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The doubly charmed baryon Ξþþ
cc was observed by LHCb Collaboration in 2017. The branching

fractions of two-body doubly charmed baryon decays were predicted in the framework of a
rescattering mechanism, and some SUð3ÞF relations were investigated in the topological amplitudes.
In this work, we study the correlation between a topological diagram at quark level and a rescattering
triangle diagram at hadron level in the doubly charmed baryon decay. The completeness of our
framework is confirmed from the fact that all 12 possible structures of meson-baryon scattering
appear once each in the intermediate form between the topological diagram and the triangle diagram,
topological-scattering diagram. It is found that the triangle diagrams derived from the topological
diagrams are consistent with the ones derived directly from the chiral Lagrangian. The relative
magnitudes of rescattering contributions in the C, C0, E, E0, P, and P0 diagrams extracted from
SUð3ÞF symmetry are consistent with the numerical analysis in literature. Taking Ξþþ

cc → Ξþ
c π

þ,
Ξþ
cc → Ξ0

cπ
þ, and Ξþ

cc → Ξþ
c π

0 modes as examples, we show the isospin relation is satisfied in terms
of triangle diagrams.

DOI: 10.1103/PhysRevD.105.073002

I. INTRODUCTION

In 2017, the LHCb Collaboration observed the doubly
charmed baryon Ξþþ

cc via Ξþþ
cc → Λþ

c K−πþπþ decay [1].
Subsequently, the measurement of the lifetime of Ξþþ

cc and
the observation of Ξþþ

cc → Ξþ
c π

þ were performed [2,3]. The
discovery of Ξþþ

cc benefits from the theoretical work [4], in
which the most favorable decay channels of Ξþþ

cc were
pointed out. In Ref. [4], the branching fractions of doubly
charmed baryon decays are estimated in the rescattering
mechanism, since the QCD-inspired methods do not work
well at the scale of charm quark decay. The rescattering
mechanism has been used in heavy mason and baryon
hadron decays in literature [5–13], and a systematic study
on doubly charmed baryon decays in the rescattering
mechanism has been performed in [14,15].
In the rescattering mechanism, the doubly charmed

baryon first decays into one baryon and one meson via a
short-distance emitted amplitude TSD. Then the t-channel
meson-baryon scattering between them serves as the long-
distance contributions. It forms a triangle diagram at hadron

level. There are two different approaches to get the triangle
diagrams contributing to one decay channel: calculating the
hadron-level Feynman diagrams directly from the chiral
Lagrangian [14,15] or extracting from the topological
diagrams [8,9]. In the second method, topological-scatter-
ing diagram, the intermediate form between topological
diagram and triangle diagram, is used to describe the
transition from a T diagram to other diagrams such as
E, C ... etc. However, the triangle diagrams given by these
two methods are not consistent in literature [9,15].
A further study is necessary.
Inspired by the idea of a topological diagram expressed

in the invariant tensor [16–18], we proposed a theoretical
framework to associate topological amplitude and rescat-
tering dynamics in heavy meson decays in Ref. [19]. In this
framework, both the triangle diagram and the topological-
scattering diagram are expressed in the tensor form. The
coefficients of triangle diagrams can be derived from the
quark diagrams. In this way, the conflict between two
approaches to obtain triangle diagrams is solved. The
triangle diagrams derived from topological diagrams are
the same as the ones derived from the chiral Lagrangian. In
this work, we generalize the theoretical framework pro-
posed in [19] to the doubly charmed baryon decays. It is
found that the 12 possible structures of meson-baryon
scattering appear once each in the topological-scattering
diagrams. And the rescattering contributions inC,C0, E, E0,
P, and P0 diagrams have definite proportional relation
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under the SUð3ÞF symmetry. Taking Ξþþ
cc → Ξþ

c π
þ,

Ξþ
cc → Ξ0

cπ
þ, and Ξþ

cc → Ξþ
c π

0 modes as examples, we
show our framework in detail. One can find the isospin
relation between them is held in terms of triangle diagrams.
This paper is organized as follows. In Sec. II, we

construct the theoretical framework of the relation between
topological amplitude and rescattering triangle diagram.
In Sec. III, the reliability of our method is checked in the
Ξþþ
cc → Ξþ

c π
þ, Ξþ

cc → Ξ0
cπ

þ, and Ξþ
cc → Ξþ

c π
0 modes. And

Sec. IV is a short summary.

