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We study the direct CP asymmetries in the decays of B0 → Ξþ
c Ξ̄−

c and B0
s → Λþ

c Λ̄−
c , emphasizing the

critical role of final-state interactions (FSIs). In these channels, the small energy release and annihilation
topology suppress short-distance contributions while enhancing long-distance effects. By separating the
decay amplitudes into S and P waves, we show that the P-wave component, carrying only a single weak
phase, contributes negligibly to CP asymmetries. In contrast, the S-wave amplitude—strongly modified by
FSIs—acquires a substantial strong phase that enables interference among multiple weak phases,
producing large CP-violating effects. Numerically, we find sizable asymmetries of adirCP ¼ 0.88� 0.05�
0.10 for B0 → Ξþ

c Ξ̄−
c and adirCP ¼ −0.106� 0.019� 0.010 for B0

s → Λþ
c Λ̄−

c , where the first and second
uncertainties stem from the poorly known hadron couplings and the omission of the B0 → KþK− → Ξþ

c Ξ̄−
c

rescattering process. For practical feasibility, we restrict our analysis to intermediate states involving
pseudoscalar mesons, which yield tractable loop integrals. Excited intermediate states, such as Dð�ÞD̄ð�Þ,
are omitted because their inclusion would require handling nonrenormalizable interactions, introducing
substantial ambiguity. These results, combined with the relatively large branching fractions, make these
modes prime targets for experimental searches at LHCb and Belle II, potentially offering new insights into
strong dynamics and nonperturbative QCD in heavy-hadron decays.

DOI: 10.1103/rgyz-jvgk

I. INTRODUCTION

CP violation (CPV) is a cornerstone of the Standard
Model (SM) and an important aspect of searches for new
physics. In the SM, CPV is closely tied to the number of
fermion generations and is described by a single weak
phase [1]. Both theoretical and experimental investigations
have been carried out since the first observation of direct
CP asymmetries in 2001 [2,3]. Although no clear evidence
has yet indicated the necessity for new physics at colliders,
it is understood that a new source of CPV must exist to
explain the matter-antimatter asymmetry observed in the
Universe [4].
Very recently, a 5σ evidence of CP violation in decays

involving baryons has been reported [5], with its magnitude
much smaller than that in the B meson system. On the
theoretical aspect, CPV in two-body Λb decays is found to

be small because the tree and penguin operators contribute
separately to negative and positive helicities at leading order
[6]. Consequently, interference between weak phases does
not manifest in the total decay branching fractions,1 making
CPV difficult to observe. To search for CPV in baryon
decays, itmay therefore be advantageous to focus on systems
where baryons appear in the final state instead of the initial
state. In particular, charmless B-meson decays with two
baryons in the final states have been studied [8], and sizable
CPV has been predicted [9,10]; however, experimentally
measuring these modes is challenging because their branch-
ing fractions are very small. In this work, we propose
measuring CPV in charmful two-body baryonic decays.
Final-state interactions (FSIs) are known to play a

crucial role in low-energy processes, especially when the
released energy is close to the QCD scale [11–14]. In most
b-hadron decays, FSIs can be safely neglected because the
released energy is large. However, for processes such as
B0 → Ξþ

c Ξ̄−
c , the released energy is of the same order as the

QCD scale, implying that FSIs should be dominant. Notably,
both B0

s → pp̄ and Dþ
s → pn̄ are chiral-suppressed at short
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1Equivalently, the S- and P-wave CP asymmetries can cancel
each other [7].
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distances and are predicted to have branching fractions
around 10−10 and 10−6, respectively [8,10,15–18]. While
the former is consistent with the experimental bound of
<4.4 × 10−9, the latter disagrees significantly with the
measured value of ð1.22� 0.11Þ × 10−3 [3]. After incorpo-
rating FSIs, however, the prediction for Dþ

s → pn̄ becomes
ð1.43� 0.10Þ × 10−3, which aligns well with the data [19].
In this work, we investigate the impact of FSIs on the CP

asymmetries of B0 → Ξþ
c Ξ̄−

c and B0
s → Λþ

c Λ̄−
c . We choose

these two channels because they involve an annihilation-type
topology [20], in which short-distance contributions are
suppressed. In Sec. II, we introduce the formalism. In
Sec. III, we present the relevant input parameters and our
numerical results. Finally, we offer our conclusion in Sec. IV.

