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The forward-backward angular asymmetry (AFB) for B̄0 → Λp̄πþ measured by Belle has presented an
experimental value in the range of −30% to −50%. In our study, we find that AFB½B̄0 → Λp̄πþðB− →
Λp̄π0Þ� can be as large as ð−14.6þ0.9

−1.5 � 6.9Þ%. In addition, we present AFB½B̄0 → Λp̄ρþðB− → Λp̄ρ0Þ� ¼
ð4.1þ2.8

−0.7 � 2.0Þ% as the first prediction involving a vector meson in the charmless B → BB̄0M decays.
WhileAFBðB → Λp̄MÞ indicates an angular correlation caused by the rarely studied baryonic form factors
in the timelike region, LHCb and Belle II are capable of performing experimental examinations.

DOI: 10.1103/PhysRevD.105.076016

I. INTRODUCTION

For the three-body baryonic B → BB̄0MðcÞ decays with
MðcÞ denoting a (charmed) meson, the threshold effect has
been commonly observedwith a rapidly raising peak around
the threshold area of mBB̄0 ≃mB þmB̄0 in the dibaryon
invariantmass (mBB̄0) spectrum [1]. It is regarded to enhance
the branching fraction ofB → BB̄0MðcÞ [BðB → BB̄0MðcÞÞ]
[2,3], such as BðB− → pp̄MÞ ∼ 10−6 with M ¼
ðπ−; K−; K�−Þ [4–7] and BðB̄0 → pp̄Dð�Þ0Þ ∼ 10−4 [8,9].
On the other hand, BðB̄0 → pp̄Þ is as small as 10−8 [10,11],
whose suppression reflects the fact that in the two-body
baryonic B decays the BB̄0 formation with mBB̄0 ∼mB is
away from the threshold area. Theoretically, the baryonic
form factors that parametrize the dibaryon formation have
been used to describe the threshold effect [12–18], such that
BðB → BB̄0MðcÞÞ can be explained.
The partial branching fraction can be a function of

cos θBðB̄0Þ, where θBðB̄0Þ is the angle between the (anti)
baryon and meson moving directions in the BB̄0 rest
frame. It leads to the forward-backward angular asymme-
try: AFBðB→BB̄0MðcÞÞ≡ðBþ−B−Þ=ðBþþB−Þ, where
Bþ ¼ Bðcos θBðB̄0Þ > 0Þ and B− ¼ Bðcos θBðB̄0Þ < 0Þ. The

forward-backward asymmetries have been found in several
decay channels [5,6,19,20], of which the interpretations
have caused theoretical difficulties [18,21,22]. This indi-
cates that the dibaryon production in B → BB̄0M has not
been fully understood [23].
One has measured the angular asymmetries of

B → Λp̄MðcÞ versus cos θp̄ in Refs. [19,20], that is,

AFBðB̄0 → Λp̄DþÞ ¼ ð−8� 10Þ%;

AFBðB̄0 → Λp̄D�þÞ ¼ ð55� 17Þ%;

AFBðB̄0 → Λp̄πþÞ ¼ ð−41� 11� 3Þ%;

AFBðB− → Λp̄π0Þ ¼ ð−16� 18� 3Þ%: ð1Þ

According to the calculation [22], AFBðB̄0 → Λp̄DþÞ ¼
ð−3.0� 0.2Þ% is in agreement with the data;
AFBðB̄0 → Λp̄D�þÞ ¼ ð15.0� 0.0Þ% presents a sizeable
asymmetry despite of two standard deviation compared to
the data in Eq. (1). For B → Λp̄π, different angular
observables have been studied. One is the angular distri-
bution of the cascade B → p̄πðΛ →Þpπ− decay versus
cos θ [24], where θ denotes the angle between proton and B
meson moving directions in theΛ rest frame. Subsequently,
C. K. Chua and W. S. Hou of Ref. [24] demonstrate that Λ
is dominantly a left-handed state [25], consistent with the
experimental result in Ref. [26]. The other study is from
Ref. [21], where S. Y. Tsai presentsAFBðB̄0 → Λp̄πþÞ ≃ 0,
not verified by the later measurement as in Eq. (1).
Clearly, it indicates a sizeable angular correlation to be
discovered in the charmless baryonic B → BB̄0M decays.
Moreover, the isospin symmetry should lead to BðB̄0 →
Λp̄πþÞ ¼ 2BðB− → Λp̄π0Þ and AFBðB̄0→Λp̄πþÞ¼
AFBðB−→Λp̄π0Þ [24], which seem to disagree
with BðB̄0 → Λp̄πþÞ ¼ ð3.14� 0.29Þ × 10−6 [11,20,26],

*Corresponding author.
yukuohsiao@gmail.com

†Corresponding author.
Jike.Wang@whu.edu.cn

‡Corresponding author.
sunl@whu.edu.cn

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOI. Funded by SCOAP3.

