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We study the two-body baryonic B and Ds decays based on the annihilation mechanism without
the partial conservation of the axial-vector current (PCAC) at the GeV scale. We demonstrate that the
contributions of B− → Λp̄, B− → Σ0p̄, and B̄0

s → ΛΛ̄ are mainly from the scalar and pseudoscalar currents
with their branching ratios predicted to be around ð3.5; 5.3; 5.3Þ × 10−8, respectively, exactly the sizes of
BðB → BB̄0Þ established by the data. We also apply the annihilation mechanism to all of the charmless two-
body baryonic B andDs decays. In particular, we can explain BðB̄0

ðsÞ → pp̄Þ of order 10−8 and BðDþ
s → pn̄Þ

of order 10−3, which are from the axial-vector currents. In addition, the branching ratios of B̄0 → ΛΛ̄,
B− → np̄, and B− → Σ−Σ̄0 are predicted to be ð0.3; 3.2; 9.6Þ × 10−8, which can be measured by LHCb and
viewed as tests for the violation of the partial conservation of the axial-vector current at the GeV scale.
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I. INTRODUCTION

For the abundantly observed three-body baryonic B
decays (B → BB̄0M), the theoretical approach for the
systematic study has been established [1–6]. It leads to
the theoretical predictions, among which at least five decay
modes [7,8] are observed to agree with the data [9]. On the
other hand, the two-body baryonic B decays (B → BB̄0) are
poorly understood due to the smaller branching ratios,
causing a much later observation than B → BB̄0M.
Recently, the LHCb collaboration has presented the
first observations of the charmless B → BB̄0 decays
[10], given by

BðB̄0 → pp̄Þ ¼ ð1.47þ0.62þ0.35
−0.51−0.14 Þ × 10−8;

BðB̄0
s → pp̄Þ ¼ ð2.84þ2.03þ0.85

−1.68−0.18 Þ × 10−8; ð1Þ
with the statistical significances to be 3.3σ and 1.9σ,
respectively.
Based on the factorization, when the Bmeson annihilates

with the momentum transfer q, the amplitudes AðB̄0
ðsÞ →

pp̄Þ can be decomposed as qμhpp̄jAμj0i, where the matrix
element is for the proton pair production and Aμ is the
axial-vector current. From the hypothesis of the partial
conservation of the axial-vector current (PCAC) [11] at the
GeV scale, qμAμ is proportional to m2

π, which leads to
AðB̄0

ðsÞ → pp̄Þ≃ 0. This is the reason why the nonfactor-
izable effects were believed to dominate the branching
ratios in Eq. (1) [12].1 However, since the predictions from
these models differ from each other, and commonly exceed

the data, a reliable theoretical approach has not been
established yet.
In this work, we would propose a new method without

the use of the PCAC. In fact, the smallness of the previous
estimations is not caused by the annihilation mechanism
[13] but the assumption of PCAC. Moreover, this
assumption has never been tested at the GeV scale. For
example, BðB− → Λp̄Þ and BðB̄0

s → ΛΛ̄Þ are found to have
the amplitudes decomposed as ðm2

B=mbÞhpp̄jSþ Pj0iwith
SðPÞ the (pseudo)scalar current, which has no connection
to the PCAC. Since they can be estimated to be of order
10−8, exactly the order of the magnitude of BðB → BB̄0Þ
measured by the experiments, the annihilation mechanism
can be justified. If the axial-vector current is asymptotically
conserved, the result of BðDþ

s → pn̄Þ ¼ ð0.4þ1.1
−0.3Þ × 10−6

in Ref. [14] would yield BðDþ
s → pn̄Þ=BðDþ

s → τν̄τÞ≃
10−5, which was indeed suggested as the test of the PCAC
at the GeV scale [13]. Nonetheless, with BðDþ

s → pn̄Þ ¼
ð1.30� 0.36þ0.12

−0.16Þ × 10−3 measured by the CLEO
Collaboration [15], one obtains that BðDþ

s → pn̄Þ=
BðDþ

s → τν̄τÞ≃ 0.02, which is too large and can be viewed
as a countercase of the PCAC [16].
In this paper, we apply the annihilation mechanism to the

two-body baryonic B decays, provided that the axial-vector
current is not asymptotically conserved. By modifying the
timelike baryonic form factors via the axial-vector current
without respect to the PCAC, we can explain BðB̄0

