

+
s ,D

∗+,Σ0)+M(Ξ+cc, K̄
∗0,Λ+c ,D

∗+
s ,D

∗+,Σ0)+M(Ξ+cc, K̄
0,Λ+c ,n,Σ

0,D∗+)

+M(Ξ+cc, K̄
0,Σ+c ,n,Σ

0,D∗+)+M(Ξ+cc, K̄
∗0,Λ+c ,n,Σ

0,D∗+)+M(Ξ+cc, K̄
∗0,Σ+c ,n,Σ

0,D∗+)

+M(Ξ+cc,π
+,Ξ′0c ,D

0,D∗+,Σ0)+M(Ξ+cc,ρ
+,Ξ′0c ,D

∗0,D∗+,Σ0)+M(Ξ+cc,π
+,Ξ′0c ,Σ

−,Σ0,D∗+)

+M(Ξ+cc,ρ
+,Ξ′0c ,Σ

−,Σ0,D∗+)], (B12)

A(Ξ+cc→ ΛD∗+) = i[M(Ξ+cc,π
+,Ξ0

c ,D
0,D∗+,Λ)+M(Ξ+cc,ρ

+,Ξ0
c ,D

∗0,D∗+,Λ)+M(Ξ+cc,π
+,Ξ0

c ,Σ
−,Λ,D∗+)

+M(Ξ+cc,ρ
+,Ξ0

c ,Σ
−,Λ,D∗+)+M(Ξ+cc, K̄

0,Σ+c ,D
+
s ,D

∗+,Λ)+M(Ξ+cc, K̄
∗0,Σ+c ,D

∗+
s ,D

∗+,Λ)

+M(Ξ+cc, K̄
0,Λ+c ,D

+
s ,D

∗+,Λ)+M(Ξ+cc, K̄
∗0,Λ+c ,D

∗+
s ,D

∗+,Λ)+M(Ξ+cc, K̄
0,Λ+c ,n,Λ,D

∗+)

+M(Ξ+cc, K̄
0,Σ+c ,n,Λ,D

∗+)+M(Ξ+cc, K̄
∗0,Λ+c ,n,Λ,D

∗+)+M(Ξ+cc, K̄
∗0,Σ+c ,n,Λ,D

∗+)

+M(Ξ+cc,π
+,Ξ′0c ,D

0,D∗+,Λ)+M(Ξ+cc,ρ
+,Ξ′0c ,D

∗0,D∗+,Λ)+M(Ξ+cc,π
+,Ξ′0c ,Σ

−,Λ,D∗+)

+M(Ξ+cc,ρ
+,Ξ′0c ,Σ

−,Λ,D∗+)], (B13)

A(Ξ+cc→ ΛD+s ) = i[M(Ξ+cc,K
+,Ξ0

c ,D
∗0,D+s ,Λ)+M(Ξ+cc,K

∗+,Ξ0
c ,D

0,D+s ,Λ)+M(Ξ+cc,K
+,Ξ0

c ,Ξ
−,Λ,D+s )

+M(Ξ+cc,K
∗+,Ξ0

c ,Ξ
−,Λ,D+s )+M(Ξ+cc,ϕ,Λ

+
c ,D

+
s ,D

+
s ,Λ)+M(Ξ+cc,ϕ,Σ

+
c ,D

+
s ,D

+
s ,Λ)

+M(Ξ+cc,η1,Λ
+
c ,D

∗+
s ,D

+
s ,Λ)+M(Ξ+cc,η1,Σ

+
c ,D

∗+
s ,D

+
s ,Λ)+M(Ξ+cc,η8,Λ

+
c ,D

∗+
s ,D

+
s ,Λ)

+M(Ξ+cc,η8,Σ
+
c ,D

∗+
s ,D

+
s ,Λ)+M(Ξ+cc,ϕ,Λ

+
c ,Λ,Λ,D

+
s )+M(Ξ+cc,η1,Λ

+
c ,Λ,Λ,D

+
s )

+M(Ξ+cc,η8,Λ
+
c ,Λ,Λ,D

+
s )+M(Ξ+cc,ϕ,Σ

+
c ,Λ,Λ,D

+
s )+M(Ξ+cc,η1,Σ

+
c ,Λ,Λ,D

+
s )

+M(Ξ+cc,η8,Σ
+
c ,Λ,Λ,D

+
s )+M(Ξ+cc,π

+,Σ0
c ,Σ
−,Λ,D+s )+M(Ξ+cc,ρ

+,Σ0
c ,Σ
−,Λ,D+s )

+M(Ξ+cc,ρ
0,Λ+c ,Σ

0,Λ,D+s )+M(Ξ+cc,ρ
0,Σ+c ,Σ

0,Λ,D+s )+M(Ξ+cc,ω,Λ
+
c ,Λ,Λ,D

+
s )

+M(Ξ+cc,ω,Σ
+
c ,Λ,Λ,D

+
s )+M(Ξ+cc,π

0,Λ+c ,Σ
0,Λ,D+s )+M(Ξ+cc,π

0,Σ+c ,Σ
0,Λ,D+s )

+M(Ξ+cc,η1,Λ
+
c ,Λ,Λ,D

+
s )+M(Ξ+cc,η8,Λ

+
c ,Λ,Λ,D

+
s )+M(Ξ+cc,η1,Σ

+
c ,Λ,Λ,D

+
s )

+M(Ξ+cc,η8,Σ
+
c ,Λ,Λ,D

+
s )+M(Ξ+cc,K

+,Ξ′0c ,D
∗0,D+s ,Λ)+M(Ξ+cc,K

∗+,Ξ′0c ,D
0,D+s ,Λ)

+M(Ξ+cc,K
+,Ξ′0c ,Ξ

−,Λ,D+s )+M(Ξ+cc,K
∗+,Ξ′0c ,Ξ

−,Λ,D+s )], (B14)

A(Ξ+cc→ Σ0D+s ) = i[M(Ξ+cc,K
+,Ξ0

c ,D
∗0,D+s ,Σ

0)+M(Ξ+cc,K
∗+,Ξ0

c ,D
0,D+s ,Σ

0)+M(Ξ+cc,K
+,Ξ0

c ,Ξ
−,Σ0,D+s )

+M(Ξ+cc,K
∗+,Ξ0

c ,Ξ
−,Σ0,D+s )+M(Ξ+cc,ϕ,Λ

+
c ,D

+
s ,D

+
s ,Σ

0)+M(Ξ+cc,ϕ,Σ
+
c ,D

+
s ,D

+
s ,Σ

0)

+M(Ξ+cc,η1,Λ
+
c ,D

∗+
s ,D

+
s ,Σ

0)+M(Ξ+cc,η1,Σ
+
c ,D

∗+
s ,D

+
s ,Σ

0)+M(Ξ+cc,η8,Λ
+
c ,D

∗+
s ,D

+
s ,Σ

0)

+M(Ξ+cc,η8,Σ
+
c ,D

∗+
s ,D

+
s ,Σ

0)+M(Ξ+cc,ϕ,Λ
+
c ,Σ

0,Σ0,D+s )+M(Ξ+cc,η1,Λ
+
c ,Σ

0,Σ0,D+s )

+M(Ξ+cc,η8,Λ
+
c ,Σ

0,Σ0,D+s )+M(Ξ+cc,ϕ,Σ
+
c ,Σ

0,Σ0,D+s )+M(Ξ+cc,η1,Σ
+
c ,Σ

0,Σ0,D+s )

+M(Ξ+cc,η8,Σ
+
c ,Σ

0,Σ0,D+s )+M(Ξ+cc,π
+,Σ0

c ,Σ
−,Σ0,D+s )+M(Ξ+cc,ρ

+,Σ0
c ,Σ
−,Σ0,D+s )

+M(Ξ+cc,ρ
0,Λ+c ,Λ,Σ

0,D+s )+M(Ξ+cc,ρ
0,Σ+c ,Λ,Σ

0,D+s )+M(Ξ+cc,ω,Λ
+
c ,Σ

0,Σ0,D+s )

+M(Ξ+cc,ω,Σ
+
c ,Σ

0,Σ0,D+s )+M(Ξ+cc,π
0,Λ+c ,Λ,Σ

0,D+s )+M(Ξ+cc,π
0,Σ+c ,Λ,Σ

0,D+s )

+M(Ξ+cc,η1,Λ
+
c ,Σ

0,Σ0,D+s )+M(Ξ+cc,η8,Λ
+
c ,Σ

0,Σ0,D+s )+M(Ξ+cc,η1,Σ
+
c ,Σ

0,Σ0,D+s )

+M(Ξ+cc,η8,Σ
+
c ,Σ

0,Σ0,D+s )+M(Ξ+cc,K
+,Ξ′0c ,D

∗0,D+s ,Σ
0)+M(Ξ+cc,K

∗+,Ξ′0c ,D
0,D+s ,Σ

0)

