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Motivated by the recent 3.9¢ 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 SU(3) symmetry.
Several predictions for branching ratios and CP violating relations that can be tested in future experiments
are found, in particular AAcp = Acp(A) = pa=J/y) — Acp(A) — pK=J /) = Acp(A) > na®J Jy) —
Acp(A) = (nKg,nK;)J/w). Our results provide guidance to test the availability of SU(3) 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 Ag -
pr~J/y and A — pK~J /y,

AAcp = AZL (A, = paJ [w) = A& (A, — pK™J [yr)
= (4314 1.06 £ 0.28)%, (1)
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where the first uncertainty is statistical and the second is
systematic. The combined result corresponds to a signifi-
cance level of 3.9¢.

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 SU(3) 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
SU(3) 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 SU(3) representations (15
and 6) complicates the amplitude decomposition. The new
LHCD 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.

Published by the American Physical Society
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In this work we focus on the SU(3) flavor analysis
of the processes observed by LHCb [4], which involve one
of the beauty-baryon antitriplets Bz, the Ag, into a
light octet baryon Ty, a pseudoscalar meson M, and a
charmonium J/y, By — TsM + J/y, 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
AMAcp = Acp(A) = prJ/y) = Acp(N) — pK~J/y) =
Acp(A) = naJ Jy) — Acp(A) = (nKs, nK)J /w). Our
results provide guidance to test the availability of flavor
SU(3) symmetry and search for possible CP violation
effects in this class of decays.

II. THE DECAY AMPLITUDES OF SU(3)
FLAVOR SYMMETRY

The leading effective Hamiltonian in the SM that
governs the weak transition of B3 — TgMJ /y is given by

G 6
Mo =—= | >_Cid50;=>_C;ilh0; | +He., (2)

i=12

with the superscript ¢ = d(s) for AS = 0(1) decay modes.
Here we adopt the notations A5 = V., Vi, and A, =V, V.
The current-current operators O;, and QCD penguin
operators Os.¢ are expressed by

Z (Z]abﬂ)V—A(q/ﬂq;)V¥A’ (3)

q'=u,d,s

where V(A) denotes vector (axial-vector) coupling. Here
we ignore the electroweak penguin operators, which are
suppressed relative to the QCD penguin operators [23].

Under SU(3) symmetry, the effective Hamiltonian H
transforms under the fundamental representation. Its non-
zero matrix elements between states can be written as

HY = (0.43.%).  HY = (0.4, %), (4)

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

0 A) =
B,; = —Ag 0 S
-E) -, 0
_ — a2 o 0
Mg = T \/2+ \/86 K )
_ () _ L
K K 2\/%
0 0
Ty=| T -Z4&% | (5)
= =0 _2A°
. - NG

Additionally, a singlet #; is also considered to obtain
the physical # and #/, which are usually expressed as
n = cosOng — sin Oy, ' = sinOng + cos Oy;. The mixing
angle 6 is (—14.1 £2.8)° [3,25].

A single-index representation for B3 can be obtained
with the antisymmetric tensor, (B3); = €; jkBZi’
(B3); = (5;.-E). A})- (6)

Furthermore, the charmonium state J/y is an SU(3)
singlet.

The total decay amplitudes receive contributions from
both tree-level (7)) and penguin (P) operators. The total
amplitude can thus be expressed as

M = Myg + g Mp, q=(d.s), (7)

where we use the identity 4 4+ A° + A’ = 0. The SU(3)
invariant decay amplitudes My p can be obtained by
contracting the corresponding index as

My p = arp(Bs),(HY") (T ), (Mg)5J /1y

+ by p(Bs),(Hy ") (Tg) i (Mg)kJ [y
+ CT,P(B3)1'(H?P)j(T_S)?(MS);;J/W
+dr p(B3);(Hy ") (T3)imJ Jw. (8)

One should bear in mind that SU(3) symmetry is
expected to be broken due to different masses of the three
light quark masses, m,, 4 ;. Following Ref. [20], we identify
the s5 condensate effect as the dominant breaking source,
which induces the following terms into the amplitudes
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ay p(B3),(HY ") (Tg))(Mg) i £ Jyr
+ by p(B3);(H3 ") ( 8)i(Mg)im (] [y

(HTP)i(Ts
+ b p(B3)i(Hy ") (M) [(Ts) s i — (Ts)im £ Jw,

where i1 = diag(0, 0, 1). They are obtained by inserting the
(5s) 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 SU(3) breaking
effects in the following analysis. Due to the lack of
available data for these channels, we assume the breaking
size of O(20%), |f"/f| ~20% for f = a, b, c.

