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Abstract: The   baryon is unique among charmed sextet baryons because it decays through the weak interaction.
In this work, we investigate the topological amplitudes of   decays in the   limit. The complete set of tree-
and penguin-induced diagrams contributing to   decays into decuplet and octet baryons is presented. The linear re-
lations between the topological amplitudes and the   irreducible amplitudes are derived through tensor analysis.
Several isospin relations are obtained, and additional relations are derived to test the Körner-Pati-Woo theorem.
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I.  INTRODUCTION
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Charmed  baryon  decays  play  an  important  role  in
studies  of  nonperturbative  baryonic  transitions.  The 
baryon,  as  the  only  sextet  baryon  that  does  not  undergo
strong  decays,  provides  a  complementary  counterpart  to
the antitriplet baryons  . The   baryon exhib-
its favorable symmetry properties. Some decay channels,
such  as  ,  receive  contributions  only  from  a
single  color-favored  emission  diagram,  making  them
ideal candidates for investigating baryon decay dynamics
at  the  charm  scale.  Compared  with  the    de-
cays, the   decays allow us to extract the ratios
of  the  annihilation amplitudes  to  the  emission amplitude
from experimental data, thereby providing further dynam-
ical  information  on  charmed  baryon  decays.  In  recent
years, experimental collaborations such as ALICE [1, 2],
Belle  [3−5],  and  LHCb  [6]  have  measured    decays,
providing  an  opportunity  to  extract  information  on  the
underlying decay dynamics of the   baryon. From a the-
oretical perspective, QCD-inspired approaches, including
QCD factorization (QCDF) [7−10], the perturbative QCD
approach  (PQCD)  [11−14],  and  soft-collinear  effective
theory  (SCET)  [15,  16],  do  not  work  well  for  charmed
hadron  decays  because  the  expansion  parameters 
and   are not sufficiently small. The decays of 
have been  extensively  studied  in  dynamical  models,   in-
cluding  the  factorization  and  pole  model  [17−21],  vari-
ous  quark  models  [22−30],  and  QCD  (light-cone)  sum
rules [31−33].
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Apart from model calculations, it is also useful to in-
vestigate    decays  within  the  framework  of  flavor

 symmetry.  The topological  diagram approach is  a
useful tool for studying heavy-hadron weak decays based
on flavor   symmetry [34−39]. It  provides a frame-
work  for  both  model-independent analyses  of   experi-
mental data  and  model  calculations.  Topological   dia-
grams  have  already  been  applied  to  the  study  of    de-
cays  [40].  However,  some  important  issues,  such  as  the
complete  decomposition  of  the  topological  diagrams  for

 decays and the corresponding linear relations, remain
unresolved.  Because  Fermi  statistics  require  the  overall
wave function of the three-quark state to be antisymmet-
ric, the flavor and spin wave functions of baryons are of-
ten  coupled.  Consequently,  the  topological  diagrams  for
baryon decays fall into two or more distinct sets owing to
the  different  spin  wave  functions.  In  Refs.  [41−43],  we
developed a theoretical framework to analyze the topolo-
gical  amplitudes  of  heavy  baryon  decays  in  the 
limit.  In  this  work,  we  extend  this  framework  to   de-
cays.  We  analyze  the  topological  amplitudes  for  the

  and    decays  in  the    limit.
The relations between the topological amplitudes and the

 irreducible amplitudes are derived. In addition, we
perform  phenomenological  analyses  of    decays  based
on topological amplitudes.
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c →B10M Ω0

c →B8M

The rest of this paper is organized as follows. In Sec.
II, we present the topological diagrams contributing to the

 and   decays  and  derive  the  linear
relations among them. The phenomenological analysis is
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presented in Sec. III. Sec. IV provides a brief summary. 

II.  TOPOLOGICAL AMPLITUDES
 

Ω0
c →B10MA.     decays

The  effective  Hamiltonian  for  charm-quark  decays
can be written as [44] 

Heff =
GF√

2

ï∑
q=d,s

V∗cq1
Vuq2

(
2∑

q=1

Ci(µ)Oi(µ)

)

−V∗cbVub

(
6∑

i=3

Ci(µ)Oi(µ)+C8g(µ)O8g(µ)

)ò
, (1)

GF Ci(µ)
Oi(µ)

where    is  the  Fermi  coupling  constant,  and    are
the Wilson coefficients of the operators  . The mag-
netic  penguin  contributions  can  be  incorporated  into  the
Wilson coefficients of the penguin operators through the
following substitutions [7] 

C3,5(µ)→C3,5(µ)+
αs(µ)
8πNc

2m2
c

⟨l2⟩ Ceff
8g (µ),

C4,6(µ)→C4,6(µ)− αs(µ)
8π

2m2
c

⟨l2⟩ Ceff
8g (µ), (2)

Ceff
8g =C8g+C5with  the  effective  Wilson  coefficient  .

Charm quark decays can be classified into three categor-
ies  according  to  their  Cabibbo  suppression:  Cabibbo-
favored  (CF),  singly  Cabibbo-suppressed  (SCS),  and
doubly  Cabibbo-suppressed (DCS)  decays.  These   cat-
egories have the following flavor structures: 

c→ sd̄u, c→ dd̄u/ss̄u, c→ ds̄u, (3)

SU(3)Frespectively.  Within  the    framework,  the  weak
Hamiltonian for charm decays can be written as [45] 

Heff =
∑

p

3∑
i, j,k=1

(H(p))k
i jO

(p)k
i j , (4)

in which 

O(p)k
i j =

GF√
2

∑
color

∑
current

Cp(qiqk)(q jc). (5)

O(p)k
i j

GF Cp

O(p)k
i j

p = 0 p = 1

Here,    denotes  the  four-quark  operator  carrying  the
Fermi constant   and the Wilson coefficient  . The su-
perscript p on   denotes  the  perturbative  order  in  the
effective theory.  In the Standard Model,   and 
correspond  to  tree  and  penguin  operators,  respectively.

27 O(p)k
i j

H(p) 3×3×3

(H(p))k
i j

(ūq1)(q̄2c)→ V∗cq2
Vuq1

(q̄q)(ūc)→−V∗cbVub

(H(0))k
i j

For each value of p, there are   distinct operators  .
The coefficient matrix   is a   matrix. The col-
or indices and current structures of the four-quark operat-
ors are summed over because, once the flavor structure is
fixed,  operators with different  color and Dirac structures
always  appear  together.  The  coefficients    are  ob-
tained from the following mappings: 
for  current-current  operators  and    for
penguin  operators.  The  nonzero    induced  by  tree
operators are 

(H(0))2
13 = V∗csVud, (H(0))2

12 = V∗cdVud,

(H(0))3
13 = V∗csVus, (H(0))3

12 = V∗cdVus. (6)

(H(1))k
i jThe nonzero components   induced by the penguin

operators are 

(H(1))1
11 =−V∗cbVub, (H(1))2

21 =−V∗cbVub, (H(1))3
31 =−V∗cbVub.

(7)

The charmed baryon sextet is expressed as 

Bc6 =

â
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c

ì
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The light pseudoscalar meson nonet is 

M =

à 1√
2
π0+

1√
6
η8 π+ K+

π− − 1√
2
π0+

1√
6
η8 K0

K− K
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+
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3

Ü
η1 0 0

0 η1 0
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ê
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(9)

η8 η1

η′

η8 η1

The pseudoscalar  mesons   and   are not  mass  eigen-
states. Instead, the mass eigenstates η and   are mixtures
of   and  ,  (

η

η′

)
=

(
cosξ −sinξ

sinξ cosξ

)(
η8

η1

)
. (10)

SU(3)The light baryons form an   octet and decuplet. The
light baryon decuplet is given by
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∆++ = B111
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10 ),
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3
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1√
3
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3
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10 ),
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3
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3
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1√
3
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10 +B323

10 +B332
10 ). (11)

The amplitude for charmed sextet baryon decays into a decuplet baryon and a pseudoscalar meson is
 

A(Bc6→B10M) = A1(Bc6)i jHk
lmMl

kB
i jm
10 +A2(Bc6)i jHk

lmMm
k B
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10+A3(Bc6)i jH

j
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10
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lmM j
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j
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l
mBikm

10 +A6(Bc6)i jH
j
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k
mBilm

10

+A7(Bc6)i jH
j
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m
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10 +A8(Bc6)i jHl
klM

j
mBikm

10 +A9(Bc6)i jHl
klM

k
mB

i jm
10

+A10(Bc6)i jHl
klM

m
mB

i jk
10 +A11(Bc6)i jHl

lk M j
mBikm

10 +A12(Bc6)i jHl
lk Mk

mB
i jm
10

+A13(Bc6)i jHl
lk Mm

mB
i jk
10 . (12)

Each  term  in  Eq.  (12)  corresponds  to  a  topological
diagram, as shown in Fig. 1. The first seven diagrams in
Fig.  1  do  not  involve  quark  loops,  whereas  the  last  six
represent quark-loop contributions. The tree-induced and
penguin-induced amplitudes can be obtained by inserting
the tree  and  penguin  operators  into  these  diagrams,   re-
spectively.  In this work, the penguin-induced amplitudes
are  denoted  by  a  superscript P  to  distinguish  them from
the  tree-induced  amplitudes.  The  topological  amplitudes

Ω0
c →B10M

A1 ∼ A10

AP
1 ∼ AP

13 Bc6→
B10M

for  the    decays  are  presented  in  Table  1.  In
total,  10  tree-induced  diagrams  ( ) and  13   pen-
guin-induced  diagrams  ( )  contribute  to 

 decays.