+M(Ξ+cc,K
+,Ξ′0c ,Ξ

−,Σ0,D+s )+M(Ξ+cc,K
∗+,Ξ′0c ,Ξ

−,Σ0,D+s )], (B15)
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A(Ξ+cc→ Σ0D∗+s ) = i[M(Ξ+cc,K
+,Ξ0

c ,D
0,D∗+s ,Σ

0)+M(Ξ+cc,K
∗+,Ξ0

c ,D
∗0,D∗+s ,Σ

0)+M(Ξ+cc,K
+,Ξ0

c ,Ξ
−,Σ0,D∗+s )

+M(Ξ+cc,K
∗+,Ξ0

c ,Ξ
−,Σ0,D∗+s )+M(Ξ+cc,ϕ,Λ

+
c ,D

∗+
s ,D

∗+
s ,Σ

0)+M(Ξ+cc,ϕ,Σ
+
c ,D

∗+
s ,D

∗+
s ,Σ

0)

+M(Ξ+cc,η1,Λ
+
c ,D

+
s ,D

∗+
s ,Σ

0)+M(Ξ+cc,η1,Σ
+
c ,D

+
s ,D

∗+
s ,Σ

0)+M(Ξ+cc,η8,Λ
+
c ,D

+
s ,D

∗+
s ,Σ

0)

+M(Ξ+cc,η8,Σ
+
c ,D

+
s ,D

∗+
s ,Σ

0)+M(Ξ+cc,ϕ,Λ
+
c ,Σ

0,Σ0,D∗+s )+M(Ξ+cc,η1,Λ
+
c ,Σ

0,Σ0,D∗+s )

+M(Ξ+cc,η8,Λ
+
c ,Σ

0,Σ0,D∗+s )+M(Ξ+cc,ϕ,Σ
+
c ,Σ

0,Σ0,D∗+s )+M(Ξ+cc,η1,Σ
+
c ,Σ

0,Σ0,D∗+s )

+M(Ξ+cc,η8,Σ
+
c ,Σ

0,Σ0,D∗+s )+M(Ξ+cc,π
+,Σ0

c ,Σ
−,Σ0,D∗+s )+M(Ξ+cc,ρ

+,Σ0
c ,Σ
−,Σ0,D∗+s )

+M(Ξ+cc,ρ
0,Λ+c ,Λ,Σ

0,D∗+s )+M(Ξ+cc,ρ
0,Σ+c ,Λ,Σ

0,D∗+s )+M(Ξ+cc,ω,Λ
+
c ,Σ

0,Σ0,D∗+s )

+M(Ξ+cc,ω,Σ
+
c ,Σ

0,Σ0,D∗+s )+M(Ξ+cc,π
0,Λ+c ,Λ,Σ

0,D∗+s )+M(Ξ+cc,π
0,Σ+c ,Λ,Σ

0,D∗+s )

+M(Ξ+cc,η1,Λ
+
c ,Σ

0,Σ0,D∗+s )+M(Ξ+cc,η8,Λ
+
c ,Σ

0,Σ0,D∗+s )+M(Ξ+cc,η1,Σ
+
c ,Σ

0,Σ0,D∗+s )

+M(Ξ+cc,η8,Σ
+
c ,Σ

0,Σ0,D∗+s )+M(Ξ+cc,K
+,Ξ′0c ,D

0,D∗+s ,Σ
0)+M(Ξ+cc,K

∗+,Ξ′0c ,D
∗0,D∗+s ,Σ

0)

+M(Ξ+cc,K
+,Ξ′0c ,Ξ

−,Σ0,D∗+s )+M(Ξ+cc,K
∗+,Ξ′0c ,Ξ

−,Σ0,D∗+s )], (B16)

A(Ξ+cc→ ΛD∗+s ) = i[M(Ξ+cc,K
+,Ξ0

c ,D
0,D∗+s ,Λ)+M(Ξ+cc,K

∗+,Ξ0
c ,D

∗0,D∗+s ,Λ)+M(Ξ+cc,K
+,Ξ0

c ,Ξ
−,Λ,D∗+s )

+M(Ξ+cc,K
∗+,Ξ0

c ,Ξ
−,Λ,D∗+s )+M(Ξ+cc,ϕ,Λ

+
c ,D

∗+
s ,D

∗+
s ,Λ)+M(Ξ+cc,ϕ,Σ

+
c ,D

∗+
s ,D

∗+
s ,Λ)

+M(Ξ+cc,η1,Λ
+
c ,D

+
s ,D

∗+
s ,Λ)+M(Ξ+cc,η1,Σ

+
c ,D

+
s ,D

∗+
s ,Λ)+M(Ξ+cc,η8,Λ

+
c ,D

+
s ,D

∗+
s ,Λ)

+M(Ξ+cc,η8,Σ
+
c ,D

+
s ,D

∗+
s ,Λ)+M(Ξ+cc,ϕ,Λ

+
c ,Λ,Λ,D

∗+
s )+M(Ξ+cc,η1,Λ

+
c ,Λ,Λ,D

∗+
s )

+M(Ξ+cc,η8,Λ
+
c ,Λ,Λ,D

∗+
s )+M(Ξ+cc,ϕ,Σ

+
c ,Λ,Λ,D

∗+
s )+M(Ξ+cc,η1,Σ

+
c ,Λ,Λ,D

∗+
s )

+M(Ξ+cc,η8,Σ
+
c ,Λ,Λ,D

∗+
s )+M(Ξ+cc,π

+,Σ0
c ,Σ
−,Λ,D∗+s )+M(Ξ+cc,ρ

+,Σ0
c ,Σ
−,Λ,D∗+s )

+M(Ξ+cc,ρ
0,Λ+c ,Σ

0,Λ,D∗+s )+M(Ξ+cc,ρ
0,Σ+c ,Σ

0,Λ,D∗+s )+M(Ξ+cc,ω,Λ
+
c ,Λ,Λ,D

∗+
s )

+M(Ξ+cc,ω,Σ
+
c ,Λ,Λ,D

∗+
s )+M(Ξ+cc,π

0,Λ+c ,Σ
0,Λ,D∗+s )+M(Ξ+cc,π

0,Σ+c ,Σ
0,Λ,D∗+s )

+M(Ξ+cc,η1,Λ
+
c ,Λ,Λ,D

∗+
s )+M(Ξ+cc,η8,Λ

+
c ,Λ,Λ,D

∗+
s )+M(Ξ+cc,η1,Σ

+
c ,Λ,Λ,D

∗+
s )

+M(Ξ+cc,η8,Σ
+
c ,Λ,Λ,D

∗+
s )+M(Ξ+cc,K

+,Ξ′0c ,D
0,D∗+s ,Λ)+M(Ξ+cc,K

∗+,Ξ′0c ,D
∗0,D∗+s ,Λ)

+M(Ξ+cc,K
+,Ξ′0c ,Ξ

−,Λ,D∗+s )+M(Ξ+cc,K
∗+,Ξ′0c ,Ξ

−,Λ,D∗+s )], (B17)

A(Ξ+cc→ nD+s ) = i[M(Ξ+cc,K
+,Σ0

c ,D
∗0,D+s ,n)+M(Ξ+cc,K

∗+,Σ0
c ,D

0,D+s ,n)+M(Ξ+cc,K
+,Σ0

c ,Σ
−,n,D+s )

+M(Ξ+cc,K
∗+,Σ0

c ,Σ
−,n,D+s )+M(Ξ+cc,K

0,Λ+c ,D
∗+,D+s ,n)+M(Ξ+cc,K

0,Σ+c ,D
∗+,D+s ,n)

+M(Ξ+cc,K
∗0,Λ+c ,D

+,D+s ,n)+M(Ξ+cc,K
∗0,Σ+c ,D

+,D+s ,n)+M(Ξ+cc,K
0,Λ+c ,Σ

0,n,D+s )

+M(Ξ+cc,K
0,Λ+c ,Λ,n,D

+
s )+M(Ξ+cc,K

0,Σ+c ,Σ
0,n,D+s )+M(Ξ+cc,K

0,Σ+c ,Λ,n,D
+
s )

+M(Ξ+cc,K
∗0,Λ+c ,Σ

0,n,D+s )+M(Ξ+cc,K
∗0,Λ+c ,Λ,n,D

+
s )+M(Ξ+cc,K

∗0,Σ+c ,Σ
0,n,D+s )

+M(Ξ+cc,K
∗0,Σ+c ,Λ,n,D

+
s )], (B18)

A(Ξ+cc→ nD∗+s ) = i[M(Ξ+cc,K
+,Σ0

c ,D
0,D∗+s ,n)+M(Ξ+cc,K

∗+,Σ0
c ,D

∗0,D∗+s ,n)+M(Ξ+cc,K
+,Σ0

c ,Σ
−,n,D∗+s )

+M(Ξ+cc,K
∗+,Σ0

c ,Σ
−,n,D∗+s )+M(Ξ+cc,K

0,Λ+c ,D
+,D∗+s ,n)+M(Ξ+cc,K

0,Σ+c ,D
+,D∗+s ,n)

+M(Ξ+cc,K
∗0,Λ+c ,D

∗+,D∗+s ,n)+M(Ξ+cc,K
∗0,Σ+c ,D

∗+,D∗+s ,n)+M(Ξ+cc,K
0,Λ+c ,Σ

0,n,D∗+s )