PHYSICAL REVIEW D 105, 076016 (2022)

2470-0010=2022=105(7)=076016(7) 076016-1 Published by the American Physical Society

https://orcid.org/0000-0002-1905-7846
https://orcid.org/0000-0002-8790-2116
https://orcid.org/0000-0001-6711-4465
https://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevD.105.076016&domain=pdf&date_stamp=2022-04-22
https://doi.org/10.1103/PhysRevD.105.076016
https://doi.org/10.1103/PhysRevD.105.076016
https://doi.org/10.1103/PhysRevD.105.076016
https://doi.org/10.1103/PhysRevD.105.076016
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


BðB− → Λp̄π0Þ ¼ ð3.0þ0.7
−0.6Þ × 10−6 [11,20], and angular

asymmetries in Eq. (1) [20]. This suggests a possible
isospin symmetry violation to be tested.
Compared to the charmful B̄0 → Λp̄Dð�Þþ decay chan-

nels, where the Λp̄ formation is from the (axial)vector
current, the penguin-dominant B → Λp̄π decay has an
additional contribution from the (pseudo)scalar current.
Consequently, there might exist an interference between the
(axial)vector and (pseudo)scalar currents, which can cause
a possible angular asymmetry. Therefore, we propose to
investigate B → Λp̄π, along with the rarely studied

baryonic form factors in the timelike region. We will also
study AFBðB → Λp̄ρÞ, which can be the first prediction
involving a vector meson in the charmless B → BB̄0M
decays. The isospin relations will be discussed.

II. FORMALISM

According to Fig. 1, where the decay process is drawn
with the B meson transition to a meson, along with the
dibaryon production, the amplitude of B → Λp̄M can be
factorized as [21,24,27–29]

MðB → Λp̄MÞ ¼ GFffiffiffi
2

p ½α1hΛp̄jðs̄uÞV−Aj0ihMjðūbÞV−AjBðbq̄Þi þ α6hΛp̄jðs̄uÞSþPj0ihMjðūbÞS−PjBðbq̄Þi�; ð2Þ

with q ¼ d and u for B̄0 → Λp̄πþðρþÞ and B− →
Λp̄π0ðρ0Þ, respectively, where GF is the Fermi constant,
ðq̄iqjÞV−A ¼ q̄iγμð1 − γ5Þqj, ðq̄iqjÞS�P ¼ q̄ið1� γ5Þqj,
and j0i in hΛp̄jðs̄uÞj0i denotes the vacuum state. We
define α1 ¼ VubV�

usa1 − VtbV�
tsa4 and α6 ¼ VtbV�

ts2a6,
where Vqiqj are the Cabibbo-Kobayashi-Maskawa (CKM)
matrix elements, and the parameters a1;4;6 consist of the
effective Wilson coefficients ceffi [30], given by

a1¼ceff1 þ 1

Nc
ceff2 ; a4¼ceff4 þ 1

Nc
ceff3 ; a6¼ceff6 þ 1

Nc
ceff5 ;

ð3Þ

with Nc the color number.
In Eq. (2), the matrix elements of the B to πðρÞ transition

can be written as [31]

hπjðūbÞV−AjBi¼pμFπ1þ
m2

B−m2
π

t
qμðFπ0−Fπ1Þ;

hρjðūbÞV−AjBi¼ ϵμναβε
�νpα

Bp
β
ρ
2V1

mþ
− i

��
ε�μ−

ε� ·q
t

qμ

�
ðmþÞA1þ

ε� ·q
t

qμð2mρÞA0−
�
pμ−

m2
B−m2

ρ

t
qμ

�
ðε� ·qÞ A2

mþ

�
; ð4Þ

with pμ¼ðpBþpMÞμ, qμ¼ðpB−pMÞμ, mþ ¼ mB þmM,
t≡ q2, and ε�μ defined as the polarization four-vector of
the ρmeson, whereFA¼ðFπ1;V1;A0Þ andFB ¼ ðFπ0; A1;2Þ
are the mesonic form factors. Using the equation
of motion, we obtain hπjðūbÞS−PjBi ¼ ðp · q=mbÞFπ

