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We study charmless two-body baryonic B decays using the topological amplitude approach. We extend a
previous work to include all ground state octet and decuplet final states with full topological amplitudes.
Relations on rates and CP asymmetries are obtained. The number of independent topological amplitudes is
significantly reduced in the largemB asymptotic limit. With the long awaited B̄0 → pp̄ data, we can finally
extract information on the topological amplitudes and predict rates of all other modes. The predicted rates
are in general with uncertainties of a factor of 2 by including corrections to the asymptotic relations and
from subleading contributions. We point out some modes that will cascadely decay to all charged final
states and have large decay rates. For example, B̄0

s → Ω−Ω−, B− → pΔþþ, B− → Λp̄ and B̄0
s → ΛΛ̄

decays are interesting modes to search for. We find that the B̄0 → pp̄ mode is the most accessible one
among octet-antioctet final states in the ΔS ¼ 0 transition. It is not surprise that it is the first B̄q → BB̄
mode being observed. With the detection of π0 and/or γ many other unsuppressed modes can be searched
for. The predicted B̄0

s → pp̄ rate is several order smaller than the present experimental result. The central
value of the experimental result can be reproduced only with unnaturally scaled up “subleading
contributions,” which will affect other modes including the B̄0 → pp̄ decay. We need more data to
clarify the situation. The analysis presented in this work can be systematically improved when more
measurements on decay rates become available.
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I. INTRODUCTION

Recently, following the observation of B− → Λð1520Þp̄
decay [1], LHCb Collaboration found the evidence for the
charmless two-body baryonic mode, B̄0 → pp̄, with [2]

BðB̄0 → pp̄Þ ¼ 1.47þ0.62þ0.35−0.51−0.14 × 10−8; (1)

and also obtained

BðB̄0
s → pp̄Þ ¼ ð2.84þ2.03þ0.85−1.68−0.18 Þ × 10−8: (2)

The present experimental situation for charmless two-body
baryonic decay rates is shown in Table I [1–5]. Many three-
body baryonic modes have been observed [6], and show
threshold enhancement behavior, with the baryon pair
moving collinearly, in their spectra. It has been conjectured
that the threshold enhancement is the underlying reason of
the large three-body rates from the two-body ones [7]. The
rates and threshold enhancement can be understood and
reproduced theoretically with factorization approach right
after the observations of some of the three-body modes
[8–15]. For reviews, see [16,17].
On the other hand, progress on the study of two-body

modes is slow and on a smaller scale [16,17]. The two-body
baryonic decays are in general nonfactorizable, whichmakes
the theoretical study difficult. In general, one has to resort to
model calculations. There are pole model [11,18–20], sum
rule [21], diquarkmodel [22,23] and flavor symmetry related

[24–27] studies. Predictions from various models usually
differ a lot, and explicit calculations usually give too large
rates on the charmless modes. For example, all existing
predictions on B̄0 → pp̄ rate are off by several order of
magnitude comparing to the LHCb result [2,16,17].
Given that direct computation is not reliable at this

moment, it is thus useful to use symmetry related approach
to relate modes and make use of the newly measured
B → pp̄ rate to give information on other modes. In [9],
we use the quark diagram or the so-called topological
approach, which was proposed in and has been used
extensively in mesonic modes [28–32] (for a recent review,
see [16]), to the charmless two-body baryonic decays and
obtained predictions on relative rates. In fact, the same
approach was also applied to charmful baryonic B̄0 → Λþ

c p̄

TABLE I. Current experimental status of rates of two-body
baryonic modes. Upper limits are at 90% C.L.

