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A large amount of data on hadronic two-body weak decays of antitriplet charmed baryons Tc3̄ to an octet
baryon T8 and an octet or singlet pseudoscalar meson P, Tc3̄ → T8P, have been measured. The SU(3)
flavor symmetry has been applied to study these decays to obtain insights about weak interactions for
charm physics. However not all such decays needed to determine the SU(3) irreducible amplitudes have
been measured forbidding a complete global analysis. Previously, it was shown that data from measured
decays can be used to do a global fit to determine all except one parity-violating and one parity-conserving
amplitudes of the relevant SU(3) irreducible amplitudes causing 8 hadronic two body weak decay channels
involving Ξ0

c to η or η0 transitions undetermined. It is important to obtain information about these decays in
order to guide experimental searches. In this work using newly measured decay modes by BESIII and Belle
in 2022, we carry out a global analysis and parametrize the unknown amplitudes to provide the ranges for
the branching ratios of the eight undetermined decays. Our results indicate that the SU(3) flavor symmetry
can explain the measured data exceptionally well, with a remarkable minimal χ2=d:o:f: of 1.21 and predict
80 observables in 45 decays for future experimental data to test. We then vary the unknown SU(3)
amplitudes to obtain the allowed range of branching ratios for the eight undetermined decays. We find that
some of them are within reach of near future experimental capabilities. We urge our experimental
colleagues to carry out related searches.

DOI: 10.1103/PhysRevD.108.053004

I. INTRODUCTION

Heavy-flavor physics is an important part of particle
physics study. Many interesting phenomena have been
observed in recent years [1–7]. The decay of antitriplet
charmed baryons Tc3̄ to an octet baryon T8 and an octet or
singlet pseudoscalar meson P, denoted as Tc3̄ → T8P, has
garnered attention from both theorists [8–22] and exper-
imentalists [23–29]. Last year, several antitriplet charmed
baryons hadronic two-body weak decays have been mea-
sured for the first time and several other decays were

updated by BESIII [30–33] and Belle [34–36]. These
updated data are shown in Table I.
The new experimental data provide more information for

a better understanding of the weak interactions of charmed
particles. Due to the relatively low energies involved in
charmed particle decays, perturbative QCD calculations of
hadronic matrix elements become unreliable. Ways to
address nonperturbative effects need to be found. Lattice
QCD calculations hold promise for finally solving this
problem, but a complete implementation is still premature
at present.
Symmetry considerations may also provide some under-

standing of charmed baryon decays. A commonly used
useful approach is the SU(3) flavor symmetry. With this
approach, although it is not possible to calculate the
absolute values of the decay amplitudes, it is possible to
obtain relations between different decay amplitudes. With a
smaller number of amplitudes, when combined with
experimental data, the amplitudes can be over constrained
and predictions can be made to further test the approach. Of
course, one needs to ensure the applicability of SU(3)
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flavor symmetry. Without a detailed understanding of the
dynamics, one way to assess its validity is to see how well-
known data can be explained when the symmetry is
imposed, as measured by the quality of the fit through
χ2 for each degree of freedom. In 2021, a global analysis of
the SU(3) symmetry for antitriplet charmed baryon had-
ronic two-body weak decays was carried out [14]. The
analysis showed that the SU(3) symmetry can explain the

data well and predict 87 observables in 49 decays, using
only 16 input form factors. Since then, many works [18,19]
have also carried out global analyses for these decays.
Although experimental data are abundant, a complete

SU(3) analysis for antitriplet charmed baryon hadronic
two-body decays is still not feasible. In Ref. [14], it was
shown that one pair of the SU(3) irreducible amplitude,
the parity violating, and parity conserving amplitudes,

TABLE I. Experimental data and fitting results of antitriplet charmed baryons two-body decays. The fitting results for the parity-
violating fqi and parity-conserving gqi form factors are also shown in the last five rows.

Channel

Branching ratio

Latest measurement in 2022 (%) Experimental data (%) Previous work (%) [14] This work (%)

Λþ
c → pK0

S � � � 1.59� 0.08 [37] 1.587� 0.077 1.606� 0.077
Λþ
c → pη � � � 0.142� 0.012 [37] 0.127� 0.024 0.141� 0.011

Λþ
c → pη0 0.0562þ0.0246

−0.0204 � 0.0026 [30]
0.0484� 0.0091 [30,34] 0.27� 0.38 0.0468� 0.0066

0.0473� 0.0082� 0.0046� 0.0024 [34]
Λþ
c → Λπþ 1.31� 0.08� 0.05 [33] 1.30� 0.06 [33,37] 1.307� 0.069 1.328� 0.055

Λþ
c → Σ0πþ 1.22� 0.08� 0.07 [33] 1.27� 0.06 [33,37] 1.272� 0.056 1.260� 0.046

Λþ
c → Σþπ0 � � � 1.25� 0.10 [37] 1.283� 0.057 1.274� 0.047

Λþ
c → Ξ0Kþ � � � 0.55� 0.07 [37] 0.548� 0.068 0.430� 0.030

Λþ
c → Λ0Kþ 0.0621� 0.0044� 0.0026� 0.0034 [31]