0

and hρjðūbÞS−PjBi ¼ 2iðmρ=mbÞA0ε
� · q. The form

factor FAðBÞ can be given in the three-parameter
representation [31]:

FAðtÞ ¼
FAð0Þ

ð1 − t
M2

A
Þð1 − σ1t

M2
A
þ σ2t2

M4
A
Þ
;

FBðtÞ ¼
FBð0Þ

1 − σ1t
M2

B
þ σ2t2

M4
B

; ð5Þ

where FAðBÞð0Þ is the form factor at the zero momentum
transfer squared (t ¼ 0), σ1;2 the parameters, and MAðBÞ the

(a) (b)

FIG. 1. Feynman diagrams for B → Λp̄M that depict (a) tree and (b) penguin-level processes, respectively.
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polemass. One has determinedFAðBÞð0Þ, σ1;2 andMAðBÞ with
the results of the model calculation, such that the momentum
transfer squared dependences for FAðBÞ can be described.
For the baryon-pair production, the matrix elements are

in the forms of [17,24,27,32,33]

hBB̄0jq̄γμq0j0i ¼ ū

�
F1γμ þ

F2

mB þmB̄0
iσμνqμ

�
v;

hBB̄0jq̄γμγ5q0j0i ¼ ū

�
gAγμ þ

hA
mB þmB̄0

qμ

�
γ5v;

hBB̄0jq̄q0j0i ¼ fSūv;

hBB̄0jq̄γ5q0j0i ¼ gPūγ5v; ð6Þ

where the spinor uðvÞ represents the spin-1=2 (anti-)baryon
state, FBB̄0 ¼ ðF1;2; gA; hAÞ and ðfS; gPÞ are the baryonic
form factors in the timelike region. In the approach of
pQCD counting rules, one derives that FBB̄0 ∝ ðαs=tÞn
[12,12–15], where n is to account for the gluon
propagators that attach the valence quarks in BB̄0.
Besides, αsðtÞ ¼ ð4π=β0Þ½lnðt=Λ2

0Þ�−1 is the running cou-
pling constant in the strong interaction [14], with the
parameter β0 ≡ 11 − 2nf=3, the flavor number nf ¼ 3,
and the scale factor Λ0 ¼ 0.3 GeV. Subsequently,
ðF1; gA; fS; gPÞ correspond to n ¼ 2; however, F2 and
hA need an additional gluon to flip the chirality, such that
n ¼ 3. Explicitly, we present FBB̄0 as [12,15,17,18]

ðF1; gAÞ ¼
ðCF1

; CgAÞ
t2

ln

�
t
Λ2
0

�
−γ
;

ðfS; gPÞ ¼
ðCfS; CgPÞ

t2
ln

�
t
Λ2
0

�
−γ
;

ðF2; hAÞ ¼
ðCF2

; ChAÞ
t3

ln

�
t
Λ2
0

�
−γ0

; ð7Þ

with γð0Þ ¼ 2.148ð3.148Þ.

Using the SUð2Þ helicity ½SUð2Þh� symmetry, F1

and gA can be related. To this end, we parametrize
hBRþLjJRμ jB0

RþLi in the spacelike region as [13,32]

hBRþLjJRμ jB0
RþLi ¼ ū

�
γμ

1þ γ5
2

FR þ γμ
1 − γ5
2

FL

�
u; ð8Þ

where JRμ ¼ ðVμ þ AμÞ=2 is a right-handed chiral current,

jBð0Þ
RþLi≡ jBð0Þ

R i þ jBð0Þ
L i, and FR;L the chiral form factors.

