
Predictions for CP violation in antitriplet beauty baryon
to charmonium decays

Jin Sun ,1 Zhi-Peng Xing ,2,* and Xiao-Gang He 3

1Particle Theory and Cosmology Group, Center for Theoretical Physics of the Universe,
Institute for Basic Science (IBS), Daejeon 34126, Korea

2Department of Physics and Institute of Theoretical Physics, Nanjing Normal University,
Nanjing, Jiangsu 210023, China

3State Key Laboratory of Dark Matter Physics, Tsung-Dao Lee Institute and School of Physics and Astronomy,
Shanghai Jiao Tong University, Shanghai 201210, China

(Received 23 January 2026; accepted 11 May 2026; published 18 June 2026)

Motivated by the recent 3.9σ evidence for CP violation from the LHCb collaboration in decays of an
antitriplet beauty baryon to a charmonium, an octet baryon, and a pseudoscalar meson, we perform, for the
first time, a systematic analysis of this class of decays within the framework of flavor SUð3Þ symmetry.
Several predictions for branching ratios and CP violating relations that can be tested in future experiments
are found, in particular ΔACP ¼ ACPðΛ0

b → pπ−J=ψÞ − ACPðΛ0
b → pK−J=ψÞ ¼ ACPðΛ0

b → nπ0J=ψÞ−
ACPðΛ0

b → ðnKS; nKLÞJ=ψÞ. Our results provide guidance to test the availability of SUð3Þ symmetry and
search for possible CP violation effects in this class of decays.
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I. INTRODUCTION

Charge-parity (CP) violation is a cornerstone of modern
particle physics, which is a crucial ingredients for generat-
ing the observed matter-antimatter asymmetry in the
Universe [1]. Within the Standard Model (SM), CP viola-
tion is incorporated via the Cabibbo-Kobayashi-Maskawa
(CKM) mechanism, which describes quark mixing across
three generations. Consequently, the study of CP violation
serves to both probe the origins of matter-antimatter
asymmetry and stringently test the SM. Great efforts have
been made to search for evidences of CP violation in
different decays [2,3].
Recently, the LHCb collaboration reported evidence of

CP violation in beauty-baryon decays to charmonium final
states [4]. A combination with a previous LHCb analysis [5]
yields the difference in CP asymmetries between Λ0

b →
pπ−J=ψ and Λ0

b → pK−J=ψ ,

ΔACP ¼ Adir
CPðΛb → pπ−J=ψÞ − Adir

CPðΛb → pK−J=ψÞ
¼ ð4.31� 1.06� 0.28Þ%; ð1Þ

where the first uncertainty is statistical and the second is
systematic. The combined result corresponds to a signifi-
cance level of 3.9σ.
Although experimental evidence of CP violation exists

in these beauty-baryon decays to charmonium final states,
the theoretical analysis on these processes is extremely
lacking. Inspired by these results, we carry out a first
theoretical study based on the flavor SUð3Þ symmetry of
the SM. This study provides new predictions to guide
future experimental searches for new CP-violating phe-
nomena and to test the SM.
CP violation arises from the interference between tree-

level and penguin-level amplitudes. Predicting CP violation
requires estimating the relative strong phase between these
amplitudes, which is very difficult to obtain from first-
principles calculations. Various approaches have been
developed to provide necessary information based on
symmetry principles [6–9]. In the current stage, flavor
SUð3Þ symmetry analysis represents a powerful tool for
predicting CP violation [10–22], particularly in the absence
of extensive data, as it can readily yield testable predictions
to guide experimental searches. However, previous studies
primarily focused on the channels without charmonium,
where the presence of additional SUð3Þ representations (15
and 6) complicates the amplitude decomposition. The new
LHCb results on the charmonium channels make such a
dedicated analysis both timely and well motivated. To the
best of our knowledge, a systematic SU(3) flavor analysis of
beauty-baryon decays into charmonium final states has not
been carried out previously.
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In this work we focus on the SUð3Þ flavor analysis
of the processes observed by LHCb [4], which involve one
of the beauty-baryon antitriplets Bb3̄, the Λ0

b, into a
light octet baryon T8, a pseudoscalar meson M, and a
charmonium J=ψ , B3̄ → T8M þ J=ψ , a class of decays that
has not been extensively studied. By analyzing in a
systematic way this class of decays, we find several
predictions for branching ratios and CP violating relations
that can be tested in future experiments, in particular
ΔACP ¼ ACPðΛ0

b → pπ−J=ψÞ − ACPðΛ0
b → pK−J=ψÞ ¼

ACPðΛ0
b → nπ0J=ψÞ − ACPðΛ0

b → ðnKS; nKLÞJ=ψÞ. Our
results provide guidance to test the availability of flavor
SUð3Þ symmetry and search for possible CP violation
effects in this class of decays.