Mode Bð10−8Þ Reference

B− → ΛΛ̄ < 32 [3]
B− → Λp̄ < 32 [3]
B− → ΛΔþ < 82 [4]
B− → Δ0p̄ < 138 [5]
B− → pΔþþ < 14 [5]

B̄0 → pp̄ 1.47þ0.62þ0.35−0.51−0.14 [2]

B̄0 → ΛΔ0 < 93 [4]
B̄0
s → pp̄ 2.84þ2.03þ0.85−1.68−0.18 [2]
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decay [27]. Note that the quark diagram approach is closely
related to the SU(3) flavor symmetry [28,31,33]. It is
important to stress that the topological approach does not
rely on any factorization assumption and, hence, is applicable
to the study of nonfactorizable decay modes, such as
charmless two-body baryonic modes that we are interested
to in this study.With the evidence on the B̄0 → pp̄mode, it is
timely to revisit the subject. In this work we will extend the
previous work to include all topological amplitudes, where
only dominant ones were considered previously [9]. We can
nowmake use of the newly observed B̄0 → pp̄ rate to extract
information on decay amplitudes and proceed to provide
predictions on rates of all other charmless two-body baryonic
modes of ground state octet and decuplet baryons.
As a first step towards numerical study, we use asymp-

totic relations in the large mB limit [34] to relate various
topological amplitudes [9]. The number of independent
amplitudes are significantly reduced. It should be noted that
the same technics has been used in the study of the three-
body case [11,13,14]. It leads to encouraging results. For
example, the experiment finding of BðΛp̄π−Þ > BðΣ0p̄π−Þ
[35] can be understood [14] and three-body decay spectra
are consistent with the QCD counting rule [36] expect-
ations. Due to the large energy release, we expect the
asymptotic relations to work even better in the two-body
case than in the three-body case. The smallness of two-
body decay rates may be due to some 1=m2

B suppression as
expected from QCD counting rules. We will extract the
asymptotic amplitude from the B̄0 → pp̄ data.
We then try to relax the asymptotic relations and estimate

uncertainties on rates. As we shall see, with the present
situation, rates can only be predicted or estimated at best
within a factor of 2 following the above procedure.
However, even order of magnitude estimation on rates is
useful, as it can single out several prominent modes that our
experimental colleagues may be interested to search for.
Furthermore, the results can be systematically improved
when the measurements of other modes become available
in the future.
The layout of this paper is as following. In Sec. II, we

give our formulation for baryonic decays modes, including
all ground state decuplet-decuplet, octet-decuplet and octet-
octet final states. Full topological amplitudes are given for
these charmless two-body baryonic modes. Asymptotic
relations are provided at the end of the section. In Sec. III,
we discuss the phenomenology of the charmless two-body
baryonic decays. Relations on rates and ACP using the full
topological amplitudes are obtained. We give predictions
on all charmless two-body baryonic modes with the input
from the B̄0 → pp̄ data. Some suggestion on the exper-
imental searching are put forward. In Sec. IV we give the
conclusion followed by three appendices on a brief deri-
vation of the asymptotic relations, the decomposition of
amplitudes into independent amplitudes and a collection of
baryon decay rates.

II. FORMALISM

In this section, we first develop the formalism of
topological amplitudes of charmless two-body baryonic
Bu;d;s decays. The full amplitudes of all ground state octet
(B) and decuplet (D) baryon final states are given using the
formulas. Simplification can be obtained in the large mB
limit and the asymptotic forms of the amplitudes will be
shown before we end this section.

A. Effective Hamiltonian for topological decay
amplitudes of charmless two-body

baryonic B decays

The effective weak Hamiltonian for charmless B decays
is [37]

Heff ¼
Gfffiffiffi
2

p
�X

r¼u;c

VqbV�
uq½c1Or

1 þ c2Or
2�

− VtbV�
tq

X10
i¼3

ciOi

�
þ H:c:; (3)

where q ¼ d, s, and

Or
1 ¼ ðr̄bÞV−Aðq̄rÞV−A;

Or
2 ¼ ðr̄αbβÞV−Aðq̄βrαÞV−A;

O3ð5Þ ¼ ðq̄bÞV−A
X
q0
ðq̄0q0ÞV∓A;

O4ð6Þ ¼ ðq̄αbβÞV−A
X
q0
ðq̄0βq0αÞV∓A;

O7ð9Þ ¼
3

2
ðq̄bÞV−A

X
q0
eq0 ðq̄0q0ÞV�A;

