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Motivated by the first observation of CP violation in b-baryon decays, the search for baryonic decays
exhibiting large CP violation will be a primary focus in the coming years. We propose that significant
CP-violating effects exist in the decay Λb → ΛD, where D denotes a CP eigenstate of the D0-D̄0 system.
The predicted CP asymmetries for both the CP-even and CP-odd modes can reach magnitudes as large as
50%, making these decays promising targets for measurement at the LHCb experiment. Additionally, we
predict for the first time several nonzero CP-violating observables associated with angular distribution
parameters, providing valuable complementary information in the search for CP violation in baryon
decays. Furthermore, we propose a novel strategy to extract the Cabibbo-Kobayashi-Maskawa angle γ by
combining data on angular distribution parameters and decay rates from the relevant channels. We
emphasize that Λb → ΛD decays are among the most promising candidates for determining γ in the baryon
sector. Our findings may offer new insights for future theoretical and experimental investigations.
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Introduction. In 2025, the LHCb Collaboration reported
the first observation of baryonic CP violation (CPV) in the
decay Λb → pK−πþπ−, achieving a significance of 5.2
standard deviations [1]. Previously, evidence for CPV had
been observed in the three-body decay Λb → ΛKþK− [2],
and ongoing studies of CPV have been conducted in
various three- and four-body decay modes of Λb and Ξb
[3–8]. However, measurements of direct CPV in b-baryon
decays have generally yielded values below 10%, sug-
gesting that CPVoriginating from tree-penguin interference
is difficult to be significant within the Standard Model. This
is due to the suppressed penguin-to-tree amplitude ratio and
cancellations among partial-wave CPVs [9]. Consequently,
the search for baryonic processes exhibiting large CPV is
expected to be a primary focus in the coming years [10,11].
In this paper, we propose a potential decay channel with

sizable CPV: Λb → ΛD, where D denotes an admixture of

theD0 and D̄0 states. We demonstrate that large CPVexists

whenD is a CP eigenstate, defined asD� ¼ 1ffiffi
2

p ðD0 � D̄0Þ.
This CPVoriginates from tree-tree interference between the
amplitudes MðΛb → ΛD0Þ and MðΛb → ΛD̄0Þ. The two
interfering amplitudes have comparable magnitudes of
Oðλ3Þ, where λ ≈ 0.23 is the sine of the Cabibbo angle
[12]. Such an interference mechanism is of the tree-tree
type, differing from the conventional tree-penguin inter-
ference observed in decays such as Λb → pπ [9]. As
pointed out in Ref. [9], the cancellation among partial-
wave CP asymmetries is traced to a relative sign between
the S- and P-wave penguin contributions arising from the
ðSþ PÞ × ðS − PÞ operator structure. However, for tree-
tree interference, where all contributing tree operators share
the same ðV − AÞðV − AÞ structure, such cancellation is
naturally absent. We will later uncover that the partial-wave
CP asymmetries in the decays under consideration share
the same sign, leading to a coherent enhancement of the
total CPV.
To observe CPV, the decay amplitude must receive

contributions from at least two distinct pathways that differ
in both strong and weak phases. The weak and strong phase
differences, together with the ratio between the two
interfering amplitudes, are key factors in determining the
magnitude of CPV. In the decays considered here, the
weak phase difference is simply the Cabibbo-Kobayashi-
Maskawa (CKM) angle γ. A precise evaluation of the
strong phases requires comprehensive QCD calculations of
various nonfactorizable topological diagrams, such as
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internalW-emission andW-exchange diagrams [13], which
provide significant strong phases. The ratio of the relevant
CKM matrix elements between the two amplitudes is
jVubVcs=VcbVusj ∼ 0.37, which alone might not suggest
very large CPV. For example, in the corresponding mesonic
decays B− → K−D�, the amplitude ratio is further sup-
pressed to about 0.1 due to a color suppression factor [14],
and the measured CP asymmetries are of the order of
10% [15]. However, the situation in Λb → ΛD� decays is
distinct due to their more complex dynamics. As we will
show later through a full QCD calculation, the dynamical
enhancement from internal W-emission diagrams in
MðΛb → ΛD̄0Þ increases the amplitude ratio to approx-
imately unity. These combined effects lead to large CPV in
the Λb → ΛD� decays.
The large CPVs in the Λb → ΛD� decays suggest