II. FORMALISM

Our goal is to analyze the CP asymmetries of B0 →
Ξþ
c Ξ̄−

c and B0
s → Λþ

c Λ̄−
c . We consider these two decays

exclusively, as they are dominated by annihilation-type
diagrams (see Fig. 1 of Ref. [19]), expected to be sup-
pressed at short distances. We begin with B0 → Ξþ

c Ξ̄−
c ,

while B0
s → Λþ

c Λ̄−
c is related by the U-spin symmetry. The

amplitude is decomposed into two partial waves

hΞþ
c Ξ̄−

c jHeff jB0i ¼ iūðAþ Bγ5Þv; ð1Þ

where u and v are the Dirac spinors of Ξþ
c and Ξ̄−

c , and A
and B are related to the S- and P-wave amplitudes,
respectively. The effective Hamiltonian is given by [21]

Heff ¼
GFffiffiffi
2

p
�X
q¼u;c

V�
qbVqdðC1Q

q
1 þ C2Q

q
2Þ þ V�

tbVtd

X6
i¼3

X
q0¼u;d;s;c

CiQ
q0
i

�
; ð2Þ

where C1;2 are the Wilson coefficients, Vqq0 the Cabibbo–Kobayashi–Maskawa (CKM) matrix elements, and

Qq
1 ¼ ðb̄γμð1 − γ5ÞqÞðq̄γμð1 − γ5ÞdÞ;

Qq
2 ¼ ðq̄γμð1 − γ5ÞqÞðb̄γμð1 − γ5ÞdÞ; ð3Þ

with summation over color implied. The explicit forms of Qq0
i with i ¼ 3 ∼ 6 can be found in Ref. [21], but are not needed

here. The time-independent direct CP asymmetry is defined by

adirCP ¼ Γ − Γ̄
Γþ Γ̄

; ð4Þ

where Γ is the decay width at t ¼ 0 and the Γ̄ denotes the decay width of the charge-conjugate process.
The S-wave amplitude is dominated by the FSIs. Short-distance suppression can be seen from the fact that, in naive

factorization, the amplitude is proportional to

hΞþ
c Ξ̄−

c jq̄γμqj0ih0jb̄γμγ5djB0i ¼ ifB0pμ
BhΞþ

c Ξ̄−
c jq̄γμqj0i ¼ 0; ð5Þ

where fB ðpμ
BÞ is theB-meson decay constant (momentum), and the last equality follows from the equation of motion. Since

the energy releasemB0 − 2mΞc
≈ 346 MeV is comparable to the QCD scale, the long-distance physics is expected to play a

very important role in this decay.
On the other hand, the P-wave amplitude does receive contributions from naive factorization, which are proportional to

V�
cbVcdmc (with mc the charm quark mass). Numerically, the P-wave branching fractions are calculated to be [19]

BPðB0
s → Λþ

c Λ̄−
c Þ ¼ ð3.9� 1.5Þ × 10−6; BPðB0 → Ξþ

c Ξ̄−
c Þ ¼ ð1.3� 0.5Þ × 10−7: ð6Þ

Nevertheless, the P-wave amplitude is dominated by a single weak phase and therefore cannot generate CP asymmetries in
the branching fractions due to lack of interference.
The considered FSI processes are depicted in Fig. 1. The S-wave amplitude is

A ¼ TB0DþD−

X
B¼Λ;Σ0

ðg2DþBΞþ
c
LB
c Þ þ TB0πþπ−g

2
πþΞ00

c Ξþ
c
Lu þ TB0KþK−g2KþΣ0

cΞþ
c
Ls; ð7Þ

where TB0PþP− ¼ hPþP−jHeff jB0i is the transition amplitude for B0 → PþP−, and gPB1B2
denotes the relevant strong

couplings defined by

GENG, JIN, and LIU PHYS. REV. D 112, 013001 (2025)