II. THE DECAY AMPLITUDES OF SUð3Þ
FLAVOR SYMMETRY

The leading effective Hamiltonian in the SM that
governs the weak transition of Bb3̄ → T8MJ=ψ is given by

Heff ¼
GFffiffiffi
2

p
 X

i¼1;2

Ciλ
c
qOi −

X6
j¼3

Cjλ
t
qOj

!
þH:c:; ð2Þ

with the superscript q ¼ dðsÞ for ΔS ¼ 0ð1Þ decay modes.
Here we adopt the notations λcq ¼ VcbV�

cq and λtq ¼ VtbV�
tq.

The current-current operators O1;2 and QCD penguin
operators O3∼6 are expressed by

O1 ¼ ðc̄αbβÞV−Aðc̄βqαÞV−A;
O2 ¼ ðc̄αbαÞV−Aðc̄βqβÞV−A;

O3;5 ¼
X

q0¼u;d;s

ðq̄αbαÞV−Aðq̄0βq0βÞV∓A
;

O4;6 ¼
X

q0¼u;d;s

ðq̄αbβÞV−Aðq̄0βq0αÞV∓A
; ð3Þ

where VðAÞ denotes vector (axial-vector) coupling. Here
we ignore the electroweak penguin operators, which are
suppressed relative to the QCD penguin operators [23].
Under SUð3Þ symmetry, the effective Hamiltonian Heff

transforms under the fundamental representation. Its non-
zero matrix elements between states can be written as

HT
3 ¼ ð0; λcd; λcsÞ; HP

3 ¼ ð0; λtd; λtsÞ; ð4Þ

where the indices T and P denote the contributions from
tree-level and penguin diagrams, respectively. In contrast to
the SUð3Þ analysis of the effective Hamiltonian for B
meson decays into a pair of octet pseudoscalar where there
are 15, 6̄, and 3 [24], in our current case the structure
involving only 3 leads to a particularly simple SUð3Þ
analysis.

Before presenting the decay amplitudes for a systematic
analysis, we first define the group theory representations of
the involved particles in the following. We have

Bb3̄ ¼

0
B@

0 Λ0
b Ξ0

b

−Λ0
b 0 Ξ−

b

−Ξ0
b −Ξ−

b 0

1
CA;

M8 ¼

0
BBB@

π0ffiffi
2

p þ η8ffiffi
6

p πþ Kþ

π− − π0ffiffi
2

p þ η8ffiffi
6

p K0

K− K̄ 0 −2 η8ffiffi
6

p

1
CCCA;

T8 ¼

0
BBB@

Σ0ffiffi
2

p þ Λ0ffiffi
6

p Σþ p

Σ− − Σ0ffiffi
2

p þ Λ0ffiffi
6

p n

Ξ− Ξ0 − 2Λ0ffiffi
6

p

1
CCCA: ð5Þ

Additionally, a singlet η1 is also considered to obtain
the physical η and η0, which are usually expressed as
η ¼ cos θη8 − sin θη1, η0 ¼ sin θη8 þ cos θη1. The mixing
angle θ is ð−14.1� 2.8Þ° [3,25].
A single-index representation for Bb3̄ can be obtained

with the antisymmetric tensor, ðB3Þi ¼ ϵijkB
ij
b3̄
,

ðB3Þi ¼ ðΞ−
b ;−Ξ0

b;Λ0
bÞ: ð6Þ

Furthermore, the charmonium state J=ψ is an SUð3Þ
singlet.
The total decay amplitudes receive contributions from

both tree-level (T ) and penguin (P) operators. The total
amplitude can thus be expressed as

M ¼ λcqMT þ λtqMP; q ¼ ðd; sÞ; ð7Þ

where we use the identity λu þ λc þ λt ¼ 0. The SUð3Þ
invariant decay amplitudes MT;P can be obtained by
contracting the corresponding index as

MT;P ¼ aT;PðB3ÞiðHT;P
3 ÞiðT8ÞjkðM8ÞkjJ=ψ

þ bT;PðB3ÞiðHT;P
3 ÞjðT8ÞikðM8ÞkjJ=ψ

þ cT;PðB3ÞiðHT;P
3 ÞjðT8ÞkjðM8ÞikJ=ψ

þ dT;PðB3ÞiðHT;P
3 ÞjðT8Þijη1J=ψ : ð8Þ

One should bear in mind that SUð3Þ symmetry is
expected to be broken due to different masses of the three
light quark masses, mu;d;s. Following Ref. [20], we identify
the ss̄ condensate effect as the dominant breaking source,
which induces the following terms into the amplitudes
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avT;PðB3ÞiðHT;P
3 ÞiðT8ÞjkðM8Þljm̂ k