that these channels could serve as “golden modes” for
extracting the CKM angle γ in the baryon sector.
Currently, direct γ measurements come mainly from
B → D decays via D0-D̄0 mixing [16–19], while broader
strategies involvingD� andDs final states have been studied
by the Heavy Flavor Averaging Group [20]. Direct γ
measurements suffer from larger uncertainties than indirect
CKM fits [21,22], so improving their precision is essential to
better constrain BSM contributions to CPV. Baryon modes
such asΛb → ΛD� provide complementary constraints, and
comparing γ values extracted from different b-hadron
species. Although earlier works [23–27] have explored
baryonic extractions, the present analysis offers a complete
QCD calculation of the strong phase, which will be valuable
for future experimental determinations of γ.

Decay amplitudes and CP asymmetries in Λb → ΛD.
Figure 1 displays the topological diagrams for the Λb →
ΛD0ðD̄0Þ decays, where C, E, and C0 denote the color-
suppressed W-emission, W-exchange, and internal

W-emission diagrams, respectively. The C diagram con-
tributes to both the D0 and D̄0 final states, while E (C0)
contributes only to the former (latter). According to the
power counting rules in soft-collinear effective theory
[28,29], C, C0, and E are all suppressed relative to the
external W-emission diagram T by ΛQCD=mb, where ΛQCD

is the QCD scale and mb the b-quark mass; hence, their
contributions are expected to be comparable at leading
order in the ΛQCD=mb expansion. We will show that
including higher-twist corrections for Λb → ΛD leads to
the amplitude hierarchy C ∼ C0 ≫ E. The constructive
interference between C and C0 significantly enhances the
Λb → ΛD̄0 amplitude, yielding amplitude ratios of order
unity for both S- and P-wave components. This is the main
origin of the sizable CP violation observed in Λb → ΛD
decays.
Angular momentum conservation allows both S-wave

and P-wave amplitudes to contribute to the Λb → ΛD
decay. The corresponding Lorentz-invariant amplitude can
be written as

MðΛb → ΛDÞ ¼ iūΛðAþ Bγ5ÞuΛb
; ð1Þ

where uΛbðΛÞ is the Dirac spinor for ΛbðΛÞ baryon. The S-
and P-wave amplitudes are given by

S ¼ ffiffiffiffiffiffiffi
Qþ

p
A; P ¼

ffiffiffiffiffiffiffi
Q−

p
B; ð2Þ

where Q� ¼ ðM �mÞ2 −m2
D with MðmÞ being the mass

of the initial (final) state baryon andmD theD-meson mass.
The decay width is expressed as

Γ ¼ pc

8πM2
A; ð3Þ

with A ¼ jSj2 þ jPj2. Here, pc is the momentum of Λ in
the rest frame of Λb baryon. For the convenience of the
subsequent discussion, we write the two partial-wave
amplitudes as their respective magnitude and phase:

SD ¼ jSDjeiδSD ; PD ¼ jPDjeiδPD ; ð4Þ

for the D0 final state and

SD̄ ¼ jSD̄jeiðδSD̄−γÞ; PD̄ ¼ jPD̄jeiðδPD̄−γÞ; ð5Þ

for the D̄0 final state.
Now consider the CP eigenstates, D�. The correspond-

ing partial-wave amplitudes can be directly written as

S� ¼ 1
ffiffiffi
2

p ðSD � SD̄Þ; P� ¼ 1
ffiffiffi
2

p ðPD � PD̄Þ: ð6Þ

The amplitudes for the CP-conjugate processes are
given by

FIG. 1. Decay topologies referred to as color-suppressed (C),
W-exchange (E), and internal W-emission diagrams C0.
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S̄� ¼ 1
ffiffiffi
2

p ðS̄D � S̄D̄Þ; P̄� ¼ 1
ffiffiffi
2

p ðP̄D � P̄D̄Þ; ð7Þ

where the quantities with a bar denote the counterparts of
charge-conjugated processes. Their expressions can be
obtained from Eqs. (4) and (5) by flipping the weak phase
(γ → −γ), while leaving the strong phases unchanged.
Using these partial-wave amplitudes, we can define the

partial-wave CP asymmetries, ASðPÞ
� , as [30]

AS
� ≡ jS�j2 − jS̄�j2

jS�j2 þ jS̄�j2
¼ �2rS sin γ sin δSDSD̄

1þ r2S � 2rS cos γ cos δSDSD̄
;