+M(Ξ+cc,K
0,Λ+c ,Λ,n,D

∗+
s )+M(Ξ+cc,K

0,Σ+c ,Σ
0,n,D∗+s )+M(Ξ+cc,K

0,Σ+c ,Λ,n,D
∗+
s )

+M(Ξ+cc,K
∗0,Λ+c ,Σ

0,n,D∗+s )+M(Ξ+cc,K
∗0,Λ+c ,Λ,n,D

∗+
s )+M(Ξ+cc,K

∗0,Σ+c ,Σ
0,n,D∗+s )

+M(Ξ+cc,K
∗0,Σ+c ,Λ,n,D

∗+
s )], (B19)
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A(Ξ+cc→ nD+) = i[M(Ξ+cc,π
+,Σ0

c ,D
∗0,D+,n)+M(Ξ+cc,ρ

+,Σ0
c ,D

0,D+,n)+M(Ξ+cc,ρ
0,Λ+c ,D

+,D+,n)

+M(Ξ+cc,ρ
0,Σ+c ,D

+,D+,n)+M(Ξ+cc,ω,Λ
+
c ,D

+,D+,n)+M(Ξ+cc,ω,Σ
+
c ,D

+,D+,n)

+M(Ξ+cc,π
0,Λ+c ,D

∗+,D+,n)+M(Ξ+cc,π
0,Σ+c ,D

∗+,D+,n)+M(Ξ+cc,η1,Λ
+
c ,D

∗+,D+,n)

+M(Ξ+cc,η8,Λ
+
c ,D

∗+,D+,n)+M(Ξ+cc,η1,Σ
+
c ,D

∗+,D+,n)+M(Ξ+cc,η8,Σ
+
c ,D

∗+,D+,n)

+M(Ξ+cc,ρ
0,Λ+c ,n,n,D

+)+M(Ξ+cc,ρ
0,Σ+c ,n,n,D

+)+M(Ξ+cc,π
0,Λ+c ,n,n,D

+)

+M(Ξ+cc,π
0,Σ+c ,n,n,D

+)+M(Ξ+cc,η1,Λ
+
c ,n,n,D

+)+M(Ξ+cc,η8,Λ
+
c ,n,n,D

+)

+M(Ξ+cc,η1,Σ
+
c ,n,n,D

+)+M(Ξ+cc,η8,Σ
+
c ,n,n,D

+)+M(Ξ+cc,K
+,Ξ0

c ,Σ
−,n,D+)

+M(Ξ+cc,K
∗+,Ξ0

c ,Σ
−,n,D+)+M(Ξ+cc,K

+,Ξ′0c ,Σ
−,n,D+)+M(Ξ+cc,K

∗+,Ξ′0c ,Σ
−,n,D+)], (B20)

A(Ξ+cc→ nD∗+) = i[M(Ξ+cc,π
+,Σ0

c ,D
0,D∗+,n)+M(Ξ+cc,ρ

+,Σ0
c ,D

∗0,D∗+,n)+M(Ξ+cc,ρ
0,Λ+c ,D

∗+,D∗+,n)

+M(Ξ+cc,ρ
0,Σ+c ,D

∗+,D∗+,n)+M(Ξ+cc,ω,Λ
+
c ,D

∗+,D∗+,n)+M(Ξ+cc,ω,Σ
+
c ,D

∗+,D∗+,n)

+M(Ξ+cc,π
0,Λ+c ,D

+,D∗+,n)+M(Ξ+cc,π
0,Σ+c ,D

+,D∗+,n)+M(Ξ+cc,η1,Λ
+
c ,D

+,D∗+,n)

+M(Ξ+cc,η8,Λ
+
c ,D

+,D∗+,n)+M(Ξ+cc,η1,Σ
+
c ,D

+,D∗+,n)+M(Ξ+cc,η8,Σ
+
c ,D

+,D∗+,n)

+M(Ξ+cc,ρ
0,Λ+c ,n,n,D

∗+)+M(Ξ+cc,ρ
0,Σ+c ,n,n,D

∗+)+M(Ξ+cc,π
0,Λ+c ,n,n,D

∗+)

+M(Ξ+cc,π
0,Σ+c ,n,n,D

∗+)+M(Ξ+cc,η1,Λ
+
c ,n,n,D

∗+)+M(Ξ+cc,η8,Λ
+
c ,n,n,D

∗+)

+M(Ξ+cc,η1,Σ
+
c ,n,n,D

∗+)+M(Ξ+cc,η8,Σ
+
c ,n,n,D

∗+)+M(Ξ+cc,K
+,Ξ0

c ,Σ
−,n,D∗+)

+M(Ξ+cc,K
+,Ξ′0c ,Σ

−,n,D∗+)+M(Ξ+cc,K
∗+,Ξ′0c ,Σ

−,n,D∗+)+M(Ξ+cc,K
∗+,Ξ0

c ,Σ
−,n,D∗+)], (B21)

A(Ξ+cc→ pD0) = i[M(Ξ+cc,K
+,Ξ0

c ,Σ
0, p,D0)+M(Ξ+cc,K

+,Ξ0
c ,Λ, p,D

0)+M(Ξ+cc,K
+,Ξ′0c ,Σ

0, p,D0)

+M(Ξ+cc,K
+,Ξ′0c ,Λ, p,D

0)+M(Ξ+cc,K
∗+,Ξ0

c ,Σ
0, p,D0)+M(Ξ+cc,K

∗+,Ξ0
c ,Λ, p,D

0)

+M(Ξ+cc,K
∗+,Ξ′0c ,Σ

0, p,D0)+M(Ξ+cc,K
∗+,Ξ′0c ,Λ, p,D

0)+M(Ξ+cc,π
+,Σ0

c ,n, p,D
0)

+M(Ξ+cc,ρ
+,Σ0

c ,n, p,D
0)+M(Ξ+cc,ρ

0,Σ+c , p, p,D
0)+M(Ξ+cc,π

0,Σ+c , p, p,D
0)

+M(Ξ+cc,η1,Σ
+
c , p, p,D

0)+M(Ξ+cc,η8,Σ
+
c , p, p,D

0)+M(Ξ+cc,ρ
0,Λ+c , p, p,D

0)

+M(Ξ+cc,π
0,Λ+c , p, p,D

0)+M(Ξ+cc,η1,Λ
+
c , p, p,D

0)+M(Ξ+cc,η8,Λ
+
c , p, p,D

0)], (B22)

A(Ξ+cc→ pD∗0) = i[M(Ξ+cc,K
+,Ξ0

c ,Σ
0, p,D∗0)+M(Ξ+cc,K

+,Ξ0
c ,Λ, p,D

∗0)+M(Ξ+cc,K
+,Ξ′0c ,Σ

0, p,D∗0)

+M(Ξ+cc,K
+,Ξ′0c ,Λ, p,D

∗0)+M(Ξ+cc,K
∗+,Ξ0

c ,Σ
0, p,D∗0)+M(Ξ+cc,K

∗+,Ξ0
c ,Λ, p,D

∗0)

+M(Ξ+cc,K
∗+,Ξ′0c ,Σ

0, p,D∗0)+M(Ξ+cc,K
∗+,Ξ′0c ,Λ, p,D

∗0)+M(Ξ+cc,π
+,Σ0

c ,n, p,D
∗0)

+M(Ξ+cc,ρ
+,Σ0

c ,n, p,D
∗0)+M(Ξ+cc,ρ

0,Σ+c , p, p,D
∗0)+M(Ξ+cc,π

0,Σ+c , p, p,D
∗0)

+M(Ξ+cc,η1,Σ
+
c , p, p,D

∗0)+M(Ξ+cc,η8,Σ
+
c , p, p,D

∗0)+M(Ξ+cc,ρ
0,Λ+c , p, p,D

∗0)

+M(Ξ+cc,π
0,Λ+c , p, p,D

∗0)+M(Ξ+cc,η1,Λ
+
c , p, p,D

∗0)+M(Ξ+cc,η8,Λ
+
c , p, p,D

∗0)], (B23)

A(Ξ+cc→ Σ+D0) = i[M(Ξ+cc,π
+,Ξ0

c ,Σ
0,Σ+,D0)+M(Ξ+cc,π

+,Ξ0
c ,Λ,Σ

+,D0)+M(Ξ+cc,π
+,Ξ′0c ,Σ

0,Σ+,D0)

+M(Ξ+cc,π
+,Ξ′0c ,Λ,Σ

+,D0)+M(Ξ+cc,ρ
+,Ξ0

c ,Σ
0,Σ+,D0)+M(Ξ+cc,ρ

+,Ξ0
c ,Λ,Σ

+,D0)

+M(Ξ+cc,ρ
+,Ξ′0c ,Σ

0,Σ+,D0)+M(Ξ+cc,ρ
+,Ξ′0c ,Λ,Σ

+,D0)+M(Ξ+cc, K̄
0,Σ+c , p,Σ

+,D0)

+M(Ξ+cc, K̄
∗0,Σ+c , p,Σ

+,D0)+M(Ξ+cc, K̄
0,Λ+c , p,Σ

+,D0)+M(Ξ+cc, K̄
∗0,Λ+c , p,Σ

+,D0)], (B24)
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A(Ξ+cc→ Σ+D∗0) = i[M(Ξ+cc,π
+,Ξ0

c ,Σ
0,Σ+,D∗0)+M(Ξ+cc,π

+,Ξ0
c ,Λ,Σ

+,D∗0)+M(Ξ+cc,π
+,Ξ′0c ,Σ

0,Σ+,D∗0)