O8ð10Þ ¼
3

2
ðq̄αbβÞV−A

X
q0
eq0 ðq̄0βq0αÞV�A; (4)

with O3–6 the QCD penguin operators, O7–10 the electro-
weak penguin operators, and ðq̄0qÞV�A ≡ q̄0γμð1þ�γ5Þq.
The next-to-leading order Wilson coefficients,

c1 ¼ 1.081; c2 ¼ −0.190; c3 ¼ 0.014;

c4 ¼ −0.036; c5 ¼ 0.009; c6 ¼ −0.042;
c7 ¼ −0.011αEM; c8 ¼ 0.060αEM;

c9 ¼ −1.254αEM; c10 ¼ 0.223αEM; (5)

are evaluated in the naive dimensional regularization
scheme at scale μ ¼ 4.2 GeV [38].
Wewill concentrate on the flavor structure of the effective

Hamiltonian first. We follow the approach of [9]. As shown
in Fig. 1, we have tree (T), penguin (P), electroweak
penguin(PEW), W-exchange (E), annihilation (A) and pen-
guin annihilation (PA) amplitudes. It is straightforward to
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obtain the coefficients of these topological amplitudes. We
recall that for the b → uūd and b → qq̄d processes, the tree
(OT ¼ O1;2), penguin (OP ¼ O3–6) and electroweak pen-
guin (OEWP ¼ O7–10) operators have the following flavor
quantum numbers [see Eqs. (3) and (4)]:

OT ∼ ðūbÞðd̄uÞ ¼ Hik
j ðq̄ibÞðq̄kqjÞ;

OP ∼ ðd̄bÞðq̄iqiÞ ¼ Hkðq̄kbÞðq̄iqiÞ;
OEWP ∼Qjðd̄bÞðq̄jqjÞ ¼ HEW

ik
j ðq̄ibÞðq̄kqjÞ;

H12
1 ¼ 1 ¼ H2; HEW

2k
j ¼ Qjδ

k
j otherwise

Hik
j ¼ HEW

ik
j ¼ Hk ¼ 0; (6)

respectively.1 Note that the above equations also apply to the
jΔSj ¼ 1 case, with d, H12

1 ¼ 1 ¼ H2 and HEW
2k
j ¼ Qjδ

k
j

replaced by s, H13
1 ¼ 1 ¼ H3 and HEW

3k
j ¼ Qjδ

k
j ,

respectively.
We are now ready to proceed to B̄ to decuplet-

antidecuplet decays. A decuplet with qkqiql flavor as
shown in Fig. 1 is produced by a D̄kil field, while a
decuplet with q̄lq̄jq̄m flavor is created by a Dljm field,
where Dljm is the familiar decuplet field with D111 ¼ Δþþ,
D112 ¼ Δþ=

ffiffiffi
3

p
, D122 ¼ Δ0=

ffiffiffi
3

p
, D222 ¼ Δ−, D113 ¼

Σ�−=
ffiffiffi
3

p
, D123 ¼ Σ�0=

ffiffiffi
6

p
, D223 ¼ Σ�−=

ffiffiffi
3

p
, D133¼

Ξ�0=
ffiffiffi
3

p
,D233 ¼ Ξ�−=

ffiffiffi
3

p
andD333¼Ω− (see, for example

]39 ]). Hence by using the correspondent rule, we have

Heff ¼ 6TDD̄B̄mHik
j D̄iklDljm þ 2PDD̄B̄mHkD̄kilDlim

þ 6EDD̄B̄kHik
j D̄ilmDmlj

þ 6ADD̄B̄iHik
j D̄klmDmlj

þ 6PADD̄B̄kHkD̄lmnDnml

þ 6PEWDD̄B̄mHEW
ik
j D̄iklDljm; (7)

FIG. 1. Pictorial representation of (a) T (tree), (b) P (penguin), (c) E (W-exchange), (d) A (annihilation), (e) PA (penguin annihilation)
and (f) PEW (electroweak penguin) amplitudes in B̄ to baryon pair decays. These are flavor flow diagrams.We use subscript and superscript
according to the field convention. For example, we assign a subscript (superscript) to the initial (final) state antiquark q̄m (q̄m).