Note that the coefficients dy p are only associated with
decays with #; in the final states. The relevant amplitudes
are given in Table 1. There are only four invariant SU(3)
decay amplitudes and three dominant SU(3) breaking terms
for each of the tree and penguin amplitudes, where each
amplitude, in principle, has the structures of the bibaryon
operators, BI';B,,, with I'; = (1,75, 7", y*7s, 6*). However,
for our discussion within the SU(3) 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. SU(3) 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]

B(A, = J/wpr~) = (2.6103) x 1072,
B(Ay — J /ypK™) = (3.2239) x 107,
B(A, = J/wEK*) = (3.93 + 1.41) x 1075,
B(E) — J/yE nt) = (642 £2.98) x 10, (9)

The masses and lifetimes for the antitriplet beauty baryons
B,z are [3]

mpo=5.62GeV, mz; =5797GeV, mz=5.792GeV
75, = 1.468x107"%s, 7z~ =1.570x 107125,
720 =1.477x107"%s (10)

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

M(AY = prJ/y) = —\/EM(A(; — na’J /y)
~ M(E; — Z K )y (1)

where the second equality holds only in the exact SU(3)
symmetry limit (b” ~0). Analogous relations can be
obtained for AS = 1 processes as

M(A) = pK~J [w) = M(A) = nK°J [w),
M(A) = E“K VT Jy) = M(A) = EOKOJ [yr),
M(E) = Z 51 fyr) = —VIM(E} — 2020 )
= -M(E; - E7J/y) = —V2M(E; = Z 20T /).
(12)

Note that both E) - E~z"J/y and A) — E°K°J/y
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

B(E; — E KT /y)|p_o ~ (2.701037) x 1075,
B(A) = nz®J /y) = (1.3593°) x 1073,
B(A) — nK J/y) = (3.2102) x 1074,
— 29K /y) = (3.93 + 1.41) x 1076,
(6.8243.16) x 1072,
(3.21 4 1.49) x 1073,
(3.41 4 1.58) x 1073,

'“0 OJ/W

) =

) =

B, — B J/w) =
) =

=2 y) =

(13)

Note that the prediction for E; — Z~K°J/y holds only in
the limit of b* — 0 and receives corrections from leading
breaking effects. Assuming the breaking size |b"/b| ~ 20%,
the central value of Br(E; — Z-K°J/y) can vary within
(1.7,3.9) x 1075, depending the sign of b”/b. By contrast,
the other channels are insensitive to the dominant SU(3)
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 SU(3) symmetry
among the decay amplitudes that can be obtained. We have
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AS =0:
M(AY = =Kt /y) = —V2M(A) - 20K /y)
“SM(E; > nKJ ),
M(E) - pK~J/w) ~ M(E) — E-K*J /y)
M(Eg - EOKOJ/I//)|b”—>—a” ~ M( 2 - ZJr”_J/W)’
M(E) — T2t T /y) = M(E) - nKT /).

|u”—>0 ’

[1]

[1]

M(E) - Nz fy) = M(E; — A7~ T/y)/V2,
M(E) - 20T Jy) = M(Z; - =0T Jy)/V2.
AS =1:
M(NY = 27T fy) = M(A) = 272" [y)
= M(A) - 2°2% Jy),
~M(E) = T KT /) = V2M(EY) = 20K °J /)
= M(E; - K /y) = ﬂM(E; = S0K-T /),
M(E) — A°K 0J/l//) M(E, = N°K~J [w),
M(E; = 2" Jy) = —M(E) - E7")J /).