ðsÞ → pp̄Þ
as well as BðDþ

s → pn̄Þ. We shall also predict BðB− →
ΛðΣ0Þp̄Þ and BðB̄0

s → ΛΛ̄Þ in terms of the timelike
baryonic form factors via the scalar and pseudoscalar
currents.
The paper is organized as follows. In Sec. II, we present

the formalism of the two-body baryonic B and Ds decays.
1For the review of the various models, please consult Ref. [12]

and the references therein.

PHYSICAL REVIEW D 91, 077501 (2015)

1550-7998=2015=91(7)=077501(6) 077501-1 © 2015 American Physical Society

http://dx.doi.org/10.1103/PhysRevD.91.077501
http://dx.doi.org/10.1103/PhysRevD.91.077501
http://dx.doi.org/10.1103/PhysRevD.91.077501
http://dx.doi.org/10.1103/PhysRevD.91.077501


In Sec. III, we proceed with our numerical analysis.
Section IV contains our discussions and conclusions.

II. FORMALISM

The nonleptonic B and D decays in the factorization
hypothesis are in analogy with the semileptonic cases like
AðB → πeν̄eÞ ∝ hπjuγμð1 − γ5ÞbjBiēγμð1 − γ5Þνe to have
the amplitudes with an additional matrix element in the
form of hX2jJ2ðμÞj0ihX1jJ1ðμÞjBi, where J1;2ðμÞ are the quark

currents, and X1;2 can be multihadron states [17,18].
Although the derivation may not be analytically satisfac-
tory, the factorization approximation can still be justified
by theoretically reproducing the data and predicting not-
yet-observed decay modes to be approved by the later
measurements in the two-body and three-body mesonic B
decays as well as the three-body baryonic B decays
[8,19–21].
Like the measured B̄0

ðsÞ → pp̄ and Dþ
s → pn̄ with the

decaying processes depicted in Fig. 1, in the two-body
baryonic B and Ds decays, the factorizable amplitudes are
known to depend on the annihilation mechanism [13,16],
where B and Ds annihilate, followed by the baryon pair
production. Thus, the amplitudes can have two types, A1

and A2, which consist of (axial)vectors and (pseudo)scalar
quark currents, respectively. For example, the amplitudes
of B̄0 → ðpp̄;ΛΛ̄Þ, B− → ðnp̄;Σ−Σ̄0Þ, and Dþ

s → pn̄ are
of the first type, given by [13,14,16]

A1ðB̄0→B1B̄0
1Þ¼

GFffiffiffi
2

p VubV�
uda2

×hB1B̄0
1jðūuÞV−Aj0ih0jðd̄bÞV−AjB̄0i;

A1ðB−→B2B̄0
2Þ¼

GFffiffiffi
2

p VubV�
uda1

×hB2B̄0
2jðd̄uÞV−Aj0ih0jðūbÞV−AjB−i;

A1ðDþ
s →pn̄Þ¼GFffiffiffi

2
p VcsV�

uda1

×hpn̄jðūdÞV−Aj0ih0jðs̄cÞV−AjDþ
s i; ð2Þ

where B1B̄0
1 ¼ pp̄ or ΛΛ̄, B2B̄0

2 ¼ np̄ or Σ−Σ̄0, ðq̄1q2ÞV−A
denotes q̄1γμð1 − γ5Þq2,GF is the Fermi constant, ai are the
effective Wilson coefficients, and Vq1q2 are the Cabibbo–
Kobayashi–Maskawa (CKM) matrix elements. The ampli-
tudes of B̄0