+M(Ξ+cc,π
+,Ξ′0c ,Λ,Σ

+,D∗0)+M(Ξ+cc,ρ
+,Ξ0

c ,Σ
0,Σ+,D∗0)+M(Ξ+cc,ρ

+,Ξ0
c ,Λ,Σ

+,D∗0)

+M(Ξ+cc,ρ
+,Ξ′0c ,Σ

0,Σ+,D∗0)+M(Ξ+cc,ρ
+,Ξ′0c ,Λ,Σ

+,D∗0)+M(Ξ+cc, K̄
0,Σ+c , p,Σ

+,D∗0)

+M(Ξ+cc, K̄
∗0,Σ+c , p,Σ

+,D∗0)+M(Ξ+cc, K̄
0,Λ+c , p,Σ

+,D∗0)+M(Ξ+cc, K̄
∗0,Λ+c , p,Σ

+,D∗0)], (B25)

A(Ξ+cc→ Ξ0D+s ) = i[M(Ξ+cc,π
+,Ξ0

c ,Ξ
−,Ξ0,D+s )+M(Ξ+cc,ρ

+,Ξ0
c ,Ξ
−,Ξ0,D+s )+M(Ξ+cc, K̄

0,Σ+c ,Σ
0,Ξ0,D+s )

+M(Ξ+cc, K̄
0,Σ+c ,Λ,Ξ

0,D+s )+M(Ξ+cc, K̄
∗0,Σ+c ,Σ

0,Ξ0,D+s )+M(Ξ+cc, K̄
∗0,Σ+c ,Λ,Ξ

0,D+s )

+M(Ξ+cc,π
+,Ξ′0c ,Ξ

−,Ξ0,D+s )+M(Ξ+cc,ρ
+,Ξ′0c ,Ξ

−,Ξ0,D+s )+M(Ξ+cc, K̄
0,Λ+c ,Σ

0,Ξ0,D+s )

+M(Ξ+cc, K̄
0,Λ+c ,Λ,Ξ

0,D+s )+M(Ξ+cc, K̄
∗0,Λ+c ,Σ

0,Ξ0,D+s )+M(Ξ+cc, K̄
∗0,Λ+c ,Λ,Ξ

0,D+s )], (B26)

A(Ξ+cc→ Ξ0D∗+s ) = i[M(Ξ+cc,π
+,Ξ0

c ,Ξ
−,Ξ0,D∗+s )+M(Ξ+cc,ρ

+,Ξ0
c ,Ξ
−,Ξ0,D∗+s )+M(Ξ+cc, K̄

0,Σ+c ,Σ
0,Ξ0,D∗+s )

+M(Ξ+cc, K̄
0,Σ+c ,Λ,Ξ

0,D∗+s )+M(Ξ+cc, K̄
∗0,Σ+c ,Σ

0,Ξ0,D∗+s )+M(Ξ+cc, K̄
∗0,Σ+c ,Λ,Ξ

0,D∗+s )

+M(Ξ+cc,π
+,Ξ′0c ,Ξ

−,Ξ0,D∗+s )+M(Ξ+cc,ρ
+,Ξ′0c ,Ξ

−,Ξ0,D∗+s )+M(Ξ+cc, K̄
0,Λ+c ,Σ

0,Ξ0,D∗+s )

+M(Ξ+cc, K̄
0,Λ+c ,Λ,Ξ

0,D∗+s )+M(Ξ+cc, K̄
∗0,Λ+c ,Σ

0,Ξ0,D∗+s )+M(Ξ+cc, K̄
∗0,Λ+c ,Λ,Ξ

0,D∗+s )], (B27)

A(Ω+cc→ Ξ0D+) = i[M(Ω+cc,π
+,Ω0

c ,D
∗0,D+,Ξ0)+M(Ω+cc,ρ

+,Ω0
c ,D

0,D+,Ξ0)+M(Ω+cc,π
+,Ω0

c ,Ξ
−,Ξ0,D+)

+M(Ω+cc,ρ
+,Ω0

c ,Ξ
−,Ξ0,D+)+M(Ω+cc, K̄

0,Ξ+c ,Σ
0,Ξ0,D+)+M(Ω+cc, K̄

0,Ξ+c ,Λ,Ξ
0,D+)

+M(Ω+cc, K̄
0,Ξ′+c ,Σ

0,Ξ0,D+)+M(Ω+cc, K̄
0,Ξ′+c ,Λ,Ξ

0,D+)+M(Ω+cc, K̄
∗0,Ξ+c ,Σ

0,Ξ0,D+)

+M(Ω+cc, K̄
∗0,Ξ+c ,Λ,Ξ

0,D+)+M(Ω+cc, K̄
∗0,Ξ′+c ,Σ

0,Ξ0,D+)+M(Ω+cc, K̄
∗0,Ξ′+c ,Λ,Ξ

0,D+)

+M(Ω+cc, K̄
0,Ξ+c ,D

∗+
s ,D

+,Ξ0)+M(Ω+cc, K̄
0,Ξ′+c ,D

∗+
s ,D

+,Ξ0)+M(Ω+cc, K̄
∗0,Ξ+c ,D

+
s ,D

+,Ξ0)

+M(Ω+cc, K̄
∗0,Ξ′+c ,D

+
s ,D

+,Ξ0)], (B28)

A(Ω+cc→ Ξ0D∗+) = i[M(Ω+cc,π
+,Ω0

c ,D
0,D∗+,Ξ0)+M(Ω+cc,ρ

+,Ω0
c ,D

∗0,D∗+,Ξ0)+M(Ω+cc,π
+,Ω0

c ,Ξ
−,Ξ0,D∗+)

+M(Ω+cc,ρ
+,Ω0

c ,Ξ
−,Ξ0,D∗+)+M(Ω+cc, K̄

0,Ξ+c ,Σ
0,Ξ0,D∗+)+M(Ω+cc, K̄

0,Ξ+c ,Λ,Ξ
0,D∗+)

+M(Ω+cc, K̄
0,Ξ′+c ,Σ

0,Ξ0,D∗+)+M(Ω+cc, K̄
0,Ξ′+c ,Λ,Ξ

0,D∗+)+M(Ω+cc, K̄
∗0,Ξ+c ,Σ

0,Ξ0,D∗+)

+M(Ω+cc, K̄
∗0,Ξ+c ,Λ,Ξ

0,D∗+)+M(Ω+cc, K̄
∗0,Ξ′+c ,Σ

0,Ξ0,D∗+)+M(Ω+cc, K̄
∗0,Ξ′+c ,Λ,Ξ

0,D∗+)

+M(Ω+cc, K̄
0,Ξ+c ,D

+
s ,D

∗+,Ξ0)+M(Ω+cc, K̄
0,Ξ′+c ,D

+
s ,D

∗+,Ξ0)+M(Ω+cc, K̄
∗0,Ξ+c ,D

∗+
s ,D

∗+,Ξ0)

+M(Ω+cc, K̄
∗0,Ξ′+c ,D

∗+
s ,D

∗+,Ξ0)],
(B29)

A(Ω+cc→ Ξ0D+s ) = i[M(Ω+cc,K
+,Ω0

c ,D
∗0,D+s ,Ξ

0)+M(Ω+cc,K
∗+,Ω0

c ,D
0,D+s ,Ξ

0)+M(Ω+cc,ϕ,Ξ
+
c ,D

+
s ,D

+
s ,Ξ

0)

+M(Ω+cc,ϕ,Ξ
′+
c ,D

+
s ,D

+
s ,Ξ

0)+M(Ω+cc,η1,Ξ
+
c ,D

∗+
s ,D

+
s ,Ξ

0)+M(Ω+cc,η1,Ξ
′+
c ,D

∗+
s ,D

+
s ,Ξ

0)

+M(Ω+cc,η8,Ξ
+
c ,D

∗+
s ,D

+
s ,Ξ

0)+M(Ω+cc,η8,Ξ
′+
c ,D

∗+
s ,D

+
s ,Ξ

0)+M(Ω+cc,ϕ,Ξ
+
c ,Ξ

0,Ξ0,D+s )

+M(Ω+cc,η1,Ξ
+
c ,Ξ

0,Ξ0,D+s )+M(Ω+cc,η8,Ξ
+
c ,Ξ

0,Ξ0,D+s )+M(Ω+cc,ϕ,Ξ
′+
c ,Ξ

0,Ξ0,D+s )

+M(Ω+cc,η1,Ξ
′+
c ,Ξ

0,Ξ0,D+s )+M(Ω+cc,η8,Ξ
′+
c ,Ξ

0,Ξ0,D+s )+M(Ω+cc,π
+,Ξ0

c ,Ξ
−,Ξ0,D+s )