(14)

Note that for AS = 0, we use approximations for the first
three equations, meaning they are valid only in the limit of
¢! =0, a¥ - 0, and b” - —a", 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 SU(3) symmetry. For the direct CP
asymmetry A%, we have

[IM(B, - BMM)|* — [|M(B

Adll’ —
" [IM(B, = BMM) |2+f|M

~ B )|
]

2
SBMME

(15)

where the symbol [ 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

M= () My + () Mp,  q=d.s. (16)

Here g = (d, s) correspond to AS =0 and AS =1 proc-
esses, respectively. The squared amplitude is

IM(B, — BMM)2 = 15| My 2 412, 2| M,
TR My x (1) Mp).
— BRI = |(25)* FIMy [ + | (24)" P M2
F2Re((25) My x () M), (17)

[M(B,,

Therefore, the direct CP violation can be obtained as

—4Zm(A5(2)") [ Tm(Myr M)
[|M(B, = BMM)|* + [|M(B, - BM M)J?
(18)

dir _
ACP -

where A54; =V, Vi, V5V, with ¢ = (d,s). Following
the CKM matrix unitarity relation Zm(V ., Vi V3 V,) =
—Im(V.,Vi,Vi,Via), we can directly determine the CP
asymmetry of the corresponding U-spin processes. Taking
the A, — pz~J/y as an example, we have

= (IM(Ay = prd )P = IM(A, = pr*T[y))

— M) ~ S KTy~ [M(E] — KT
(19)
Then the A%, ratio of these channels is
R(AZ})
_ A_%‘i;’(Ab - prJ/w)
ASL(E) S STK T Jy)
JIM(E = Z K /)P + [IMEY ~ K T
JIMAy = pr=d w) P+ [IM(A, = pr* T [w)|?

B(A, = pnJ/y)-1(8))
where we have wused ([|M(A, = prJ/y)]*+

JIMA, = prtT[w)?)/2 ~B(A, = pa~J [w).
Therefore we obtain the following CP violation relation

ABL(A, = prJ /)

e (Eg N Z+K‘J/1//>

AL (E) = ZK T Jy) Ay = pr ][y
AE(A) = pK~J [y) B~ Tl /v

dir (=0 — =-R|-0 (21)
AZL(E) = Xt T y) Ay = pK~J/y

where a ratio is defined for convenience,
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B(B, —» BMM) - 7(B,)
B(B, — BM'M) - 2(B,)"

R(Bb—>BMM>_ )

B, — BM'M'

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

B > Sty

AAcp =R
CP (AE»pK-J/w

)A%;(ESZ ~ St /y)
. R<~b ~ Ky

Al (B0 5 TEKT /).
A, — pr J/l//) ep( b /v)

(23)
Following the same strategy outlined in Eq. (20), we

derive the following U-spin-based CP-violation relations
for bottom-baryon decays as

Ag}(Ag—>Z+ﬂ_J/l//):_ E) > pK~J/y
N>t Jy)’

A% (E)— pK~J y)
BN = naly) <: - z°f<°J/w>
ASL(A) 2Ok /) A) = naJy
AL (A) = nK T /) _ » <Eg - nKOJ/l//>
AB(E) K fy) | \AY =K jy)
Afg;(AO =Xt fy) aio0 <Eg = E—KW/W)
AL (=) = KM fy) N sszt Ty )
AN = E KT fy) ety ( 20— Z_JT+J/III>
A=) 27t fy) A —E K y)’
AGL(A) = E°KT Jy) e -ar _R< E) - nK Jy )
ALL(E) - nK T fy) A= EK Jy )

A%;(AO =X K"J/y) =0
A (Ey~En T [y)

R (M) . (24)

A>3 K[y

Note that the last four lines receive the corrections from
SU(3) breaking effects, meaning that they hold only in the
corresponding limit a” — 0, a”*+ ¢’ — 0, and c¢" — 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, SU(3) symmetry also provides new infor-
mation about CP asymmetry differences from the known
AAcp in Eq. (1) for other decays. We give an exam-
ple below.