AP
� ≡ jP�j2 − jP̄�j2

jP�j2 þ jP̄�j2
¼ �2rP sin γ sin δPDPD̄

1þ r2P � 2rP cos γ cos δPDPD̄

; ð8Þ

where the magnitudes of the partial-wave amplitude

ratio are rSðPÞ ¼ j SðPÞD̄SðPÞD j and strong phase differences are

δSDSD̄ðPDPD̄Þ ¼ δSD̄ðPD̄Þ − δSDðPDÞ. Similarly, we have the
global CP asymmetry,

ACPðΛb → ΛD�Þ≡ jS�j2 þ jP�j2 − jS̄�j2 − jP̄�j2
jS�j2 þ jP�j2 þ jS̄�j2 þ jP̄�j2

; ð9Þ

which can be written as a weighted combination of the
partial-wave CP asymmetries

ACPðΛb → ΛD�Þ ¼ κ�AS
� þ ð1 − κ�ÞAP

�; ð10Þ

with the weighted coefficients κ� ¼ R�
S

R�
S þR�

P
, and

R�
S ¼ jSDj2½1þ r2S � 2rS cos γ cos δSDSD̄ �; ð11Þ

R�
P ¼ jPDj2½1þ r2P � 2rP cos γ cos δPDPD̄

�: ð12Þ

From Eq. (10), one can see that if the different partial-wave
CPVs share the same sign, the overall direct CP asymmetry
increases.
Accurate estimation of CPVs requires reliable partial-

wave amplitudes including strong phases. Naive factoriza-
tion [31] is inapplicable to color-suppressed decays [32]
and yields real amplitudes without relative phases, hence
no CPV. Therefore, nonfactorizable diagrams (Fig. 1) are
needed to provide the necessary strong phases. In this
work, we evaluate the topological diagramsC0 and E for the
first time using the perturbative QCD (PQCD) formalism
based on kT factorization [33], which avoids endpoint
singularities. Further computational details are given in the
Supplemental Material [34].
Tables I and II list the partial-wave amplitudes (exclud-

ing CKM factors) for Λb → ΛD0 and Λb → ΛD̄0 (central
values only), with total amplitudes in the last row. The
gluon exchanges between four-quark operators and spec-
tator quarks (Fig. 1) subdivide the C topology into

factorizable Cf and nonfactorizable Cnf , distinguished by
whether the meson participates in the gluon exchange.
Independent PQCD evaluation of each diagram ensures
unambiguous separation. The decays are clearly dominated
by nonfactorizable contributions, indicating the inadequacy
of factorization. The similar phases of C and C0
lead to constructive interference, making the amplitude
for Λb → ΛD̄0 of the same order as that for Λb → ΛD0.
Including the appropriate CKM factors yields

rS ¼
����
VubV�

cs

VcbV�
us

���� ×
����
SD̄
SD

���� ¼ 0.76;

rP ¼
����
VubV�

cs

VcbV�
us

���� ×
����
PD̄

PD

���� ¼ 1.05: ð13Þ

The ratios between the interfering D̄0 and D0 amplitudes
are close to 1 for both S- and P-wave components.
To examine the factorization ansatz, we summarize the

branching fractions for theΛb → ΛD decays, excluding the
nonfactorizable contribution, in Table III. For comparison,
we also present the currently available predictions based on
naive factorization. The quoted theoretical uncertainties in
our calculations arise from the hadronic parameters in the

TABLE I. Contributions from the various topologies to the
partial-wave amplitudes (10−6 GeV) without the CKM matrix
elements for the Λb → ΛD0 decay. The strong phases are given in
rad.

Topology SD jSDj δSD PD jPDj δPD

Cf 1.8 1.8 0 1.8 1.8 0
Cnf 3.0 − 4.3i 5.2 −0.96 1.8 − 2.9i 3.4 −1.02
C ¼ Cf þ Cnf 4.8 − 4.3i 6.4 −0.73 3.6 − 2.9i 4.6 −0.68
E −0.3 − 0.02i 0.3 −3.07 −0.3þ 0.5i 0.6 2.11

Total 4.5 − 4.3i 6.2 −0.76 3.3 − 2.4i 4.1 −0.63

TABLE II. Same as Table I but for the Λb → ΛD̄0 decay.