+M(Ω+cc,ρ
+,Ξ0

c ,Ξ
−,Ξ0,D+s )+M(Ω+cc,π

+,Ξ′0c ,Ξ
−,Ξ0,D+s )+M(Ω+cc,ρ

+,Ξ′0c ,Ξ
−,Ξ0,D+s )], (B30)
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A(Ω+cc→ Ξ0D∗+s ) = i[M(Ω+cc,K
+,Ω0

c ,D
0,D∗+s ,Ξ

0)+M(Ω+cc,K
∗+,Ω0

c ,D
∗0,D∗+s ,Ξ

0)+M(Ω+cc,ϕ,Ξ
+
c ,D

∗+
s ,D

∗+
s ,Ξ

0)

+M(Ω+cc,ϕ,Ξ
′+
c ,D

∗+
s ,D

∗+
s ,Ξ

0)+M(Ω+cc,η1,Ξ
+
c ,D

+
s ,D

∗+
s ,Ξ

0)+M(Ω+cc,η1,Ξ
′+
c ,D

+
s ,D

∗+
s ,Ξ

0)

+M(Ω+cc,η8,Ξ
+
c ,D

+
s ,D

∗+
s ,Ξ

0)+M(Ω+cc,η8,Ξ
′+
c ,D

+
s ,D

∗+
s ,Ξ

0)+M(Ω+cc,ϕ,Ξ
+
c ,Ξ

0,Ξ0,D∗+s )

+M(Ω+cc,η1,Ξ
+
c ,Ξ

0,Ξ0,D∗+s )+M(Ω+cc,η8,Ξ
+
c ,Ξ

0,Ξ0,D∗+s )+M(Ω+cc,ϕ,Ξ
′+
c ,Ξ

0,Ξ0,D∗+s )

+M(Ω+cc,η1,Ξ
′+
c ,Ξ

0,Ξ0,D∗+s )+M(Ω+cc,η8,Ξ
′+
c ,Ξ

0,Ξ0,D∗+s )+M(Ω+cc,π
+,Ξ0

c ,Ξ
−,Ξ0,D∗+s )

+M(Ω+cc,ρ
+,Ξ0

c ,Ξ
−,Ξ0,D∗+s )+M(Ω+cc,π

+,Ξ′0c ,Ξ
−,Ξ0,D∗+s )+M(Ω+cc,ρ

+,Ξ′0c ,Ξ
−,Ξ0,D∗+s )], (B31)

A(Ω+cc→ Σ0D+s ) = i[M(Ω+cc,K
+,Ξ0

c ,D
∗0,D+s ,Σ

0)+M(Ω+cc,K
+,Ξ′0c ,D

∗0,D+s ,Σ
0)+M(Ω+cc,K

∗+,Ξ0
c ,D

0,D+s ,Σ
0)

+M(Ω+cc,K
∗+,Ξ′0c ,D

0,D+s ,Σ
0)+M(Ω+cc,K

+,Ξ0
c ,Ξ
−,Σ0,D+s )+M(Ω+cc,K

+,Ξ′0c ,Ξ
−,Σ0,D+s )

+M(Ω+cc,K
∗+,Ξ0

c ,Ξ
−,Σ0,D+s )+M(Ω+cc,K

∗+,Ξ′0c ,Ξ
−,Σ0,D+s )+M(Ω+cc,K

0,Ξ+c ,Ξ
0,Σ0,D+s )

+M(Ω+cc,K
0,Ξ′+c ,Ξ

0,Σ0,D+s )+M(Ω+cc,K
∗0,Ξ+c ,Ξ

0,Σ0,D+s )+M(Ω+cc,K
∗0,Ξ′+c ,Ξ

0,Σ0,D+s )

+M(Ω+cc,K
0,Ξ+c ,D

∗+,D+s ,Σ
0)+M(Ω+cc,K

0,Ξ′+c ,D
∗+,D+s ,Σ

0)+M(Ω+cc,K
∗0,Ξ+c ,D

+,D+s ,Σ
0)

+M(Ω+cc,K
∗0,Ξ′+c ,D

+,D+s ,Σ
0)], (B32)

A(Ω+cc→ ΛD+s ) = i[M(Ω+cc,K
+,Ξ0

c ,D
∗0,D+s ,Λ)+M(Ω+cc,K

+,Ξ′0c ,D
∗0,D+s ,Λ)+M(Ω+cc,K

∗+,Ξ0
c ,D

0,D+s ,Λ)

+M(Ω+cc,K
∗+,Ξ′0c ,D

0,D+s ,Λ)+M(Ω+cc,K
+,Ξ0

c ,Ξ
−,Λ,D+s )+M(Ω+cc,K

+,Ξ′0c ,Ξ
−,Λ,D+s )

+M(Ω+cc,K
∗+,Ξ0

c ,Ξ
−,Λ,D+s )+M(Ω+cc,K

∗+,Ξ′0c ,Ξ
−,Λ,D+s )+M(Ω+cc,K

0,Ξ+c ,Ξ
0,Λ,D+s )

+M(Ω+cc,K
0,Ξ′+c ,Ξ

0,Λ,D+s )+M(Ω+cc,K
∗0,Ξ+c ,Ξ

0,Λ,D+s )+M(Ω+cc,K
∗0,Ξ′+c ,Ξ

0,Λ,D+s )

+M(Ω+cc,K
0,Ξ+c ,D

∗+,D+s ,Λ)+M(Ω+cc,K
0,Ξ′+c ,D

∗+,D+s ,Λ)+M(Ω+cc,K
∗0,Ξ+c ,D

+,D+s ,Λ)

+M(Ω+cc,K
∗0,Ξ′+c ,D

+,D+s ,Λ)], (B33)

A(Ω+cc→ Σ0D∗+s ) = i[M(Ω+cc,K
+,Ξ0

c ,D
0,D∗+s ,Σ

0)+M(Ω+cc,K
+,Ξ′0c ,D

0,D∗+s ,Σ
0)+M(Ω+cc,K

∗+,Ξ0
c ,D

∗0,D∗+s ,Σ
0)

+M(Ω+cc,K
∗+,Ξ′0c ,D

∗0,D∗+s ,Σ
0)+M(Ω+cc,K

+,Ξ0
c ,Ξ
−,Σ0,D∗+s )+M(Ω+cc,K

+,Ξ′0c ,Ξ
−,Σ0,D∗+s )

+M(Ω+cc,K
∗+,Ξ0

c ,Ξ
−,Σ0,D∗+s )+M(Ω+cc,K

∗+,Ξ′0c ,Ξ
−,Σ0,D∗+s )+M(Ω+cc,K

0,Ξ+c ,Ξ
0,Σ0,D∗+s )

+M(Ω+cc,K
0,Ξ′+c ,Ξ

0,Σ0,D∗+s )+M(Ω+cc,K
∗0,Ξ+c ,Ξ

0,Σ0,D∗+s )+M(Ω+cc,K
∗0,Ξ′+c ,Ξ

0,Σ0,D∗+s )

+M(Ω+cc,K
0,Ξ+c ,D

+,D∗+s ,Σ
0)+M(Ω+cc,K

0,Ξ′+c ,D
+,D∗+s ,Σ

0)+M(Ω+cc,K
∗0,Ξ+c ,D

∗+,D∗+s ,Σ
0)

+M(Ω+cc,K
∗0,Ξ′+c ,D

∗+,D∗+s ,Σ
0)],

(B34)

A(Ω+cc→ ΛD∗+s ) = i[M(Ω+cc,K
+,Ξ0

c ,D
0,D∗+s ,Λ)+M(Ω+cc,K

+,Ξ′0c ,D
0,D∗+s ,Λ)+M(Ω+cc,K

∗+,Ξ0
c ,D

∗0,D∗+s ,Λ)

+M(Ω+cc,K
∗+,Ξ′0c ,D

∗0,D∗+s ,Λ)+M(Ω+cc,K
+,Ξ0

c ,Ξ
−,Λ,D∗+s )+M(Ω+cc,K

+,Ξ′0c ,Ξ
−,Λ,D∗+s )

+M(Ω+cc,K
∗+,Ξ0

c ,Ξ
−,Λ,D∗+s )+M(Ω+cc,K

∗+,Ξ′0c ,Ξ
−,Λ,D∗+s )+M(Ω+cc,K

0,Ξ+c ,Ξ
0,Λ,D∗+s )

+M(Ω+cc,K
0,Ξ′+c ,Ξ

0,Λ,D∗+s )+M(Ω+cc,K
∗0,Ξ+c ,Ξ

0,Λ,D∗+s )+M(Ω+cc,K
∗0,Ξ′+c ,Ξ

0,Λ,D∗+s )

+M(Ω+cc,K
0,Ξ+c ,D

+,D∗+s ,Λ)+M(Ω+cc,K
0,Ξ′+c ,D

+,D∗+s ,Λ)+M(Ω+cc,K
∗0,Ξ+c ,D

∗+,D∗+s ,Λ)

+M(Ω+cc,K
∗0,Ξ′+c ,D

∗+,D∗+s ,Λ)], (B35)
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A(Ω+cc→ Σ0D+) = i[M(Ω+cc,π
+,Ξ0

c ,D
∗0,D+,Σ0)+M(Ω+cc,π

+,Ξ′0c ,D
∗0,D+,Σ0)+M(Ω+cc,ρ

+,Ξ0
c ,D

∗0,D+,Σ0)