s → ðpp̄;ΛΛ̄Þ and B− → ðΛp̄;Σ0p̄Þ are more
complicated, written as

AðB̄0
s →B1B̄0

1Þ¼A1ðB̄0
s →B1B̄0

1ÞþA2ðB̄0
s →B1B̄0

1Þ;
AðB−→B2B̄0

2Þ¼A1ðB−→B2B̄0
2ÞþA2ðB−→B2B̄0

2Þ;
ð3Þ

where

A1ðB̄0
s → B1B̄0

1Þ ¼
GFffiffiffi
2

p
�
VubV�

usa2hB1B̄0
1jðūuÞV−Aj0i − VtbV�

ts

�
a3hB1B̄0

1jðūuþ d̄dþ s̄sÞV−Aj0i

þ a4hB1B̄0
1jðs̄sÞV−Aj0i þ a5hB1B̄0

1jðūuþ d̄dþ s̄sÞVþAj0i

þ a9
2
hB1B̄0

1jð2ūu − d̄d − s̄sÞV−Aj0i
��

h0jðs̄bÞV−AjB̄0
si;

A1ðB− → B2B̄0
2Þ ¼

GFffiffiffi
2

p ðVubV�
usa1 − VtbV�

tsa4ÞhB2B̄0
2jðs̄uÞV−Aj0ih0jðūbÞV−AjB−i; ð4Þ

and

A2ðB̄0
s → B1B̄0

1Þ ¼
GFffiffiffi
2

p VtbV�
ts2a6

× hB1B̄0
1jðs̄sÞSþPj0ih0jðs̄bÞS−PjB̄0

si;

A2ðB− → B2B̄0
2Þ ¼

GFffiffiffi
2

p VtbV�
ts2a6

× hB2B̄0
2jðs̄uÞSþPj0ih0jðūbÞS−PjB−i;

ð5Þ
with B1B̄0

1¼pp̄ or ΛΛ̄, B2B̄0
2¼Λp̄ or Σ0p̄ and ðq̄1q2ÞS�P

representing q̄1ð1�γ5Þq2. For the coefficients ai in
Eqs. (2)–(5), we use the same inputs as those in

B → BB̄0M [7,8], where ai ¼ ceffi þ ceffi�1=Nc with the
color numberNc for i ¼ odd (even) in terms of the effective
Wilson coefficients ceffi , defined in Refs. [19,20]. Note that
Nc is floating between 2 and ∞ in the generalized
factorization for the correction of the nonfactorizable
effects. In Eqs. (3)–(5), the matrix element for the anni-
hilation of the pseudoscalar meson is defined by

h0jq̄1γμγ5q2jPi ¼ ifPqμ; ð6Þ
with fP the decay constant, from which we can obtain
h0jq̄1γ5q2jPi by using the equation of motion:
−i∂μðq̄1γμq2Þ ¼ ðmq1 −mq2Þq̄1q2 and −i∂μðq̄1γμγ5q2Þ ¼
ðmq1 þmq2Þq̄1γ5q2. For the dibaryon production, the matrix
elements read
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hBB̄0jq̄1γμq2j0i ¼ ū

�
F1γμ þ

F2

mB þmB̄0
iσμνqμ

�
v;

hBB̄0jq̄1γμγ5q2j0i ¼ ū

�
gAγμ þ

hA
mB þmB̄0

qμ

�
γ5v;

hBB̄0jq̄1q2j0i ¼ fSūv;

hBB̄0jq̄1γ5q2j0i ¼ gPūγ5v; ð7Þ

with uðvÞ as the (anti)baryon spinor, where F1;2, gA, hA, fS,
and gP are the timelike baryonic form factors. The ampli-
tudes A1 and A2 now can be reduced as

A1 ∝
1

ðmB þmB̄0 Þ ū½ðmB þmB̄0 Þ2gA þm2
BðDsÞhA�γ5v;