II. FROM TOPOLOGICAL DIAGRAM TO
TRIANGLE DIAGRAM

In this section, we write the topological-scattering
diagram and triangle diagram in the tensor form and
analyze the relation among topological diagram, topologi-
cal-scattering diagram, and triangle diagram. In the SUð3Þ
picture, pseudoscalar meson nonet jMi

ji is expressed as

jMi
ji ¼

0
BB@

1ffiffi
2

p jπ0iþ 1ffiffi
6

p jη8i; jπþi; jKþi
jπ−i; − 1ffiffi

2
p jπ0iþ 1ffiffi

6
p jη8i; jK0i

jK−i; jK̄0i; −
ffiffi
2
3

q
jη8i

1
CCA

þ 1ffiffiffi
3

p

0
B@
jη1i; 0; 0

0; jη1i; 0

0; 0; jη1i

1
CA; ð1Þ

where i is row index and j is column index. The vector
meson nonet is

jViij ¼

0
BB@

1ffiffi
2

p jρ0i þ 1ffiffi
2

p jωi; jρþi; jK�þi
jρ−i; − 1ffiffi

2
p jρ0i þ 1ffiffi

2
p jωi; jK�0i

jK�−i; jK̄�0i; jϕi

1
CCA:

ð2Þ

The doubly charmed triplet baryon is expressed as

jBcci ¼ ðjΞþþ
cc ðccuÞi; jΞþ

ccðccdÞi; jΩþ
ccðccsÞiÞ: ð3Þ

The charmed antitriplet baryon is expressed as

jBc3̄i ¼

0
B@

0 jΛþ
c i jΞþ

c i
−jΛþ

c i 0 jΞ0
ci

−jΞþ
c i −jΞ0

ci 0

1
CA: ð4Þ

The amplitude of doubly charmed baryon decays into a
charmed antitriplet baryon and a light meson in the
Standard Model (SM) can be expressed as a sum of
invariant tensors,

AðBcc → Bc3̄MÞ ¼ TðBccÞiHl
kjM

k
l ðB̄c3̄Þij þ CðBccÞiHl

jkM
k
l ðB̄c3̄Þij þ C0ðBccÞiHj

lkM
i
jðB̄c3̄Þlk

þ EðBccÞiHi
jkM

j
lðB̄c3̄Þlk þ E0ðBccÞiHi

kjM
j
lðB̄c3̄Þlk þ ESðBccÞiHi

jkM
l
lðB̄c3̄Þjk

þ PðBccÞiHl
jlM

j
kðB̄c3̄Þik þ P0ðBccÞiHl

jlM
i
kðB̄c3̄Þjk þ PSðBccÞiHl

jlM
k
kðB̄c3̄Þij: ð5Þ

If the index contraction is understood as quark flowing,
each term in Eq. (5) is a topological diagram. The
topological diagrams contributing to Bcc → Bc3̄M are
listed in Fig. 1. The first five diagrams, T, C, C0, E, and
E0, are tree-level topological diagrams and have been
analyzed in literature such as [14,15]. ES is the singlet
contribution. The last three diagrams are quark-loop con-
tributions. There is a sign arbitrariness in the definition of
the topological diagram in Eq. (5). For example, if we
define the T amplitude as ðBccÞiHl

kjM
k
l ðB̄c3̄Þji, an addi-

tional minus sign will appear in the T amplitude because of
ðB̄c3̄Þij ¼ −ðB̄c3̄Þji.
In the factorization approach, amplitude T is dominated

by factorizable contribution, TSD. Since CSD is the Fierz
transformation of TSD, the factorizable part in the C
amplitude is also important. The factorizable contributions
TSD and CSD can be parametrized as the decay constant of

the emitted mesons and the other is expressed as the
transition form factors.1 In the final state interaction
(FSI) framework, the nonfactorable QCD effects can be
modeled as an exchange of one particle between two
particles generated from the tree emitted amplitudes, TSD

and CSD. There are s-channel and t-channel contributions
in the final state interaction, or referred to as resonance and
rescattering contributions respectively. In this work, we
focus on the t-channel FSI contribution. It forms a triangle
diagram at hadron level, and can be derived from topo-
logical diagram via the topological-scattering diagram. In
the rest of this section, we will study the relation between
the topological diagram, topological-scattering diagram,
and triangle diagram and give physical consequences. The
factorizable contribution of the C diagram is suppressed by

1Please see literature such as Ref. [15] for details.