0.064� 0.003 [31,35,37] 0.064� 0.010 0.0646� 0.0028
0.0657� 0.0017� 0.0011� 0.0035 [35]

Λþ
c → Σþη 0.416� 0.075� 0.021� 0.033 [36] 0.32� 0.043 [36,37] 0.45� 0.19 0.329� 0.042

Λþ
c → Σþη0 0.314� 0.035� 0.011� 0.025 [36] 0.437� 0.084 [36,37] 1.5� 0.6 0.444� 0.070

Λþ
c → Σ0Kþ 0.047� 0.009� 0.001� 0.003 [32]

0.0382� 0.0025 [32,35,37] 0.0504� 0.0056 0.0381� 0.0017
0.0358� 0.0019� 0.0006� 0.0019 [35]

Λþ
c → nπþ 0.066� 0.012� 0.004 [33] 0.066� 0.0126 [33] 0.035� 0.011 0.0651� 0.0026

Λþ
c → ΣþK0

s 0.048� 0.014� 0.002� 0.003 [32] 0.048� 0.0145 [32] 0.0103� 0.0042 0.0327� 0.0029
Ξþ
c → Ξ0πþ � � � 1.6� 0.8 [37] 0.54� 0.18 0.887� 0.080

Ξ0
c → ΛK0

S � � � 0.32� 0.07 [37] 0.334� 0.065 0.261� 0.043
Ξ0
c → Ξ−πþ � � � 1.43� 0.32 [37] 1.21� 0.21 1.06� 0.20

Ξ0
c → Ξ−Kþ � � � 0.039� 0.012 [37] 0.047� 0.0083 0.0474� 0.0090

Ξ0
c → Σ0K0

S � � � 0.054� 0.016 [37] 0.069� 0.024 0.054� 0.016
Ξ0
c → ΣþK− � � � 0.18� 0.04 [37] 0.221� 0.068 0.188� 0.039

Channel

Asymmetry parameter α

Lastest measurement in 2022 Experimental data Previous work [14] This work

αðΛþ
c → pK0

SÞ � � � 0.18� 0.45 [37] 0.19� 0.41 0.49� 0.20
αðΛþ

c → ΛπþÞ −0.755� 0.005� 0.003 [35] −0.755� 0.0058 [35,37] −0.841� 0.083 −0.7542� 0.0058
αðΛþ

c → Σ0πþÞ −0.463� 0.016� 0.008 [35] −0.466� 0.0178 [35,37] −0.605� 0.088 −0.471� 0.015
αðΛþ

c → Σþπ0Þ −0.48� 0.02� 0.02 [36] −0.48� 0.03 [36,37] −0.603� 0.088 −0.468� 0.015
αðΞ0

c → Ξ−πþÞ � � � −0.64� 0.051 [37] −0.56� 0.32 −0.654� 0.050
αðΛþ

c → Σ0KþÞ −0.54� 0.18� 0.09 [35] −0.54� 0.20 [35] −0.953� 0.040 −0.9958� 0.0045
αðΛþ

c → ΛKþÞ −0.585� 0.049� 0.018 [35] −0.585� 0.052 [35] −0.24� 0.15 −0.545� 0.046
αðΛþ

c → ΣþηÞ −0.99� 0.03� 0.05 [36] −0.99� 0.058 [36] 0.3� 3.8 −0.970� 0.046
αðΛþ

c → Σþη0Þ −0.46� 0.06� 0.03 [36] −0.46� 0.067 [36] 0.8� 1.9 −0.455� 0.064

SU(3) symmetry parameters from fitting (χ2=d:o:f: ¼ 1.21)

Vector (f) fa ¼ 0.0155� 0.0040 fb6 ¼ 0.0215� 0.0092 fc6 ¼ 0.0356� 0.0071 fd6 ¼ −0.0138� 0.0080
fb15 ¼ −0.0161� 0.0042 fc15 ¼ 0.0149� 0.0080 fd15 ¼ −0.0253� 0.0031 fe15 ¼ 0.0798� 0.0087

Axial-vector (g) ga ¼ −0.039� 0.012 gb6 ¼ −0.240� 0.011 gc6 ¼ 0.121� 0.019 gd6 ¼ −0.067� 0.014
gb15 ¼ 0.1134� 0.0074 gc15 ¼ 0.014� 0.018 gd15 ¼ −0.0387� 0.0085 ge15 ¼ 0.0209� 0.0092
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correspond to a0 defined in the paper is not constrained by
measured data leading to eight decays undetermined.
They are Ξ0

c →Ξ0ηð0Þ;Ξ0
c →Σ0ηð0Þ;Ξ0

c →Λ0ηð0Þ;Ξ0
c → nηð0Þ.