1Note that Hik
i ð¼ HkÞ does not lead to any additional term.
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with B̄m ¼ ðB−; B̄0; B̄0
sÞ. Without loss of generality, the prefactors before the above terms are assigned for latter purpose.

For B̄ to octet-antidecuplet baryonic decays, the antidecuplet part is as before, while for the octet part, we have [39]

B ¼

0
BBB@

Σ0ffiffi
2

p þ Λffiffi
6

p Σþ p

Σ− − Σ0ffiffi
2

p þ Λffiffi
6

p n

Ξ− Ξ0 −
ffiffi
2
3

q
Λ

1
CCCA; (8)

and note that the Bj
k has the flavor structure qjqaqbϵabk − 1

3
δjkq

cqaqbϵabc [39]. To match the flavor of qiqkql, q̄lq̄jq̄m

final states as shown in Fig. 1, we use

qiqkql → ϵikaB̄a
l ; ϵialB̄a

k; ðϵaklB̄a
i Þ;

q̄lq̄jq̄m → ϵljbBm
b ; ϵlbmBj

b; ðϵbjmBl
bÞ; (9)

as corresponding rules in obtaining Heff . Since not all terms shown in the above equation are independent, ϵikaB̄a
l þ

ϵialB̄a
k þ ϵaklB̄a

i ¼ 0 ¼ ϵljbBm
b þ ϵlbmB̄j

b þ ϵbjmB̄l
b; for each of the qkqjql and q̄lq̄jq̄m configurations we only need two

independent terms. To be specific those in the parentheses in Eq. (9) will not be used.
To obtain the effective Hamiltonian for the B → BD̄ decays, we replace D̄ikl in Eq. (7) by ðB̄1Þikl ≡ ϵikaB̄a

l and ðB̄2Þikl ≡
ϵaklB̄

a
i and get

Heff ¼ − ffiffiffi
6

p
T1BD̄B̄mHik

j ϵikaB̄
a
lD

ljm − 2
ffiffiffi
6

p
T2BD̄B̄mHik

j ϵaklB̄
a
iD

ljm − ffiffiffi
6

p
PBD̄B̄mHkϵkiaB̄a

lD
lim − ffiffiffi

6
p

EBD̄B̄kHik
j ϵilaB̄

a
mDmlj

− ffiffiffi
6

p
ABD̄B̄iHik

j ϵklaB̄
a
mDmlj − ffiffiffi

6
p

P1EWBD̄B̄mHEW
ik
j ϵikaB̄

a
lD

ljm − 2
ffiffiffi
6

p
P2EWBD̄B̄mHEW

ik
j ϵaklB̄

a
iD

ljm; (10)

where some prefactors are introduced for later purpose. Note that terms obtained with the replacement D̄ → B̄2 from
penguin, exchange and annihilation topologies of Eq. (7) are vanishing. We have two tree, one penguin, one exchange, one
annihilation, two electroweak penguin and no penguin annihilation amplitudes. For example, penguin annihilation
amplitude cannot exist in this case as the decuplet is symmetric in flavor index, while the octet part comes in through
antisymmetric combination.
For the B̄ → DB̄ case, by replacing Dljm in Eq. (7) by ðB1Þljm ≡ ϵljbBm

b and ðB2Þljm ≡ ϵbjmBl
b, we have

Heff ¼ − ffiffiffi
6

p
T1DB̄B̄mHik

j D̄iklϵ
ljbBm

b þ
ffiffiffi
6

p
T2DB̄B̄mHik

j D̄iklϵ
bjmBl

b þ
ffiffiffi
6

p
PDB̄B̄mHkD̄kilϵ

bimBl
b þ

ffiffiffi
6

p
EDB̄B̄kHik

j D̄ilmϵ
bliBm

b

þ
ffiffiffi
6

p
ADB̄B̄iHik

j D̄klmϵ
bliBm

b − ffiffiffi
6

p
P1EWDB̄B̄mHEW

ik
j D̄iklϵ

ljbBm
b þ

ffiffiffi
6

p
P2EWDB̄B̄mHEW

ik
j D̄iklϵ

bjmBl
b: (11)