DI WANG PHYS. REV. D 105, 073002 (2022)

073002-2



the color factor at charm scale with the effective Wilson
coefficient a2ðmcÞ ¼ C1ðmcÞ þ C2ðmcÞ=Nc. So we neglect
the factorizable contribution CSD and only analyze the
rescattering contribution arisen from TSD just like Ref. [15].
FollowingRef. [19], we express the topological-scattering

diagram and triangle diagram in the tensor form, taking E
diagram as an example. The topological-scattering diagram
of T ⇒ E transition forms a triangle diagram at hadron
level, see Fig. 2. Here the superscript “SD” in T has been
omitted for convenience. In the tensor formof the topological
diagram, the T diagram is written as ðBccÞqHp

mnMm
p ðB̄c3̄Þqn,

and the E diagram is written as ðBccÞiHi
jkM

j
lðB̄c3̄Þlk. The

T ⇒ E transition can be written as

LðEÞ½i; j; k; l� ¼ ðBccÞqHp
mnMm

p ðB̄c3̄Þqn ·Mp
mVl

pM
j
l

· ðBc3̄ÞqnVq
l ðB̄c3̄Þlk · δipδjmδkn · δiq: ð6Þ

LðEÞ½i; j; k; l� is a topological-scattering diagram. It can
also be understood as a triangle diagram. The T diagram in
the left is theweak vertex of the triangle diagram. TheMVM
vertex is a meson-meson scattering vertex and ðBc3̄ÞVðB̄c3̄Þ
vertex is a meson-baryon scattering vertex. The index
contractions of Mp

mMm
p , Vl

iV
i
l, and ðB̄c3̄ÞqnðBc3̄Þqn are three

propagators. The Kronecker symbols are used to set
Hp

mn ¼ Hi
jk and ðBccÞq ¼ ðBccÞi. We only consider the

vector meson and charmed antitriplet baryon exchanges
here, i.e., Bcc → MBc3̄ → MBc3̄ via exchanging a vector
mesonor charmed antitriplet baryon.Other processes such as
Bcc → VBc3̄ → MBc3̄, Bcc → MBc6 → MBc3̄, are similar
to the case of Bcc → MBc3̄ → MBc3̄. We will not present
details in this work. Besides, please notice the order of indies
of the meson-baryon vertex. Due to the antisymmetric light
quarks in the charmed antitriplet baryon, we have

FIG. 1. Topological diagrams contributing to the Bcc → Bc3̄M decays in the SM.

FIG. 2. Topological-scattering diagram and triangle diagram in T ⇒ E transition.
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ðBc3̄ÞijVi
kðB̄c3̄Þkl ¼ −ðBc3̄ÞijVi

lðB̄c3̄Þkl ¼ ðBc3̄ÞijVj
lðB̄c3̄Þkl

¼ −ðBc3̄ÞijVj
kðB̄c3̄Þkl: ð7Þ

It guarantees the sign arbitrariness of the topological diagram
cannot affect the sign of the triangle diagram.
For the completeness of our theoretical framework, we

list all the tensor structures in T ⇒ E0; C; C0; T; P; P0
transitions. T ⇒ E0:

LðE0Þ½i; j; k; l� ¼ ðBccÞqHp
mnMm

p ðB̄c3̄Þqn

·Mp
mðBc3̄ÞplðB̄c3̄Þlk · ðBc3̄ÞqnðB̄c3̄ÞqlMj

l

· δipδkmδjn · δiq: ð8Þ

T ⇒ C:

LðCÞ½i; j; k; l�1 ¼ ðBccÞqHp
mnMm

p ðB̄c3̄Þqn ·Mp
mVm

k M
k
l

· ðBc3̄ÞqnVn
j ðB̄c3̄Þij · δlpδjmδkn · δiq; ð9Þ

LðCÞ½i; j; k; l�2 ¼ðBccÞqHp
mnMm

p ðB̄c3̄Þqn ·Mp
mðBc3̄ÞipðB̄c3̄Þij

· ðBc3̄ÞqnðB̄c3̄ÞqlMk
l

· δlpδjmδkn · δiq: ð10Þ

T ⇒ C0:

LðC0Þ½i;j;k; l�1 ¼ ðBccÞqHp
mnMm

p ðB̄c3̄Þqn ·Mp
mVm

i M
i
j

· ðBc3̄ÞqnVq
l ðB̄c3̄Þlk · δjpδlmδkn · δiq; ð11Þ

LðC0Þ½i;j;k;l�2¼ðBccÞqHp
mnMm

p ðB̄c3̄Þqn ·Mp
mðBc3̄ÞpkðB̄c3̄Þlk

·ðBc3̄ÞqnðB̄c3̄ÞjnMi
j ·δjpδlmδkn ·δiq: ð12Þ

T ⇒ T:

LðTÞ½i;j;k; l�1¼ðBccÞqHp
mnMm

p ðB̄c3̄Þqn ·Mp
mVm

k M
k
l

· ðBc3̄ÞqnVq
i ðB̄c3̄Þij ·δlpδkmδjn ·δiq; ð13Þ

LðTÞ½i; j;k; l�2 ¼ ðBccÞqHp
mnMm

p ðB̄c3̄Þqn ·Mp
mVm

k M
k
l

· ðBc3̄ÞqnVn
j ðB̄c3̄Þij · δlpδkmδjn · δiq; ð14Þ

LðTÞ½i;j;k; l�3¼ðBccÞqHp
mnMm

p ðB̄c3̄Þqn ·Mp
mVl

pMk
l

· ðBc3̄ÞqnVq
i ðB̄c3̄Þij ·δlpδkmδjn ·δiq; ð15Þ

LðTÞ½i;j;k; l�4¼ðBccÞqHp
mnMm

p ðB̄c3̄Þqn ·Mp
mVl

pMk
l

· ðBc3̄ÞqnVn
j ðB̄c3̄Þij ·δlpδkmδjn ·δiq: ð16Þ

T ⇒ P:

LðPÞ½i; j; k; l� ¼ ðBccÞqHp
mnMm

p ðB̄c3̄Þqn ·Mp
mVk

pM
j
k

· ðBc3̄ÞqnVn
kðB̄c3̄Þik · δlpδjmδln · δiq: ð17Þ

T ⇒ P0:

LðP0Þ½i;j;k; l� ¼ ðBccÞqHp
mnMm

p ðB̄c3̄Þqn ·Mp
mðBc3̄ÞpkðB̄c3̄Þjk

· ðBc3̄ÞqnðB̄c3̄ÞnkMi
k ·δlpδjmδln ·δiq: ð18Þ

The triangle diagrams constructed by the topological-
scattering diagrams in T ⇒ E0, T ⇒ C, T ⇒ C0,
T ⇒ T, T ⇒ P, and T ⇒ P0 transitions are shown in
Figs. 3–8, respectively. As pointed out in Ref. [19], the
nonperturbative effects in the ES and PS diagrams cannot
be modeled into a triangle diagram because they can be
divided into two unconnected parts by cutting off gluon
propagators.
There are 12 different substructures of meson-baryon

scattering in Figs. 2–8. All of them can be summarized as
Fig. 9. S1 in Fig. 9 represents the meson-baryon scattering
induced by a quark exchange between meson and baryon.
There are four different choices of exchanging a light quark
between a light meson and a heavy baryon, corresponding
to the meson-baryon scattering in topological-scattering
diagrams LðCÞ1, LðC0Þ1, LðEÞ, and LðPÞ, respectively. S2
in Fig. 9 represents the meson-baryon scattering induced by
inserting two meson currents in one valence quark of
baryon. There are two different choices in light meson-
heavy baryon scattering, corresponding to the scattering in
topological-scattering diagrams LðCÞ2 and LðC0Þ2. S3 in
Fig. 9 represents the meson-baryon scattering induced by
inserting two meson currents in two valence quarks of

FIG. 3. Topological-scattering diagram and triangle diagram in T ⇒ E0 transition.
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baryon. There are two different choices in light meson-
heavy baryon scattering, corresponding to the scattering in
topological-scattering diagrams LðE0Þ and LðP0Þ. S4 in
Fig. 9 represents the meson-baryon scattering induced by
exchanging a neutral meson propagator without quark
exchange or meson current inserting. There are four
different choices in light meson-heavy baryon scattering,

corresponding to the scattering in topological-scattering
diagrams LðTÞ1, LðTÞ2, LðTÞ3, and LðTÞ4, respectively. In
the end, the topological-scattering diagrams in T ⇒ Cð0Þ,
T ⇒ Eð0Þ, T ⇒ Pð0Þ, and T ⇒ T transitions cover all 12
possible structures of meson-baryon scattering without
repetition. Thereby, the topological-scattering diagrams
listed in Figs. 2–8 are complete.