Recently one of us (Yang) and his collaborator tried
to calculate directly [21] for Ξ0

c → Σ0ηð0Þ processes.
Unfortunately, the tree-level diagram they considered does
not contribute to the undetermined parameter a0 according
to the topological diagram amplitude analysis [38].
In this work, we will carry out an analysis by treating the

amplitudes in a0 as free parameters and letting them vary
within a given range to predict the eight unknown branch-
ing ratios. We will use the most recent data for global
analysis to determine the other decay amplitudes. It is
interesting to find that our new analysis confirms our
previous result that SU(3) describes antitriplet charmed
baryon hadronic two body decays well with a χ2=d:o:f: of
1.21. Within a reasonable range for a0, some of the
predicted branching ratios for these eight unmeasured
decays can be detected by near-future experiments.

II. THE SU(3) IRREDUCIABLE AMPLITUDES

In the framework of SU(3) symmetry, the initial and final
states of the charmed baryon decays we study can be
expressed as SU(3) irreducible representations. Induced
by the c → s=d due to W exchange, antitriplet charmed
baryons can decay into octet baryons and an octet or a singlet
pseudoscalar meson. Specifically, in our work, we represent
the antitriplet charmed baryon Tc3̄, the octet baryon T8 and
the octet plus singlet pseudoscalar meson P as

Tc3̄ ¼

0
B@

0 Λþ
c Ξþ

c

−Λþ
c 0 Ξ0

c

−Ξþ
c −Ξ0

c 0

1
CA; P¼

0
BB@

π0þηqffiffi
2

p πþ Kþ

π−
−π0þηqffiffi

2
p K0

K− K̄0 ηs

1
CCA;

T8 ¼

0
BB@

Σ0ffiffi
2

p þ Λ0ffiffi
6

p Σþ p

Σ− − Σ0ffiffi
2

p þ Λ0ffiffi
6

p n

Ξ− Ξ0 − 2Λ0ffiffi
6

p

1
CCA: ð1Þ

Here the antitriplet charmed baryon can also be expressed
as Tc3̄ ¼ ðΞ0

c;−Ξþ
c ;Λþ

c Þ and the ηs and ηq are the mixture
of η1 and η8,

η8 ¼
1ffiffiffi
3

p ηq −
ffiffiffi
2

3

r
ηs; η1 ¼

ffiffiffi
2

3

r
ηq þ

1ffiffiffi
3

p ηs: ð2Þ

The physical states η and η0 are the mixture of the ηq
and ηs as

�
η

η0

�
¼

�
cosϕ − sinϕ

sinϕ cosϕ

��
ηq

ηs

�
; ð3Þ

with ϕ ¼ ð39.3� 1.0Þ° [39].
The decays are induced by an effective weak interaction

Hamiltonian composed of the charmquark, which is a singlet
in SU(3), and the three light quarks, u, d, and s, which form a
triplet in SU(3) [14]. In the irreducible representation
amplitude (IRA) method, the Hamiltonian composed of
the three light quarks is decomposed into various irreducible
representations, namely 3 ⊗ 3̄ ⊗ 3 ¼ 3 ⊕ 3 ⊕ 6̄ ⊕ 15. In
Ref. [38], it was shown that the 3̄ representation is extremely
suppressed by the CKM matrix element and can be
neglected. This is because only singly Cabibbo suppressed
decays induced by c → ud̄d and c → us̄s can contribute to
H3̄. Since c → ud̄d and c → us̄s transitions are approxi-
mately equal but with opposite signs, their sum is
VcdV�

ud þ VcsV�
us ¼ −VcbV�

ub, which leads to a very small
coefficient for the 3̄ component of the effective Hamiltonian
that can be safely ignored. Consequently, only H6̄ and
H15 dominate the contribution to the Hamiltonian. The
nonzero entries of these irreducible representations can be
normalized as

ðH6̄Þ312 ¼ −ðH6̄Þ132 ¼ 1; ðH15Þ312 ¼ ðH15Þ132 ¼ 1;

ðH15Þ313 ¼ ðH15Þ133 ¼ −ðH15Þ212 ¼ −ðH15Þ122 ¼ sin θ;

ðH6̄Þ313 ¼ −ðH6̄Þ133 ¼ ðH6̄Þ122 ¼ −ðH6̄Þ212 ¼ sin θ;

ðH6̄Þ213 ¼ −ðH6̄Þ123 ¼ ðH15Þ213 ¼ ðH15Þ123 ¼ sin2θ; ð4Þ

with the assumption: Vud ≈ Vcs ≈ 1 and Vcd ≈ −Vus ≈
− sin θ ≈ 0.2265. Using the antisymmetric tensor ϵkmi to
contract ðH6̄Þkmj and ðTc3̄Þ½ij�, we can define

ðH6̄Þfijg ¼
1

2
ϵkmiðH6̄Þkmj ¼

0
B@

0 0 0

0 1 sin θ

0 sin θ − sin2 θ

1
CA;

ðTc3̄Þi ¼ ϵijkðTc3̄Þ½jk�: ð5Þ

Following the same method and analysis in Ref. [14], the
SU(3) invariant decay amplitudes can be written as