+M(Ω+cc,ρ
+,Ξ′0c ,D

∗0,D+,Σ0)+M(Ω+cc,π
+,Ξ0

c ,Σ
−,Σ0,D+)+M(Ω+cc,π

+,Ξ′0c ,Σ
−,Σ0,D+)

+M(Ω+cc,ρ
+,Ξ0

c ,Σ
−,Σ0,D+)+M(Ω+cc,ρ

+,Ξ′0c ,Σ
−,Σ0,D+)+M(Ω+cc,ρ

0,Ξ+c ,D
+,D+,Σ0)

+M(Ω+cc,ρ
0,Ξ′+c ,D

+,D+,Σ0)+M(Ω+cc,π
0,Ξ+c ,D

∗+,D+,Σ0)+M(Ω+cc,π
0,Ξ′+c ,D

∗+,D+,Σ0)

+M(Ω+cc,η1,Ξ
+
c ,D

∗+,D+,Σ0)+M(Ω+cc,η8,Ξ
+
c ,D

∗+,D+,Σ0)+M(Ω+cc,η1,Ξ
′+
c ,D

∗+,D+,Σ0)

+M(Ω+cc,η8,Ξ
′+
c ,D

∗+,D+,Σ0)+M(Ω+cc,ω,Ξ
+
c ,D

+,D+,Σ0)+M(Ω+cc,ω,Ξ
′+
c ,D

+,D+,Σ0)

+M(Ω+cc,ρ
0,Ξ+c ,Λ,Σ

0,D+)+M(Ω+cc,ρ
0,Ξ′+c ,Λ,Σ

0,D+)+M(Ω+cc,ω,Ξ
+
c ,Σ

0,Σ0,D+)

+M(Ω+cc,ω,Ξ
′+
c ,Σ

0,Σ0,D+)+M(Ω+cc,π
0,Ξ+c ,Λ,Σ

0,D+)+M(Ω+cc,π
0,Ξ′+c ,Λ,Σ

0,D+)

+M(Ω+cc,η1,Ξ
+
c ,Σ

0,Σ0,D+)+M(Ω+cc,η8,Ξ
+
c ,Σ

0,Σ0,D+)+M(Ω+cc,η1,Ξ
′+
c ,Σ

0,Σ0,D+)

+M(Ω+cc,η8,Ξ
′+
c ,Σ

0,Σ0,D+)+M(Ω+cc,K
+,Ω0

c ,Ξ
−,Σ0,D+)+M(Ω+cc,K

∗+,Ω0
c ,Ξ
−,Σ0,D+)

+M(Ω+cc,ϕ,Ξ
+
c ,Σ

0,Σ0,D+)+M(Ω+cc,η1,Ξ
+
c ,Σ

0,Σ0,D+)+M(Ω+cc,η8,Ξ
+
c ,Σ

0,Σ0,D+)

+M(Ω+cc,ϕ,Ξ
′+
c ,Σ

0,Σ0,D+)+M(Ω+cc,η1,Ξ
′+
c ,Σ

0,Σ0,D+)+M(Ω+cc,η8,Ξ
′+
c ,Σ

0,Σ0,D+)], (B36)

A(Ω+cc→ ΛD+) = i[M(Ω+cc,π
+,Ξ0

c ,D
∗0,D+,Λ)+M(Ω+cc,π

+,Ξ′0c ,D
∗0,D+,Λ)+M(Ω+cc,ρ

+,Ξ0
c ,D

∗0,D+,Λ)

+M(Ω+cc,ρ
+,Ξ′0c ,D

∗0,D+,Λ)+M(Ω+cc,π
+,Ξ0

c ,Σ
−,Λ,D+)+M(Ω+cc,π

+,Ξ′0c ,Σ
−,Λ,D+)

+M(Ω+cc,ρ
+,Ξ0

c ,Σ
−,Λ,D+)+M(Ω+cc,ρ

+,Ξ′0c ,Σ
−,Λ,D+)+M(Ω+cc,ρ

0,Ξ+c ,D
+,D+,Λ)

+M(Ω+cc,ρ
0,Ξ′+c ,D

+,D+,Λ)+M(Ω+cc,π
0,Ξ+c ,D

∗+,D+,Λ)+M(Ω+cc,π
0,Ξ′+c ,D

∗+,D+,Λ)

+M(Ω+cc,η1,Ξ
+
c ,D

∗+,D+,Λ)+M(Ω+cc,η8,Ξ
+
c ,D

∗+,D+,Λ)+M(Ω+cc,η1,Ξ
′+
c ,D

∗+,D+,Λ)

+M(Ω+cc,η8,Ξ
′+
c ,D

∗+,D+,Λ)+M(Ω+cc,ω,Ξ
+
c ,D

+,D+,Λ)+M(Ω+cc,ω,Ξ
′+
c ,D

+,D+,Λ)

+M(Ω+cc,ρ
0,Ξ+c ,Λ,Λ,D

+)+M(Ω+cc,ρ
0,Ξ′+c ,Λ,Λ,D

+)+M(Ω+cc,ω,Ξ
+
c ,Σ

0,Λ,D+)

+M(Ω+cc,ω,Ξ
′+
c ,Σ

0,Λ,D+)+M(Ω+cc,π
0,Ξ+c ,Λ,Λ,D

+)+M(Ω+cc,π
0,Ξ′+c ,Λ,Λ,D

+)

+M(Ω+cc,η1,Ξ
+
c ,Σ

0,Λ,D+)+M(Ω+cc,η8,Ξ
+
c ,Σ

0,Λ,D+)+M(Ω+cc,η1,Ξ
′+
c ,Σ

0,Λ,D+)

+M(Ω+cc,η8,Ξ
′+
c ,Σ

0,Λ,D+)+M(Ω+cc,K
+,Ω0

c ,Ξ
−,Λ,D+)+M(Ω+cc,K

∗+,Ω0
c ,Ξ
−,Λ,D+)

+M(Ω+cc,ϕ,Ξ
+
c ,Σ

0,Λ,D+)+M(Ω+cc,η1,Ξ
+
c ,Σ

0,Λ,D+)+M(Ω+cc,η8,Ξ
+
c ,Σ

0,Λ,D+)

+M(Ω+cc,ϕ,Ξ
′+
c ,Σ

0,Λ,D+)+M(Ω+cc,η1,Ξ
′+
c ,Σ

0,Λ,D+)+M(Ω+cc,η8,Ξ
′+
c ,Σ

0,Λ,D+)], (B37)

A(Ω+cc→ Σ0D∗+) = i[M(Ω+cc,π
+,Ξ0

c ,D
0,D∗+,Σ0)+M(Ω+cc,π

+,Ξ′0c ,D
0,D∗+,Σ0)+M(Ω+cc,ρ

+,Ξ0
c ,D

∗0,D∗+,Σ0)

+M(Ω+cc,ρ
+,Ξ′0c ,D

∗0,D∗+,Σ0)+M(Ω+cc,π
+,Ξ0

c ,Σ
−,Σ0,D∗+)+M(Ω+cc,π

+,Ξ′0c ,Σ
−,Σ0,D∗+)

+M(Ω+cc,ρ
+,Ξ0

c ,Σ
−,Σ0,D∗+)+M(Ω+cc,ρ

+,Ξ′0c ,Σ
−,Σ0,D∗+)+M(Ω+cc,ρ

0,Ξ+c ,D
∗+,D∗+,Σ0)

+M(Ω+cc,ρ
0,Ξ′+c ,D

∗+,D∗+,Σ0)+M(Ω+cc,π
0,Ξ+c ,D

+,D∗+,Σ0)+M(Ω+cc,π
0,Ξ′+c ,D

+,D∗+,Σ0)

+M(Ω+cc,η1,Ξ
+
c ,D

+,D∗+,Σ0)+M(Ω+cc,η8,Ξ
+
c ,D

+,D∗+,Σ0)+M(Ω+cc,η1,Ξ
′+
c ,D

+,D∗+,Σ0)

+M(Ω+cc,η8,Ξ
′+
c ,D

+,D∗+,Σ0)+M(Ω+cc,ω,Ξ
+
c ,D

∗+,D∗+,Σ0)+M(Ω+cc,ω,Ξ
′+
c ,D

∗+,D∗+,Σ0)

+M(Ω+cc,ρ
0,Ξ+c ,Λ,Σ

0,D∗+)+M(Ω+cc,ρ
0,Ξ′+c ,Λ,Σ

0,D∗+)+M(Ω+cc,ω,Ξ
+
c ,Σ

0,Σ0,D∗+)

+M(Ω+cc,ω,Ξ
′+
c ,Σ

0,Σ0,D∗+)+M(Ω+cc,π
0,Ξ+c ,Λ,Σ

0,D∗+)+M(Ω+cc,π
0,Ξ′+c ,Λ,Σ

0,D∗+)

+M(Ω+cc,η1,Ξ
+
c ,Σ

0,Σ0,D∗+)+M(Ω+cc,η8,Ξ
+
c ,Σ

0,Σ0,D∗+)+M(Ω+cc,η1,Ξ
′+
c ,Σ

0,Σ0,D∗+)