l J=ψ

þ bvT;PðB3ÞiðHT;P
3 ÞjðT8ÞikðM8Þljm̂ k

l J=ψ

þ cvT;PðB3ÞiðHT;P
3 ÞjðM8Þlk½ðT8Þkjm̂ i

l − ðT8Þijm̂ k
l �J=ψ ;

where m̂ ¼ diagð0; 0; 1Þ. They are obtained by inserting the
hs̄si contribution in the topological diagram and then
recasting the result into the present irreducible representa-
tion amplitude basis. We will adopt these terms as the
representative description of possible SUð3Þ breaking
effects in the following analysis. Due to the lack of
available data for these channels, we assume the breaking
size of Oð20%Þ, jfv=fj ∼ 20% for f ¼ a, b, c.
Note that the coefficients dT;P are only associated with

decays with η1 in the final states. The relevant amplitudes
are given in Table I. There are only four invariant SUð3Þ
decay amplitudes and three dominant SUð3Þ breaking terms
for each of the tree and penguin amplitudes, where each
amplitude, in principle, has the structures of the bibaryon
operators, B̄ΓiBb, with Γi ¼ ð1; γ5; γμ; γμγ5; σμνÞ. However,
for our discussion within the SUð3Þ symmetry, the detailed
structure is not important if only branching ratios are
concerned. This makes the analysis simple, while still
yielding a lot of testable predictions.

III. SUð3Þ BRANCHING RATIO RELATIONS
AND CP VIOLATION

We begin by discussing the relations among different
decay branching ratios. Several decay branching ratios have
already been measured, as listed below [3,26]

BðΛb → J=ψpπ−Þ ¼ ð2.6þ0.5
−0.4Þ × 10−5;

BðΛb → J=ψpK−Þ ¼ ð3.2þ0.6
−0.5Þ × 10−4;

BðΛb → J=ψΞ−KþÞ ¼ ð3.93� 1.41Þ × 10−6;

BðΞ0
b → J=ψΞ−πþÞ ¼ ð6.42� 2.98Þ × 10−5: ð9Þ

The masses and lifetimes for the antitriplet beauty baryons
Bb3̄ are [3]

mΛ0
b
¼ 5.62GeV; mΞ−

b
¼ 5.797GeV; mΞ0

b
¼ 5.792GeV

τΛb
¼ 1.468×10−12 s; τΞ−

b
¼ 1.570×10−12 s;

τΞ0
b
¼ 1.477×10−12 s: ð10Þ

For the aforementioned decay processes with measured
branching ratios, we can obtain several amplitude relations
for ΔS ¼ 0 processes, such as

MðΛ0
b → pπ−J=ψÞ ¼ −

ffiffiffi
2

p
MðΛ0

b → nπ0J=ψÞ
≈MðΞ−

b → Ξ−K0J=ψÞjbv→0; ð11Þ

where the second equality holds only in the exact SU(3)
symmetry limit (bv ∼ 0). Analogous relations can be
obtained for ΔS ¼ 1 processes as

MðΛ0
b → pK−J=ψÞ ¼ MðΛ0

b → nK̄ 0J=ψÞ;
MðΛ0

b → Ξ−KþJ=ψÞ ¼ MðΛ0
b → Ξ0K0J=ψÞ;

MðΞ0
b → Ξ−πþJ=ψÞ ¼ −

ffiffiffi
2

p
MðΞ0

b → Ξ0π0J=ψÞ
¼ −MðΞ−

b → Ξ0π−J=ψÞ ¼ −
ffiffiffi
2

p
MðΞ−

b → Ξ−π0J=ψÞ:
ð12Þ

Note that both Ξ0
b → Ξ−πþJ=ψ and Λ0

b → Ξ0K0J=ψ
receive the dominant breaking contributions. Neverthe-
less, the amplitude relation between them still holds after
including leading SU(3) breaking effects. We then obtain
the following predictions for the decay branching ratios
numerically

BðΞ−
b → Ξ−K0J=ψÞjbv→0 ≈ ð2.70þ0.52

−0.41Þ × 10−5;

BðΛ0
b → nπ0J=ψÞ ¼ ð1.3þ0.25

−0.2 Þ × 10−5;

BðΛ0
b → nK̄ 0J=ψÞ ¼ ð3.2þ0.6

−0.5Þ × 10−4;

BðΛ0
b → Ξ0K0J=ψÞ ¼ ð3.93� 1.41Þ × 10−6;

BðΞ−
b → Ξ0π−J=ψÞ ¼ ð6.82� 3.16Þ × 10−5;

BðΞ0
b → Ξ0π0J=ψÞ ¼ ð3.21� 1.49Þ × 10−5;