013001-2



Lint ¼ −i
X

P;B1;B2

½gPB1B2
PðB̄1γ5B2Þ� þ H:c: ð8Þ

The FSI loop integral is

Lðm1; m2Þ ¼
Z

d4q
ð2πÞ4

−ðq − p1Þμγμ þm2

ðq2 −m2
1Þ½ðq − p1Þ2 −m2

2�½ðq − p1 − p2Þ2 −m2
1�
; ð9Þ

where p1ð2Þ are the four-momenta of Ξþ
c ðΞ̄−

c Þ. We have employed the shorthand of

LB
c ¼ LðmD0 ; mBÞ; Lu ¼ Lðmπ; mΞ0

c
Þ; Ls ¼ LðmK;mΣc

Þ: ð10Þ

A cutoff of the form ½ðm2Þ2 − Λ2�=½ðq − p1Þ2 − Λ2�may be
introduced into the integral Lðm1; m2Þ to account for the
fact that hadronic descriptions break down at high energies,
but we find that it only affects the numerical result at the
∼10% level. For simplicity, we omit the cutoff in what
follows.
In this work, we focus on FSIs involving pseudoscalar

meson intermediate states. This choice is guided by both
theoretical control and practical feasibility. Including
all possible intermediate states—such as those involving
vector or scalar mesons—would significantly increase the
complexity of the calculation and introduce large model-
dependent uncertainties due to poorly known couplings
and the lack of a renormalizable framework. As a repre-
sentative example, one may consider FSIs involving vector
mesons, i.e., B0 → DþD�−; D�þD�−, which are related to
B0 → DþD− by the heavy quark symmetry. Nevertheless,
due to the vector meson propagator of the form
ðgμν − pμpν=m2

D� Þ=ðp2 −m2
D� Þ, the loop integrals diverge.

More seriously, a theory with massive, nongauged vector
bosons is known to be nonrenormalizable. While the
aforementioned cutoff may tame the divergences, calculat-
ing everything in a consistent and unambiguous manner

remains extremely challenging, if not impossible. Therefore,
in this work, we omit the vector meson contributions.
From the CKM matrix elements, one has the hierarchy

TB0DþD− ≫ TB0πþπ− ≫ TB0KþK− : ð11Þ

For evaluating CP asymmetries, two distinct weak phases
are required, so the subleading terms must be retained. In
practice, the third term in Eq. (7) can still be omitted due
to the hierarchy in Eq. (11), as evidenced by the fact
that BðB0 → πþπ−Þ is about 100 times larger than
BðB0 → KþK−Þ.
Since jC1V�

cbVcdj > jC1V�
ubVudj ≫ jV�

tbVtdC3∼6j, the
penguin contributions in B0 → DþD− and B0 → πþπ−
are negligible at the level of precision considered. The
decay B0 → KþK− is primarily induced by penguin
operators, and neglecting all penguin contributions col-
lectively introduces an uncertainty of about ten percent
in αdirCP. The size of caused uncertainty is estimated byffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
BðB0 → KþK−Þ=BðB0 → πþπ−Þ

p
. The short-distance

weak transitions is then parametrized as

TB0DþD− ¼ eiΔceiδc jTB0DþD− j; TB0πþπ− ¼ eiΔueiδu jTB0πþπ− j; ð12Þ

where V�
qbVqd ¼ eiδq jV�

qbVqdj, and Δq denotes the strong phases. This leads to

adirCP ¼ 2r sinðδc − δuÞ sinðΔFSI þ Δu − ΔcÞ
1þ r2 þ 2r cosðδc − δuÞ cosðΔFSI þ Δu − ΔcÞ þ Pcor

; ð13Þ

FIG. 1. FSI diagrams for B0 → Ξþ
c Ξ̄−

c . The former and latter are dominated by the CKM elements of V�
cbVcd and V�

ubVud, respectively.
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where r is the ratio

r≡ jTB0πþπ−g
2
Ξ00
c Ξþ

c π
þLuj

jTB0DþD−g2ΛΞþ
c DþLΛ

c þ TB0DþD−g2Σ0Ξþ
c DþLΣ

c j
; ð14Þ

ΔFSI ¼ argðLB
c =LuÞ is the strong phase in FSIs, and Pcor is

a small quantity standing for the minor correction from
nonzero P-wave decay width. We have utilized the SUð3ÞF
limit of argðLΣ

c Þ ≈ argðLΛ
c Þ. The parameter r measures the

relative strength of B0 → DþD− versus B0 → πþπ− in the
S-wave amplitude. As illustrated in Fig. 2, adirCP vanishes if
r ¼ 0 due to the lack of interference. Notably, adirCP can
be nonzero even if the short-distance strong phases is
absent Δu − Δc ¼ 0, because of the presence of ΔFSI.
Numerically, this phase is found to be