Using the relations

1 _ 1
K, =—(K'= K9, K,=—(K'+KO°
1 \/5( ) 2 — \/5( )
KO = ;(Kl +¢€kK>)
TV [P
1
0V ——_ (K, +eK;), 25
= e (et ek) (25)

and results in Table I, we obtain

AAcp = Acp(A) = prJ/w) = Acp(A) = pK~J /)

= Acp(A) = na’J [w) = Acp(A) — nKs 1 J /w)
EKs1d/w)lp-o
—Acp(/\2 — nKg J/w). (26)

~ ACP(E; -

Due to the definition of A-p in Eq. (15), the factor related to
€ cancels in the amplitude ratio, making the above relation
insensitive to €. Note that the last equation only holds in the
limit Y — 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

Acp(Ny = Z7K¥J Jy) = Acp(A) = Z77"J [y)

= ACP(A?, — XK /) —Acp(/\2 - X7 Jy),
Acp(EZ — N7 [y) — Acp(52 = AKs 1. /W) | oproe
~Acp(By = AnJ/w) = Acp(B, = AK T [y).  (27)

Note that the first equation remains valid even with
dominant SU(3) breaking effects, while the second equa-
tion holds only in the limit 2b” — c¢". 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 Acp(A) = na’J/y) — Acp(A) —
(nKg,nK;)J/y), which benefits from having identical
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TABLE I.  SU(3) amplitudes in Eq. (8) for different physical processes. Here A5 =V, Vigand 4, =V, Vi,
Channel AS = 0 amplitudes SU(3) breaking Channel AS =1 amplitudes SU(3) breaking
A) = prJ/¥ bra§ + bpl, E) > ZTKJ/Y —(brAS + bphf)
g, — 27 KJ/¥ bra§ + bpi, byaG + by, g — X KOJ/W bpAS + bpi!
A) = naJ /¥ _ briﬁ;}w; ) - 2K/ _<hr4‘fé+fbﬂ’=>
2 2
B, » ZK-J/¥ _hﬂ?*fbrﬂ’v
2
E) > ZtaJ/¥ —(ar + br)Ag A) — pK-J/¥ (ar + br)AS
—(ap+bp)/1; +(ap+bp)ﬂ,§
E) - EOKOJ /9 —(ar + br)A —(a} + by)25 A) - nKO0J /¥ (ar + b))
—(ap + bp)iy —(ap + bp)ay +(ap + bp)is
=0 s nt g ~ar + ) )~ E KT/ (ar + er)is (af + eh)2s
—(ap + cp), +(ap + cp); +(ap + cp) s
d
E) - nkK0J/¥ —(ar +cr)A 0 20RO /P (ap + cp)XS (ah + ch)As
—(ap + cp) +(ap + cp)i +(ap + cp)i;
g) — pKJ/¥ —(arag + apdl) A = St ] )W apll + aplt
) > ETKTJ/Y —(ard§+ apl) —(apd§ + aplly) A) > E=aty/¥ arls + apli
A) - 20707 /¥ arl§ + aph;
A) - Z-KtJ/¥ crA§ + cply cpAG + cpl .:2 - = 7:*']/‘1’ —(cpAS + cpdl)
B, - nK~J/¥ crA§ + cply g, - E%7 /¥ crhS + cph
A) - 30K /¥ _ CMH\/_CMZ, _ C%}CU’J 2 — E%%7 /¥ %
2 2
= -0 (cr=br)A5+(cp—bp)A! == =0 crAitcply
_‘—>271'J/T TTd\/EP P _‘b—>._‘7tJ/lP —I\/EF
A9 — AOKOJ /W (cr=2b7)A5+(cp=2bp)2, _(@by=cp)i 29 - A°ROJ /W _ (br=2cp) A5+ (bp=2cp),
V6 V6 V6
_@by=cp)X,
NG
== A= J /¥ (br+ecr)As+(bptcp)A! == AK-T/¥ (br=2c7)As+(bp=2cp) A,
y = N J/ . - / Sl
E(;: — Aon-o‘]/lp (brter)ig+(bptcp)dy
2V3
E; N ZO”—J/lP (br=cr)A+(bp—cp)X,
V2
g) - 020 /¥ —-32(2ar + br + cr)
_lﬂf (2ap + bp + Cp)
Eg - ZOUJ/‘P [V3eo( bT+CT )=3V2sydr )i (”;\)/Cf"l;
3
[V3co(bptep)=3V2spdp) 2, (cp)co?,
+ II P P6 o“p + P\/§ d
E, > I /¥ [\/669(b1+061)—639d7]/1; \/%C%C(Vlﬁj E, > E /¥ _ [\/ECH(ZbT—Cg)‘FﬁSs(dT)V.‘{ —\/%(b; — cY)cpAl
+ [\/5€e(bP+CGP>—659dPMZ + §C,”309/12, _ [\/669(2171’—02)‘*'659(‘113)]% —\/%(b}’, — cb)cplt
A) - nnJ /¥ [\/&'e(br—%g)—GSe(dHMZ, 2 — E%J /Y [\/acﬂ(QbT_"g)+65€(dT)]/1§ \@( bY — ch)cpl
+[\/gc@(bp—ch)—é,yg(dP)]/l:[ +[\/Ecé,(sz—cg)%se(dp)]ag 4 \ﬁ by — cb)colt
Eg — Aon‘]/‘{’ _ leo(6ar +2’1'+51‘)HZ (2";;’5;) 9/12 Ag — AO;’]]/lP [co(3ay +2§r+201')]l§ 3 (aT + bl )ngf
_ [c,,((m,,+}6,,,+c,,)],1;, (2a;‘,3+c;;) c /151 + [Cll(3dp+2;)P+2L‘p)M,/r +3 (aP + b})ca/lfg
s (dpdS+dpht) + V6sg(driS+dpit)
NG 3
) - =0/ [\/gsrl(br+fré+3\/z‘odr]4; <g 5025
+ [\/gse(bp+cpé+3\/fcedf]f1; + % sﬂ/lzi
B, - XnJ/¥ [6c9d7+\/5s6g(b7+cr)]12 \/%C%Mfg g, — EJ/¥ _ [_ece(dr)+\/f'ése(2b,—cr)]ag —\/%(b; — et)sgie
+ [66'911T+\/6“69(b1+01)]/1f, +\/§C$5912 _ [_6"5(‘1P)+\/€6‘VH(2bP_CP)M.,\- _\/%(b;) _ C%)Sgﬂ_’s
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TABLE 1. (Continued)