BðΞ−
b → Ξ−π0J=ψÞ ¼ ð3.41� 1.58Þ × 10−5: ð13Þ

Note that the prediction for Ξ−
b → Ξ−K0J=ψ holds only in

the limit of bv → 0 and receives corrections from leading
breaking effects. Assuming the breaking size jbv=bj ∼ 20%,
the central value of BrðΞ−

b → Ξ−K0J=ψÞ can vary within
ð1.7; 3.9Þ × 10−5, depending the sign of bv=b. By contrast,
the other channels are insensitive to the dominant SUð3Þ
breaking considered here and thus provide cleaner tests of
the symmetry relations. Therefore, if future measurements
of the corresponding branching ratios show significant
deviation from our predictions, this would point to possible
new physics. In the numerical calculations, we have used
the actual measured particle masses. This accounts for phase
space differences, which cause the branching ratios to
deviate slightly from the symmetric relations.
There are also other relations from SUð3Þ symmetry

among the decay amplitudes that can be obtained. We have
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ΔS ¼ 0∶

MðΛ0
b → Σ−KþJ=ψÞ ¼ −

ffiffiffi
2

p
MðΛ0

b → Σ0K0J=ψÞ
≈

cv→0
MðΞ−

b → nK−J=ψÞ;
MðΞ0

b → pK−J=ψÞ ≈MðΞ0
b → Ξ−KþJ=ψÞjav→0;

MðΞ0
b → Ξ0K0J=ψÞjbv→−av ≈MðΞ0

b → Σþπ−J=ψÞ;
MðΞ0

b → Σ−πþJ=ψÞ ¼ MðΞ0
b → nK̄0J=ψÞ;

MðΞ0
b → Λ0π0J=ψÞ ¼ MðΞ−

b → Λ0π−J=ψÞ=
ffiffiffi
2

p
;

MðΞ0
b → Σ0ηð0ÞJ=ψÞ ¼ MðΞ−

b → Σ−ηð0ÞJ=ψÞ=
ffiffiffi
2

p
:

ΔS ¼ 1∶

MðΛ0
b → Σþπ−J=ψÞ ¼ MðΛ0

b → Σ−πþJ=ψÞ
¼ MðΛ0

b → Σ0π0J=ψÞ;
−MðΞ0

b → ΣþK−J=ψÞ ¼
ffiffiffi
2

p
MðΞ0

b → Σ0K̄ 0J=ψÞ
¼ MðΞ−

b → Σ−K̄ 0J=ψÞ ¼
ffiffiffi
2

p
MðΞ−

b → Σ0K−J=ψÞ;
MðΞ0

b → Λ0K̄ 0J=ψÞ ¼ −MðΞ−
b → Λ0K−J=ψÞ;

MðΞ−
b → Ξ−ηð0ÞJ=ψÞ ¼ −MðΞ0

b → Ξ−ηð0ÞJ=ψÞ:
ð14Þ

Note that for ΔS ¼ 0, we use approximations for the first
three equations, meaning they are valid only in the limit of
cv → 0, av → 0, and bv → −av, respectively. Although
none of the branching ratios mentioned above have been
measured to date, these relations can be tested with the
substantial amount of data expected in the future.
In addition to the amplitude relations discussed above,

numerous relations also exist for CP violation across
various decay modes due to the U-spin symmetry, which
is a subgroup of SUð3Þ symmetry. For the direct CP
asymmetry Adir

CP, we have

Adir
CP ¼

R jMðBb → BMMÞj2 − R jM̄ðB̄b → B̄ M̄ M̄Þj2R jMðBb → BMMÞj2 þ R jM̄ðB̄b → B̄ M̄ M̄Þj2 ;

ð15Þ

where the symbol
R
indicates the phase space integration.

Since the total amplitudes are the combination of tree-
level and penguin in Eq. (7), the amplitude for the
CP-conjugate process is

M̄ ¼ ðλcqÞ�MT þ ðλtqÞ�MP; q ¼ d; s: ð16Þ

Here q ¼ ðd; sÞ correspond to ΔS ¼ 0 and ΔS ¼ 1 proc-
esses, respectively. The squared amplitude is

jMðBb →BMMÞj2 ¼ jλcqj2jMT j2þjλtqj2jMPj2
þ 2ReðλcqMT × ðλtqÞ�M�

PÞ;
jM̄ðB̄b → B̄ M̄ M̄Þj2 ¼ jðλcqÞ�j2jMT j2þ jðλtqÞ�j2jMPj2

þ 2ReððλcqÞ�MT × ðλtqÞM�
PÞ: ð17Þ

Therefore, the direct CP violation can be obtained as

Adir
CP ¼ −4ImðλcqðλtqÞ�Þ

R
ImðMTM�

PÞR jMðBb → BMMÞj2 þ R jM̄ðB̄b → B̄ M̄ M̄Þj2 ;