Furthermore, we define Q≡ JR0 as the chiral charge to act
on the valence quark qi in B0ðq1q2q3Þ, such that one
transforms B0 into B. With the chirality that is regarded as
the helicity at t → ∞, the helicity of qi can be (anti)parallel
½jjðjjÞ� to the helicity of B0, such that we denote the
chiral charge for qi by QjjðjjÞðiÞ (i ¼ 1, 2, 3). Thus, we

obtain [13,32]

ðFR; FLÞ ¼ ðeRjjFjj þ eRjjFjj; e
L
jjFjj þ eLjjFjjÞ;

eRjjðjjÞ ¼ ΣihBRjQjjðjjÞðiÞjB0
Ri;

eLjjðjjÞ ¼ ΣihBLjQjjðjjÞðiÞjB0
Li; ð9Þ

where FjjðjjÞ ≡ CjjðjjÞ=t
2½lnðt=Λ2Þ�−γ . This results in

CF1
ðCgAÞ ¼ ðeRjj � eLjj ÞCjj þ ðeRjj � eLjj ÞCjj. In the crossing

symmetry, since the spacelike form factors can be seen to
behave as the timelike ones, the derivation can be applied to
those in Eqs. (6) and (7). Similarly, we relate fS and gP. It is
hence obtained that

ðCF1
; CgAÞ ¼

ffiffiffi
3

2

r
ðCjj; C�

jjÞ; ðCfS; CgPÞ ¼ −
ffiffiffi
3

2

r
ðC̄jj; C̄�

jjÞ; for hΛp̄jðs̄uÞV;A;S;Pj0i;

ðCF1
; CgAÞ ¼

1

3
ð4Cjj − Cjj; 4C

�
jj þ C�

jjÞ; for hnp̄jðd̄uÞV;Aj0i; ð10Þ

with C�
jjðjjÞ ≡ CjjðjjÞ þ δCjjðjjÞ and C̄�

jj ≡ C̄jj þ δC̄jj, where

the second line for hnp̄jðd̄uÞV;Aj0i is to include more data
in the numerical analysis. Note that our derivation depends
on the SUð2Þ helicity [SUð2Þh] symmetry at large t
(t → ∞), where quarks can be seen as massless particles.
In the baryonic B decay processes, since t is ranging from

ðmB þmB̄0 Þ2 to ðmB −mMÞ2, instead of t → ∞, the fact
that the quarks are no longer massless can induce the
SUð2Þh symmetry breaking. Hence, δCjjðjjÞ and δC̄jj are
added in Eq. (10) to estimate the possible broken symmetry
effect. One has derived F2 ¼ F1=ðt ln½t=Λ2

0�Þ in the pQCD
model [34], which verifies the parametrization in Eq. (7).
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By contrast, the model calculation for hA has not been
available yet. In the SUð3Þ flavor ½SUð3Þf� symmetry, ChA
can be related as [32]

ChA ¼ −
1ffiffiffi
6

p ðCD þ 3CFÞ; ChA ¼ CD þ CF; ð11Þ

for hΛp̄jðs̄uÞAj0i and hnp̄jðd̄uÞAj0i, respectively.
To integrate over the phase space in the three-body

B → BB̄0M decays, we adopt the equation as [18,22,35]

Γ ¼
Z þ1

−1

Z ðmB−mMÞ2

ðmBþmB̄0 Þ2
β1=2t λ1=2t

ð8πmBÞ3
jM̄j2dtd cos θ; ð12Þ

where βt ¼ ½1 − ðmB þmB̄0 Þ2=t�½1 − ðmB −mB̄0 Þ2=t�,
λt ¼ ½ðmB þmMÞ2 − t�½ðmB −mMÞ2 − t�, and Γ represents
the decay width. Moreover, jM̄j2 denotes the squared
amplitude summed over the baryon spins. We choose θ as
the angle between B̄0 and M moving directions in the BB̄0
rest frame. Accordingly, the (anti)baryon energy can be a
function of cos θ, given by

EB ¼ tþm2
B −m2

π þ β1=2t λ1=2t cos θ
4mB

;