M ¼ a15 × ðTc3̄ÞiðH15
Þfikgj ðT8ÞjkPl

l þ b15 × ðTc3̄ÞiðH15
Þfikgj ðT8ÞlkPj

l þ c15 × ðTc3̄ÞiðH15
Þfikgj ðT8ÞjlPl

k

þ d15 × ðTc3̄ÞiðH15
Þfjkgl ðT8ÞljPi

k þ e15 × ðTc3̄ÞiðH15
Þfjkgl ðT8ÞijPl

k þ a6 × ðTc3̄Þ½ik�ðH6̄ÞfijgðT8ÞjkPl
l

þ b6 × ðTc3̄Þ½ik�ðH6̄ÞfijgðT8ÞlkPj
l þ c6 × ðTc3̄Þ½kl�ðH6̄ÞfijgðT8ÞjlPl

k þ d6 × ðTc3̄Þ½ik�ðH6̄ÞfijgðT8ÞikPj
l : ð6Þ
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The specific process is derived by expanding these
amplitudes into a linear combination of SU(3) irreducible
amplitudes. These SU(3) amplitudes, which are given in
Ref. [14] and Tables II and III. In Table III, we give the

SU(3) amplitudes of antitriplet charmed baryon decays into
an octet baryon and ηðη0Þ. One can see that only decays
with ηðη0Þ in the final states depend on the parameters a6
and a15.

TABLE II. SU(3) amplitudes and predicted branching fractions (the third column) and polarization parameters (the fourth column) of
antitriplet charmed baryons decay into an octet baryon and an octet meson.

Channel SU(3) amplitude Branching ratio (10−2) α

Λþ
c → Σ0πþ ð−b6 þ b15 þ c6 − c15 þ d6Þ=

ffiffiffi
2

p
1.260� 0.046 −0.470� 0.015

Λþ
c → Λπþ −ðb6 − b15 þ c6 − c15 þ d6 þ 2e15Þ=

ffiffiffi
6

p
1.328� 0.055 −0.7542� 0.0058

Λþ
c → Σþπ0 ðb6 − b15 − c6 þ c15 − d6Þ=

ffiffiffi
2

p
1.274� 0.047 −0.468� 0.015

Λþ
c → pK0

S ðsin2 θð−d6 þ d15 þ e15Þ þ b6 − b15 − e15Þ=
ffiffiffi
2

p
1.606� 0.077 0.49� 0.20

Λþ
c → Ξ0Kþ −c6 þ c15 þ d15 0.430� 0.030 0.955� 0.018

Ξþ
c → ΣþK0

S ðsin2 θðb6 − b15 − e15Þ − d6 þ d15 þ e15Þ=
ffiffiffi
2

p
0.77� 0.32 0.29� 0.29

Ξþ
c → Ξ0πþ −d6 − d15 − e15 0.887� 0.080 −0.902� 0.039

Ξ0
c → Σ0K0

S ð− sin2 θðb6 þ b15 − e15Þ þ ðc6 þ c15 þ d6 − e15ÞÞ=2 0.054� 0.016 −0.75� 0.24
Ξ0
c → ΛK0