ð18Þ

where λcqλ
t�
q ¼ VcbV�

cqV�
tbVtq with q ¼ ðd; sÞ. Following

the CKM matrix unitarity relation ImðVcbV�
csV�

tbVtsÞ ¼
−ImðVcbV�

cdV
�
tbVtdÞ, we can directly determine the CP

asymmetry of the corresponding U-spin processes. Taking
the Λb → pπ−J=ψ as an example, we have

− ðjMðΛb → pπ−J=ψÞj2 − jM̄ðΛ̄b → p̄πþJ=ψÞj2Þ
¼ jMðΞ0

b → ΣþK−J=ψÞj2 − jM̄ðΞ̄ 0
b → Σ−KþJ=ψÞj2:

ð19Þ

Then the Adir
CP ratio of these channels is

RðAdir
CPÞ

¼ Adir
CPðΛb →pπ−J=ψÞ

Adir
CPðΞ0

b→ΣþK−J=ψÞ

¼−
R jMðΞ0

b→ΣþK−J=ψÞj2þR jM̄ðΞ̄0
b →Σ−KþJ=ψÞj2R jMðΛb →pπ−J=ψÞj2þR jM̄ðΛ̄b → p̄πþJ=ψÞj2

¼−
BðΞ0

b →ΣþK−J=ψÞ · τðΛbÞ
BðΛb→pπ−J=ψÞ · τðΞ0

bÞ
; ð20Þ

where we have used ðR jMðΛb → pπ−J=ψÞj2 þR jM̄ðΛ̄b → p̄πþJ=ψÞj2Þ=2 ∼ BðΛb → pπ−J=ψÞ.
Therefore we obtain the following CP violation relation

Adir
CPðΛb → pπ−J=ψÞ

Adir
CPðΞ0

b → ΣþK−J=ψÞ ¼ −R
�
Ξ0
b → ΣþK−J=ψ
Λb → pπ−J=ψ

�
;

Adir
CPðΛ0

b → pK−J=ψÞ
Adir
CPðΞ0

b → Σþπ−J=ψÞ ¼ −R
�
Ξ0
b → Σþπ−J=ψ
Λ0
b → pK−J=ψ

�
; ð21Þ

where a ratio is defined for convenience,
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R
�

Bb → BMM
B0
b → B0M0M0

�
¼ BðBb → BMMÞ · τðB0

bÞ
BðB0

b → B0M0M0Þ · τðBbÞ
: ð22Þ

Since LHCb has measured the difference in CP asym-
metries between the two aforementioned processes, as
given in Eq. (1), we have

ΔACP ¼ R

 
Ξ0
b → Σþπ−J=ψ
Λ0
b → pK−J=ψ

!
Adir
CPðΞ0

b → Σþπ−J=ψÞ

−R

 
Ξ0
b → ΣþK−J=ψ
Λb → pπ−J=ψ

!
Adir
CPðΞ0

b → ΣþK−J=ψÞ:

ð23Þ

Following the same strategy outlined in Eq. (20), we
derive the following U-spin-based CP-violation relations
for bottom-baryon decays as

Adir
CPðΛ0

b→Σþπ−J=ψÞ
Adir
CPðΞ0

b→pK−J=ψÞ ¼−R
�
Ξ0
b→pK−J=ψ

Λ0
b→Σþπ−J=ψ

�
;

Adir
CPðΛ0

b→nπ0JψÞ
Adir
CPðΛ0

b→Σ0K̄ 0J=ψÞ¼−R
�
Ξ0
b→Σ0K̄ 0J=ψ
Λ0
b→nπ0Jψ

�
;

Adir
CPðΛ0

b→nK̄ 0J=ψÞ
Adir
CPðΞ0

b→nK0J=ψÞ ¼−R
�
Ξ0
b→nK0J=ψ

Λ0
b→nK̄ 0J=ψ

�
;

Adir
CPðΛ0

b→Σ−πþJ=ψÞ
Adir
CPðΞ0

b→Ξ−KþJ=ψÞ ≈
av→0

−R
�
Ξ0
b→Ξ−KþJ=ψ

Λ0
b→Σ−πþJ=ψ

�
;

Adir
CPðΛ0

b→Ξ−KþJ=ψÞ
Adir
CPðΞ0

b→Σ−πþJ=ψÞ ≈
cv→−av

−R
�
Ξ0
b→Σ−πþJ=ψ

Λ0
b→Ξ−KþJ=ψ

�
;

Adir
CPðΛ0

b→Ξ0K0J=ψÞ
Adir
CPðΞ0

b→nK̄ 0J=ψÞ ≈
cv→−av

−R
�
Ξ0
b→nK̄ 0J=ψ

Λ0
b→Ξ0K0J=ψ

�
;