Bc6→B10M

The  topological  diagrams  listed  in  Eq.  (12)  form  a
complete set. This conclusion follows from the following
counting argument. For   decays, each term in
the  amplitude  contains  five  covariant  and  contravariant
indices. Thus, the total number of possible contractions is

 

Fig. 1.    Topological diagrams contributing to the decays of charmed sextet baryons into a decuplet baryon and a pseudoscalar meson.
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5! = 120
Bi j

c6 = B
ji
c6

Bi jk
10 = B

jik
10 = B

ik j
10 = B

jki
10 =

Bki j
10 = B

k ji
10 A3 A4 A5 A6 A7 A8 A11

A1 A2 A9 A10 A12 A13

7×12+6×6 = 120

.  Because  the  charmed  sextet  baryon  has  two
symmetric  indices  ( )  and  the  decuplet  baryon
has  three  symmetric  indices  (

),  the terms  ,  ,  ,  ,  ,  ,  and    in
Eq. (12) each correspond to 12 permutations, whereas the
terms  ,  ,  ,  ,  , and   each correspond to 6
permutations. The total number of permutations is there-
fore  .

SU(3) Ok
i jIn the   framework, the weak operator   is de-

composed as 

Ok
i j = O(15)k

i j+ ϵi jlO(6)lk +δk
j

Ä3
8
O(3)i−

1
8
O(3′)i

ä
+δk

i

Ä3
8
O(3′) j−

1
8
O(3) j

ä
. (13)

SU(3)
The nonzero coefficients induced by tree operators in the
irreducible representations of   are given by 

 

Ω0
c →B10MTable 1.    Topological amplitudes for   decays.

channel amplitude

Ω0
c → Ξ∗0K

0 1√
3
λ1(A2+A4)

Ω0
c →Ω−π+ λ1A1

Ω0
c → Σ∗+K−

1√
3
λdA8+

1√
3
λs(A3+A5+A8)− 1√

3
λb(AP

3 +AP
4 +AP

6 +AP
8 +3AP

11)

Ω0
c → Σ∗0K

0 1√
6
λd(A4+A8)+

1√
6
λs(A3+A5+A8)− 1√

6
λb(AP

3 +AP
4 +AP

6 +AP
8 +3AP

11)

Ω0
c → Ξ∗0π0 1√

6
λd(−A2+A9)+

1√
6
λs(A6+A9)− 1√

6
λb(AP

2 +AP
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9 +3AP
12)

Ω0
c → Ξ∗0η8

1
3
√

2
λd(A2−2A8+A9)+

1
3
√

2
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− 1
3
√

2
λb(AP

2 −2AP
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5 −2AP

6 −2AP
8 +AP
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11+3AP

12)

Ω0
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1
3
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1
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−1
3
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2 +AP

3 +AP
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13)
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1√
3
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1√
3
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3
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12)

Ω0
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12)
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1√
3
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3
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1√
3
λ2A5
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c → Σ∗0π0 1

2
√

3
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1
6
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Ω0
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1
3
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3
λ2A6

Ω0
c → Ξ∗0K0 1√

3
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1√
3
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H(0)(6)22 = −V∗csVud

2
, H(0)(6)23 =

V∗cdVud −V∗csVus

4
, H(0)(6)33 =

V∗cdVus

2
,

H(0)(15)1
11 = −

V∗cdVud +V∗csVus

4
, H(0)(15)2

13 =
V∗csVud

2
, H(0)(15)3

12 =
V∗cdVus

2
,

H(0)(15)2
12=

3V∗cdVud−V∗csVus

8
, H(0)(15)3

13=
3V∗csVus−V∗cdVud

8
, H(0)(3)1 = V∗cdVud +V∗csVus. (14)

SU(3)The nonzero coefficients induced by penguin operators in the   irreducible representations are given by
 

H(1)(3)1 = −V∗cbVub, H(1)(3′)1 = −3V∗cbVub. (15)

SU(3) Bc6→B10MThe   irreducible amplitude for the   decay can be expressed as
 

AIR(Bc6→B10M) = a15
1 (Bc6)i jH(15)k

lmMl
kB

i jm
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klM
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3 (Bc6)i jH(15)k

lmM j
kBilm

10 +a15
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klM
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klM
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mBikm
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klM
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mBikm
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i jm
10

+a3
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mB
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10 . (16)

SU(3)
Bc6→B10M

The  relations  between  the    irreducible  amp-
litudes  and  the  topological  amplitudes  for 
decays are derived as 

a15
1 = A1+A2, a6

1 = A1−A2, a15
2 = A3,

a15
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8
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2 = −

1
8

A1+
3
8

A2+
3
8

A5−
1
8

A6+A12,

a3
3 = −

1
8

A1+
3
8

A2+
1
4

A7+A10,

a3′
3 =

3
8

A1−
1
8

A2+
1
4

A7+A13. (17)

3 3′

15 6

3
H(0)(3) H(1)(3) H(1)(3′)

H(0)(3)1 = V∗cdVud +V∗csVus = −V∗cbVub

H(0)(3)1 : H(1)(3)1 : H(1)(3′)1 = −V∗cbVub : −V∗cbVub : −3V∗cbVub

SU(3) H(0)(3)
H(1)(3) H(1)(3′)

Note  that  the  -dimensional  representation    is  ab-
sent in Eq. (14), and the  - and  -dimensional represent-
ations  are  absent  in  Eq.  (15).  Moreover,  the  coefficient
matrices  of  the  -dimensional  representations,  including

,  ,  and  , contain  only  the  first   com-
ponent.  Owing  to  the  unitarity  of  the  CKM  matrix,
we  have  ,  and  thus

.
The    irreducible  amplitudes  involving  ,

,  and    appear in  the  following  fixed   com-

binations: 

a3,T+P
1 = a3

1+a3P
1 +3a3′P

1 ,

a3,T+P
2 = a3

2+a3P
2 +3a3′P

2 ,

a3,T+P
3 = a3

3+a3P
3 +3a3′P

3 . (18)

SU(3)

SU(3) a3
1 a3

2 a3
3

AP
1 ∼ AP

13

A8 A9

A10

According to Eq. (18), the penguin-induced   ir-
reducible  amplitudes  always  appear  together  with  the
tree-induced   irreducible amplitudes  ,  , and  .
Thus, the penguin-induced amplitudes have no independ-
ent  degrees  of  freedom.  Substituting  Eq.  (17)  into  Eq.
(18), we find that the penguin-induced diagrams 
appear  together  with  the  tree-induced  diagrams  ,  ,
and   in the following fixed combinations: 

AT+P
8 = A8+AP

3 +AP
4 +AP

6 +AP
8 +3AP

11,

AT+P
9 = A9+AP

2 +AP
5 +AP

9 +3AP
12,

AT+P
10 = A10+AP

1 +AP
7 +AP

10+3AP
13. (19)