FIG. 4. Topological-scattering diagram and triangle diagram in T ⇒ C transition.

FIG. 5. Topological-scattering diagram and triangle diagram in T ⇒ C0 transition.
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FIG. 6. Topological-scattering diagram and triangle diagram in T ⇒ T transition.

FIG. 7. Topological-scattering diagram and triangle diagram in T ⇒ P transition.
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III. EXAMPLES AND DISCUSSIONS

In this section, we take the Ξþþ
cc → Ξþ

c π
þ, Ξþ

cc → Ξ0
cπ

þ,
and Ξþ

cc → Ξþ
c π

0 modes as examples to illustrate the
reliability of the method proposed in the last section.
The topological amplitude of Ξþþ

cc → Ξþ
c π

þ decay is
T þ C0. The rescattering contributions modeled by a
triangle diagram at hadron level can be written as

LðC0Þ1½u; d; s; u� ¼ −
1

2
ΔðΞþþ

cc ; πþ;Ξþ
c ; ρ0; πþ;Ξþ

c Þ

−
1

2
ΔðΞþþ

cc ; πþ;Ξþ
c ;ω; πþ;Ξþ

c Þ; ð19Þ

LðC0Þ2½u; d; s; u� ¼ ΔðΞþþ
cc ; πþ;Ξþ

c ; Ξ̄0
c;Ξþ

c ; πþÞ; ð20Þ

LðTÞ3½u; s; u; d� ¼ −
1

2
ΔðΞþþ

cc ; πþ;Ξþ
c ; ρ0; πþ;Ξþ

c Þ

þ 1

2
ΔðΞþþ

cc ; πþ;Ξþ
c ;ω; πþ;Ξþ

c Þ: ð21Þ

In the topological-scattering diagram LðC0Þ1½u; d; s; u�,
the quark constituent of the vector propagator is uū.
According to Eq. (2), uū ¼ jρ0i= ffiffiffi

2
p þ jωi= ffiffiffi

2
p

. There
are two strong vertexes in the triangle diagram. The
coefficient 1=2 is induced from multiplying 1=

ffiffiffi
2

p
two

times, ð1= ffiffiffi
2

p Þ × ð1= ffiffiffi
2

p Þ ¼ 1=2. The minus sign before
1=2 arises from the cross in LðC0Þ1½u; d; s; u� because of the
commutator in the effective chiral Lagrangian of meson-
meson scattering [19]. In T ⇒ T transition, the topologi-
cal-scattering diagram LðTÞ1½u; s; u; d� vanishes due to the
Pauli exclusion principle [19] and hence only
LðTÞ3½u; s; u; d� is left. In the topological-scattering dia-
gram LðTÞ3½u; s; u; d�, the quark constituent of vector
propagator is uū=dd̄. uū ¼ jρ0i= ffiffiffi

2
p þ jωi= ffiffiffi

2
p

, dd̄ ¼
−jρ0i= ffiffiffi

2
p þ jωi= ffiffiffi

2
p

and hence the propagator V0
il ¼

−ρ0=2þ ω=2. Summing the T and C0 amplitudes, the
rescattering contributions in the Ξþþ

cc → Ξþ
c π

þ decay is

ALðΞþþ
cc →Ξþ

c π
þÞ¼LðC0Þ1½u;d;s;u�þLðC0Þ2½u;d;s;u�

þLðTÞ3½u;s;u;d�
¼−ΔðΞþþ

cc ;πþ;Ξþ
c ;ρ0;πþ;Ξþ

c Þ
þΔðΞþþ

cc ;πþ;Ξþ
c ; Ξ̄0

c;Ξþ
c ;πþÞ: ð22Þ

Notice that the contributions associated with ωππ vertex
cancel each other.
Similarly, the topological amplitude of Ξþ

cc → Ξþ
c π

0

decay is 1ffiffi
2

p ðE − C0Þ. The rescattering contributions include

−
1ffiffiffi
2

p LðC0Þ1½d; d; s; u� ¼
1ffiffiffi
2

p ΔðΞþ
cc; πþ;Ξ0

c; ρþ; π0;Ξþ
c Þ;