Adir
CPðΛ0

b→Σ−KþJ=ψÞ
Adir
CPðΞ0

b→Ξ−πþJ=ψÞ ≈
cv→0

−R
�
Ξ0
b→Ξ−πþJ=ψ

Λ0
b→Σ−KþJ=ψ

�
: ð24Þ

Note that the last four lines receive the corrections from
SU(3) breaking effects, meaning that they hold only in the
corresponding limit av → 0, av þ cv → 0, and cv → 0,
respectively. With the continuous accumulation of new
experimental data, the observation of new processes is
anticipated in the future. Once future experiments measure
the branching ratio of one or several of the above processes,
we can predict the corresponding other processes.
Moreover, the relevant CP violation can also further
predicted. Furthermore, if future measurements on the
channels insensitive to dominant SU(3) breaking, such as
the first three lines, reveal a significant deviation, this would
point to possible new physics.
Additionally, SUð3Þ symmetry also provides new infor-

mation about CP asymmetry differences from the known
ΔACP in Eq. (1) for other decays. We give an exam-
ple below.

Using the relations

K1 ¼
1ffiffiffi
2

p ðK0 − K̄ 0Þ; K2 ¼
1ffiffiffi
2

p ðK0 þ K̄ 0Þ;

K0
S ¼

1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ jϵj2

p ðK1 þ ϵK2Þ;

K0
L ¼ 1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1þ jϵj2
p ðK2 þ ϵK1Þ; ð25Þ

and results in Table I, we obtain

ΔACP ¼ ACPðΛ0
b → pπ−J=ψÞ − ACPðΛ0

b → pK−J=ψÞ
¼ ACPðΛ0

b → nπ0J=ψÞ − ACPðΛ0
b → nKS;LJ=ψÞ

≈ ACPðΞ−
b → Ξ−KS;LJ=ψÞjbv→0

− ACPðΛ0
b → nKS;LJ=ψÞ: ð26Þ

Due to the definition of ACP in Eq. (15), the factor related to
ϵ cancels in the amplitude ratio, making the above relation
insensitive to ϵ. Note that the last equation only holds in the
limit bv → 0. However, the channel with a neutron is
insensitive to dominant SU(3) breaking terms, which can
serve as a discriminator between large SU(3) breaking and
new physics. Although measuring the neutron channel is
currently challenging, it can become feasible with improve-
ments in data analysis methods and larger future datasets.
Therefore, the most promising near-term targets are the
channels with fully charged final states, whereas channels
involving a neutron or other neutral particles represent
longer-term targets.
For processes not yet measured, differences in CP

asymmetries can be predicted using specific combinations
of the amplitude relations in Eq. (14). Some representative
examples are

ACPðΛ0
b → Σ−KþJ=ψÞ − ACPðΛ0

b → Σ−πþJ=ψÞ
¼ ACPðΛ0

b → Σ0K0J=ψÞ − ACPðΛ0
b → Σ0π0J=ψÞ;

ACPðΞ0
b → Λ0π0J=ψÞ − ACPðΞ0

b → ΛKS;LJ=ψÞj2bv→cv

≈ ACPðΞ−
b → Λ0π−J=ψÞ − ACPðΞ−

b → ΛK−J=ψÞ: ð27Þ

Note that the first equation remains valid even with
dominant SUð3Þ breaking effects, while the second equa-
tion holds only in the limit 2bv → cv. Since these intriguing
difference of CP asymmetry relations can remove some
systematic errors compared with individual CP asymmetry
measurements, such relations warrant further experimental
investigation. Notably, current experiments are already
measuring key observables in Eq. (1) and the corresponding
branching ratios. A particularly compelling candidate to
test our prediction is ACPðΛ0

b → nπ0J=ψÞ − ACPðΛ0
b →

ðnKS; nKLÞJ=ψÞ, which benefits from having identical
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TABLE I. SUð3Þ amplitudes in Eq. (8) for different physical processes. Here λcq ¼ VcbV�
cq and λtq ¼ VtbV�

tq.

Channel ΔS ¼ 0 amplitudes SU(3) breaking Channel ΔS ¼ 1 amplitudes SU(3) breaking