ΔFSI ≈ 1.84; ð15Þ

which is close to π=2, giving rise to a significant adirCP. In
fact, αdirCP reaches its maximum at Δu − Δc ¼ 0, as ΔFSI

already provides the almost largest possible CP-even
phase. It is important to note that ΔFSI is independent of
the input for the hadron coupling, demonstrating the
capability of FSIs to induce sizable CP asymmetries.
For B0

s → Λþ
c Λ̄−

c , the U-spin symmetry, which describes
the symmetry between the d and s quarks, gives us the
relation

αdirCPðB0
s → Λþ

c Λ̄−
c Þ ¼ −RαdirCPðB0 → Ξþ

c Ξ̄−
c Þ

R ¼ jAB0 j2 þ jAB̄0 j2 þ 2κ2jBB0 j2
jAB0

s
j2 þ jAB̄0

s
j2 þ 2κ2jBB0

s
j2 ; ð16Þ

where AB0
ðsÞ

and AB̄0
ðsÞ

represent the decay amplitudes of

B0 → Ξþ
c Ξ̄−

c ðB0
s → Λþ

c Λ̄−
c Þ and its charge conjugate proc-

ess, respectively. Here B0
BðsÞ is the P-wave amplitude and

κ ¼ mB=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
m2

B − 4m2
B

p
with mBðmBÞ the mass of the initial

meson (final baryon). We have taken that CP is conserved
in P waves. The above equation is derived from the U-spin
equality of

hΞþ
c Ξ̄−

c jðb̄qÞðq̄dÞjB0i ¼ hΛþ
c Λ̄−

c jðb̄qÞðq̄sÞjB0
si

Xu;d;s
q0

hΞþ
c Ξ̄−

c jðb̄q0Þðq̄0dÞjB0i ¼
Xu;d;s
q0

hΛþ
c Λ̄−

c jðb̄q0Þðq̄0sÞjB0
si

ð17Þ

for q ¼ u, c and arbitrary Lorentz structure. Hence, it
suffices to calculate the CP-even quantity ofR. From data,
BðB0

s → Dþ
s D−

s Þ ¼ ð4.4� 0.5Þ × 10−3 is about two hun-
dred times larger than BðB0

s → KKÞ ¼ ð2.72� 0.23Þ ×
10−5 and ten thousand times larger than BðB0

s → ππÞ ¼
ð7.2� 1.0Þ × 10−7 [3], so we consider only the intermedi-
ate state of B0

s → Dþ
s D−

s for calculating R.

III. NUMERICAL RESULTS

For the weak transitions B → PP, we use the following
experimental data to determine TBPþP− :

BðB0 → DþD−Þ ¼ ð2.11� 0.18Þ × 10−4; BðB0 → πþπ−Þ ¼ ð5.37� 0.20Þ × 10−6;

BðB0
s → Dþ

s D−
s Þ ¼ ð4.4� 0.5Þ × 10−3: ð18Þ

The couplings of the D meson to baryons are taken from the light-cone sum rule [22]

ffiffiffi
3

2

r
gDþ

s Λþ
c Λ ¼ −

ffiffiffi
2

p
gDþΞþ

c Σ0 ¼
ffiffiffi
6

p
gDþΞþ

c Λ ¼ gDþΛþ
c n ¼ 10.7þ5.3

−4.3 ; ð19Þ

where the first three equalities follow from SUð3ÞF symmetry. For the pion-baryon coupling, we use the Goldberger-
Treiman relation

gPB1B2
¼ GP

B1B2

1

fP
ðmB1

þmB2
Þ; ð20Þ

FIG. 2. Dependence of adirCP on r and Δu − Δc.
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where GP
B1B2