+M(Ω+cc,η8,Ξ
′+
c ,Σ

0,Σ0,D∗+)+M(Ω+cc,K
+,Ω0

c ,Ξ
−,Σ0,D∗+)+M(Ω+cc,K

∗+,Ω0
c ,Ξ
−,Σ0,D∗+)

+M(Ω+cc,ϕ,Ξ
+
c ,Σ

0,Σ0,D∗+)+M(Ω+cc,η1,Ξ
+
c ,Σ

0,Σ0,D∗+)+M(Ω+cc,η8,Ξ
+
c ,Σ

0,Σ0,D∗+)

+M(Ω+cc,ϕ,Ξ
′+
c ,Σ

0,Σ0,D∗+)+M(Ω+cc,η1,Ξ
′+
c ,Σ

0,Σ0,D∗+)+M(Ω+cc,η8,Ξ
′+
c ,Σ

0,Σ0,D∗+)], (B38)
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A(Ω+cc→ ΛD∗+) = i[M(Ω+cc,π
+,Ξ0

c ,D
0,D∗+,Λ)+M(Ω+cc,π

+,Ξ′0c ,D
0,D∗+,Λ)+M(Ω+cc,ρ

+,Ξ0
c ,D

∗0,D∗+,Λ)

+M(Ω+cc,ρ
+,Ξ′0c ,D

∗0,D∗+,Λ)+M(Ω+cc,π
+,Ξ0

c ,Σ
−,Λ,D∗+)+M(Ω+cc,π

+,Ξ′0c ,Σ
−,Λ,D∗+)

+M(Ω+cc,ρ
+,Ξ0

c ,Σ
−,Λ,D∗+)+M(Ω+cc,ρ

+,Ξ′0c ,Σ
−,Λ,D∗+)+M(Ω+cc,ρ

0,Ξ+c ,D
∗+,D∗+,Λ)

+M(Ω+cc,ρ
0,Ξ′+c ,D

∗+,D∗+,Λ)+M(Ω+cc,π
0,Ξ+c ,D

+,D∗+,Λ)+M(Ω+cc,π
0,Ξ′+c ,D

+,D∗+,Λ)
+M(Ω+cc,η1,Ξ

+
c ,D

+,D∗+,Λ)+M(Ω+cc,η8,Ξ
+
c ,D

+,D∗+,Λ)+M(Ω+cc,η1,Ξ
′+
c ,D

+,D∗+,Λ)
+M(Ω+cc,η8,Ξ

′+
c ,D

+,D∗+,Λ)+M(Ω+cc,ω,Ξ
+
c ,D

∗+,D∗+,Λ)+M(Ω+cc,ω,Ξ
′+
c ,D

∗+,D∗+,Λ)

+M(Ω+cc,ρ
0,Ξ+c ,Λ,Λ,D

∗+)+M(Ω+cc,ρ
0,Ξ′+c ,Λ,Λ,D

∗+)+M(Ω+cc,ω,Ξ
+
c ,Σ

0,Λ,D∗+)

+M(Ω+cc,ω,Ξ
′+
c ,Σ

0,Λ,D∗+)+M(Ω+cc,π
0,Ξ+c ,Λ,Λ,D

∗+)+M(Ω+cc,π
0,Ξ′+c ,Λ,Λ,D

∗+)

+M(Ω+cc,η1,Ξ
+
c ,Σ

0,Λ,D∗+)+M(Ω+cc,η8,Ξ
+
c ,Σ

0,Λ,D∗+)+M(Ω+cc,η1,Ξ
′+
c ,Σ

0,Λ,D∗+)

+M(Ω+cc,η8,Ξ
′+
c ,Σ

0,Λ,D∗+)+M(Ω+cc,K
+,Ω0

c ,Ξ
−,Λ,D∗+)+M(Ω+cc,K

∗+,Ω0
c ,Ξ
−,Λ,D∗+)

+M(Ω+cc,ϕ,Ξ
+
c ,Σ

0,Λ,D∗+)+M(Ω+cc,η1,Ξ
+
c ,Σ

0,Λ,D∗+)+M(Ω+cc,η8,Ξ
+
c ,Σ

0,Λ,D∗+)

+M(Ω+cc,ϕ,Ξ
′+
c ,Σ

0,Λ,D∗+)+M(Ω+cc,η1,Ξ
′+
c ,Σ

0,Λ,D∗+)+M(Ω+cc,η8,Ξ
′+
c ,Σ

0,Λ,D∗+)], (B39)

A(Ω+cc→ Σ+D0) = i[M(Ω+cc,K
+,Ω0

c ,Ξ
0,Σ+,D0)+M(Ω+cc,K

∗+,Ω0
c ,Ξ

0,Σ+,D0)+M(Ω+cc,π
+,Ξ0

c ,Σ
0,Σ+,D0)

+M(Ω+cc,π
+,Ξ′0c ,Σ

0,Σ+,D0)+M(Ω+cc,π
+,Ξ0

c ,Λ,Σ
+,D0)+M(Ω+cc,π

+,Ξ′0c ,Λ,Σ
+,D0)

+M(Ω+cc,ρ
+,Ξ0

c ,Σ
0,Σ+,D0)+M(Ω+cc,ρ

+,Ξ′0c ,Σ
0,Σ+,D0)+M(Ω+cc,ρ

+,Ξ0
c ,Λ,Σ

+,D0)

+M(Ω+cc,ρ
+,Ξ′0c ,Λ,Σ

+,D0)+M(Ω+cc,ϕ,Ξ
+
c ,Σ

+,Σ+,D0)+M(Ω+cc,η1,Ξ
+
c ,Σ

+,Σ+,D0)

+M(Ω+cc,η8,Ξ
+
c ,Σ

+,Σ+,D0)+M(Ω+cc,ϕ,Ξ
′0
c ,Σ

+,Σ+,D0)+M(Ω+cc,η1,Ξ
′0
c ,Σ

+,Σ+,D0)

+M(Ω+cc,η8,Ξ
′0
c ,Σ

+,Σ+,D0)], (B40)

A(Ω+cc→ Σ+D∗0) = i[M(Ω+cc,K
+,Ω0

c ,Ξ
0,Σ+,D∗0)+M(Ω+cc,K

∗+,Ω0
c ,Ξ

0,Σ+,D∗0)+M(Ω+cc,π
+,Ξ0

c ,Σ
0,Σ+,D∗0)

+M(Ω+cc,π
+,Ξ′0c ,Σ

0,Σ+,D∗0)+M(Ω+cc,π
+,Ξ0

c ,Λ,Σ
+,D∗0)+M(Ω+cc,π

+,Ξ′0c ,Λ,Σ
+,D∗0)

+M(Ω+cc,ρ
+,Ξ0

c ,Σ
0,Σ+,D∗0)+M(Ω+cc,ρ

+,Ξ′0c ,Σ
0,Σ+,D∗0)+M(Ω+cc,ρ

+,Ξ0
c ,Λ,Σ

+,D∗0)

+M(Ω+cc,ρ
+,Ξ′0c ,Λ,Σ

+,D∗0)+M(Ω+cc,ϕ,Ξ
+
c ,Σ

+,Σ+,D∗0)+M(Ω+cc,η1,Ξ
+
c ,Σ

+,Σ+,D∗0)

+M(Ω+cc,η8,Ξ
+
c ,Σ

+,Σ+,D∗0)+M(Ω+cc,ϕ,Ξ
′0
c ,Σ

+,Σ+,D∗0)+M(Ω+cc,η1,Ξ
′0
c ,Σ

+,Σ+,D∗0)

+M(Ω+cc,η8,Ξ
′0
c ,Σ

+,Σ+,D∗0)], (B41)

A(Ω+cc→ pD0) = i[M(Ω+cc,K
+,Ξ0

c ,Σ
0, p,D0)+M(Ω+cc,K

+,Ξ′0c ,Σ
0, p,D0)+M(Ω+cc,K

+,Ξ0
c ,Λ, p,D

0)

+M(Ω+cc,K
+,Ξ′0c ,Λ, p,D

0)+M(Ω+cc,K
∗+,Ξ0

c ,Σ
0, p,D0)+M(Ω+cc,K

∗+,Ξ′0c ,Σ
0, p,D0)

+M(Ω+cc,K
∗+,Ξ0

c ,Λ, p,D
0)+M(Ω+cc,K

∗+,Ξ′0c ,Λ, p,D
0)+M(Ω+cc,K

0,Ξ+c ,Σ
+, p,D0)

+M(Ω+cc,K
0,Ξ′+c ,Σ

+, p,D0)+M(Ω+cc,K
∗0,Ξ+c ,Σ

+, p,D0)+M(Ω+cc,K
∗0,Ξ′+c ,Σ

+, p,D0)], (B42)

A(Ω+cc→ pD∗0) = i[M(Ω+cc,K
+,Ξ0

c ,Σ
0, p,D∗0)+M(Ω+cc,K

+,Ξ′0c ,Σ
0, p,D∗0)+M(Ω+cc,K

+,Ξ0
c ,Λ, p,D

∗0)