Without loss of generality, we introduce some prefactors for later purpose. Note that terms obtained with the replacement
D → B1 from penguin, exchange and annihilation topologies of Eq. (7) are vanishing. We have two tree, one penguin, one
exchange, one annihilation, two electroweak penguin and no penguin annihilation amplitudes.
To obtain B̄ → BB̄ decays effective Hamiltonian, we first replace D̄ikl and Dljm in Eq. (7) by ðB̄1Þikl ≡ ϵikaB̄a

l and
ðB̄2Þikl ≡ ϵaklB̄a

i , and ðB1Þljm ≡ ϵljbBm
b and ðB2Þljm ≡ ϵbjmBl

b, respectively, and obtain

Heff ¼ ðHeffÞ11 − ðHeffÞ12 þ 2ðHeffÞ21 − 2ðHeffÞ22;
ðHeffÞpq ≡ TpqBB̄B̄mHik

j ðB̄pÞiklðBqÞljm þ PpqBB̄B̄mHkðB̄pÞkilðBqÞlim
þ EpqBB̄B̄kHik

j ðB̄pÞilmðBqÞmlj þ ApqBB̄B̄iHik
j ðB̄pÞklmðBqÞmlj

þ PpqEWBB̄B̄mHEW
ik
j ðB̄pÞiklðBqÞljm þ PApqBB̄B̄kHkðB̄pÞlmnðBqÞnml; (12)

where without loss of generality the coefficients in front of ðHeffÞpq are assigned for later purpose. Using identities,

−2ðB̄1ÞkilðB1Þlim¼ðB̄2ÞkilðB1Þlim¼−2ðB̄2ÞkilðB2Þlim, −2ðB̄1ÞlmnðB1Þnml¼ðB̄1ÞlmnðB2Þnml¼ðB̄2ÞlmnðB1Þnml¼−2ðB̄2Þlmn
ðB2Þnml, and redefining topological fields,2 we finally get

2Explicitly, we redefine T1BB̄≡T11BB̄, T2BB̄≡T12BB̄, T3BB̄≡T21BB̄, T4BB̄≡T22BB̄ (and similarly for PiEWBB̄), −5P1BB̄ ≡ P11BB̄−
4P21BB̄ − 2P22BB̄, P2BB̄ ≡ P12BB̄ (and similarly for AiBB̄ and EiBB̄) and −3PABB̄ ¼ PA11BB̄ þ 2PA12BB̄ − 4PA21BB̄ − 2PA22BB̄.
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Heff ¼ T1BB̄B̄mHik
j ϵikaB̄

a
l ϵ

ljbBm
b − T2BB̄B̄mHik

j ϵikaB̄
a
l ϵ

bjmBl
b þ 2T3BB̄B̄mHik

j ϵaklB̄
a
i ϵ

ljbBm
b − 2T4BB̄B̄mHik

j ϵaklB̄
a
i ϵ

bjmBl
b

− 5P1BB̄B̄mHkϵkiaB̄a
l ϵ

libBm
b − P2BB̄B̄mHkϵkiaB̄a

l ϵ
bimBl

b − 5E1BB̄B̄kHik
j ϵilaB̄

a
mϵ

mlbBj
b − E2BB̄B̄kHik

j ϵilaB̄
a
mϵ

bljBl
m

− 5A1BB̄B̄iHik
j ϵklaB̄

a
mϵ

mlbBj
b − A2BB̄B̄iHik

j ϵklaB̄
a
mϵ

bljBl
m þ P1EWBB̄B̄mHEW

ik
j ϵikaB̄

a
l ϵ

ljbBm
b

− P2EWBB̄B̄mHEW
ik
j ϵikaB̄

a
l ϵ

bjmBl
b þ 2P3EWBB̄B̄mHEW

ik
j ϵaklB̄

a
i ϵ

ljbBm
b

− 2P4EWBB̄B̄mHEW
ik
j ϵaklB̄

a
i ϵ

bjmBl
b − 3PABB̄B̄kHkϵlmaB̄a

nϵ
nmbBl

b: (13)

We have four tree, two penguin, two exchange, two annihilation, four electroweak penguin and one penguin annihilation
amplitudes.
All of the above results are for ΔS ¼ 0 transitions. For ΔS ¼ −1 transitions, we use T 0, P0 and so on for the

corresponding topological amplitudes.