Topology SD̄ jSD̄j δSD̄ PD̄ jPD̄j δPD̄

Cf 1.8 1.8 0 1.8 1.8 0
Cnf 0.3 − 6.4i 6.4 −1.52 −0.4 − 5.0i 5.0 −1.65
C ¼ Cf þ Cnf 2.1 − 6.4i 6.7 −1.25 1.4 − 5.0i 5.2 −1.30
C0 1.0 − 5.9i 6.0 −1.40 0.8 − 6.1i 6.2 −1.44

Total 3.1 − 12.3i 12.7 −1.32 2.2 − 11.1i 11.3 −1.38

TABLE III. Comparison of theoretical predictions on the bran-
ching fractions ð10−6Þ without the nonfactorizable contribution.

Mode This work [35] [24] [27]

D0 3.64þ2.33
−1.53 3.37þ0.33þ0.42þ0.67

−0.19−0.47−0.23 4.56 6.6� 0.6

D̄0 0.49þ0.31
−0.21 0.478þ0.060þ0.103þ0.061

−0.027−0.108−0.047 0.829 0.9� 0.1
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LCDAs as well as the hard scale. Our results are consistent
with the estimations from the diquark approximation [35].
Without nonfactorizable contributions, no relative strong
phase exists, and hence the factorization ansatz produces
no CPV.
Including nonfactorizable contributions, Table IV gives

the predicted branching fractions, direct CP asymmetries,
and weighted partial-wave CP asymmetries for Λb → ΛD.
As expected, the branching fractions are enhanced by an
order of magnitude to ∼10−5, comparable to those observed
in analogous color-suppressed B decays, e.g., B̄0 → D0K̄0

[36] and B̄0
s → D0ϕ [37].

Even in the presence of nonzero strong phases, the CPVs
of theD0 and D̄0 channels remain zero due to the vanishing
weak phase difference. However, for bothCP-even andCP-
odd eigenstates, we observe sizable CPVs with similar
magnitudes, as shown in Table IV. The opposite signs of
these asymmetries can be easily understood from Eq. (8).
This pattern is analogous to the measured CPVs in B →
KD� decays [38]. Unlike in Λb → ph decays [9,30],
cancellations among different partial-wave CPVs do not
occur here. Instead, the CPVs of the S- and P-wave
components accumulate coherently, leading to the large total
CPVs in Λb → ΛD� decays. NeglectingD0-D̄0 mixing and
CP violation inD-meson decays [39], the largeCP-violating
effects can be observed through the Λb → Λð→ pπÞD
processes, with the D-meson reconstructed in either CP-
even eigenstates (KþK−; πþπ−) or CP-odd eigenstates
[KSðπ0; ρ0;ω;ϕÞ] [24]. Given that the CPVs in modes with
opposite CP parities differ by a sign, one can combine the
modes with the same CP parity to enhance the statistics.

CP asymmetries in the angular distributions. CPV can
also be observed by studying the interference between the
S- and P-wave contributions. Three decay parameters for
theΛb → ΛD decay, which characterize the strengths of the
S- and P-waves, are defined in terms of the partial-wave
amplitudes as [40]

α0 ¼ −
2ReðS�PÞ
jSj2 þ jPj2 ; β0 ¼ −

2 ImðS�PÞ
jSj2 þ jPj2 ;

γ0 ¼ jSj2 − jPj2
jSj2 þ jPj2 ; ð14Þ

which satisfy the identity, α02 þ β02 þ γ02 ¼ 1. Their rela-
tive ratios provide information about the relative strong
phase between the S- and P-wave amplitudes. For example,

sinðδP − δSÞ ¼ −
β0
ffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − γ02

p ;

cosðδP − δSÞ ¼ −
α0
ffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − γ02

p : ð15Þ

Measuring α0 does not require the initial Λb polarization.
However, both the polarizations of the initial and final
baryons are needed to extract β0 and γ0 [23]. Since Λb
baryons produced in pp collisions at the LHC are unpo-
larized [41], these decay parameters could be measured in
the future at electron-ion colliders [42] and Z-factories
(e.g., FCC-ee) [43], where abundant polarized b-baryons
are expected to be produced.
The CP asymmetries associated with the decay param-

eters are defined as follows:

Aα0
CP ¼

α0 þ ᾱ0

2
; Aβ0

CP ¼
β0 þ β̄0

2
; Aγ0

CP ¼
γ0 − γ̄0

2
;

ð16Þ

The numerical results for these CP asymmetries are
presented in Table V. It is observed that the CP asymme-

tries Aβ0
CP are prominent for both the CP-even and CP-odd

modes. Again, as there is no relative weak phase, the CP-
violating effects associated with the decay parameters for
both the D0 and D̄0 modes are absent.