Bc6→B10M SU(3)F

|V∗cbVub| ≪ |V∗cdVud | |V∗csVus|

Vub

Ultimately,  10  independent  amplitudes  contribute  to
 decays.  In  the    limit,  all  penguin-in-

duced  diagrams  and  tree-induced  diagrams  involving  a
quark loop  make  negligible  contributions  to  the   branch-
ing  fractions,  since    and  .
However, they are  not  negligible  in  CP asymmetries  be-
cause of  the  large  weak  phase  of  the  CKM  matrix   ele-
ment  . 
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Ω0
c →B8MB.     decays

q1↔ q2 BS
8 BA

8

BS
8 BA

8

BS
8

There are two octets that are symmetric and antisym-
metric  under  ,  denoted  by    and  ,  respect-
ively.  The  light  baryon  octets    and    can be   ex-
pressed as tensors with three covariant indices.   is giv-
en by 

Σ+=
1√
6

(2B113
8 −B311

8 −B131
8 ), p=

1√
6

(−2B112
8 +B211

8 +B121
8 ),

Σ−=
1√
6

(−2B223
8 +B322

8 +B232
8 ), n=

1√
6

(2B221
8 −B122

8 −B212
8 ),

Ξ−=
1√
6

(2B332
8 −B233

8 −B323
8 ), Ξ0=

1√
6

(−2B331
8 +B133

8 +B313
8 ),

Σ0 =
1√
12

(B321
8 +B231

8 +B312
8 +B132

8 −2B123
8 −2B213

8 ),

Λ0 =
1
2

(B132
8 −B231

8 +B312
8 −B321

8 ),

(20)

BA
8and   is given by 

Σ+ =
1√
2

(B311
8 −B131

8 ), p =
1√
2

(B121
8 −B211

8 ),

Σ− =
1√
2

(B232
8 −B322

8 ), n =
1√
2

(B122
8 −B212

8 ),

 

Ξ− =
1√
2

(B233
8 −B323

8 ),

Ξ0 =
1√
2

(B313
8 −B133

8 ),

Σ0 =
1
2

(B132
8 −B312

8 +B231
8 −B321

8 ),

Λ0 =
1√
12

(2B213
8 −2B123

8 +B231
8 −B321

8 +B312
8 −B132

8 ). (21)

ϕSχS

ϕAχA q1↔ q2

q1↔ q3 q2↔ q3

ϕSχS +ϕAχA

ϕS ϕA

BS
8 BA

8

Bc6→BS
8 M

According  to  the  requirement  of  quantum  statistics
that the overall wave function of the three-quark state be
antisymmetric,  the  combined  flavor-spin  wave  function
must  be  symmetric  under  the  interchange  of  any  two
quarks.  The  mixed-symmetry  combinations    and

 are  both  symmetric  under  the  interchange  .
However, neither  combination  alone  has  definite   sym-
metry  under  the  interchanges   and  .  Only
the  equal-weight  linear  combination    is
totally  symmetric  under  the  interchange  of  any  two
quarks. Because of the different spin structures of the two
octets    and  ,  the  topological  diagrams  for  charmed
baryon  decays  into  octet  baryons  fall  into  two  distinct
sets.  For  clarity,  we  label  the  topological  diagrams  for
charmed  baryon  decays  into    and   with the   super-
scripts S  and A,  respectively.  The  topological  amplitude
for   decays is constructed as

 

AS (Bc6→BS
8 M) = BS

1 (Bc6)i jHm
kl M

i
m(BS

8 ) jkl+BS
2 (Bc6)i jHm

kl M
i
m(BS

8 ) jlk +BS
3 (Bc6)i jHm

kl M
i
m(BS

8 )kl j

+BS
4 (Bc6)i jHi

klM
j
m(BS

8 )klm+BS
5 (Bc6)i jHi

klM
j
m(BS

8 )kml+BS
6 (Bc6)i jHi

klM
j
m(BS

8 )lmk

+BS
7 (Bc6)i jHi

klM
k
m(BS

8 ) jlm+BS
8 (Bc6)i jHi

klM
k
m(BS

8 ) jml+BS
9 (Bc6)i jHi

klM
k
m(BS

8 )lm j

+BS
10(Bc6)i jHi

klM
l
m(BS

8 ) jkm+BS
11(Bc6)i jHi

klM
l
m(BS

8 ) jmk +BS
12(Bc6)i jHi

klM
l
m(BS

8 )km j

+BS
13(Bc6)i jHm

kl M
l
m(BS

8 )ik j+BS
14(Bc6)i jHm

kl M
k
m(BS

8 )il j+BS
15(Bc6)i jHi

klM
m
m(BS

8 ) jkl

+BS
16(Bc6)i jHi

klM
m
m(BS

8 ) jlk +BS
17(Bc6)i jHi

klM
m
m(BS

8 )kl j+BS
18(Bc6)i jHl

klM
i
m(BS

8 ) jkm

+BS
19(Bc6)i jHl

klM
i
m(BS

8 ) jmk +BS
20(Bc6)i jHl

klM
i
m(BS

8 )km j+BS
21(Bc6)i jHl

klM
k
m(BS

8 )im j

+BS
22(Bc6)i jHl

klM
m
m(BS

8 )ik j+BS
23(Bc6)i jHl

lk Mi
m(BS

8 ) jkm+BS
24(Bc6)i jHl

lk Mi
m(BS

8 ) jmk

+BS
25(Bc6)i jHl

lk Mi
m(BS

8 )km j+BS
26(Bc6)i jHl

lk Mk
m(BS

8 )im j+BS
27(Bc6)i jHl

lk Mm
m(BS

8 )ik j

+BS
28(Bc6)i jHm

kl M
k
m(BS

8 )i jl+BS
29(Bc6)i jHm

kl M
l
m(BS

8 )i jk +BS
30(Bc6)i jHl

klM
k
m(BS

8 )i jm

+BS
31(Bc6)i jHl

klM
m
m(BS

8 )i jk +BS
32(Bc6)i jHl

lk Mk
m(BS

8 )i jm+BS
33(Bc6)i jHl

lk Mm
m(BS

8 )i jk, (22)

Bc6→BA
8 Mand the topological amplitude for the   decays is constructed as
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AA(Bc6→BA
8 M) = BA

1 (Bc6)i jHm
kl M

i
m(BA

8 ) jkl+BA
2 (Bc6)i jHm

kl M
i
m(BA

8 ) jlk +BA
3 (Bc6)i jHm

kl M
i
m(BA

8 )kl j+BA
4 (Bc6)i jHi

klM
j
m(BA

8 )klm

+BA
5 (Bc6)i jHi

klM
j
m(BA

8 )kml+BA
6 (Bc6)i jHi

klM
j
m(BA

8 )lmk +BA
7 (Bc6)i jHi

klM
k
m(BA

8 ) jlm+BA
8 (Bc6)i jHi

klM
k
m(BA

8 ) jml

+BA
9 (Bc6)i jHi

klM
k
m(BA

8 )lm j+BA
10(Bc6)i jHi

klM
l
m(BA

8 ) jkm+BA
11(Bc6)i jHi

klM
l
m(BA

8 ) jmk +BA
12(Bc6)i jHi

klM
l
m(BA

8 )km j

+BA
13(Bc6)i jHm

kl M
l
m(BA

8 )ik j+BA
14(Bc6)i jHm

kl M
k
m(BA

8 )il j+BA
15(Bc6)i jHi

klM
m
m(BA

8 ) jkl+BA
16(Bc6)i jHi

klM
m
m(BA

8 ) jlk

+BA
17(Bc6)i jHi

klM
m
m(BA

8 )kl j+BA
18(Bc6)i jHl

klM
i
m(BA

8 ) jkm+BA
19(Bc6)i jHl

klM
i
m(BA

8 ) jmk

+BA
20(Bc6)i jHl

klM
i
m(BA

8 )km j+BA
21(Bc6)i jHl

klM
k
m(BA

8 )im j+BA
22(Bc6)i jHl

klM
m
m(BA

8 )ik j

+BA
23(Bc6)i jHl

lk Mi
m(BA

8 ) jkm+BA
24(Bc6)i jHl

lk Mi
m(BA

8 ) jmk +BA
25(Bc6)i jHl

lk Mi
m(BA

8 )km j

+BA
26(Bc6)i jHl

lk Mk
m(BA

8 )im j+BA
27(Bc6)i jHl

lk Mm
m(BA

8 )ik j.

(23)

Bc6→B8MThe total amplitude for the   decays is 

A(Bc6→B8M) =AS (Bc6→BS
8 M)+AA(Bc6→BA

8 M).

(24)
Bc6→BS

8 M

Bc6→BA
8 M

The topological diagrams contributing to 
decays are shown in Fig. 2. The corresponding diagrams
for   decays  can  be  obtained  by  replacing  the

BS
1 ∼ BS

27

Ω0
c →BS

8 M Ω0
c →BA

8 M

symmetric quark  pairs  with  antisymmetric  ones  in   dia-
grams  .  The  topological  amplitudes  for  the

  and    decays  are  presented  in
Tables 2 and 3, respectively.