S

ffiffiffi
3

p
sin2θðb6 þ b15 − 2c6 − 2c15 − 2d6 þ e15Þ=6
þ ffiffiffi

3
p ð2b6 þ 2b15 − c6 − c15 − d6 − e15Þ=6

0.261� 0.043 0.984� 0.084

Ξ0
c → ΣþK− c6 þ c15 þ d15 0.188� 0.039 0.98� 0.20

Ξ0
c → Ξ−πþ b6 þ b15 þ e15 1.06� 0.20 −0.654� 0.050

Ξ0
c → Ξ0π0 ð−b6 − b15 þ d6 þ d15Þ=

ffiffiffi
2

p
0.130� 0.051 −0.28� 0.18

Λþ
c → Σ0Kþ sin θð−b6 þ b15 þ d6 þ d15Þ=

ffiffiffi
2

p
0.0381� 0.0017 −0.9959� 0.0044

Λþ
c → ΛKþ − sin θðb6 − b15 − 2c6 þ 2c15 þ d6 þ 3d15 þ 2e15Þ=

ffiffiffi
6

p
0.0646� 0.0028 −0.545� 0.046

Λþ
c → ΣþK0

S=K
0
L sin θð−b6 þ b15 þ d6 − d15Þ=

ffiffiffi
2

p
0.0327� 0.0029 −0.52� 0.11

Λþ
c → pπ0 sin θð−c6 þ c15 − d6 þ e15Þ=

ffiffiffi
2

p
0.021� 0.010 −0.21� 0.18

Λþ
c → nπþ − sin θðc6 − c15 þ d6 þ e15Þ 0.0651� 0.0026 0.533� 0.047

Ξþ
c → Σ0πþ − sin θðb6 − b15 − c6 þ c15 þ d15 þ e15Þ=

ffiffiffi
2

p
0.3194� 0.0088 −0.728� 0.018

Ξþ
c → Λπþ sin θð−b6 þ b15 − c6 þ c15 þ 2d6 þ 3d15 þ e15Þ=

ffiffiffi
6

p
0.0222� 0.0032 −0.16� 0.17

Ξþ
c → Σþπ0 sin θðb6 − b15 − c6 þ c15 − d15 − e15Þ=

ffiffiffi
2

p
0.247� 0.020 0.46� 0.19

Ξþ
c → pK0

S=K
0
L sin θð−b6 þ b15 þ d6 − d15Þ 0.177� 0.016 −0.361� 0.081

Ξþ
c → Ξ0Kþ − sin θðc6 − c15 þ d6 þ e15Þ 0.1361� 0.0063 0.371� 0.036

Ξ0
c → Σ0π0 − 1

2
sin θðb6 þ b15 þ c6 þ c15 − d15 − e15Þ 0.00014� 0.00030 0.3� 2.3

Ξ0
c → Λπ0 sin θðb6 þ b15 þ c6 þ c15 − 2d6 − 3d15 þ e15Þ=2

ffiffiffi
3

p
0.0375� 0.0076 0.74� 0.16

Ξ0
c → Σþπ− − sin θðc6 þ c15 þ d15Þ 0.0116� 0.0026 0.96� 0.25

Ξ0
c → pK− sin θðc6 þ c15 þ d15Þ 0.0138� 0.0045 0.89� 0.38

Ξ0
c → Σ−πþ − sin θðb6 þ b15 þ e15Þ 0.057� 0.011 −0.723� 0.050

Ξ0
c → nK0

S=K
0
L sin θð−b6 − b15 þ c6 þ c15 þ d6Þ 0.0234� 0.0060 0.66� 0.34

Ξ0
c → Ξ−Kþ sin θðb6 þ b15 þ e15Þ 0.0474� 0.0090 −0.610� 0.048

Ξ0
c → Ξ0K0

S=K
0
L sin θðb6 þ b15 − c6 − c15 − d6Þ 0.0114� 0.0023 0.87� 0.30

Λþ
c → pK0

L ðsin2 θð−d6 þ d15 þ e15Þ − b6 þ b15 þ e15Þ=
ffiffiffi
2

p
1.688� 0.080 0.56� 0.20

Λþ
c → nKþ sin2 θðd6 þ d15 þ e15Þ 0.001022� 0.000091 −0.980� 0.019

Ξþ
c → Σ0Kþ sin2 θðb6 − b15 þ e15Þ=

ffiffiffi
2

p
0.01156� 0.00033 −0.9961� 0.0014

Ξþ
c → ΛKþ sin2 θðb6 − b15 − 2c6 þ 2c15 − 2d6 − e15Þ=

ffiffiffi
6

p
0.00441� 0.00019 0.624� 0.033

Ξþ
c → ΣþK0

L ðsin2 θðb6 − b15 − e15Þ þ d6 − d15 − e15Þ=
ffiffiffi
2

p
0.95� 0.35 0.57� 0.28

Ξþ
c → pπ0 sin2 θðc6 − c15 þ d15Þ=

ffiffiffi
2

p
0.00046� 0.00021 −0.29� 0.38

Ξþ
c → nπþ sin2 θðc6 − c15 − d15Þ 0.00619� 0.00040 0.945� 0.020

Ξ0
c → Σ0K0

L ð− sin2 θðb6 þ b15 − e15Þ − ðc6 þ c15 þ d6 − e15ÞÞ=2 0.069� 0.019 −0.51� 0.29
Ξ0
c → ΛK0

L

ffiffiffi
3

p
sin2θðb6 þ b15 − 2c6 − 2c15 − 2d6 þ e15Þ=6
−

ffiffiffi
3

p ð2b6 þ 2b15 − c6 − c15 − d6 − e15Þ=6
0.243� 0.043 0.996� 0.043

Ξ0
c → pπ− sin2 θðc6 þ c15 þ d15Þ 0.00082� 0.00029 0.87� 0.40

Ξ0
c → Σ−Kþ sin2 θðb6 þ b15 þ e15Þ 0.00258� 0.00049 −0.689� 0.050

Ξ0
c → nπ0 − sin2 θðc6 þ c15 − d15Þ=

ffiffiffi
2

p
0.00194� 0.00031 0.9997� 0.0091
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III. THE GLOBAL-FIT ANALYSIS

After performing the global fit presented in Ref. [14], a
significant amount of experimental data has been updated,
and some previously unmeasured decay channels are now
available experimentally which are shown in Table I. In
addition, several theoretical studies have focused on related
decays [18,19]. As a result of these advancements, it is
necessary to address the gaps in the previous analysis and
update it so as to obtain more insights from the newly
available data.
Note that for the SU(3) irreducible amplitudes in Eq. (6)

in fact each has two decay amplitudes. This means that the
ai, bi, ci, di, and ei each contains two amplitudes. We
express them by fqi and gqi representing parity-violating
scalar S and parity conserving pseudoscalar P-wave form
factors as the following:

q6 ¼ GFūðfq6 − gq6γ5Þ u; q ¼ a; b; c; d;