Λ0
b → pπ−J=Ψ bTλcd þ bPλtd Ξ0

b → ΣþK−J=Ψ −ðbTλcs þ bPλtsÞ
Ξ−
b → Ξ−K0J=Ψ bTλcd þ bPλtd bvTλ

c
d þ bvPλ

t
d Ξ−

b → Σ−K̄ 0J=Ψ bTλcs þ bPλts
Λ0
b → nπ0J=Ψ − bTλcdþbPλtdffiffi

2
p Ξ0

b → Σ0K̄ 0J=Ψ ðbTλcsþbPλtsÞffiffi
2

p

Ξ−
b → Σ0K−J=Ψ bTλcsþbPλtsffiffi

2
p

Ξ0
b → Σþπ−J=Ψ −ðaT þ bTÞλcd Λ0

b → pK−J=Ψ ðaT þ bTÞλcs
−ðaP þ bPÞλtd þðaP þ bPÞλts

Ξ0
b → Ξ0K0J=Ψ −ðaT þ bTÞλcd −ðavT þ bvTÞλcd Λ0

b → nK̄ 0J=Ψ ðaT þ bTÞλcs
−ðaP þ bPÞλtd −ðavP þ bvPÞλtd þðaP þ bPÞλts

Ξ0
b → Σ−πþJ=Ψ −ðaT þ cTÞλcd Λ0

b → Ξ−KþJ=Ψ ðaT þ cTÞλcs ðavT þ cvTÞλcs
−ðaP þ cPÞλtd þðaP þ cPÞλts þðavP þ cvPÞλts

Ξ0
b → nK̄0J=Ψ −ðaT þ cTÞλcdÞ Λ0

b → Ξ0K0J=Ψ ðaT þ cTÞλcs ðavT þ cvTÞλcs
−ðaP þ cPÞλtd þðaP þ cPÞλts þðavP þ cvPÞλts