(B8)i
j i , j

The octet  baryon can also  be  represented  as  a  tensor
with  one  covariant  index  and  one  contravariant  index,

, where  . It can also be expressed in matrix form
as

 

B8 =

à 1√
2
Σ0+

1√
6
Λ0 Σ+ p

Σ− − 1√
2
Σ0+

1√
6
Λ0 n

Ξ− Ξ0 −
√

2/3Λ0

í
. (25)

(BS
8 )i jk (BA

8 )i jk

(1,1)
The  third-rank  tensors    and    can be   ex-
pressed in terms of the rank-  tensor as [41, 42] 

(BS
8 )i jk=

1√
6

î
ϵkil(B8) j

l+ϵ
k jl(B8)i

l

ó
, (BA

8 )i jk=
1√
2
ϵ i jl(B8)k

l . (26)

i↔ j (BS
8 )i jk (BA

8 )i jk

Bc6→BS
8 M Bc6→BA

8 M
Bc6→B8M (1,1)

The  indices  i  and  j  are symmetric  under  the   inter-
change    in    and  antisymmetric  in  .  To
study  the  linear  relations  between  the  decay  amplitudes
for   and  ,  we construct  the  decay
amplitude  for    using  the  rank-   octet
tensor as

 

A(Bc6→B8M) = B1(Bc6)i jHm
kl M

i
m(B8)l

pϵ
jkp+B2(Bc6)i jHm

kl M
i
m(B8)k

pϵ
jlp+B3(Bc6)i jHm

kl M
i
m(B8) j

pϵ
klp

+B4(Bc6)i jHi
klM

j
m(B8)m

p ϵ
klp+B5(Bc6)i jHi

klM
j
m(B8)l

pϵ
kmp+B6(Bc6)i jHi

klM
j
m(B8)k

pϵ
lmp

+B7(Bc6)i jHi
klM

k
m(B8)m

p ϵ
jlp+B8(Bc6)i jHi

klM
k
m(B8)l

pϵ
jmp+B9(Bc6)i jHi

klM
k
m(B8) j

pϵ
lmp

+B10(Bc6)i jHi
klM

l
m(B8)m

p ϵ
jkp+B11(Bc6)i jHi

klM
l
m(B8)k

pϵ
jmp+B12(Bc6)i jHi

klM
l
m(B8) j

pϵ
kmp

+B13(Bc6)i jHm
kl M

l
m(B8) j

pϵ
ikp+B14(Bc6)i jHm

kl M
k
m(B8) j

pϵ
ilp+B15(Bc6)i jHi

klM
m
m(B8)l

pϵ
jkp

+B16(Bc6)i jHi
klM

m
m(B8)k

pϵ
jlp+B17(Bc6)i jHi

klM
m
m(B8) j

pϵ
klp+B18(Bc6)i jHl

klM
i
m(B8)m

p ϵ
jkp

+B19(Bc6)i jHl
klM

i
m(B8)k

pϵ
jmp+B20(Bc6)i jHl

klM
i
m(B8) j

pϵ
kmp+B21(Bc6)i jHl

klM
k
m(B8) j

pϵ
imp

+B22(Bc6)i jHl
klM

m
m(B8) j

pϵ
ikp+B23(Bc6)i jHl

lk Mi
m(B8)m

p ϵ
jkp+B24(Bc6)i jHl

lk Mi
m(B8)k

pϵ
jmp

+B25(Bc6)i jHl
lk Mi

m(B8) j
pϵ

kmp+B26(Bc6)i jHl
lk Mk

m(B8) j
pϵ

imp+B27(Bc6)i jHl
lk Mm

m(B8) j
pϵ

ikp. (27)
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Bc6→BS
8 M ]Fig. 2.    Topological diagrams contributing to   decays, where " " indicates that the two light quarks in the baryon octet are

symmetric.
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Ω0
c →BS

8 MTable 2.    Topological amplitudes for   decays.

channel amplitude

Ω0
c → Ξ0K

0 1√
6
λ1(BS

1 −2BS
2 +BS

3 +BS
13−2BS

29)

Ω0
c → Σ+K−

1√
6
λd(−BS

18−BS
19+2BS

20)

+
1√
6
λs(−BS

4 +2BS
5 −BS

6 −BS
10−BS

11+2BS
12−BS

18−BS
19+2BS

20)

− 1√
6
λb(−BS P

1 −BS P
2 +2BS P

3 −BS P
4 −BS P

5 +2BS P
6 −BS P

7 −BS P
8 +2BS P

9

−BS P
18 −BS P

19 +2BS P
20 −3BS P

23 −3BS P
24 +6BS P

25 )

Ω0
c → Σ0K

0 1
2
√

3
λd(BS

1 +BS
2 −2BS

3 +BS
18+BS

19−2BS
20)

+
1

2
√

3
λs(BS

4 −2BS
5 +BS

6 +BS
10+BS

11−2BS
12+BS

18+BS
19−2BS

20)

− 1
2
√

3
λb(BS P

1 +BS P
2 −2BS P

3 +BS P
4 +BS P

5 −2BS P
6 +BS P

7 +BS P
8 −2BS P

9

+BS P
18 +BS P

19 −2BS P
20 +3BS

23+3BS P
24 −6BS P

25 )

Ω0
c → Ξ0π0 1

2
√

3
λd(−BS

13+2BS
29+BS

21−2BS
30)+

1
2
√

3
λs(−2BS

7 +BS
8 +BS

9 +BS
21−2BS

30)

− 1
2
√

3
λb(−2BS P

10 +BS P
11 +BS P

12 +BS P
13 −2BS P

29 +BS P
21 −2BS P

30 +3BS P
26 −6BS P

32 )

Ω0
c → Ξ0η8

1
6
λd(BS

13−2BS
29−2BS

18+4BS
19−2BS

20+BS
21−2BS

30)

+
1
6
λs(−2BS

1 +4BS
2 −2BS

3 −2BS
4 −2BS

5 +4BS
6 −2BS

7 +BS
8 +BS

9 −2BS
10

+4BS
11−2BS

12−2BS
13+4BS

29−2BS
18+4BS

19−2BS
20+BS

21−2BS
30)

−1
6
λb(4BS P

1 −2BS P
2 −2BS P

3 −2BS P
4 +4BS P

5 −2BS P
6 −2BS P

7 +4BS P
8 −2BS P

9

−2BS P
10 +BS P

11 +BS P
12 −2BS P

18 +4BS P
19 −2BS P

20 +BS P
21 −2BS P

30

−6BS P
23 +12BS P

24 −6BS P
25 +3BS P

26 −6BS P
32 )

Ω0
c → Ξ0η1

1
3
√

2
λd(BS

13−2BS
29+BS

18−2BS
19+BS

20+BS
21−2BS

30+3BS
22−6BS

31)

+
1

3
√

2
λs(BS

1 −2BS
2 +BS

3 +BS
4 +BS

5 −2BS
6 −2BS

7 +BS
8 +BS

9 +BS
10−2BS

11+BS
12

+BS
13−2BS

29+3BS
15−6BS

16+3BS
17+BS

18−2BS
19+BS

20+BS
21−2BS

30+3BS
22−6BS

31)

− 1
3
√

2
λb(−2BS P

1 +BS P
2 +BS P

3 +BS P
4 −2BS P

5 +BS P
6 +BS P

7 −2BS P
8 +BS P

9 −2BS P
10

+BS P
11 +BS P

12 +3BS P
14 −6BS P

28 −6BS P
15 +3BS P

16 +3BS P
17 +BS P

18 −2BS P
19 +BS P

20 +BS P
21

−2BS P
30 +3BS P

22 −6BS P
31 +3BS P

23 −6BS P
24 +3BS P

25 +3BS P
26 −6BS P

32 +9BS P
27 −18BS P

33 )

Ω0
c → Ξ−π+

1√
6
λd(−BS

14+2BS
28−BS

21+2BS
30)+

1√
6
λs(2BS

7 −BS
8 −BS

9 −BS
21+2BS

30)