A2 ∝
m2

B

mb
ūðfS þ gPγ5Þv: ð8Þ

Note that fS and gP are not suppressed by any relations, such
that the factorization obviously works for the decay modes
with A2. Besides, the absence of F1;2 in A1 corresponds to
the conserved vector current. However, due to the equation
of motion, F1 reappears as a part of fS in A2, given by

fS ¼ nqF1; ð9Þ

withnq ¼ ðmB −mB0 Þ=ðmq1 −mq2Þ, which is fixed to be 1.3
[3,7], presenting 30%of theSUð3Þ flavor symmetry breaking
effect. In perturbative QCD counting rules, the momentum
dependences of F1 and gA can be written as [22–24]

F1¼
CF1

t2

�
ln

�
t
Λ2
0

��
−γ
; gA¼

CgA

t2

�
ln

�
t
Λ2
0

��
−γ
; ð10Þ

with t≡ ðpB þ pB0 Þ2, where γ ¼ 2þ 4=ð3βÞ ¼ 2.148, with
β being theQCDβ function andΛ0 ¼ 0.3 GeV.Wenote that,
as the leading-order expansion, F1 and gA (∝ 1=t2) account
for two hard gluons, which connect to the valence quarks
within the dibaryon. In terms of the PCAC, one obtains the
relations of

hA ¼ −
ðmB þmB0 Þ2

t−m2
M

gA; gP ¼ −
mB þmB0

mq1 þmq2

m2
M

t−m2
M
gA;

ð11Þ

wheremM stands for themeson pole, while gP is related to gA
from the equation of motion. When hA in Eq. (11) is used for

B → BB̄0 with t ¼ m2
B ≫ m2

M, BðB̄0
ðsÞ → pp̄Þ with a sup-

pressed A1 ≃ 0 fails to explain the data by several orders of
magnitude. Similarly,BðB̄0 → Λp̄πþðρþÞÞ cannot be under-
stood either with gP in Eq. (11) [2,3].We hence conclude that
hA and gP in Eq. (11) from the PCAC at the GeV scale are
unsuitable. Recall that F1 and gA, where F1 ¼ F1ð0Þ=
ð1 − t=m2

VÞ2 andgA ¼ gAð0Þ=ð1 − t=m2
AÞ2 [25]with the pole

effects for low momentum transfer, have been replaced by
Eq. (10) for the decays at the GeV scale. It is reasonable to
rewrite hA and gP to be

hA ¼ ChA

t2
; gP ¼ fS; ð12Þ

where hA is inspired by the relation in Eq. (11). For hA in
Eq. (11), since theprefactor,−ðmB þmB0 Þ2=t, arises from the
equation of motion, it indicates that both hA and gA behave as
1=t2. Besides, at the threshold area of t≃ ðmB þmB0 Þ2, it
turns out that hA ≃ −gA. We regard hA ¼ ChA=t

2 as the
modificationofEq. (11).Consequently, the PCAC is violated;
i.e., the axial-vector current is no more asymptotically con-
served. As a result of the SUð3Þ flavor and SUð2Þ helicity
symmetries, gP ¼ fS was first derived in Ref. [4], which
successfully explained BðB̄0 → Λp̄πþðρþÞÞ [4,26].
In Refs. [22–24,26], CF1

and CgA have been derived
carefully to be combined as another set of parameters C∥
and C∥̄, which are from the chiral currents. Here, we take
the pn̄ production for our description. First, due to the
crossing symmetry, hpn̄jðūdÞVðAÞj0i for the timelike pn̄
production and hpjðūdÞVðAÞjni for the spacelike n to p
transiton are in fact identical. Therefore, the approach of the
pQCD counting rules for the spacelikeB0 → B transition is
useful [24]. We hence combine the vector and axial-vector
quark currents, Vμ ¼ ūγμd and Aμ ¼ ūγμγ5d, to be the
right-handed chiral current JμR ¼ ðVμ þ AμÞ=2, which cor-
responds to another set of matrix elements for the n to p
transition,

hpRþLjJμRjnRþLi ¼ ū

�
γμ

1þ γ5
2

G↑ðtÞ þ γμ
1 − γ5
2

G↓ðtÞ
�
u;