Ξ0
b → pK−J=Ψ −ðaTλcd þ aPλtdÞ Λ0

b → Σþπ−J=Ψ aTλcs þ aPλts
Ξ0
b → Ξ−KþJ=Ψ −ðaTλcd þ aPλtdÞ −ðavTλcd þ avPλ

t
dÞ Λ0

b → Σ−πþJ=Ψ aTλcs þ aPλts
Λ0
b → Σ0π0J=Ψ aTλcs þ aPλts

Λ0
b → Σ−KþJ=Ψ cTλcd þ cPλtd cvTλ

c
d þ cvPλ

t
d Ξ0

b → Ξ−πþJ=Ψ −ðcTλcs þ cPλtsÞ
Ξ−
b → nK−J=Ψ cTλcd þ cPλtd Ξ−

b → Ξ0π−J=Ψ cTλcs þ cPλts
Λ0
b → Σ0K0J=Ψ − cTλcdþcPλtdffiffi

2
p − cvTλ

c
dþcvPλ

t
dffiffi

2
p Ξ0

b → Ξ0π0J=Ψ cTλcsþcPλtsffiffi
2

p

Ξ−
b → Σ−π0J=Ψ ðcT−bT ÞλcdþðcP−bPÞλtdffiffi

2
p Ξ−

b → Ξ−π0J=Ψ cTλcsþcPλtsffiffi
2

p

Λ0
b → Λ0K0J=Ψ ðcT−2bT ÞλcdþðcP−2bPÞλtdffiffi

6
p − ð2bvT−cvT Þλcdffiffi

6
p Ξ0

b → Λ0K̄0J=Ψ − ðbT−2cT ÞλcsþðbP−2cPÞλtsffiffi
6

p

− ð2bvP−cvPÞλtdffiffi
6

p

Ξ−
b → Λ0π−J=Ψ ðbTþcT ÞλcdþðbPþcPÞλtdffiffi

6
p Ξ−

b → Λ0K−J=Ψ ðbT−2cT ÞλcsþðbP−2cPÞλtsffiffi
6

p

Ξ0
b → Λ0π0J=Ψ ðbTþcT ÞλcdþðbPþcPÞλtd

2
ffiffi
3

p

Ξ−
b → Σ0π−J=Ψ ðbT−cT ÞλcdþðbP−cPÞλtdffiffi

2
p

Ξ0
b → Σ0π0J=Ψ − 1

2
λcdð2aT þ bT þ cTÞ

− 1
2
λtdð2aP þ bP þ cPÞ

Ξ0
b → Σ0ηJ=Ψ ½ ffiffi3p

cθðbTþcT Þ−3
ffiffi
2

p
sθdT �λcd

6

ðcvT Þcθλcdffiffi
3

p

þ ½ ffiffi3p
cθðbPþcPÞ−3

ffiffi
2

p
sθdP�λtd

6
þ ðcvPÞcθλtdffiffi

3
p

Ξ−
b → Σ−ηJ=Ψ ½ ffiffi6p

cθðbTþcT Þ−6sθdT �λcd
6

ffiffi
2
3

q
cvTcθλ

c
d

Ξ−
b → Ξ−ηJ=Ψ − ½ ffiffi6p

cθð2bT−cT Þþ6sθðdT Þ�λcs
6 −

ffiffi
2
3

q
ðbvT − cvTÞcθλcs

þ ½ ffiffi6p
cθðbPþcPÞ−6sθdP�λtd

6
þ

ffiffi
2
3

q
cvPcθλ

t
d − ½ ffiffi6p

cθð2bP−cPÞþ6sθðdPÞ�λts
6 −

ffiffi
2
3

q
ðbvP − cvPÞcθλts

Λ0
b → nηJ=Ψ þ ½ ffiffi6p

cθðbT−2cT Þ−6sθðdT Þ�λcd
6

Ξ0
b → Ξ0ηJ=Ψ ½ ffiffi6p

cθð2bT−cT Þþ6sθðdT Þ�λcs
6

ffiffi
2
3

q
ðbvT − cvTÞcθλcs

þ ½ ffiffi6p
cθðbP−2cPÞ−6sθðdPÞ�λtd

6
þ ½ ffiffi6p

cθð2bP−cPÞþ6sθðdPÞ�λts
6 þ

ffiffi
2
3

q
ðbvP − cvPÞcθλts

Ξ0
b → Λ0ηJ=Ψ − ½cθð6aTþbTþcT Þ�λcd

6
− ð2avTþcvT Þ

3
cθλcd Λ0

b → Λ0ηJ=Ψ ½cθð3aTþ2bTþ2cT Þ�λcs
3

2
3
ðavT þ bvTÞcθλcs

− ½cθð6aPþbPþcPÞ�λtd
6

− ð2avPþcvPÞ
3

cθλtd þ ½cθð3aPþ2bPþ2cPÞ�λts
3

þ 2
3
ðavP þ bvPÞcθλts

þ sθðdTλcdþdPλtdÞffiffi
6

p þ
ffiffi
6

p
sθðdTλcsþdPλtsÞ

3

Ξ0
b → Σ0η0J=Ψ ½ ffiffi3p

sθðbTþcT Þþ3
ffiffi
2

p
cθdT �λcd

6

ðcvT Þffiffi
3

p sθλcd

þ ½ ffiffi3p
sθðbPþcPÞþ3

ffiffi
2

p
cθdP�λtd

6
þ ðcvPÞffiffi

3
p sθλtd

Ξ−
b → Σ−η0J=Ψ ½6cθdTþ

ffiffi
6

p
sθðbTþcT Þ�λcd
6

ffiffi
2
3

q
cvTsθλ

c
d

Ξ−
b → Ξ−η0J=Ψ − ½−6cθðdT Þþ

ffiffi
6

p
sθð2bT−cT Þ�λcs
6 −

ffiffi
2
3

q
ðbvT − cvTÞsθλcs

þ ½6cθdTþ
ffiffi
6

p
sθðbTþcT Þ�λtd
6

þ
ffiffi
2
3

q
cvPsθλ

t
d − ½−6cθðdPÞþ

ffiffi
6

p
sθð2bP−cPÞ�λts
6 −

ffiffi
2
3

q
ðbvP − cvPÞsθλts

(Table continued)
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baryons in the initial and final states, and is insensitive to
dominant SU(3) breaking effects.

IV. CONCLUSION

In this work, we perform, for the first time, a systematic
analysis of the decays of antitriplet beauty baryons,
Bb3̄ → T8MJ=ψ , within the framework of flavor SUð3Þ
symmetry. The SUð3Þ singlet feature of the charmonium
state J=ψ significantly simplifies the dynamics. Specifi-
cally, there exist only four independent SUð3Þ-invariant
amplitudes for both the tree and penguin operators, along
with three dominant breaking terms induced by strange-
quark condensate hs̄si. We categorize the decay processes
into ΔS ¼ 0 and jΔSj ¼ 1 channels, where S denotes
strangeness. By decomposing the relevant decay ampli-
tudes, we derive a set of symmetry relations among them,
which lead to testable predictions for the corresponding
branching ratios. Furthermore, we establish numerous
relations for CP-violating observables across different
decay modes, as detailed in Eqs. (21), (24), and (26).
These results provide a clear guidance for testing flavor
SUð3Þ symmetry in the SM and searching for new sources
of CP violation in the three-body charmonium decays of
beauty baryons. Our analysis reveals that this LHCb signal
in Eq. (1) is not an isolated observation but belongs to a
broader pattern. Along with the relation in Eq. (23) between

Ξ0
b → Σþπ−J=ψ and Ξ0

b → ΣþK−J=ψ , one particularly
interesting and testable prediction is the difference in
direct CP asymmetries, ΔACP ¼ ACPðΛ0

b → pπ−J=ψÞ−
ACPðΛ0

b → pK−J=ψÞ ¼ ACPðΛ0
b → nπ0J=ψÞ − ACPðΛ0

b →
ðnKS; nKLÞJ=ψÞ. These channels are insensitive to large
SU(3) breaking effects, which can serve as a discriminator
between SU(3) breaking and possible new physics. We
strongly encourage our experimental colleagues to carry out
related searches.
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