− 1√
6
λb(2BS P

10 −BS P
11 −BS P

12 −BS P
13 +2BS P

29 −BS P
21 +2BS P

30 −3BS P
26 +6BS P

32 )

Continued on next page

Ω0
c SU(3)FTopological diagrams of   decays in the   limit Chin. Phys. C 51, 013102 (2027)

013102-9



Table 2-continued from previous page

channel amplitude

Ω0
c → Λ0K

0 1
2
λd(−BS

1 +BS
2 −BS

18+BS
19)+

1
2
λs(−BS

4 +BS
6 −BS

10+BS
11−BS

18+BS
19)

−1
2
λb(BS P

1 −BS P
2 −BS P

4 +BS P
5 −BS P

7 +BS P
8 −BS P

18 +BS P
19 −3BS P

23 +3BS P
24 )

Ω0
c → Σ+π−

1√
6
λ2(−BS

10−BS
11+2BS

12)

Ω0
c → Σ0π0 1

2
√

6
λ2(BS

7 +BS
8 −2BS

9 −BS
10−BS

11+2BS
12)

Ω0
c → Σ0η8

1
6
√

2
λ2(−2BS

1 −2BS
2 +4BS

3 +4BS
4 −2BS

5 −2BS
6 +BS

7 +BS
8 −2BS

9 +BS
10+BS

11−2BS
12)

Ω0
c → Σ0η1

1
6
λ2(BS

1 +BS
2 −2BS

3 −2BS
4 +BS

5 +BS
6 +BS

7 +BS
8

−2BS
9 +BS

10+BS
11−2BS

12+3BS
15+3BS

16−6BS
17)

Ω0
c → Σ−π+

1√
6
λ2(BS

7 +BS
8 −2BS

9 )

Ω0
c → pK−

1√
6
λ2(BS

4 −2BS
5 +BS

6 )

Ω0
c → nK

0 1√
6
λ2(−BS

4 −BS
5 +2BS

6 )

Ω0
c → Ξ0K0 1√

6
λ2(BS

10−2BS
11+BS

12+BS
13−2BS

29)

Ω0
c → Ξ−K+

1√
6
λ2(−BS

7 +2BS
8 −BS

9 −BS
14+2BS

28)

Ω0
c → Λ0π0 1

2
√

2
λ2(BS

7 −BS
8 +BS

10−BS
11)

Ω0
c → Λ0η8

1
2
√

6
λ2(2BS

1 −2BS
2 +2BS

5 −2BS
6 +BS

7 −BS
8 −BS

10+BS
11)

Ω0
c → Λ0η1

1
2
√

3
λ2(−BS

1 +BS
2 −BS

5 +BS
6 +BS

7 −BS
8 −BS

10+BS
11−3BS

15+3BS
16)

 

Ω0
c →BA

8 MTable 3.    Topological amplitudes for   decays.

channel amplitude

Ω0
c → Ξ0K

0 1√
2
λ1(BA

1 −BA
3 +BA

13)

Ω0
c → Σ+K−

1√
2
λd(BA

18+BA
19)+

1√
2
λs(−BA

4 +BA
6 +BA

10+BA
11+BA

18+BA
19)

− 1√
2
λb(BAP

1 +BAP
2 +BAP

4 +BAP
5 +BAP

7 +BAP
8 +BAP

18 +BAP
19 +3BAP

23 +3BAP
24 )

Ω0
c → Σ0K

0 1
2
λd(−BA

1 −BA
2 −BA

18−BA
19)+

1
2
λs(BA

4 −BA
6 −BA

10−BA
11−BA

18−BA
19)

−1
2
λb(−BAP

1 −BAP
2 −BAP

4 −BAP
5 −BAP

7 −BAP
8 −BAP

18 −BAP
19 −3BAP

23 −3BAP
24 )

Ω0
c → Ξ0π0 1

2
λd(−BA

13+BA
21)+

1
2
λs(BA

8 +BA
9 +BA

21)− 1
2
λb(BAP

11 +BAP
12 +BAP

13 +BAP
21 +3BAP

26 )

Continued on next page
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Table 3-continued from previous page

channel amplitude

Ω0
c → Ξ0η8

1
2
√

3
λd(BA

13−2BA
18+2BA

20+BA
21)+

1
2
√

3
λs(−2BA

1 +2BA
3 +2BA

4

+2BA
5 +BA

8 +BA
9 −2BA

10+2BA
12−2BA

13−2BA
18+2BA

20+BA
21)

− 1
2
√

3
λb(−2BAP

2 −2BAP
3 −2BAP

4 +2BAP
6 −2BAP

7 +2BAP
9 +BAP

11 +BAP
12

+BAP
13 −2BAP

18 +2BAP
20 +BAP

21 −6BAP
23 +6BAP

25 +3BA
26)

Ω0
c → Ξ0η1

1
2
√

3
λd(BA

13+BA
18−BA

20+BA
21+3BA

22)+
1

2
√

3
λs(BA

1 −BA
3 −BA

4 −BA
5

+BA
8 +BA

9 +BA
10−BA

12+BA
13+3BA

15−3BA
17+BA

18−BA
20+BA

21+3BA
22)

− 1
2
√

3
λb(BAP

2 +BAP
3 +BAP

4 −BAP
6 +BAP

7 −BAP
9 +BAP

11 +BAP
12 +3BAP

14

+3BAP
16 +3BAP

17 +BAP
18 −BA

20+BAP
21 +3BAP

22 +3BAP
23 −3BAP

25 +3BAP
26 +9BAP

27 )

Ω0
c → Ξ−π+

1√
2
λd(−BA

14−BA
21)+

1√
2
λs(−BA

8 −BA
9 −BA

21)− 1√
2
λb(−BAP

11 −BAP
12 −BAP

13 −BAP
21 −3BAP

26 )

Ω0
c → Λ0K

0 1
2
√

3
λd(−BA

1 +BA
2 +2BA

3 −BA
18+BA

19+2BA
20)

+
1

2
√

3
λs(BA

4 +2BA
5 +BA

6 −BA
10+BA

11+2BA
12−BA

18+BA
19+2BA

20)

− 1
2
√

3
λb(BAP

1 −BAP
2 −2BAP

3 −BAP
4 +BAP

5 +2BAP
6 −BAP

7 +BAP
8 +2BAP

9

−BAP
18 +BAP

19 +2BAP
20 −3BAP

23 +3BAP
24 +6BAP

25 )

Ω0
c → Σ+π−

1√
2
λ2(BA

10+BA
11)

Ω0
c → Σ0π0 − 1

2
√

2
λ2(BA

7 +BA
8 −BA

10−BA
11)

Ω0
c → Σ0η8 − 1

2
√

6
λ2(−2BA

1 −2BA
2 +2BA

5 +2BA
6 +BA

7 +BA
8 +BA

10+BA
11)

Ω0
c → Σ−π+ − 1√

2
λ2(BA

7 +BA
8 )

Ω0
c → Σ0η1 − 1

2
√

3
λ2(BA

1 +BA
2 −BA

5 −BA
6 +BA

7 +BA
8 +BA

10+BA
11+3BA

15+3BA
16)

Ω0
c → pK−

1√
2
λ2(BA

4 −BA
6 )

Ω0
c → nK

0 1√
2
λ2(BA

4 +BA
5 )

Ω0
c → Ξ0K0 1√

2
λ2(BA

10−BA
12+BA

13)

Ω0
c → Ξ−K+

1√
2
λ2(−BA

7 +BA
9 −BA

14)

Ω0
c → Λ0π0 1

2
√

6
λ2(BA

7 −BA
8 −2BA

9 +BA
10−BA

11−2BA
12)

Ω0
c → Λ0η8

1
6
√

2
λ2(2BA

1 −2BA
2 −4BA

3 −4BA
4 −2BA

5 +2BA
6

+BA
7 −BA

8 −2BA
9 −BA

10+BA
11+2BA

12)

Ω0
c → Λ0η1

1
6
λ2(−BA

1 +BA
2 +2BA

3 +2BA
4 +BA

5 −BA
6 +BA

7 −BA
8

−2BA
9 −BA

10+BA
11+2BA

12−3BA
15+3BA

16+6BA
17)
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The linear relations among the amplitudes constructed from the rank-3 and (1,1)-rank octet tensors are
 