Determination of γ via Λb → ΛD. The CKM angle γ is of
particular interest because it can be measured in purely tree-
level decays with negligible theoretical uncertainty [44].
Gronau, London, and Wyler proposed a method to extract γ
from B → DK decays using amplitude triangle relations
[45,46]. This strategy is more directly applicable to the pure
tree decays of Λb → ΛD, where the interfering amplitudes
are presumably of comparable size, as previously men-
tioned. In principle, one can constrain the angle γ from the
measurements of partial-wave CPVs via Eq. (8). However,

TABLE IV. The predicted branching fractions, direct CP
asymmetries, and the weighted partial-wave CP asymmetries
of Λb → ΛD decays.

D Bð10−5Þ ACP κAS
CP ð1 − κÞAP

CP

D0 3.1þ1.8
−0.8 0 0 0

D̄0 2.3þ1.1
−0.7 0 0 0

Dþ 1.9þ1.1
−0.4 −0.44þ0.10

−0.03 −0.25þ0.08
−0.01 −0.19þ0.04

−0.04
D− 3.5þ1.9

−1.0 0.72þ0.04
−0.14 0.42þ0.01

−0.11 0.30þ0.05
−0.06

TABLE V. The predicted decay parameters and associated CP
asymmetries of Λb → ΛD decays.

Observable Λb → ΛD0 Λb → ΛD̄0 Λb → ΛDþ Λb → ΛD−

α0 −0.90þ0.06
−0.06 −0.99þ0.00

−0.01 −0.90þ0.05
−0.05 −0.96þ0.02

−0.03
β0 −0.12þ0.07

−0.10 0.05þ0.06
−0.03 0.15þ0.08

−0.11 −0.16þ0.07
−0.08

γ0 0.41þ0.10
−0.15 0.11þ0.01

−0.10 0.40þ0.09
−0.11 0.22þ0.06

−0.13
Aα0
CP

0 0 0.03þ0.02
−0.01 −0.11þ0.06

−0.06

Aβ0
CP

0 0 0.12þ0.05
−0.05 −0.25þ0.11

−0.09

Aγ0
CP

0 0 0.08þ0.05
−0.03 −0.18þ0.06

−0.09
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a model-independent determination of γ requires the
measurement of these partial-wave observables and the
associated strong-phase differences, which in turn neces-
sitates complete information on α0, β0, and γ0 [see Eq. (15)].
As noted earlier, extracting β0 and γ0 remains challenging at
present.
In this work, we propose a novel scheme to extract γ in a

model-independent way by combining angular distribution
parameters and the decay rates in Λb → ΛD� decays. We
neglect D0-D̄0 mixing and CPV in D decays due to their
smallness [39,47]. The parameter α0� for the CP-eigenstate
modes can be written as

A�α0� ¼ −2ReðS��P�Þ; ð17Þ

where the amplitude squared A� ¼ jS�j2 þ jP�j2 is pro-
portional to the decay rate Γ� via Eq. (3). Summing A�α�
with its counterpart in the CP-conjugate process yields

A�α0� þ Ā�ᾱ0� ¼ −2ReðS��P� þ S̄��P̄�Þ: ð18Þ

Substituting the partial-wave amplitudes from Eqs. (4)–(7)
into Eq. (18), we obtain

sin γ ¼ �ðA�α0� þ Ā�ᾱ0�Þ
2ðjSDjjPD̄j sin δSDPD̄

þ jPDjjSD̄j sin δPDSD̄Þ
; ð19Þ

with δij ¼ δi − δj. To resolve the twofold ambiguity in sin γ
in Eq. (19), we perform a subtraction in Eq. (18), yielding

cos γ ¼ �ðα0DAD þ α0̄DAD̄ − ðA�α0� − Ā�ᾱ0�ÞÞ
2ðjSDjjPD̄j cos δSDPD̄

þ jPDjjSD̄j cos δPDSD̄Þ
: ð20Þ

The same analysis on β0� and γ0� gives two more γ-
extraction formulas:

sin γ ¼ �ðA�β0� þ Ā�β̄0�Þ
2½jSDjjPD̄j cos δSDPD̄

− jPDjjSD̄j cos δPDSD̄ �
;

cos γ ¼ �ðβ0DAD þ β0̄DAD̄ − ðA�β0� − Ā�β̄0�ÞÞ
2ðjPDjjSD̄j sin δPDSD̄ − jSDjjPD̄j sin δSDPD̄