is the form factor and fP is the meson decay constant

hB2jq0γμγ5qjB1i ¼ ū2ðGP
B1B2

γμ þHTσμνðp1 − p2Þν þ g3ðp1 − p2ÞμÞγ5u1; ð21Þ

and

ifPqμ ¼ hPjq0γμγ5qj0i: ð22Þ

Here, u1;2 and p1;2 are the Dirac spinors and momenta
of B1;2, respectively, and qμ is the momentum of the
pseudoscalar P.
We now discuss the possible intermediate charmed

baryons in the rescattering process of B0 → πþπ− →
Ξþ
c Ξ̄−

c . In the heavy-quark limit, the diquarks in Ξ0
c and

Λþ
c have JP ¼ 0−, and the charm quark does not participate

in the form factor of Gπ
ΞcΞc

. Hence, Ξ0
c → Ξþ

c π
− corre-

sponds to 0þ → 0þ0−, which violates parity [23].
Consequently, Gπ

ΞcΞc
¼ 0. A similar argument applies to

GKþ
Λþ
c Ξ0

c
¼ 0 for Λþ

c → Ξ0
cKþ. On the other hand, the

diquarks in the sextet baryons of Ξ0
c and Σ0

c have spin 1,
and are not subject to the same heavy-quark-limit con-
straint. For the heavy-flavor-conserving form factors, we
adopt the homogeneous bag model results [24]

Gπ−

Ξ0þ
c Ξ0

c
¼ −0.436; Gπ−

Σ0
cΛþ

c
¼ 0.614: ð23Þ

The uncertainties in the model parameters (around 10%)
are neglected here.
Notice that B0 → DþD− and B0 → πþπ− share the same

tree and W-exchange topologies. We therefore take Δu −
Δc ¼ 0 as a preliminary estimate. The calculated branching
fractions are given by

BðB0 → Ξþ
c Ξ̄−

c Þ ¼ ð5.6þ17.6
−3.8 Þ × 10−6;

BðB0
s → Λþ

c Λ̄−
c Þ ¼ ð2.9þ11.7

−2.5 Þ × 10−4: ð24Þ

The uncertainties mainly arise from gDBcB in Eq. (19),
as the amplitudes depend quadratically on this coupling.
To reduce the uncertainties, we may consider the upper
bound BðB0

s → Λþ
c Λ̄−

c Þ < 8 × 10−5, which corresponds to
gDþΛþ

c n < 7.5 in our framework. In the following, we will
calculate the CP asymmetries, taking 6.4 < gDþΛþ

c n < 7.5,
where the lower bound comes from light-cone sum rules.
Using the parameters above, we obtain

r ¼ 1.35� 0.21 R ¼ 0.12� 0.02: ð25Þ

It is interesting to observe that r > 1, indicating that the
intermediate πþπ− state plays a more important role than
DþD− due to the strong coupling between pions and
baryons. However, this is not the case for B0

s → Λþ
c Λ̄−

c
due to the hierarchy of CKM matrix elements. The small

value of R suggests αdirCP of B0
s → Λþ

c Λ̄−
c is generally one

order of magnitude smaller. We find a large CP asymmetry

adirCPðB0 → Ξþ
c Ξ̄−

c Þ ¼ 0.88� 0.05� 0.10;

adirCPðB0
s → Λþ

c Λ̄−
c Þ ¼ −0.106� 0.019� 0.010: ð26Þ

The key to this sizable CP asymmetry lies in r ≈ 1 and the
substantial strong phase from FSIs, which together lead
to significant interferences. The first uncertainty arises
from the poorly known coupling gDþΛþ

c n, while the
second comes from neglecting the rescattering process
B0 → KþK− → Ξþ

c Ξ̄−
c . Since B0 → Ξþ

c Ξ̄−
c and B0

s →
Λþ
c Λ̄−

c have sizable branching fractions, they can be
experimentally probed at both LHCb and Belle II, pro-
viding a promising opportunity to test the significance
of FSI-induced strong phases and to search for sizable
CP-violating effects.

