
Physics Letters B 767 (2017) 205–208

Contents lists available at ScienceDirect

Physics Letters B

www.elsevier.com/locate/physletb

Three-body charmless baryonic B̄0
s decays

C.Q. Geng a,b,∗, Y.K. Hsiao a,b, Eduardo Rodrigues c

a Chongqing University of Posts & Telecommunications, Chongqing, 400065, China
b Department of Physics, National Tsing Hua University, Hsinchu, 300, Taiwan
c Department of Physics, University of Cincinnati, Cincinnati, OH 45221, USA

a r t i c l e i n f o a b s t r a c t

Article history:
Received 3 January 2017
Accepted 1 February 2017
Available online 3 February 2017
Editor: J. Hisano

We study for the first time the three-body charmless baryonic decays B̄0
s → p̄�M+(p�̄M−), with M =

π, K . We find that the branching ratios of B̄0
s → (p̄�K + and p�̄K −) and B̄0

s → p�̄π− are (5.1 ± 1.1) ×
10−6 and (2.8 ± 1.5) × 10−7, respectively, which agree with recent experimental results reported by the 
LHCb collaboration. In addition, we derive the relations B(B̄0

s → p̄�K +) � ( f K / fπ )2(τB0
s
/τB0 )B(B̄0 →

p̄�π+) and B(B̄0
s → p�̄π−)/B(B̄0

s → p�̄K −) � B(B− → pp̄π−)/B(B− → pp̄K −) to be confronted 
to future experimental measurements. The fact that all four processes B0

s , B̄0
s → p�̄K −, ̄p�K + can 

occur opens the possibility of decay-time-dependent CP violation measurements in baryonic B decays, 
something that had not been realized before.

© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

1. Introduction

In contrast with mesonic B decays, the decays of B mesons 
to baryonic final states have been observed to have unique signa-
tures due to the baryon-pair (B1B̄2) formations, which reflect rich 
mechanisms for the hadronizations of the spinors. For example, 
the BaBar and Belle experiments at the B factories [1] reported 
typical three-body charmless baryonic B decay branching ratios 
B(B → B1B̄2M) � O(10−6), and provided evidence for prominent 
peaks around mB1B̄2

� mB1 + mB̄2
in the baryon–antibaryon spec-

tra of baryonic B decays [2], which show that the B1B̄2 formations 
favour the threshold area. However, in two-body decays B → B1B̄2 , 
there is no large energy release from the recoiled meson [3], such 
that the total energy of B1B̄2 is at the mB scale, which definitely 
deviates from the threshold area [4]. As a result, B(B → B1B̄2)

are seen to be small, around 10−8–10−7 [5–7]. Furthermore, the 
angular distribution asymmetry Aθ of B̄0 → p̄�π+ has been mea-
sured to have an unexpectedly large value of (−41 ± 11 ± 3)%, 
indicating significant interference as a result of the baryonic form 
factors [9,10]. The same behaviour has been observed in decays 
to final states with open charm, for example Aθ (B̄0 → �p̄D∗+) =
(55 ± 17)% [8].

The aforementioned observations in B̄0/B− → B1B̄2(M) decays 
may also hold for B̄0

s → B1B̄2(M) decays now experimentally ac-
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cessible to the LHCb collaboration [11,12]. Nonetheless, baryonic 
B̄0

s decays are not trivially related to baryonic B̄0 and B− decays. 
For example, replacing (ū, ̄d) by s̄ in B̄0/B− , one may approxi-
mately infer that

B(B̄0
s → p̄�K +) � B(B̄0 → p̄�π+) ,

B(B̄0
s → p�̄π−) � B(B− → pp̄π−) ,

B(B̄0
s → p�̄K −) � B(B− → pp̄K −) , (1)

which will be shown to be mostly incorrect, except for the first 
relation. We will also demonstrate that the recent first observa-
tion, made by the LHCb collaboration, of a baryonic B̄0

s decay, 
namely B̄0

s → p�̄K − , and the measurement of its branching ra-
tio [13], combines in reality the branching ratios of B̄0

s → p�̄K −
and B̄0

s → p̄�K + .

2. Formalism

The decay B̄0 → p̄�π+ is flavour specific, unlike the simi-
lar mode of the B̄0

s meson, which can decay to both p̄�K + and 
p�̄K − final states. The latter three-body baryonic B̄0

s decays pro-
ceed through different configurations as demonstrated in the Feyn-
man diagrams in Fig. 1. Specifically, the baryon pairs involve quark 
currents and B meson transitions as depicted in Figs. 1(a,b) and 
(c,d), respectively.

The amplitudes can be factorized in terms of the effective 
Hamiltonian at the quark level [14] as [9,15–18]
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Fig. 1. Feynman diagrams for three-body baryonic B̄0
s decays, where (a,b) depict B̄0

s → p̄�K + while (c,d) depict B̄0
s → p�̄K − .