ð23Þ

−
1ffiffiffi
2

p LðC0Þ2½d; d; s; u� ¼ −
1ffiffiffi
2

p ΔðΞþ
cc; πþ;Ξ0

c; Ξ̄0
c;Ξþ

c ; π0Þ;

ð24Þ

1ffiffiffi
2

p LðEÞ½d;u;s;u� ¼ 1ffiffiffi
2

p ΔðΞþ
cc;πþ;Ξ0

c;ρþ;π0;Ξþ
c Þ: ð25Þ

Summing the C0 and E amplitudes, we have

FIG. 8. Topological-scattering diagram and triangle diagram in T ⇒ P0 transition.

FIG. 9. Sketches of meson-baryon scattering in the long-
distance contributions of doubly charmed baryon decays into a
charmed antitriplet baryon and a light meson.
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ALðΞþ
cc→Ξþ

c π
0Þ¼−

1ffiffiffi
2

p ðLðC0Þ1½d;d;s;u�

þLðC0Þ2½d;d;s;u�−LðEÞ½d;u;s;u�Þ
¼

ffiffiffi
2

p
ΔðΞþ

cc;πþ;Ξ0
c;ρþ;π0;Ξþ

c Þ

−
1ffiffiffi
2

p ΔðΞþ
cc;πþ;Ξ0

c; Ξ̄0
c;Ξþ

c ;π0Þ: ð26Þ

The topological amplitude of Ξþ
cc → Ξ0

cπ
þ decay is T þ E.

The rescattering contributions include

LðEÞ½d; u; s; d� ¼ 1

2
ΔðΞþ

cc; πþ;Ξ0
c; ρ0; πþ;Ξ0

cÞ

þ 1

2
ΔðΞþ

cc; πþ;Ξ0
c;ω; πþ;Ξ0

cÞ; ð27Þ

LðTÞ1½d; u; s; d� ¼
1

2
ΔðΞþ

cc; πþ;Ξ0
c; ρ0; πþ;Ξ0

cÞ

þ 1

2
ΔðΞþ

cc; πþ;Ξ0
c;ω; πþ;Ξ0

cÞ; ð28Þ

Summing the T and E amplitudes, we have

ALðΞþ
cc → Ξ0

cπ
þÞ ¼ LðEÞ½d; u; s; d� þ LðTÞ1½d; s; u; d�

¼ ΔðΞþ
cc; πþ;Ξ0

c; ρ0; πþ;Ξ0
cÞ: ð29Þ

Again, all the contributions associated with the ωππ vertex
cancel each other.
Under the isospin symmetry, the particles in an isospin

multiplet are the same. Then we have

Δ1 ¼ ΔðΞþþ
cc ; πþ;Ξþ

c ; ρ0; πþ;Ξþ
c Þ

¼ ΔðΞþ
cc; πþ;Ξ0

c; ρþ; π0;Ξþ
c Þ

¼ ΔðΞþ
cc; πþ;Ξ0

c; ρ0; πþ;Ξ0
cÞ;

Δ2 ¼ ΔðΞþþ
cc ; πþ;Ξþ

c ; Ξ̄0
c;Ξþ

c ; πþÞ
¼ ΔðΞþ

cc; πþ;Ξ0
c; Ξ̄0

c;Ξþ
c ; π0Þ: ð30Þ

The decay amplitudes of Ξþþ
cc → Ξþ

c π
þ, Ξþ

cc → Ξþ
c π

0, and
Ξþ
cc → Ξ0

cπ
þ channels can be written as

ALðΞþþ
cc → Ξþ

c π
þÞ ¼ −Δ1 þ Δ2;

ALðΞþ
cc → Ξþ

c π
0Þ ¼

ffiffiffi
2

p
Δ1 −

1ffiffiffi
2

p Δ2;

ALðΞþ
cc → Ξ0

cπ
þÞ ¼ Δ1: ð31Þ

One can check the isospin relation

AðΞþþ
cc → Ξþ

c π
þÞ þ

ffiffiffi
2

p
AðΞþ

cc → Ξþ
c π

0Þ
−AðΞþ

cc → Ξ0
cπ

þÞ ¼ 0 ð32Þ

is satisfied in terms of triangle diagrams.