B. Topological amplitudes of two-body charmless baryonic B decays

Here we collect all the B̄ → DD̄,DB̄, BD̄, BB̄ decay amplitudes expressed in term of topological amplitudes as obtained
using formulas in the previous subsection. These are some of the main results of this work.

1. B̄ to decuplet-antidecuplet baryonic decays

The full B̄ → DD̄ decay amplitudes for ΔS ¼ 0 processes are given by

AðB− → ΔþΔþþÞ ¼ 2
ffiffiffi
3

p
TDD̄ þ 2

ffiffiffi
3

p
PDD̄ þ 4ffiffiffi

3
p PEWDD̄ þ 2

ffiffiffi
3

p
ADD̄;

AðB− → Δ0ΔþÞ ¼ 2TDD̄ þ 4PDD̄ þ 2

3
PEWDD̄ þ 4ADD̄;

AðB− → Δ−Δ0Þ ¼ 2
ffiffiffi
3

p
PDD̄ − 2ffiffiffi

3
p PEWDD̄ þ 2

ffiffiffi
3

p
ADD̄;

AðB− → Σ�0Σ�þÞ ¼
ffiffiffi
2

p
TDD̄ þ 2

ffiffiffi
2

p
PDD̄ þ

ffiffiffi
2

p

3
PEWDD̄ þ 2

ffiffiffi
2

p
ADD̄;

AðB− → Σ�−Σ̄�0Þ ¼ 2
ffiffiffi
2

p
PDD̄ − 2

ffiffiffi
2

p

3
PEWDD̄ þ 2

ffiffiffi
2

p
ADD̄;

AðB− → Ξ�−Ξ�0Þ ¼ 2PDD̄ − 2

3
PEWDD̄ þ 2ADD̄; (14)

AðB̄0 → ΔþþΔþþÞ ¼ 6EDD̄ þ 18PADD̄;

AðB̄0 → ΔþΔþÞ ¼ 2TDD̄ þ 2PDD̄ þ 4

3
PEWDD̄ þ 4EDD̄ þ 18PADD̄;

AðB̄0 → Δ0Δ0Þ ¼ 2TDD̄ þ 4PDD̄ þ 2

3
PEWDD̄ þ 2EDD̄ þ 18PADD̄;

AðB̄0 → Δ−Δ−Þ ¼ 6PDD̄ − 2PEWDD̄ þ 18PADD̄;

AðB̄0 → Σ�þΣ�þÞ ¼ 4EDD̄ þ 18PADD̄;

AðB̄0 → Σ�0Σ�0Þ ¼ TDD̄ þ 2PDD̄ þ 1

3
PEWDD̄ þ 2EDD̄ þ 18PADD̄;

AðB̄0 → Σ�−Σ�−Þ ¼ 4PDD̄ − 4

3
PEWDD̄ þ 18PADD̄;

AðB̄0 → Ξ�0Ξ�0Þ ¼ 1

3
EDD̄ þ 18PADD̄;

AðB̄0 → Ξ�−Ξ�−Þ ¼ 2PDD̄ − 2

3
PEWDD̄ þ 18PADD̄;

AðB̄0 → Ω−Ω−Þ ¼ 18PADD̄; (15)
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and

AðB̄0
s → ΔþΣ�þÞ ¼ 2TDD̄ þ 2PDD̄ þ 4

3
PEWDD̄;

AðB̄0
s → Δ0Σ�0Þ ¼

ffiffiffi
2

p
TDD̄ þ 2

ffiffiffi
2

p
PDD̄ þ

ffiffiffi
2

p

3
PEWDD̄;

AðB̄0
s → Δ−Σ�−Þ ¼ 2

ffiffiffi
3

p
PDD̄ − 2ffiffiffi

3
p PEWDD̄;