ð13Þ

where the two chiral baryon states jBRþLi become the two
helicity states jB↑þ↓i≡ jB↑i þ jB↓i in the large t limit.
The new set of form factors G↑ðtÞ and G↓ðtÞ are defined as

(a) (b) (c)

FIG. 1 (color online). The two-body baryonic decays of (a) B̄0 → pp̄, (b) B̄0
s → pp̄, and (c) Dþ

s → pn̄.
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G↑ðtÞ ¼ e↑∥G∥ðtÞ þ e↑∥̄G∥̄ðtÞ;
G↓ðtÞ ¼ e↓∥G∥ðtÞ þ e↓∥̄G∥̄ðtÞ; ð14Þ

where

G∥ð∥̄ÞðtÞ ¼
C∥ð∥̄Þ
t2

�
ln

�
t
Λ2
0

��
−γ
; ð15Þ

e↑∥ð∥̄Þ ¼ hp↑jQ∥ð∥̄Þjn↑i; e↓∥ð∥̄Þ ¼ hp↓jQ∥ð∥̄Þjn↓i; ð16Þ

which characterize the conservation of SUð3Þ flavor and
SUð2Þ spin symmetries in the n → p transition. Note that
Q∥ð∥̄Þ ¼

P
iQ∥ð∥̄ÞðiÞ with i ¼ 1; 2; 3 as the chiral charge

operators are coming from QR ≡ J0R ¼ u†RdR, which con-
vert one of the valence d quarks in jn↑;↓i to be the u quark,
while the converted d quark can be parallel or antiparallel to
the n’s helicity, denoted as the subscript (∥ or ∥̄). By
comparing Eqs. (7) and (10) with Eqs. (13), (14), (15),
and (16), we obtain

CF1
¼ ðe↑∥ þ e↓∥ ÞC∥ þ ðe↑∥̄ þ e↓∥̄ÞC∥̄;

CgA ¼ ðe↑∥ − e↓∥ÞC∥ þ ðe↑∥̄ − e↓∥̄ÞC∥̄; ð17Þ

with ðe↑∥ ; e↑∥̄ ; e
↓
∥ ; e

↓
∥̄Þ ¼ ð4=3; 0; 0;−1=3Þ for the n to p

transition. Similarly, we are able to relate CF1
and CgA for

other decay modes, given in Table I. However, ChA in
Eq. (12) only has the SUð3Þ flavor symmetry to relate
different decay modes, given by

hBi
aB̄0j

bjðAμÞkcj0i ¼ ū½Ddijkabc þ Ffijkabc þ Ssijkabc�qμγ5v;
ð18Þ

where D ¼ CD=t2, F ¼ CF=t2, and S ¼ CS=t2 stand for
the symmetric, antisymmetric, and singlet form factors for
hA; Bi

a and B̄0j
b are the baryon and antibaryon octets; and

dijkabc, f
ijk
abc, and sijkabc are given by [27]

dijkabc ¼ δibδ
j
cδka þ δicδ

j
aδkb;

fijkabc ¼ δibδ
j
cδka − δicδ

j
aδkb;

sijkabc ¼ δibδ
j
aδkc; ð19Þ

respectively. For hpn̄jūγμγ5dj0i, ðAμÞ12 ¼ ūγμγ5d, we
obtain ChA ¼ CD þ CF in terms of B1

3B̄
03
2 ¼ pn̄. We also

list ChA for other decay modes in Table I.