Þ ; ð21Þ

and

sin γ ¼ �ðA�γ0� − Ā�γ̄0�Þ
2½jPDjjPD̄j sin δPDPD̄

− jSDjjSD̄j cos δSDSD̄ �
;

cos γ ¼ ∓ ðγ0DAD þ γ 0̄DAD̄ − ðA�γ0� þ Ā�γ̄0�ÞÞ
2ðjSDjjSD̄j cos δSDSD̄ − jPDjjPD̄j cos δPDPD̄

Þ : ð22Þ

It is worth noting that the extraction formulas based on α0�
and β0� are complementary to each other in their strong
phase dependence. This suggests that the uncertainty
arising from the strong phase can be reduced if both
quantities are measured simultaneously in experiments.

Despite the challenges in measuring β0� and γ0�, which
require the initial polarization of b-baryons, these formulas
provide valuable insights and allow us to extract γ with
different dependencies on the strong phases.
If the strong phases are obtained frommodel calculations

(as shown in Tables I and II), it is sufficient to determine γ
by measuring the decay rates Γ� and the angular distribu-
tion parameters α0� for the decays Λb → ΛD� and their
CP-conjugate counterparts, using Eq. (19). Notably, mea-
surements of α0� are currently more experimentally acces-
sible than those of β0� and γ0�.
With the LHCb Upgrade I accumulating up to 50 fb−1 of

data in the HL-LHC era [48], a complete angular analysis
of Λb → Λð→ pπ−ÞD is expected to be achievable at
LHCb Run 4 [27]. A determination of γ with a precision
of 1° or better is foreseen. The proposed extraction strategy
offers a new pathway for constraining the CKM angleγ with
baryonic decays, and it can be readily adapted to the Ξb →
ΞD decays.

Comparison with Ξb → ΞD decays. As noted in Ref. [27],
the dynamics of Ξb → ΞD are simpler than those of
Λb → ΛD due to the absence of the C0 and E topologies.
Consequently, the positive interference between C and C0

in Ξb → ΞD̄0 is absent, and the corresponding amplitude
ratios are strongly suppressed by the relevant CKM factors.
For Ξb → ΞD decays, we predict the amplitude ratios
rS ¼ 0.29 and rP ¼ 0.77, along with small relative strong
phases: δSD − δSD̄ ¼ 0.10 and δPD

− δPD̄
¼ 0.12. These two

features imply that the total CPVs are less than 10% for
both CP-even and CP-odd modes (see Table VI). We
therefore encourage the LHCb Collaboration to prioritize
Λb → ΛD decays as golden channels for CPV searches and
CKM metrology in the baryon sector.

Conclusion. Motivated by the recent LHCb observation of
CPV in baryon decays, we present the first complete QCD
analysis of color-suppressed Λb → ΛD decays in the
perturbative QCD framework, including nonfactorizable
contributions from internal W-emission and W-exchange.
These effects generate nonzero strong-phase differences
and enhance interfering amplitude ratios for both S- and
P-wave components, leading to large partial-wave CPVs.
We show that these partial-wave CPVs share the same
sign and accumulate, yielding significant total CPVs. The
predicted CPVs for Λb → ΛD� can reach 50%, large
enough for experimental detection. We also provide the

TABLE VI. Same as Table IV but for the Ξb → ΞD decays. The
CPVs are given in %.

D Bð10−5Þ ACP κAS
CP ð1 − κÞAP

CP

Dþ 2.8þ1.8
−1.5 −5.3þ2.0

−2.0 −3.2þ3.0
−0.2 −2.1þ0.1

−2.9
D− 2.2þ1.2

−1.1 7.9þ3.1
−2.8 4.7þ0.4

−4.4 3.2þ4.4
−0.1

LARGE CP VIOLATION IN Λb → ΛD DECAYS AND EXTRACTION … PHYS. REV. D 114, L031301 (2026)

L031301-5



first high-precision predictions for CP-violating observ-
ables in angular distributions. Furthermore, we propose a
novel strategy to extract γ by combining angular distribu-
tion parameters and decay rates for Λb → ΛðD0; D̄0; D�Þ
and their charge conjugates; this strategy also applies to
Ξb → ΞD� decays.
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