A(B̄0
s → p̄�K +) =

G F√
2

{
α1〈p̄�|(s̄u)V −A |0〉〈K +|(ūb)V −A |B̄0

s 〉

+ α6〈p̄�|(s̄u)S+P |0〉〈K +|(ūb)S−P |B̄0
s 〉

}
,

A(B̄0
s → p�̄K −) =

G F√
2

{
α1〈K −|(s̄u)V −A |0〉〈p�̄|(ūb)V −A |B̄0

s 〉

+ α6〈K −|(s̄u)S+P |0〉〈p�̄|(ūb)S−P |B̄0
s 〉

}
, (2)

with α1 = V ub V ∗
usa1 − Vtb V ∗

tsa4 and α6 = Vtb V ∗
ts2a6, where G F is 

the Fermi constant, V ij are the CKM matrix elements, (q̄1q2)V (A)

and (q̄1q2)S(P ) stand for q̄1γμ(γ5)q2 and q̄1(γ5)q2, respectively, 
and a1(4,6) ≡ cef f

1(4,6) + cef f
2(3,5)/Nef f

c are composed of the effective 

Wilson coefficients cef f
i defined in Ref. [14] with Nef f

c the effec-
tive colour number, ranging between 2 and ∞ to account for the 
non-factorizable effects in the generalized factorization approach. 
The amplitude A(B̄0

s → p�̄π−) is obtained from A(B̄0
s → p�̄K −)

of Eq. (2) replacing the strange quark by the down quark.
In our calculation, the matrix elements of B̄0

s → p̄�K + in 
Eq. (2) are expressed as [15,16]

〈M|q̄γ μb|B〉 = (pB + pM)μF BM
1 + m2

B − m2
M

t
qμ(F BM

0 − F BM
1 ) ,

〈B1B̄2|q̄1γμq2|0〉 = ū

[
F1γμ + F2

mB1 + mB̄2

iσμνqμ

]
v ,

〈B1B̄2|q̄1γμγ5q2|0〉 = ū

[
g Aγμ + hA

mB1 + mB̄2

qμ

]
γ5 v ,

〈B1B̄2|q̄1q2|0〉 = f S ūv , 〈B1B̄2|q1γ5q2|0〉 = gP ūγ5 v , (3)

with q = pB − pM = pB1 + pB̄2
, t ≡ q2, p = pB − q, and u (v) the 

(anti-)baryon spinor, where F BM
0,1 are the form factors for the B →

M transition, and F1,2, g A , hA , f S , and gP the timelike baryonic 
form factors. For B̄0

s → p�̄K − , besides 〈M|q̄1γ
μγ5q2|0〉 = −i f M pμ

M

with f M the decay constant, the matrix elements of the B → B1B̄2
transition are parameterized as [9,17]

〈B1B̄2|q̄γμb|B〉 = iū[g1γμ + g2iσμν pν + g3 pμ + g4qμ

+ g5(pB̄2
− pB1)μ]γ5 v ,

〈B1B̄2|q̄γμγ5b|B〉 = iū[ f1γμ + f2iσμν pν + f3 pμ + f4qμ

+ f5(pB̄2
− pB1)μ]v ,

〈B1B̄2|q̄b|B〉 = iū[ḡ1/p + ḡ2(E B̄2
+ EB1) + ḡ3(E B̄2

− EB1)]γ5 v ,

〈B1B̄2|q̄γ5b|B〉 = iū[ f̄1/p + f̄2(E B̄2
+ EB1) + f̄3(E B̄2

− EB1)]v ,

(4)

where gi( f i) (i = 1, 2, ..., 5) and ḡ j( f̄ j) ( j = 1, 2, 3) are the B →
B1B̄2 transition form factors. The form factors in Eqs. (3) and (4)
are momentum dependent. Explicitly, F BM

0,1 are given by [19]

F BM
1 (t) = F BM

1 (0)

(1 − t
M2

V
)(1 − σ11t

M2
V

+ σ12t2

M4
V

)
,

F BM
0 (t) = F BM

0 (0)

1 − σ01t
M2

V
+ σ02t2

M4
V

. (5)

In perturbative QCD counting rules, the baryonic form factors de-
pend on 1/tn as the leading-order expansion [9,17,20,21], given by

F1 = C̄ F1

t2
, g A = C̄ g A

t2
, f S = C̄ f S

t2
, gP = C̄ gP

t2
,

f i = D fi

t3
, gi = D gi

t3
, f̄ i = D f̄i

t3
, ḡi = D ḡi

t3
, (6)

where C̄i = Ci[ln(t/�2
0)]−γ with γ = 2.148 and �0 = 0.3 GeV.

3. Numerical results and discussions

For the numerical analysis, the theoretical inputs of the CKM 
matrix elements in the Wolfenstein parameterization are given 
by [1]
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