B1 = BA
1 −BS

2 +BS
3 , B2 = BA

2 −BS
1 +BS

3 , B3 = BA
3 −BS

1 +BS
2 , B4 = BA

4 −BS
5 +BS

6 ,

B5 = BA
5 −BS

4 +BS
6 , B6 = BA

6 −BS
4 +BS

5 , B7 = BA
7 −BS

8 +BS
9 , B8 = BA

8 −BS
7 +BS

9 ,

B9 = BA
9 −BS

7 +BS
8 , B10 = BA

10−BS
11+BS

12, B11 = BA
11−BS

10+BS
12, B12 = BA

12−BS
10+BS

11,

B13 = BA
13+BS

13−2BS
29, B14 = BA

14+BS
14−2BS

28, B15 = BA
15−BS

16+BS
17, B16 = BA

16−BS
15+BS

17,

B17 = BA
17−BS

15+BS
16, B18 = BA

18−BS
19+BS

20, B19 = BA
19−BS

18+BS
20, B20 = BA

20−BS
18+BS

19,

B21 = BA
21+BS

21−2BS
30, B22 = BA

22+BS
22−2BS

31, B23 = BA
23−BS

24+BS
25, B24 = BA

24−BS
23+BS

25,

B25 = BA
25−BS

23+BS
24, B26 = BA

26+BS
26−2BS

32, B27 = BA
27+BS

27−2BS
33. (28)

SU(3) Bc6→B8MThe   irreducible amplitude for the   decay can be expressed as
 

AIR(Bc6→B8M) = b15
1 (Bc6)i jH(15)m

klM
i
m(B8)l

pϵ
jkp+b6

1(Bc6)i jH(6)m
klM

i
m(B8)l

pϵ
jkp+b6

2(Bc6)i jH(6)m
klM

i
m(B8) j

pϵ
klp

+b6
3(Bc6)i jH(6)i

klM
j
m(B8)m

p ϵ
klp+b15

2 (Bc6)i jH(15)i
klM

j
m(B8)l

pϵ
kmp+b6

4(Bc6)i jH(6)i
klM

j
m(B8)l

pϵ
kmp

+b15
3 (Bc6)i jH(15)i

klM
k
m(B8)m

p ϵ
jlp+b15

4 (Bc6)i jH(15)i
klM

k
m(B8)l

pϵ
jmp+b15

5 (Bc6)i jH(15)i
klM

k
m(B8) j

pϵ
lmp

+b6
5(Bc6)i jH(6)i

klM
k
m(B8)m

p ϵ
jlp+b6

6(Bc6)i jH(6)i
klM

k
m(B8)l

pϵ
jmp+b6

7(Bc6)i jH(6)i
klM

k
m(B8) j

pϵ
lmp

+b15
6 (Bc6)i jH(15)m

klM
l
m(B8) j

pϵ
ikp+b6

8(Bc6)i jH(6)m
klM

l
m(B8) j

pϵ
ikp+b15

7 (Bc6)i jH(15)i
klM

m
m(B8)l

pϵ
jkp

+b6
9(Bc6)i jH(6)i

klM
m
m(B8)l

pϵ
jkp+b6

10(Bc6)i jH(6)i
klM

m
m(B8) j

pϵ
klp+b3

1(Bc6)i jH(3)k Mi
m(B8)m

p ϵ
jkp

+b3
2(Bc6)i jH(3)k Mi

m(B8)k
pϵ

jmp+b3
3(Bc6)i jH(3)k Mi

m(B8) j
pϵ

kmp+b3
4(Bc6)i jH(3)k Mk

m(B8) j
pϵ

imp

+b3
5(Bc6)i jH(3)k Mm

m(B8) j
pϵ

ikp+b3′
1 (Bc6)i jH(3′)k Mi

m(B8)m
p ϵ

jkp+b3′
2 (Bc6)i jH(3′)k Mi

m(B8)k
pϵ

jmp

+b3′
3 (Bc6)i jH(3′)k Mi

m(B8) j
pϵ

kmp+b3′
4 (Bc6)i jH(3′)k Mk

m(B8) j
pϵ

imp+b3′
5 (Bc6)i jH(3′)k Mm

m(B8) j
pϵ

ikp. (29)

SU(3) 1,1The linear relations between the   irreducible amplitudes and the rank-( ) amplitudes are
 

b15
1 = B1+B2, b6

1 = B1−B2, b6
2 = B3, b6

3 = B4, b15
2 = B5+B6, b6

4 = B5−B6, b15
3 = B7+B10,

b6
5 = B7−B10, b15

4 = B8+B11, b6
6 = B8−B11, b15

5 = B9+B12, b6
7 = B9−B12, b15

6 = B13+B14,

b6
8=B13−B14, b15

7 =B15+B16, b6
9=B15−B16, b6

10=B17, b3
1 =

3
8

B1−
1
8

B2−
1
2

B4−
1
8

B7+
3
8

B10+B18,

b3′
1 = −

1
8

B1+
3
8

B2+
1
2

B4+
3
8

B7−
1
8

B10+B23, b3
2 = −

1
8

B1+
3
8

B2−
1
8

B5+
3
8

B6−
1
8

B8+
3
8

B11+B19,

b3′
2 =

3
8

B1−
1
8

B2+
3
8

B5−
1
8

B6+
3
8

B8−
1
8

B11+B24, b3
3 =

1
2

B3+
3
8

B5−
1
8

B6−
1
8

B9+
3
8

B12+B20,

b3′
3 = −

1
2

B3−
1
8

B5+
3
8

B6+
3
8

B9−
1
8

B12+B25, b3
4 =

3
8

B8−
1
8

B11−
1
8

B12−
1
8

B13+
3
8

B14+B21,

b3′
4 = −

1
8

B8+
3
8

B11+
3
8

B12+
3
8

B13−
1
8

B14+B26, b3
5 =

3
8

B13−
1
8

B14+
3
8

B15−
1
8

B16+
1
2

B17+B22,

b3′
5 = −

1
8

B13+
3
8

B14−
1
8

B15+
3
8

B16−
1
2

B17+B27. (30)
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6
Using  the  Levi-Civita symbol,  the  ten  amplitudes   con-
structed from the   representation in Eq. (29) are simpli-
fied to five terms as 

AIR(Bc6→B8M) = b′61 (Bc6)i jH(6)i jMk
l (B8)l

k

+b′62 (Bc6)i jH(6)klMi
k(B8) j

l

+b′63 (Bc6)i jH(6)ik M j
l (B8)l

k

+b′64 (Bc6)i jH(6)ik Ml
k(B8) j

l

+b′65 (Bc6)i jH(6)ik Ml
l(B8) j

k. (31)

6
The relations among the amplitudes constructed from the
 representation are 

b′61 = −b6
5−b6

6, b′62 = −b6
1+2b6

2−b6
8,

b′63 = 2b6
3+b6

4+b6
5+b6

6, b′64 = b6
6+b6

7+b6
8,

b′65 = −b6
6−b6

7−b6
9+2b6

10. (32)

SU(3) H(0)(3)
H(1)(3) H(1)(3′)
The    irreducible  amplitudes  involving  ,

,  and    appear  only  in  the  following  fixed
combinations: 

b3,T+P
1 = b3

1+b3P
1 +3b3′P

1 , b3,T+P
2 = b3

2+b3P
2 +3b3′P

2 ,

b3,T+P
3 = b3

3+b3P
3 +3b3′P

3 , b3,T+P
4 = b3

4+b3P
4 +3b3′P

4 ,

b3,T+P
5 = b3

5+b3P
5 +3b3′P

5 . (33)

BP
1 ∼ BP

27
B18 ∼ B22

Substituting Eq. (30) into Eq. (33), we find that the pen-
guin-induced diagrams   appear together with the
tree-induced  diagrams    in  the  following  fixed
combinations: 

BT+P
18 = B18+BP

2 +BP
4 +BP

7 +BP
18+3BP

23,

BT+P
19 = B19+BP

1 +BP
5 +BP

8 +BP
19+3BP

24,

BT+P
20 = B20−BP

3 +BP
6 +BP

9 +BP
20+3BP

25,

BT+P
21 = B21+BP

11+BP
12+BP

13+BP
21+3BP

26,

BT+P
22 = B22+BP

14+BP
16−BP

17+BP
22+3BP

27. (34)

Bc6→
B8M
In  total,  20  independent  amplitudes  contribute  to 

 decays. 