q15 ¼ GFūðfq15 − gq15γ5Þ u; q ¼ a; b; c; d; e: ð7Þ

In general, fq and gq are complex. We find that the present
data can be well-fitted by all of them to be real. If CP

violations are measured in some of the observables, we
have to use complex numbers for the amplitudes, but for
now, fitting the form factors with real numbers is sufficient.
Their fitting results are displayed in Table I.
The experimental observables, branching ratios, and

polarization parameters α are given in Ref. [14] as the
following:

dΓ
d cos θM

¼ G2
Fjp⃗Bn

jðEBn
þMBn

Þ
8πMBc

ðjFj2 þ κ2jGj2Þ

× ð1þ αω̂i · p̂Bn
Þ; ð8Þ

where ω̂i and p̂Bn
are the unit vector of initial-state spin and

final-state momentum, respectively. Depending on the
specific processes, the F and G are linear functions of
fi and gi, respectively. The parameter α [40] is given by

α ¼ 2ReðF � GÞκ=ðjFj2 þ κ2jGj2Þ;
κ ¼ jp⃗Bn

j=ðEBn
þMBn

Þ: ð9Þ

As we discussed above, the parameters a6 and a15 can
only be determined by the decays with η or η0 in the final

TABLE III. SU(3) amplitudes and predicted branching fractions (the third column) and polarization parameters (the fourth column) of
antitriplet charmed baryons decay into an octet baryon and η or η0. In this table “−” represents the channel can not be predicted due to the
limit of experimental data.

Channel SU(3) amplitude
Branching

fraction (10−2) α

Λþ
c → Σþη cosϕð−2a6þ2a15−b6þb15−c6þc15þd6Þ=

ffiffiffi
2

p
− sinϕð−a6þa15þd15Þ 0.329� 0.042 −0.970� 0.046

Λþ
c → Σþη0 sinϕð−2a6þ2a15−b6þb15−c6þc15þd6Þ=

ffiffiffi
2

p þcosϕð−a6þa15þd15Þ 0.444� 0.070 −0.455� 0.064
Λþ
c → pη sin θðcosϕð−2a6 þ 2a15 − c6 þ c15 þ d6 − e15Þ=

ffiffiffi
2

p
− sinϕð−a6 þ a15 − b6 þ b15 þ d15 þ e15ÞÞ

0.141� 0.011 0.93� 0.11

Λþ
c → pη0 sin θðsinϕð−2a6 þ 2a15 − c6 þ c15 þ d6 − e15Þ=

ffiffiffi
2

p
þ cosϕð−a6 þ a15 − b6 þ b15 þ d15 þ e15ÞÞ

0.0468� 0.0066 −0.990� 0.018

Ξþ
c → Σþη sin θðcosϕð−2a6 þ 2a15 − b6 þ b15 − c6 þ c15 þ d15 þ e15Þ=

ffiffiffi
2

p
− sinϕð−a6 þ a15 þ d6 − e15ÞÞ

0.114� 0.022 0.97� 0.11

Ξþ
c → Σþη0 sin θðsinϕð−2a6 þ 2a15 − b6 þ b15 − c6 þ c15 þ d15 þ e15Þ=

ffiffiffi
2

p
þ cosϕð−a6 þ a15 þ d6 − e15ÞÞ

0.125� 0.022 −0.456� 0.070

Ξþ
c → pη sin2θðcosϕð2a6−2a15þc6−c15−d15Þ=

ffiffiffi
2

p
−sinϕða6−a15þb6−b15−d6ÞÞ 0.00938� 0.00071 −0.003� 0.61

Ξþ
c → pη0 sin2θðsinϕð2a6−2a15þc6−c15−d15Þ=

ffiffiffi
2

p þcosϕða6−a15þb6−b15−d6ÞÞ 0.0095� 0.0011 −0.9981� 0.0058
Ξ0
c → Ξ0η cosϕð2a6 þ 2a15 þ b6 þ b15 − d6 þ d15Þ=

ffiffiffi
2

p
− sinϕða6 þ a15 þ c6 þ c15Þ � � � � � �

Ξ0
c → Ξ0η0 sinϕð2a6 þ 2a15 þ b6 þ b15 − d6 þ d15Þ=

ffiffiffi
2

p þ cosϕða6 þ a15 þ c6 þ c15Þ � � � � � �
Ξ0
c → Σ0η sin θðcosϕð2a6 þ 2a15 þ b6 þ b15 þ c6 þ c15 þ d15 − e15Þ=2