III. NUMERICAL ANALYSIS

For the numerical analysis, the CKM matrix elements
and the quark masses are taken from the particle data group
[9], where mb ¼ 4.2 GeV. The decay constants in Eq. (6)
are given by [28,29]

ðfB; fBs
; fDs

Þ ¼ ð190; 225; 250Þ MeV: ð20Þ

For the parameters in Table I, we refit C∥ and C∥̄ by the
approach of Ref. [6] with the data of BðB̄0

ðsÞ → pp̄Þ,
BðDþ

s → pn̄Þ, BðB̄0 → np̄D�þÞ, and BðB̄0 → Λp̄πþÞ,
while CD, CF, and CS are newly added in the fitting.
Note that the OZI suppression makes hpp̄jðs̄sÞj0i ¼ 0,
which results in CS ¼ CF − CD. With Nc ¼ 2 fixed in ai as
the best fit, the parameters are fitted to be

ðC∥; C∥̄Þ ¼ ð−102.4� 7.3; 210.9� 85.2Þ GeV4;

ðCD;CFÞ ¼ ð−1.7� 1.6; 4.2� 0.7Þ GeV4: ð21Þ

As shown in Table II, we can reproduce the data of
B̄0
ðsÞ → pp̄ and Dþ

s → pn̄. In addition, we predict theTABLE I. The parameters CF1
and CgA in Eq. (10) are

combined with C∥ and C∥̄, where the upper (lower) sign is for
CF1

(CgA ), while ChA consists of CD, CF, and CS.

Matrix element CF1
ðCgAÞ ChA

hpp̄jðūuÞj0i 5
3
C∥ � 1

3
C∥̄ CD þ CF þ CS

hpp̄jðd̄dÞj0i 1
3
C∥ � 2

3
C∥̄ CS

hpp̄jðs̄sÞj0i 0 CD − CF þ CS
hpn̄jðūdÞj0i 4

3
C∥∓ 1

3
C∥̄ CD þ CF

hΣ−Σ̄0jðd̄uÞj0i 1

3
ffiffi
2

p ð5C∥ � C∥̄Þ
ffiffiffi
2

p
CF

hΛΛ̄jðūuÞj0i 1
2
C∥ � 1

2
C∥̄

1
3
CD þ CS

hΛΛ̄jðd̄dÞj0i 1
2
C∥ � 1

2
C∥̄

1
3
CD þ CS

hΛΛ̄jðs̄sÞj0i C∥
4
3
CD þ CS

hΛp̄jðs̄uÞj0i −
ffiffi
3
2

q
C∥

− 1ffiffi
6

p ðCD þ 3CFÞ
hΣ0p̄jðs̄uÞj0i −1

3
ffiffi
2

p ðC∥ � 2C∥̄Þ 1ffiffi
2

p ðCD − CFÞ

TABLE II. The branching ratios of BðsÞ → BB̄0 (Ds → BB̄0)
decays in units of 10−8 (10−3), where the uncertainties arise from
the timelike baryonic 0 → BB̄0 form factors.

Decay mode Our result Data

B̄0 → pp̄ 1.4þ0.5
−0.5 1.47þ0.71

−0.53 [10]
B̄0
s → pp̄ 3.0þ1.5

−1.2 2.84þ2.20
−1.69 [10]

Dþ
s → pn̄ 1.3þ13.2

−1.3 1.30þ0.38
−0.39 [15]

B− → np̄ 3.2þ6.9
−3.0 � � �

B− → Λp̄ 3.5þ0.7
−0.5 < 32 [30]

B̄0 → ΛΛ̄ 0.3þ0.2
−0.2 < 32 [30]

B̄0
s → ΛΛ̄ 5.3þ1.4

−1.2 � � �
B− → Σ0p̄ 5.3þ3.8

−2.7 � � �
B− → Σ−Σ̄0 9.6þ4.0

−3.3 � � �
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branching ratios of B̄0
ðsÞ → ΛΛ̄, B− → ðΛp̄;Σ0p̄Þ, and

B− → ðnp̄;Σ−Σ̄0Þ in Table II.