IV. CONCLUSION

We have explored the direct CP asymmetries in the
decays of B0 → Ξþ

c Ξ̄−
c and B0

s → Λþ
c Λ̄−

c by taking into
account the crucial role of FSIs. Due to the small energy
release and the corresponding QCD scale, short-distance
contributions are suppressed, whereas long-distance effects
become significant. The P-wave amplitude, although
receiving contributions from naive factorization, does not
lead to sizable CP asymmetries because it carries only a
single weak phase. In contrast, the S-wave amplitude—
intensely modified by FSIs—acquires a large strong phase,
which allows the interference of different weak phases and
ultimately gives rise to large CP-violating effects. For
theoretical control and practical feasibility, we have
restricted our analysis to intermediate states involving
pseudoscalar mesons, which have led to tractable loop
integrals. Excited intermediate states such as Dð�ÞD̄ð�Þ have
been omitted, as their inclusion would have required
dealing with divergent loop integrals and nonrenormaliz-
able interactions, introducing substantial ambiguity.
Our numerical analysis indicates sizable direct CP

asymmetries of adirCP ¼ 0.88� 0.05� 0.10 for B0 → Ξþ
c Ξ̄−

c

and adirCP ¼ −0.106� 0.019� 0.010 for B0
s → Λþ

c Λ̄−
c , with

the first and second uncertainties arising from the hadronic
coupling and the omission of the rescattering process
B0 → KþK− → Ξþ

c Ξ̄−
c , respectively. Crucially, the gener-

ation of a significant strong phase through FSIs—compa-
rable to or exceeding π=2—is what renders such large CP
asymmetries feasible. Given their relatively large branching
fractions, these channels offer promising opportunities for
experimental verification at LHCb and Belle II, where
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precise measurements of CP asymmetries would provide
deeper insights into nonperturbative QCD effects and the
intricate role of strong dynamics in heavy-hadron decays.

ACKNOWLEDGMENTS

This work is supported in part by the National Key
Research and Development Program of China under Grant

No. 2020YFC2201501 and the National Natural Science
Foundation of China (NSFC) under Grants No. 12347103
and No. 12205063.

DATA AVAILABILITY

No data were created or analyzed in this study.

[1] M. Kobayashi and T. Maskawa, Prog. Theor. Phys. 49, 652
(1973).

[2] B. Aubert et al. (BABAR Collaboration), Phys. Rev. Lett. 86,
2515 (2001); K. Abe et al. (Belle Collaboration), Phys. Rev.
Lett. 87, 091802 (2001).

[3] S. Navas et al. (Particle Data Group), Phys. Rev. D 110,
030001 (2024).

[4] A. D. Sakharov, Pis’ma Zh. Eksp. Teor. Fiz. 5, 32 (1967).
[5] R. Aaij et al. (LHCb Collaboration), arXiv:2503.16954.
[6] C. W. Liu and C. Q. Geng, J. High Energy Phys. 01 (2022)

128.
[7] J. J. Han, J. X. Yu, Y. Li, H. n. Li, J. P. Wang, Z. J. Xiao, and

F. S. Yu, Phys. Rev. Lett. 134, 221801 (2025).
[8] X. N. Jin, C. W. Liu, and C. Q. Geng, Phys. Rev. D 105,

053005 (2022).
[9] C. Q. Geng, X. N. Jin, and C.W. Liu, Phys. Lett. B 846,

138240 (2023).
[10] C. K. Chua, Phys. Rev. D 106, 036015 (2022).
[11] S. Fajfer, A. Prapotnik, P. Singer, and J. Zupan, Phys. Rev. D

68, 094012 (2003).
[12] H. Y. Cheng and C.W. Chiang, Phys. Rev. D 109, 073008

(2024).

[13] C. P. Jia, H. Y. Jiang, J. P. Wang, and F. S. Yu, J. High
Energy Phys. 11 (2024) 072.