Channel AS = 0 amplitudes SU(3) breaking Channel AS = 1 amplitudes SU(3) breaking
A) - ' J /¥ [\/559(1’7—202)+609(d7)]/12 E) - E%J/Y Néss<2br—cg>—m<dr)m \/g( by — cb)si
+ [\/gse(bP—%g)*GCs(dP)HQ + [\/65@(217P—Cg)—609(d1>)]4§ +\/%(bf) _ c}L)sM@
Eg N AOT],J/"P _ [sg(6ar+br+cr))2g _ (2aj+cy) Sglg Ag N Aon’J/lP [59(3‘11"*'221'4'201')]/1(\‘ %(a} —+ b%)s9/1§
6 3 E
_ [x,,<6ap+f;p+cp>u:, _ (2a;3+c;;> sell + lxu<3ap+—2gp+2fpﬂﬂ‘»’v +2(ap + bp)sel

_ coldrdtdph)
V6

_ Voo (dris+dpit)
3

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,
B,5 » TgMJ/y, within the framework of flavor SU(3)
symmetry. The SU(3) singlet feature of the charmonium
state J/y significantly simplifies the dynamics. Specifi-
cally, there exist only four independent SU(3)-invariant
amplitudes for both the tree and penguin operators, along
with three dominant breaking terms induced by strange-
quark condensate (5s). We categorize the decay processes
into AS=0 and |AS| =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 Egs. (21), (24), and (26).
These results provide a clear guidance for testing flavor
SU(3) 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

E) > X' J/y and E) - ZTK~J/w, one particularly
interesting and testable prediction is the difference in
direct CP asymmetries, AAcp = Acp(A) — pa=J/y)—
Acp(A) = pK=J[y) = Acp(A) = na’J Jy) = Acp(A) =
(nKg,nK;)J/w). 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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