IV. DISCUSSIONS AND CONCLUSIONS

When the axial-vector current is not asymptotically
conserved, we can evaluate the two-body baryonic BðsÞ
and Ds decays with the annihilation mechanism to explain
the data. In particular, the experimental values of BðB̄0

ðsÞ →
pp̄Þ and BðDþ

s → pn̄Þ can be reproduced. It is the violation
of the PCAC that makes BðDþ

s → pn̄Þ to be of order 10−3,
which was considered as the consequence of the long-
distance contribution in Ref. [14]. With mDs

≃mp þmn̄,
the amplitude of A1ðDþ

s → pn̄Þ from Eq. (8) is in fact
proportional to ūðgA þ hAÞv. Instead of hA ¼ −gA from the
PCAC in Eq. (11) with t ¼ m2

Ds
, our approach with hA ¼

−0.7gA shows that the 30% broken effect of the PCAC
suffices to reveal BðDþ

s → pn̄Þ. As seen from Table I,
ChA ¼ CD þ CF for the pn̄ production with the uncertain-
ties fitted in Eq. (21) has the solutions of hA ¼ 0 to
hA ¼ −gA, which allows BðDþ

s → pn̄Þ ¼
ð0 − 16Þ × 10−3. With the OZI suppression of
hpp̄jðs̄sÞj0i ¼ 0, which eliminates A2, the decay of
B̄0
s → pp̄ is the same as that of B̄0 → pp̄ to be the first

type. In contrast with Dþ
s → pn̄, since A1ðB̄0

ðsÞ → pp̄Þ ∝
m2

B½ðmpþmp̄

mB
Þ2gA þ hA�ūγ5v with a suppressed gA contribu-

tion at the mB scale, the decay branching ratios are
enhanced by hA with m2

B. Similarly, being of the first type,
our predicted results for BðB̄0 → ΛΛ̄Þ, BðB− → np̄Þ, and
BðB− → Σ−Σ̄0Þ can be used to test the violation of the
PCAC at the GeV scale.
On the contrary, BðB− → ΛðΣ0Þp̄Þ and BðB̄0

s → ΛΛ̄Þ are
primarily contributed from A2. Similar to the theoretical
relation between B− → pp̄lν̄ [31] and B → pp̄M, which
are associated with the same form factors in the B to BB̄0

transition, resulting in the first observation of the semi-
leptonic baryonic B decays [32], there are connections
between the two-body B− → ΛðΣ0Þp̄ and B̄0

s → ΛΛ̄ and
three-body B̄0 → Λp̄πþ and B → ΛΛ̄K decays with the
same form factors via the (pseudo)scalar currents. As a
result, without the PCAC, the observations of these two-
body modes can serve as the test of the factorization, which
accounts for the short-distance contribution. Note that the
recent work by fitting B̄0 → pp̄ with the nonfactorizable
contributions leads BðB̄0

s → pp̄Þ and BðB̄0 → ΛΛ̄Þ to be
nearly zero [33], which are clearly different from our
results.
In summary, we have proposed that, based on the

factorization, the annihilation mechanism can be applied
to all of the two-body baryonic BðsÞ and Ds decays, which
indicates that the hypothesis of the PCAC is violated at the
GeV scale. With the modified timelike baryonic form factors
via the axial-vector currents, we are able to explainBðB̄0

ðsÞ →
pp̄Þ and BðDþ

s → pn̄Þ of order 10−8 and 10−3, respectively.
For the decay modes that have the contributions from
the (pseudo)scalar currents, they have been predicted
as BðB− → Λp̄Þ ¼ ð3.5þ0.7

−0.5Þ × 10−8, BðB−→Σ0p̄Þ¼
ð5.3þ3.8

−2.7Þ×10−8, and BðB̄0
s → ΛΛ̄Þ ¼ ð5.3þ1.4

−1.2Þ × 10−8,
which can be used to test the annihilation mechanism.
Besides, the branching ratios of B̄0 → ΛΛ̄, B− → np̄, and
B− → Σ−Σ̄0, predicted to be ð0.3; 3.2; 9.6Þ × 10−8, can be
viewed as the test of the PCAC, which are accessible to the
experiments at the LHCb.
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