+M(Ω+cc,K
+,Ξ′0c ,Λ, p,D

∗0)+M(Ω+cc,K
∗+,Ξ0

c ,Σ
0, p,D∗0)+M(Ω+cc,K

∗+,Ξ′0c ,Σ
0, p,D∗0)

+M(Ω+cc,K
∗+,Ξ0

c ,Λ, p,D
∗0)+M(Ω+cc,K

∗+,Ξ′0c ,Λ, p,D
∗0)+M(Ω+cc,K

0,Ξ+c ,Σ
+, p,D∗0)

+M(Ω+cc,K
0,Ξ′+c ,Σ

+, p,D∗0)+M(Ω+cc,K
∗0,Ξ+c ,Σ

+, p,D∗0)+M(Ω+cc,K
∗0,Ξ′+c ,Σ

+, p,D∗0)], (B43)

A(Ω+cc→ nD+) = i[M(Ω+cc,K
+,Ξ0

c ,Σ
−,n,D+)+M(Ω+cc,K

+,Ξ′0c ,Σ
−,n,D+)+M(Ω+cc,K

∗+,Ξ0
c ,Σ
−,n,D+)

+M(Ω+cc,K
∗+,Ξ′0c ,Σ

−,n,D+)+M(Ω+cc,K
0,Ξ+c ,Σ

0,n,D+)+M(Ω+cc,K
0,Ξ+c ,Λ,n,D

+)

+M(Ω+cc,K
0,Ξ′+c ,Σ

0,n,D+)+M(Ω+cc,K
0,Ξ′+c ,Λ,n,D

+)+M(Ω+cc,K
∗0,Ξ+c ,Σ

0,n,D+)

+M(Ω+cc,K
∗0,Ξ+c ,Λ,n,D

+)+M(Ω+cc,K
∗0,Ξ′+c ,Σ

0,n,D+)+M(Ω+cc,K
∗0,Ξ′+c ,Λ,n,D

+)], (B44)
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A(Ω+cc→ nD∗+) = i[M(Ω+cc,K
+,Ξ0

c ,Σ
−,n,D∗+)+M(Ω+cc,K

+,Ξ′0c ,Σ
−,n,D∗+)+M(Ω+cc,K

∗+,Ξ0
c ,Σ
−,n,D∗+)

+M(Ω+cc,K
∗+,Ξ′0c ,Σ

−,n,D∗+)+M(Ω+cc,K
0,Ξ+c ,Σ

0,n,D∗+)+M(Ω+cc,K
0,Ξ+c ,Λ,n,D

∗+)

+M(Ω+cc,K
0,Ξ′+c ,Σ

0,n,D∗+)+M(Ω+cc,K
0,Ξ′+c ,Λ,n,D

∗+)+M(Ω+cc,K
∗0,Ξ+c ,Σ

0,n,D∗+)

+M(Ω+cc,K
∗0,Ξ+c ,Λ,n,D

∗+)+M(Ω+cc,K
∗0,Ξ′+c ,Σ

0,n,D∗+)+M(Ω+cc,K
∗0,Ξ′+c ,Λ,n,D

∗+)], (B45)

A(Ω+cc→ nD∗+) = i[M(Ω+cc,K
+,Ξ0

c ,Σ
−,n,D∗+)+M(Ω+cc,K

+,Ξ′0c ,Σ
−,n,D∗+)+M(Ω+cc,K

∗+,Ξ0
c ,Σ
−,n,D∗+)

+M(Ω+cc,K
∗+,Ξ′0c ,Σ

−,n,D∗+)+M(Ω+cc,K
0,Ξ+c ,Σ

0,n,D∗+)+M(Ω+cc,K
0,Ξ+c ,Λ,n,D

∗+)

+M(Ω+cc,K
0,Ξ′+c ,Σ

0,n,D∗+)+M(Ω+cc,K
0,Ξ′+c ,Λ,n,D

∗+)+M(Ω+cc,K
∗0,Ξ+c ,Σ

0,n,D∗+)

+M(Ω+cc,K
∗0,Ξ+c ,Λ,n,D

∗+)+M(Ω+cc,K
∗0,Ξ′+c ,Σ

0,n,D∗+)+M(Ω+cc,K
∗0,Ξ′+c ,Λ,n,D

∗+)]. (B46)

APPENDIX C: STRONG COUPLING CONSTANTS

S U(3)F

In this section, we list all of the strong coupling con-
stants  used  in  our  calculation.  Some  of  these  values  are
obtained  from  Refs.  [35, 41-47].  Those  that  cannot  be
found directly in the literature are calculated under the as-
sumption of  symmetry.

S U(3)FAccording  to  the  multiplets  to  which  the

BBV BBP DD∗P DDV D∗D∗V BcBD
BcBD∗

Bc

particles belong, the vertices in this study can be divided
into , , , , , ,  and

,  where P denotes  a  light  pseudoscalar  meson, V
represents  a  light  vector  meson,  and  is  a  singly
charmed  baryon.  These  definitions  clarify  the  meanings
of our symbols for each vertex, the coupling constants of
which are presented in Tables 5, 6, 7, and 8.
 

 
BBVTable 5.    Strong coupling constants of  vertices.

Vertex f1 f2 Vertex f1 f2 Vertex f1 f2

p→ nρ+ −2.40 32.95 Λ→ Σ−ρ+ 2.00 12.30 Σ0→ Σ+ρ+ 7.20 −25.00

Σ+→ Λρ+ 2.00 12.30 Σ+→ pK
∗0 5.66 −1.70 Σ+→ Ξ0K∗+ −2.26 37.05

Σ+→ Σ+ϕ −6.00 2.50 p→ Σ0K∗+ 4.00 −1.20 p→ ΛK∗+ 5.10 −28.00

p→ Σ+K∗0 5.66 −1.70 Σ0→ Σ−ρ+ −7.20 25.00 Σ0→ nK
∗0 −4.00 1.20

Λ→ nK
∗0 5.10 −28.00 Σ0→ Ξ−K∗+ −1.60 26.20 Σ0→ Σ0ϕ −6.00 2.50

Σ0→ Σ0ω 4.30 −1.10 Λ→ Σ0ρ0 1.90 11.90 p→ pρ0 −2.50 22.20

Λ→ Ξ0K∗0 −6.00 17.10 Λ→ Ξ−K∗+ −6.00 17.10 Λ→ Λϕ −5.30 24.60

n→ Σ0K∗0 −4.00 1.20 Λ→ Λω −7.10 8.70 n→ Σ−K∗+ 5.66 −1.70

n→ ΛK∗0 5.10 −28.00 Ξ−→ Σ+K
∗0 −2.26 37.05 n→ nρ0 2.50 −22.20

Ξ0→ ΛK
∗0 4.45 −27.54 Ξ0→ Ξ−ρ+ 6.08 −1.56 Ξ0→ Σ0K

∗0 1.60 −26.20

Ξ0→ Ξ0ϕ −9.50 32.30 Σ0→ Ξ0K∗0 1.60 −26.20

 
BBPTable 6.    Strong coupling constants of  vertices.

Vertex g Vertex g Vertex g
p→ nπ+ 21.20 Λ→ Σ−π+ 10.00 Σ0→ Σ+π+ −10.70

Σ+→ Λπ+ 10.00 Σ+→ pK
0 5.75 Σ+→ Ξ0K+ 19.80

p→ Σ0K+ 4.25 p→ ΛK+ −13.50 p→ Σ+K0 5.75

Σ−→ Σ0π+ 10.70 Σ0→ nK
0 −4.25 Ξ−→ Σ+K

0 19.80

Σ0→ Ξ−K+ 14.00 Λ→ Ξ−K+ 4.25 Λ→ nK
0 −13.50

p→ pη8 4.25 n→ Σ−K+ 4.70 p→ pπ0 14.90
p→ pη1 14.14 n→ nπ0 −14.90 n→ Σ0K0 −4.25

n→ ΛK0 −13.50 Ξ0→ Σ0K
0 −14.00 n→ nη8 4.25

Ξ0→ Ξ−π+ 4.70 Λ→ Ξ0K0 4.25 n→ nη1 14.14

Σ0→ Ξ0K0 −14.00 Σ0→ Σ0η8 10.00 Ξ0→ ΛK
0 4.25

Λ→ Σ0π0 10.00 Σ0→ Σ0η1 14.14 Ξ0→ Ξ0η8 −13.50
Λ→ Λη8 −10.00 Σ+→ Σ+η8 10.00 Ξ0→ Ξ0η1 14.14
Λ→ Λη1 −14.14 Σ+→ Σ+η1 14.14

Bcc→BD(∗)Weak decays of doubly heavy baryons: Chin. Phys. C 45, 043108 (2021)
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DD∗P DDV D∗D∗VTable 7.    Strong coupling constants of , , and  vertices.

Vertex g Vertex g Vertex g f

D∗→ Dπ 17.90 D→ Dρ 3.69 D∗→ D∗ρ 3.69 4.61

 
BcBD BcBD∗Table 8.    Strong coupling constants of  and  vertices.

Vertex g Vertex g f

Λc→ NDq 4.82 Λc→ ND∗q −5.80 3.60

Σc→ NDq 3.78 Σc→ ND∗q 11.21 4.64
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