III.  PHENOMENOLOGICAL ANALYSIS

Ω0
c
Ω0

c

The   is an isospin singlet. We identify three isospin
sum rules for   decays: 

A(Ω0
c → ∆+K−)−A(Ω0

c → ∆0K
0
) = 0, (35)

 

A(Ω0
c→Σ∗+π−)+2A(Ω0

c→Σ∗0π0)−A(Ω→ Σ∗−π+)=0,

(36)

 

A(Ω0
c → Σ+π−)−2A(Ω0

c → Σ0π0)+A(Ω0
c → Σ−π+) = 0.

(37)

Ω0
c (Σ0

c ,Ξ
∗0
c ,Ω

0
c)

Ω0
c

  is  a  member  of  the  U-spin  triplet  .  Be-
cause  the  two  neutral  baryons  in  the  same U-spin mul-
tiplet as   can undergo strong decays, U-spin sum rules
cannot be established for this system.

Bc6→
B10M A7

A1 ∼ A6

Seven  tree-level  diagrams  contribute  to  the 
  decays.  Diagram    is suppressed  because  it   re-

quires the exchange of two gluons. For diagrams  ,
the corresponding Wilson coefficients are given by 

A1 : C2(µ)+C1(µ)/3, A2 : C1(µ)+C2(µ)/3,

A3 : (C1(µ)+C2(µ))/3, A4 : (C2(µ)+C1(µ))/3,

A5 : C2(µ)+C1(µ)/3, A6 : C1(µ)+C2(µ)/3. (38)

C1(µ) C2(µ) µ = mc

C1(mc) ≈ −0.43
C2(mc) ≈ 1.22

The  Wilson  coefficients    and    at    are
given  in  the  NDR  scheme  by    and

 [46]. This yields 

C2(µ)+C1(µ)/3 ≈ 1.08,

C1(µ)+C2(µ)/3 ≈ −0.02,

(C1(µ)+C2(µ))/3 ≈ 0.26. (39)

A2 A3 A4 A6

A1 A5

A6

Br(Ω0
c →Ω−K+)/Br(Ω0

c →Ω−π+)

Thus, diagrams  ,  ,  , and   are suppressed by the
corresponding Wilson  coefficients.  The  branching   frac-
tions for decay modes involving   and   are expected
to be  larger  than  those  for  the  other  decay  modes.  Neg-
lecting  the  contribution  from  diagram  ,  the  ratio

 can be estimated as 

Br(Ω0
c →Ω−K+)

Br(Ω0
c →Ω−π+)

≃ |Vus|2
|Vud |2

≈ 5.33×10−2. (40)

The LHCb Collaboration reported [6] that 

Br(Ω0
c →Ω−K+)

Br(Ω0
c →Ω−π+)

= (6.08±0.51±0.40)×10−2. (41)

Br(Ω0
c → Ξ∗−π+)/Br(Ω0

c →Ω−π+)
This  is  consistent  with  Eq.  (40).  Moreover,  the  ratio

 is predicted to be 

Br(Ω0
c → Ξ∗−π+)

Br(Ω0
c →Ω−π+)

≃ 1
3
|Vus|2
|Vud |2

≈ 1.78×10−2. (42)
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Br(Ω0
c → Ξ0K

0
)/Br(Ω0

c →Ω−π+)

Br(Ω0
c → Ξ∗0K

0
)/Br(Ω0

c →Ω−π+)
Ξ∗0

Ξ∗0→ Ξ−[→ Λ0(→ pπ−)π−]π+

Ω0
c → Σ∗+K− A5

Br(Ω0
c → Σ∗+K−)/Br(Ω0

c →Ω−π+)
Σ∗+ Σ∗+→

Λ0(→ pπ−)π+

From  an  experimental  perspective,  the  ratio  of  the
branching  fractions  of  the  two  Cabibbo-favored  decay
modes,  , has  been   meas-
ured by the Belle Collaboration [3]. We suggest measur-
ing a further ratio of branching fractions for two Cabibbo-
favored  decay  modes,  ,
where the   baryon is  reconstructed through the decay
chain  .  Since  the  decay

  is  dominated  by  diagram  , we  also   sug-
gest measuring the ratio  ,
where  the    baryon  is  reconstructed  through 

.

Ω0
c →B10M

VPP B8B8P B10B8P B10B8V

Owing  to  the  limited  experimental  data  currently
available, the magnitudes and strong phases of the topolo-
gical amplitudes  cannot  yet  be  determined.  To  gain   fur-
ther insight into these amplitudes, we examine their rela-
tionship with the rescattering mechanism. In this mechan-
ism,  a  charmed  baryon  first  decays  into  a  baryon  and  a
meson  through  a  short-distance emission  diagram.   Sub-
sequently, the u-, t-, and s-channel meson-baryon scatter-
ing  processes  provide  the  long-distance  contributions.
The u-, t-, and s-channel rescattering contributions to the

  decays  are  shown  in  Fig.  3.  The  theoretical
framework for  studying the relationship between  topolo-
gical  diagrams  and  the  rescattering  mechanism has  been
developed in Refs. [47, 48]. The leading-order chiral Lag-
rangians for the  ,  ,  ,  and   ver-
tices are given by [49−53] 

LVPP =
igVPP√

2
Tr (Vµ [P,∂µP]),

LBBP =
√

2DTr(B iγ5{P,B})

+
√

2F Tr(B iγ5[P,B]),

LTBP = gT BPϵi jkT
kml
µ (∂µP)i

mB
j
l ,

LTBV = gT BVϵi jkT
kml
µ (Vµ)i

mB
j
l , (43)

P V B T

VPP B8B8P B10B8P B10B8V

where  ,  ,  ,  and    denote  the  matrices  for  the
pseudoscalar  mesons,  vector  mesons,  octet  baryons,  and
decuplet  baryons,  respectively.  In  the  tensor  formalism,
the amplitudes for the  ,  ,  , and 
strong interactions can be expressed as 

AVPP = α
+P j

i V
i
kPk

j +α
−P j

i V
k
j Pi

k,

AB8B8P = β
+(B8) j

i Pi
k(B8)k

j +β
−(B8) j

i Pk
j(B8)i

k,

AB10B8P = ζ (B10)kmlPi
m(B8) j

l ϵi jk,

AB10B8V = κ (B10)kmlV i
m(B8) j

l ϵi jk. (44)

α± β±
Comparison of Eq. (43) with Eq. (44) shows that the

coupling coefficients  ,  , ζ, and κ correspond to those
in the chiral Lagrangians as follows: 

α+ = −α− = igVPP√
2

VµP∂µP, β+ =
√

2(D+F)B8 iγ5PB8,

β− =
√

2(D−F)B8 iγ5B8P, ζ = gT BP(B10)µ(∂µP)B8,

κ = gT BV(B10)µVµB8. (45)

Bc6→B8M
BS

28 BS
28

B14

B14

SU(3)F

Bc6→
P′B′8→ PB10

For the   decays, the color-supported emission
diagram  is  denoted  by  .  According  to  Eq.  (28), 
contributes  only  to  the  amplitude  . Thus,  the   amp-
litude   serves as the weak vertex for the dominant res-
cattering contributions. In the   limit, the rescatter-
ing amplitudes  can  be  obtained  through  tensor   contrac-
tions.  For  the  u-channel  rescattering  process 

, with  a  vector  meson  serving  as  the   inter-
mediate propagator, the tensor structure is given by 

Ru
10 =

∑
P′ ,B′8 ,V

(Bc6)i jHm
kl(P

′)k
m(B′8) j

nϵ
iln

× [α+(P′)b
aVa

c Pc
b+α

−(P′)a
bVc

a Pb
c]

× κ (B10)qp f Vd
p(B′8)e

qϵde f . (46)

Bc6→ P′B′8→ PB10

B′′8

The  tensor  structure  for  the  t-channel rescattering   pro-
cess  ,  mediated  by  an  octet  baryon

, is given by 

Rt
10 =

∑
P′ ,B′ ,B′′

(Bc6)i jHm
kl(P

′)k
m(B′8) j

nϵ
iln

× [β+(B′)a
c(B′′)b

aPc
b+β

−(B′)c
a(B′′)a

bPb
c]

× ζ (B10)qp f (P′)d
p(B′′8 )e

qϵde f . (47)

Bc6→ P′B′8→ PB10 B′′8
The  tensor  structure  for  the  s-channel rescattering   pro-
cess   mediated by an octet baryon 
is given by 

Rs
10 =

∑
P′ ,B′ ,B′′

(Bc6)i jHm
kl(P

′)k
m(B′8) j

nϵ
iln

× [β+(P′)a
b(B′)c

a(B′′)b
c +β

−(P′)b
a(B′)a

c(B′′)c
b]

× ζ (B10)qp f Pd
p(B′′8 )e

qϵde f . (48)

With the completeness relations 

∑
P′

(P′)i
j(P
′)k

l = δ
i
lδ

k
j −

1
3
δi

jδ
k
l ,∑

B′(′)8

(B′(′)8 )i
j(B′(′)8 )k

l = δ
i
lδ

k
j −

1
3
δi

jδ
k
l ,

∑
V

V i
jV

k
l = δ

i
lδ

k
j. (49)

Bc6→B10M
SU(3)F

We derive the rescattering amplitudes that  contribute
to  the  topological  amplitudes  of  the    decays
in the   limit. The results are presented in Table 4.
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We use "Δ" to denote a  triangle diagram and "Θ" to de-
note a bubble diagram. The subscripts of Δ and Θ denote
the two strong vertices of the corresponding triangle and
bubble diagrams.  Note  that  the  triangle  and  bubble   dia-
grams  include  contributions  from  both  ground-state  and
excited hadrons.