EB̄0 ¼ tþm2
B −m2

π − β1=2t λ1=2t cos θ
4mB

: ð13Þ

We reduce jM̄j2ðB → Λp̄πÞ as

jM̄j2ðB → Λp̄πÞ ≃ aþ b cos θ þ c cos2 θ;

a ¼ 2jα1j2F2
π1fF2

1ðm2
B − tÞ2 þ g2A½4m2

pð2m2
B − tÞ þ ðm2

B − tÞ2�g
þ 2jα6j2ðm2

B=mbÞ2F2
π0½f2Sðt − 4m2

pÞ þ g2Pt� − 8ℜðα1α�6ÞFπ0Fπ1gAgPmpðm4
B=mbÞ;

b ¼ −8ℜðα1α�6ÞFπ0Fπ1F1fSmpðm2
B=mbÞ½ðt − 4m2

pÞðm2
B − tÞ2=t�1=2;

c ¼ 2jα1j2½ðt − 4m2
pÞðm2

B − tÞ2=t�F2
π1ðF2

1 þ g2AÞ; ð14Þ

with mΛ −mp ≃ 0, mπ=mB ≃ 0 and Fπ0 − Fπ1 ≃ 0. Note that jM̄j2ðB → Λp̄πÞ in the reduced form is for a simple
presentation; however, no approximation is made in the real calculation. Similarly, we obtain

jM̄j2ðB → Λp̄ρÞ ≃ a� þ b� cos θ þ c� cos2 θ;

a� ¼ jα1j2ðm2
B − tÞ2=ð2m2

ρm2
BtÞ½A1m2

B − A2ðm2
B − tÞ�2½F2

1tþ g2Aðt − 4m2
pÞ�

þ 2jα6j2=m2
b½A0ðm2

B − tÞ�2½f2Sðt − 4m2
pÞ þ g2Pt�;

b� ¼ 4ℜðα1α�6Þmp=ðmρmbmBÞ½ðt − 4m2
pÞðm2

B − tÞ2=t�1=2ðm2
B − tÞA0½A1m2

B − A2ðm2
B − tÞ�F1fS;

c� ¼ jα1j2=ð2m2
ρm2

BÞ½ðt − 4m2
pÞðm2

B − tÞ2=t�½A1m2
B − A2ðm2

B − tÞ�2ðF2
1 þ g2AÞ: ð15Þ

For the angular asymmetry, we define

AFB ≡
Rþ1
0

dΓ
d cos θ d cos θ −

R
0
−1

dΓ
d cos θ d cos θRþ1

0
dΓ

d cos θ d cos θ þ
R
0
−1

dΓ
d cos θ d cos θ

; ð16Þ

where dΓ=d cos θ is the angular distribution.

III. NUMERICAL ANALYSIS

In the numerical analysis, we take the CKM matrix
elements as [11]

ðVud; Vus; VubÞ ¼ ð1 − λ2=2; λ; Aλ3ðρ − iηÞÞ;
ðVtd; Vts; VtbÞ ¼ ðAλ3ð1 − ρ − iηÞ;−Aλ2; 1Þ; ð17Þ

with ðλ; A; ρ; ηÞ ¼ ð0.2265; 0.790; 0.145� 0.017; 0.366�
0.011Þ in the Wolfenstein parametrization. We use the
mesonic form factors from Ref. [31], which can be found in
Table I. From Ref. [30], ceffi (i ¼ 1; 2;…; 6) can lead to

α1 ¼ ð−13.7 − 10.7i;−15.2 − 11.4i;−18.3 − 12.7iÞ;
α6 ¼ ð47.5þ 6.4i; 49.6þ 6.9i; 53.7þ 7.7iÞ; ð18Þ

with Nc ¼ ð2; 3;∞Þ, where Nc is taken as a floating
number, in order that the nonfactorizable QCD corrections
can be estimated in the generalized edition of the factori-
zation [30]. In Eqs. (10) and (11), there are totally eight
constants that correspond to the baryonic form factors:
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Cjj; δCjj; Cjj; δCjj; C̄jj; δC̄jj; CD; CF: ð19Þ

We perform the minimum χ2-fit to extract the constants,
which includes the experimental inputs from BðB̄0 →
Λp̄πþÞ, BðB− → Λp̄π0ðρ0ÞÞ, AFBðB̄0 → Λp̄πþÞ, and
AFBðB− → Λp̄π0Þ in Table III, and the angular distribution
of B̄0 → Λp̄πþ in Fig. 2; the branching fractions of

B̄0 → np̄D�þ [36], B̄0 → Λp̄Dð�Þþ [19], B− → Λp̄ [37],
D−

s → np̄ [38,39], and AFBðB̄0 → Λp̄Dð�ÞþÞ [19] are also
included. We thus present the results of the global fit in
Table II.
With the extracted constants, we calculate the branching

fractions and angular asymmetries of B → Λp̄M,
and draw the angular distribution of B̄0 → Λp̄πþ with
mΛp̄ < 2.8 GeV, which are given in Table III and Fig. 2,
respectively.