− sinϕða6 þ a15 − d6 þ e15Þ=
ffiffiffi
2

p Þ
� � � � � �

Ξ0
c → Σ0η0 sin θðsinϕð2a6 þ 2a15 þ b6 þ b15 þ c6 þ c15 þ d15 − e15Þ=2

− cosϕða6 þ a15 − d6 þ e15Þ=
ffiffiffi
2

p Þ
� � � � � �

Ξ0
c → Λη ð− cosϕð6a6 þ 6a15 þ b6 þ b15 þ c6 þ c15 − 2d6 þ 3d15 þ e15Þ=ð2

ffiffiffi
3

p Þ
− sinϕð−3a6 − 3a15 − 2b6 − 2b15 − 2c6 − 2c15 þ d6 þ e15Þ=

ffiffiffi
6

p Þ sin θ
� � � � � �

Ξ0
c → Λη0 ð− sinϕð6a6 þ 6a15 þ b6 þ b15 þ c6 þ c15 − 2d6 þ 3d15 þ e15Þ=ð2

ffiffiffi
3

p Þ
þ cosϕð−3a6 − 3a15 − 2b6 − 2b15 − 2c6 − 2c15 þ d6 þ e15Þ=

ffiffiffi
6

p Þ sin θ
� � � � � �

Ξ0
c → nη sin2θðcosϕð2a6þ2a15þc6þc15þd15Þ=

ffiffiffi
2

p
−sinϕða6þa15þb6þb15−d6ÞÞ � � � � � �

Ξ0
c → nη0 sin2θðsinϕð2a6þ2a15þc6þc15þd15Þ=

ffiffiffi
2

p þcosϕða6þa15þb6þb15−d6ÞÞ � � � � � �
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states. Unfortunately, for the SU(3) irreducible amplitudes
a6 and a15 only the combination a6 − a15 can be deter-
mined by existing date, but not a6 þ a15. For convenience,
one redefines the new SU(3) irreducible amplitude and
corresponding form factors as

a ¼ a6 − a15; a0 ¼ a6 þ a15;

fa ¼ fa6 − fa15; ga ¼ ga6 − ga15;

fa0 ¼ fa6 þ fa15; ga0 ¼ ga6 þ ga15: ð10Þ

One can see that although there are 28 experimental data
until now, the SU(3) irreducible amplitude a0 and its
corresponding form factors fa0; ga0 still cannot be deter-
mined. The 8 decays: Ξ0

c → Ξ0ηð0Þ;Ξ0
c → Σ0ηð0Þ;Ξ0

c →
Λ0ηð0Þ;Ξ0

c → nηð0Þ rely on these form factors, but none of
them have been measured. Therefore, we are eagerly
waiting for data from future experimental facilities.
We performed a global fit with updated experimental

data using the nonlinear least-χ2 method [41] and present
the fit results in Table I. The χ2=d:o:f: is only 1.21
representing a good global fit. It is noteworthy that our
fitted value of αðΛc → Σ0KþÞ ¼ −0.9958� 0.0045 has a
2σ standard deviation from the experimental data
αðΛc → Σ0KþÞexp ¼ −0.54� 0.18� 0.09, which was first
measured by Belle in 2022 and contributed significantly to
the χ2. This requires further verification with experimental
data. We anticipate that future measurements from Belle
and other experiments will help to clarify this issue.
By using the fitted form factors, we can predict other

channels of antitriplet charmed baryon hadronic two-body
weak decays which have not yet been measured in experi-
ments. Our predictions of these decays are presented in
Tables II and III. These predictions can be used to test the
validity of the SU(3) flavor symmetry.

IV. THE a0 DEPENDENT BRANCHING RATIOS

As we discussed in the above section, although we have
28 experimental data now, the SU(3) irreducible amplitude
a0 and its corresponding form factors fa0; ga0 still cannot be
determined. This also results in the branching ratios of the
eight decay modes Ξ0

c → Ξ0ηð0Þ;Ξ0
c → Σ0ηð0Þ;Ξ0

c → Λ0ηð0Þ;
Ξ0
c → nηð0Þ cannot be predicted. In order to make predic-

tions for these decays and guide experimental searches for
them, we need to have some idea about the decay amplitude
a0. Unfortunately, as previously mentioned, theoretical
calculations for this parameter are not yet available.
Thus, we turn the argument around to make predictions
for them as a function of the a0 related form factors fa0 and
ga0 to guide the experimental search for these decays.
We now carry out an analysis by setting the two form

factors fa0; ga0 in a suitable region. To this end, we use two
parameters rf and rg to show the ratio of the form factor
corresponding to the SU(3) irreducible amplitude a and a0,

rf ¼ fa0=fa; rg ¼ ga0=ga: ð11Þ
Since the absolute values of fa and ga are expected to be
similar in size to those of fa

0
and ga

0
, a reasonable range for

rf and rg is between−1 and 1. In our plots that illustrate the
dependence of various decay branching ratios, we will
show a larger range to gain a better understanding of the
trends of the dependence of these parameters.
The branching ratios of the undetermined eight decays

can be expressed as a function of the rf and rg. Using the fit
results in Table I, we obtain several interesting results. By
setting one of the parameters rfðgÞ to be zero and varying
another parameter rgðfÞ, we give the curve of branching
ratios which depend on the rfðgÞ with error band in Fig. 1. In
these curves, the dependence of the parameter rfðgÞ can be
clearly seen. When the branching ratio varies slowly with
changing the rfðgÞ, we can give a rough prediction. If the