Because of the cancellation of the neutral propagators
such as in Eq. (21), the rescattering contributions in the T
diagram are zero under the flavor SUð3Þ symmetry [19],
LðTÞ1 ¼ LðTÞ2 ¼ LðTÞ3 ¼ LðTÞ4 ¼ 0. Considering that
there are two different configurations of triangle diagrams,
the intermediate exchange particle served by meson or
baryon, and all triangle diagrams are the same with the
same configuration under the flavor SUð3Þ symmetry, we
get two proportional relations between the topological-
scattering diagrams:

LðCÞ1 ¼ LðC0Þ1 ¼ −LðEÞ ¼ −LðPÞ;
LðCÞ2 ¼ LðC0Þ2 ¼ −LðE0Þ ¼ −LðP0Þ: ð33Þ

Notice the sign arbitrariness of the topological diagram
does not affect the sign of the triangle diagram because of
Eq. (7). There is a sign arbitrariness of the equations
in Eq. (33).
The rescattering contributions can also be constructed by

the two particles emitted from the short-distance C ampli-
tude. In the topological-scattering diagram, it is equivalent to
use CSD to replace TSD. The topological-scattering diagram
of C ⇒ X transition L0ðXÞ can be obtained from the
topological-scattering diagram of T ⇒ Y transition, where
X, Y are two same or different topological diagrams.
Specifically, the relations between the topological-scattering
diagrams arisen from CSD and TSD are summarized to be

L0ðCÞi ¼
CSD

TSD LðTÞi; L0ðE0Þ ¼ CSD

TSD LðEÞ;

L0ðEÞ ¼ CSD

TSD LðE0Þ; L0ðTÞi ¼
CSD

TSD LðCÞi;

L0ðC0Þi ¼
CSD

TSD LðC0Þi; L0ðPÞ ¼ CSD

TSD LðPFÞ;

L0ðP0Þ ¼ CSD

TSD LðP0
FÞ; ð34Þ

in which the Pð0Þ
F diagram is the Fierz transformation of the

Pð0Þ diagram, see Fig. 10. In the SM, Pð0Þ
F diagram is zero if

one of the tree operators O1 or Q2 is inserted into its weak
vertex. Since CSD=TSD is expected to be suppressed at least
by one order, the rescattering contributions arisen from CSD

will not affect Eq. (33) heavily. If the s-channel one particle
exchange is considered, Eq. (33)will be broken.But Eq. (33)
is still significant as a rough estimation of the long-distance
contributions.
In Ref. [15], the authors extracted the ratios of topo-

logical amplitudes based on the numerical estimation of
triangle diagrams in the rescattering mechanism and con-
cluded that jC0j=jCj ∼ jEj=jCj ∼ jE0j=jCj ∼Oð1Þ. The
same conclusion is also obtained in the soft-collinear
effective theory [20,21]. In this work, this conclusion is
verified without numerical analysis. In the large Nc
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expansion, the meson-baryon scattering S1, S2, and S3 in
Fig. 9 are at the same order,N0

c [22]. Thereby, all the triangle
diagrams in the rescattering mechanism have the same order
according to Eq. (33). The long-distance contributions in
topologies C, C0, E, E0 are expressed as one or two triangle
diagrams and hence comparable. Except for C, C0, E, E0
diagrams, Eq. (33) also indicates that jPj ∼ jP0j ∼ jCj. Then
the relation can be extended to jC0j=jCj ∼ jEj=jCj∼
jE0j=jCj ∼ jPj=jCj ∼ jP0j=jCj ∼Oð1Þ. The large P and P0

amplitudes could result in aCPviolation of the order of 10−3

in the charmed baryon decays.

IV. SUMMARY

In this work, we investigated the correlation between
topological diagrams at quark level and rescattering

dynamics at hadron level in the doubly charmed baryon
decays. It is found the rescattering triangle diagrams
derived from topological diagrams are consistent with
the ones derived from the chiral Lagrangian. All 12
possible structures of meson-baryon scattering appear once
each in the topological-scattering diagrams. The rescatter-
ing contributions in C, C0, E, E0, P, and P0 diagrams have
definite proportional relation under the SUð3ÞF symmetry.
Our framework is checked in the Ξþþ

cc → Ξþ
c π

þ,
Ξþ
cc → Ξ0

cπ
þ, and Ξþ

cc → Ξþ
c π

0 modes. The isospin relation
is satisfied in terms of the triangle diagrams.
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