IV. DISCUSSIONS AND CONCLUSIONS

We study the penguin-dominant B → Λp̄π decay with
the branching fraction and angular asymmetry. With
χ2=n:d:f ≃ 2.7 calculated from Table II, it demonstrates
that the theoretical study can accommodate the experimen-
tal data. Particularly, we find that Δχ2 ¼ 14.3 that comes
from AFBðB → Λp̄πÞ and five data points of dBðB̄0 →
Λp̄πþÞ=d cos θ gives sizeable contribution to the total χ2

value, indicating that more accurate measurements of the
angular distribution (asymmetry) can improve the fit.
In Eq. (14), jM̄j2ðB → Λp̄πÞ ≃ aþ b cos θ þ c cos2 θ

can be useful for our investigation. It is found
that 2jα6j2ðm2

B=mbÞ2F2
π0½f2Sðt − 4m2

pÞ þ g2Pt� in the a
term gives the main contribution to the total branching
fraction. In the b term, −8ℜðα1α�6ÞFπ0Fπ1F1fSmpðm2

B=mbÞ
½ðt − 4m2

pÞðm2
B − tÞ2=t�1=2 is responsible for the

angular asymmetry. However, the c term with jα1j2 is
insignificant. As a consequence, we obtain BðB̄0→Λp̄πþÞ¼
ð3.2þ0.6þ2.5

−0.3−1.1 Þ×10−6. Besides,weobtain AFBðB̄0→Λp̄πþÞ¼
ð−14.6þ0.9

−1.5 �6.9Þ% that has 2 standard deviation departure
from the experimental value of ð−41� 11� 3Þ%.
Since we get CgP ¼ ð0.38� 0.37ÞCfS different from

CgP ¼ CfS in the SUð2Þ helicity symmetry at t → ∞, it
clearly indicates a broken symmetry effect with δC̄jj.

TABLE I. The form factors of B → π; ρ are adopted from
Ref. [31], with MAðBÞ ¼ 5.32 GeV and ðMA;MBÞ ¼
ð5.27; 5.32Þ GeV for π and ρ, respectively. In the second row,
FAð0Þ and FBð0Þ correspond to ½Fπ1ðtÞ; V1ðtÞ; A0ðtÞ� and
½Fπ0ðtÞ; A1;2ðtÞ�, respectively, with the zero value of the momen-
tum transfer squared (t ¼ 0).

B → π; ρ Fπ0 Fπ1 V1 A0 A1 A2

FA;Bð0Þ 0.29 0.29 0.31 0.30 0.26 0.24
σ1 0.76 0.48 0.59 0.54 0.73 1.40
σ2 0.28 � � � � � � � � � 0.10 0.50

TABLE II. Fit results of the constants (Ci) derived from the
baryonic form factors, along with the χ2 value; n:d:f denotes the
number of degrees of freedom.

ðχ2; n:d:f; CiÞ Fit values

χ2 24.4
n:d:f 9
Cjj ð150.8� 5.7Þ GeV4

δCjj ð31.9� 7.1Þ GeV4

Cjj ð27.4� 27.3Þ GeV4

δCjj ð−735.0� 293.0Þ GeV4

C̄jj ð511.2� 74.4Þ GeV4

δC̄jj ð−317.8� 169.1Þ GeV4

CD ð−761.1� 128.0Þ GeV6

CF ð905.7� 119.8Þ GeV6

TABLE III. Branching fractions and angular asymmetries of the
baryonic decay channels, where the first error of our results
estimates the nonfactorizable effects, while the second one
combines the uncertainties from CKM matrix elements and
the hadronic parameters.