[14] A. A. Petrov, Eur. Phys. J. Special Topics 233, 439 (2024).
[15] X. Y. Pham, Phys. Rev. Lett. 45, 1663 (1980).
[16] I. Bediaga and E. Predazzi, Phys. Lett. B 275, 161 (1992).
[17] C. H. Chen, H. Y. Cheng, and Y. K. Hsiao, Phys. Lett. B

663, 326 (2008).
[18] Y. K. Hsiao and C. Q. Geng, Phys. Rev. D 91, 077501

(2015).
[19] C. Q. Geng, X. N. Jin, C. W. Liu, and X. Yu, Phys. Rev. D

110, 113008 (2024).
[20] Z. Rui, Z. T. Zou, and Y. Li, J. High Energy Phys. 12 (2024)

159.
[21] G. Buchalla, A. J. Buras, and M. E. Lautenbacher, Rev.

Mod. Phys. 68, 1125 (1996).
[22] A. Khodjamirian, C. Klein, T. Mannel, and Y. M. Wang,

J. High Energy Phys. 09 (2011) 106.
[23] T. M. Yan, H. Y. Cheng, C. Y. Cheung, G. L. Lin, Y. C. Lin,

and H. L. Yu, Phys. Rev. D 46, 1148 (1992); 55, 5851(E)
(1997).

[24] H. Y. Cheng, C. W. Liu, and F. Xu, Phys. Rev. D 106,
093005 (2022).

GENG, JIN, and LIU PHYS. REV. D 112, 013001 (2025)

013001-6

https://doi.org/10.1143/PTP.49.652
https://doi.org/10.1143/PTP.49.652
https://doi.org/10.1103/PhysRevLett.86.2515
https://doi.org/10.1103/PhysRevLett.86.2515
https://doi.org/10.1103/PhysRevLett.87.091802
https://doi.org/10.1103/PhysRevLett.87.091802
https://doi.org/10.1103/PhysRevD.110.030001
https://doi.org/10.1103/PhysRevD.110.030001
https://doi.org/10.3367/UFNr.0161.199105h.0061
https://arXiv.org/abs/2503.16954
https://doi.org/10.1007/JHEP01(2022)128
https://doi.org/10.1007/JHEP01(2022)128
https://doi.org/10.1103/ynnx-f63h
https://doi.org/10.1103/PhysRevD.105.053005
https://doi.org/10.1103/PhysRevD.105.053005
https://doi.org/10.1016/j.physletb.2023.138240
https://doi.org/10.1016/j.physletb.2023.138240
https://doi.org/10.1103/PhysRevD.106.036015
https://doi.org/10.1103/PhysRevD.68.094012
https://doi.org/10.1103/PhysRevD.68.094012
https://doi.org/10.1103/PhysRevD.109.073008
https://doi.org/10.1103/PhysRevD.109.073008
https://doi.org/10.1007/JHEP11(2024)072
https://doi.org/10.1007/JHEP11(2024)072
https://doi.org/10.1140/epjs/s11734-024-01148-9
https://doi.org/10.1103/PhysRevLett.45.1663
https://doi.org/10.1016/0370-2693(92)90869-6
https://doi.org/10.1016/j.physletb.2008.04.033
https://doi.org/10.1016/j.physletb.2008.04.033
https://doi.org/10.1103/PhysRevD.91.077501
https://doi.org/10.1103/PhysRevD.91.077501
https://doi.org/10.1103/PhysRevD.110.113008
https://doi.org/10.1103/PhysRevD.110.113008
https://doi.org/10.1007/JHEP12(2024)159
https://doi.org/10.1007/JHEP12(2024)159
https://doi.org/10.1103/RevModPhys.68.1125
https://doi.org/10.1103/RevModPhys.68.1125
https://doi.org/10.1007/JHEP09(2011)106
https://doi.org/10.1103/PhysRevD.46.1148
https://doi.org/10.1103/PhysRevD.55.5851
https://doi.org/10.1103/PhysRevD.55.5851
https://doi.org/10.1103/PhysRevD.106.093005
https://doi.org/10.1103/PhysRevD.106.093005

	Large CP asymmetries from final-state interactions in charmful baryonic decays of B0&rarr;&Xi;c+&Xi;&macr;c- and Bs0&rarr;&Lambda;c+&Lambda;&macr;c-
	I. INTRODUCTION
	II. FORMALISM
	III. NUMERICAL RESULTS
	IV. CONCLUSION
	ACKNOWLEDGMENTS
	DATA AVAILABILITY
	References