O(10−4 ∼ 10−3)

According to Table 4 and the theoretical calculations
of triangle diagrams [54−58], the quark-loop diagrams re-
ceive  long-distance  contributions  of  the  same  order  of
magnitude  as  the  tree  diagrams,  whereas  the  color-
favored emission diagram appears  to  be about  one order
of  magnitude  larger  than  the  other  diagrams.  Thus,  if  a
singly  Cabibbo-suppressed  channel  does  not  involve  the
color-favored  emission  diagram,  the  CP  asymmetry  in
this channel is expected, at the naive level, to be of order

.  If  the  color-favored  emission  diagram
contributes  to  a  singly  Cabibbo-suppressed  channel,  the
CP  asymmetry  in  this  channel  would  be  suppressed.  In
the  future,  once  sufficient  measurements  of  branching
fractions  and  decay  parameters  become  available,  the
nonperturbative parameters of the tree amplitudes can be
extracted  from experimental  data.  Using  the  relationship
between the topological diagrams and the final-state res-
cattering  mechanism,  these  parameters  can  then  be  used
to estimate the quark-loop amplitudes and, consequently,
the corresponding CP asymmetries.

Ω0
c →B10M

In the literature, the Körner-Pati-Woo theorem [59, 60]
is  often  used  to  simplify  the  decay  amplitudes  of  heavy
baryon decays. According to the Körner-Pati-Woo theor-
em,  if  the  two  quarks  produced  by  the  weak  operators
enter the same baryon, they must be antisymmetric in fla-
vor.  For   decays, the two quark lines emitted
from the weak vertex enter  the final-state baryon in  dia-

A3 A4 A5 A6 A7

O(6) O(15)

O(6) A3 A4 A5 A6

A7

grams  ,  ,  ,  ,  and  .  Therefore,  these  quarks
must be antisymmetric in flavor according to the Körner-
Pati-Woo theorem. The   and   operators are an-
tisymmetric and symmetric, respectively, under the inter-
change  of  two  covariant  flavor  indices.  Thus,  only  the

 operators contribute to the diagrams  ,  ,  ,  ,
and  . According to Eq. (17), we have 

A3 = A4 = A7 = 0, A5 = −A6. (50)

The above equations yield the following relations in addi-
tion to the general isospin sum rules: 

Br(Ω0
c → Σ∗+K−) = 4Br(Ω0

c → Σ∗0K0
S ), (51)

 

Br(Ω0
c → Σ∗+π−) = Br(Ω0

c → Σ∗0π0) = Br(Ω0
c → Σ∗−π+),

(52)

 

Br(Ω0
c → ∆+K−) = Br(Ω0

c → ∆0K0
S ) = 0. (53)

Ω0
c →B8MFor the decays  , the Körner-Pati-Woo theorem

yields the following relations among the topological dia-
grams: 

BS ,A
1 = −BS ,A

2 , BS ,A
5 = −BS ,A

6 , BS ,A
7 = −BS ,A

10 ,

BS ,A
8 = −BS ,A

11 , BS ,A
9 = −BS ,A

12 , BS ,A
15 = −BS ,A

16 ,

BS
3 = BS

4 = BS
17 = 0. (54)

These  lead  to  the  following  relations,  which  go  beyond
the general isospin sum rules: 

Br(Ω0
c → Σ+K−) = 4Br(Ω0

c → Σ0K0
S ), (55)

 

Br(Ω0
c → Σ+π−) = Br(Ω0

c → Σ0π0) = Br(Ω0
c → Σ−π+),

(56)
 

Br(Ω0
c → pK−) = 2Br(Ω0

c → nK0
S ), (57)

 

 

Ω0
c →B10MFig. 3.    The u-, t-, and s-channel rescattering contributions to   decays.

 

Bc6→
B10M
Table  4.      Rescattering  amplitudes  contributing  to 

 decays.

u-channel t-channel s-channel

A2 ∆α+ ,κ −∆β− ,ζ

A3 −∆β+ ,ζ −Θβ+ ,ζ

A4 −∆α+ ,κ ∆β− ,ζ

A5 ∆β− ,ζ Θ(β+−β−),ζ

A6 −∆α− ,κ Θβ− ,ζ

A8 ∆(β+−β−),ζ Θβ− ,ζ

A9 ∆α− ,κ −Θβ− ,ζ

Ω0
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Br(Ω0
c → Σ0η(′)) = Br(Ω0

c → Λ0π0) = 0. (58)

A3 = A4 = 0

A3 A4

∼ ∼

Ref. [47] showed that the Körner-Pati-Woo theorem is in-
consistent  with  the  rescattering  dynamics  of  singly
charmed baryon  decays.  The  present  work  further   sup-
ports this conclusion. For example, the Körner-Pati-Woo
theorem  predicts  ,  which  conflicts  with  the
nonvanishing contributions of the triangle and bubble dia-
grams to   and  . In the isospin limit, the Körner-Pati-
Woo  theorem  can  be  tested  experimentally  using  Eqs.
(51)  (53)  and Eqs.  (55)  (58).  If  the decay amplitudes
of two channels  are  proportional  to  each  other,  their  de-
cay parameters  are  identical.  Thus,  the Körner-Pati-Woo
theorem can also be tested by measuring the decay para-
meters  α,  β,  and  γ.  In  addition,  if  the  Körner-Pati-Woo
theorem  holds,  two  CP-asymmetry relations  can  be   de-
rived in the isospin limit: 

Adir
CP(Ω0

c → Σ∗+K−) = Adir
CP(Ω0

c → Σ∗0K
0
),

Adir
CP(Ω0

c → Σ+K−) = Adir
CP(Ω0

c → Σ0K
0
). (59)

The partial-wave CP asymmetries can also be defined as 

AαCP =
α+α

2
, AβCP =

β+β

2
, AγCP =

γ−γ
2
. (60)

The  following  relations  can  be  derived  under  isospin
symmetry if the Körner-Pati-Woo theorem holds: 

AαCP(Ω0
c → Σ∗+K−) = AαCP(Ω0

c → Σ∗0K
0
),

AαCP(Ω0
c → Σ+K−) = AαCP(Ω0

c → Σ0K
0
), (61)

 

AβCP(Ω0
c → Σ∗+K−) = AβCP(Ω0

c → Σ∗0K
0
),

AβCP(Ω0
c → Σ+K−) = AβCP(Ω0

c → Σ0K
0
), (62)

 

AγCP(Ω0
c → Σ∗+K−) = AγCP(Ω0

c → Σ∗0K
0
),

AγCP(Ω0
c → Σ+K−) = AγCP(Ω0

c → Σ0K
0
). (63)

These  CP-asymmetry  relations  can  be  tested  in  future
measurements.
 

IV.  SUMMARY

Ω0
c SU(3)F

Ω0
c

SU(3)
Ω0

c

In  this  work,  we  analyze  the  topological  amplitudes
for    decays  in  the    limit.  We  present  the  tree-
and penguin-induced diagrams contributing to   decays
into decuplet and octet baryons. Using tensor analysis, we
derive the  linear  relations  between  the  topological   amp-
litudes  and  the    irreducible  amplitudes.  We  obtain
three isospin relations for   decays. In addition, we de-
rive  several  branching-fraction  relations  to  test  the
Körner-Pati-Woo theorem.
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