FIG. 1. The branching ratios which depend on the rf (first line) and rg (second line) for the eight undetermined decays:
Ξ0
c → Ξ0ηð0Þ;Ξ0

c → Σ0ηð0Þ;Ξ0
c → Λ0ηð0Þ;Ξ0

c → nηð0Þ. In these figures, we set another parameter rfðgÞ ¼ 0.
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branching ratio varies fast when we change the parameter
rfðgÞ, we can try to find the minimum and give the lower
limit of the branching fraction.
In Fig. 1, we find that the branching ratios of decays

which involve final state η change slowly by varying both
rf and rg respectively. In contrast, decays involving η0

exhibit high dependence on rfðgÞ. This can be explained by
analyzing the SU(3) amplitude presented in Table III. Since
the meson ηð0Þ are the mixture of ηq and ηs, the SU(3)
amplitude of the decays involving these mesons should be
expressed as a mixture of amplitudes with ηq and ηs.
It can be observed that the parameter a0 has opposite

signs in the SU(3) amplitude for decay channels involving
ηq and ηs. The mixing angle ϕ ¼ ð39.3� 1.0Þ° causes the
parameter a0 from amplitudes with ηq and ηs to cancel out
in amplitudes involving η, while they add up in amplitudes
involving η0. Therefore, the branching ratios of these decays
with η are less dependent on rfðgÞ. Based on the above
analysis, we can provide rough predictions of the branching
ratios involving η by varying rfðgÞ ∈ ½−1; 1�. The predic-
tions for the ranges are

BrðΞ0
c → Ξ0ηÞ ∼ ½0.193; 0.446�%;

BrðΞ0
c → Σ0ηÞ ∼ ½0.0118; 0.0333�%;

BrðΞ0
c → Λ0ηÞ ∼ ½0.0039; 0.0139�%;

BrðΞ0
c → nηÞ ∼ ½0.00009; 0.00066�%: ð12Þ

Although the branching ratios of decays with η0 show very
large rfðgÞ dependence in Fig. 1, it also shows a very good
convergence around rfðgÞ ¼ 0. Interestingly, we can give
the lower limit of the branching ratio by finding its
minimum value.

For finding the minimum value of branching ratios in
rf − rg plane, we also show branching ratios of the eight
decays in Fig. 2. Fortunately, the branching ratios of all
eight decays show a very good convergence and one can
find its minimum value very easily.
For the branching ratios with η0, we can find that its

minimum value is around the ðrf; rgÞ ¼ ð0; 0Þ which is
consistent with the curve in Fig. 1. After scanning the
branching fraction on the rf − rg plane, we give the lower
limit as

BrðΞ0
c → Ξ0η0Þ ≥ 0.002%;

BrðΞ0
c → Σ0η0Þ ≥ 9 × 10−7;

BrðΞ0
c → Λ0η0Þ ≥ 4.8 × 10−6;

BrðΞ0
c → nη0Þ ≥ 6 × 10−8: ð13Þ

It is evident that among these 8 decay channels, the
branching ratio BrðΞ0

c → Ξ0ηÞ has the highest value and
is at the 1‰ level. This indicates that the probability of
measuring the branching fraction BrðΞ0

c → Ξ0ηÞ experi-
mentally is high.

V. CONCLUSION

A large amount of experimental data, including branch-
ing ratio and polarization asymmetry parameter α, about
antitriplet charmed baryon hadronic two-body weak decays
have been measured in Belle and BESIII. Using the
available 28 measured experimental data, we carried out
an SU(3) symmetry analysis for these decays. We can
obtain 16 SU(3) irreducible amplitudes with χ2=d:o:f: of
1.21 indicating a very reasonable fit conforming to the
results in Ref. [14] that SU(3) symmetry describes
T 3̄ → T8P very well. This is a surprising one. The updated

FIG. 2. The branching ratios of the eight undetermined decays; Ξ0
c → Ξ0ηð0Þ;Ξ0

c → Σ0ηð0Þ;Ξ0
c → Λ0ηð0Þ;Ξ0

c → nηð0Þ on the rf − rg

plane.
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data and the fitting results are shown in Table I. In
our global analysis, we noted that our prediction
αðΛc → Σ0KþÞ ¼ −0.9958� 0.0045 which has 2σ stan-
dard deviation with experiment data αðΛc → Σ0KþÞexp ¼
−0.54� 0.18� 0.09. Future measurements from experi-
ments are expected to make further clarification of this
observable.
Although we have a large number of experimental data,

the two form factors fa0 and ga0 remain undetermined. That
is because the two form factors can only be determined with
8 decays: Ξ0

c → Ξ0ηð0Þ;Ξ0
c → Σ0ηð0Þ;Ξ0

c → Λ0ηð0Þ;Ξ0
c →

nηð0Þ in our SU(3) analysis, but none of them have been
measured in the experiment. Nevertheless, by studying the
dependence of these two form factors on these 8 decays, we
can still provide rough predictions or lower limits on the
branching ratios before the measurement in experimental

facilities. The predictions or limits are given in Eqs. (12)
and (13). Our estimation will be very useful for exper-
imental searches. Therefore, we eagerly await data from
future experimental searches.
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