Decay modes Our results Experimental data

106BðB̄0 → Λp̄πþÞ 3.2þ0.6þ2.5
−0.3−1.1 3.1� 0.3 [11,20]

106BðB− → Λp̄π0Þ 1.8þ0.3þ1.4
−0.2−0.6 3.0� 0.7 [11,20]

106BðB̄0 → Λp̄ρþÞ 9.2þ0.9þ5.7
−1.9−3.5

106BðB− → Λp̄ρ0Þ 5.0þ0.5þ3.1
−1.0−1.9 4.8� 0.9 [11,40]

AFBðB̄0 → Λp̄πþÞ ð−14.6þ0.9
−1.5 � 6.9Þ% ð−41� 11� 3Þ% [20]

AFBðB− → Λp̄π0Þ ð−14.6þ0.9
−1.5 � 6.9Þ% ð−16� 18� 3Þ% [20]

AFBðB̄0 → Λp̄ρþÞ ð4.1þ2.8
−0.7 � 2.0Þ%

AFBðB− → Λp̄ρ0Þ ð4.1þ2.8
−0.7 � 2.0Þ%

B0 p

1.0 0.5 0.0 0.5 1.0

cos m p 2.8 GeV

dB
dc
os

10
6

0.0

0.5

1.0

1.5

2.0

2.5

3.0

FIG. 2. The angular distribution of B̄0 → Λp̄πþ with the solid
(dotted) line for the central value (error), where the data points are
adopted from Ref. [20].
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Currently, δC̄jj is determined with a large uncertainty,
which reflects the fact thatAFBðB → Λp̄πÞ and the angular
distribution in Fig. 2 have not been precisely measured.
Without a model calculation, we obtain ChA from the fit. It
is found that ChA ¼ −798.6 GeV6 for hΛp̄jðs̄uÞAj0i gives
2.8% of BðB̄0 → Λp̄πþÞ and 3.4% of AFBðB̄0 → Λp̄πþÞ.
The angular asymmetry of B̄0 → Λp̄πþ decay was once

studied in Ref. [21], where AFBðB̄0 → Λp̄πþÞ ≃ 0 is not
verified by the observation. The cause is that gP ¼ fS as a
strong relation has been used, such that gP with
2jα6j2½f2Sðt − 4m2

pÞ þ g2Pt� in the a term becomes the
dominant form factor in the branching fraction. By contrast,
fS turns out to be a less important form factor both in the a
and b terms, leading to AFBðB̄0 → Λp̄πþÞ ≃ 0.
For the first time, we study the angular asymmetry of the

charmless B → BB̄0M decay withM as a vector meson. We
predict AFBðB− → Λp̄ρ0Þ ¼ ð4.1þ2.8

−0.7 � 2.0Þ%. It is inter-
esting to note that AFBðB → Λp̄ρÞ is not as large as
AFBðB → Λp̄πÞ. This is due to A1 ≃ A2, which suppresses
4ℜðα1α�6Þmp=ðmρmbmBÞ½ðt − 4m2

pÞðm2
B − tÞ2=t�1=2ðm2

B −
tÞA0½A1m2

B − A2ðm2
B − tÞ�F1fS in the b� term, resulting in

a suppressed angular asymmetry.
We find no source to violate the isospin relation. Since

π0ðρ0Þ ¼ ðuū − dd̄Þ= ffiffiffi
2

p
and πþðρþÞ ¼ ud̄, it results inffiffiffi

2
p hπ0ðρ0ÞjðūbÞjB−i ¼ hπþðρþÞjðūbÞjB̄0i [24,41]. We
hence obtain

BðB̄0 → Λp̄πþðρþÞÞ ≃ 2BðB− → Λp̄π0ðρ0ÞÞ;
AFBðB̄0 → Λp̄πþðρþÞÞ ¼ AFBðB− → Λp̄π0ðρ0ÞÞ; ð20Þ

which suggests BðB̄0 → Λp̄ρþÞ ≃ 10−5 that has not been
measured yet.
In summary, we have investigated the angular asymmetry

of B → Λp̄M. In particular, we have obtained AFBðB̄0 →
Λp̄πþÞ ¼ ð−14.6þ0.9

−1.5 � 6.9Þ% with 2 standard deviation
departure from the experimental value of ð−41� 11� 3Þ%.
We have hence reduced the deviation caused byAFBðB̄0 →
Λp̄πþÞ ≃ 0 previously studied in the literature.
We have calculatedAFBðB− → Λp̄ρ0Þ ¼ ð4.1þ2.8

−0.7 � 2.0Þ%,
which can be the first prediction for the charmless
B → BB̄0M decay with M as a vector meson. According
to the isospin relation, it has been calculated that
BðB̄0 → Λp̄ρþÞ ¼ ð9.2þ0.9þ5.7

−1.9−3.5 Þ × 10−6, promising to be
measured by the LHCb and Belle II experiments.
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