AðB̄0
s → Σ�0Ξ�0Þ ¼

ffiffiffi
2

p
TDD̄ þ 2

ffiffiffi
2

p
PDD̄ þ

ffiffiffi
2

p

3
PEWDD̄;

AðB̄0
s → Σ�−Ξ�−Þ ¼ 4PDD̄ − 4

3
PEWDD̄;

AðB̄0
s → Ξ�−Ω−Þ ¼ 2

ffiffiffi
3

p
PDD̄ − 2ffiffiffi

3
p PEWDD̄; (16)

while those for ΔS ¼ 1 transitions are given by

AðB− → Σ�þΔþþÞ ¼ 2
ffiffiffi
3

p
T 0
DD̄

þ 2
ffiffiffi
3

p
P0
DD̄

þ 4ffiffiffi
3

p P0
EWDD̄

þ 2
ffiffiffi
3

p
A0
DD̄

;

AðB− → Σ�0ΔþÞ ¼
ffiffiffi
2

p
T 0
DD̄

þ 2
ffiffiffi
2

p
P0
DD̄

þ
ffiffiffi
2

p

3
P0
EWDD̄

þ 2
ffiffiffi
2

p
A0
DD̄

;

AðB− → Σ�−Δ0Þ ¼ 2P0
DD̄

− 2

3
P0
EWDD̄

þ 2A0
DD̄

;

AðB− → Ξ�0Σ�þÞ ¼ 2T 0
DD̄ þ 4P0

DD̄ þ 2

3
P0
EWDD̄ þ 4A0

DD̄;

AðB− → Ξ�−Σ�0Þ ¼ 2
ffiffiffi
2

p
P0
DD̄ − 2

ffiffiffi
2

p

3
P0
EWDD̄ þ 2

ffiffiffi
2

p
A0
DD̄;

AðB− → Ω−Ξ�0Þ ¼ 2
ffiffiffi
3

p
P0
DD̄ − 2ffiffiffi

3
p P0

EWDD̄ þ 2
ffiffiffi
3

p
A0
DD̄; (17)

AðB̄0 → Σ�þΔþÞ ¼ 2T 0
DD̄

þ 2P0
DD̄

þ 4

3
P0
EWDD̄

;

AðB̄0 → Σ�0Δ0Þ ¼
ffiffiffi
2

p
T 0
DD̄ þ 2

ffiffiffi
2

p
P0
DD̄ þ

ffiffiffi
2

p

3
P0
EWDD̄;

AðB̄0 → Σ�−Δ−Þ ¼ 2
ffiffiffi
3

p
P0
DD̄ − 2ffiffiffi

3
p P0

EWDD̄;

AðB̄0 → Ξ�0Σ�0Þ ¼
ffiffiffi
2

p
T 0
DD̄ þ 2

ffiffiffi
2

p
P0
DD̄ þ

ffiffiffi
2

p

3
P0
EWDD̄;

AðB̄0 → Ξ�−Σ�−Þ ¼ 4P0
DD̄ − 4

3
P0
EWDD̄;

AðB̄0 → Ω−Ξ�−Þ ¼ 2
ffiffiffi
3

p
P0
DD̄

− 2ffiffiffi
3

p P0
EWDD̄

; (18)

and
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AðB̄0
s → ΔþþΔþþÞ ¼ 6E0

DD̄
þ 18PA0

DD̄
;

AðB̄0
s → ΔþΔþÞ ¼ 4E0

DD̄ þ 18PA0
DD̄;

AðB̄0
s → Δ0Δ0Þ ¼ 2E0

DD̄ þ 18PA0
DD̄;

AðB̄0
s → Δ−Δ−Þ ¼ 18PA0

DD̄;

AðB̄0
s → Σ�þΣ�þÞ ¼ 2T 0

DD̄
þ 2P0

DD̄
þ 4

3
P0
EWDD̄

þ 4E0
DD̄

þ 18PA0
DD̄

;

AðB̄0
s → Σ�0Σ�0Þ ¼ T 0

DD̄ þ 2P0
DD̄ þ 1

3
P0
EWDD̄ þ 2E0

DD̄ þ 18PA0
DD̄;

AðB̄0
s → Σ�−Σ�−Þ ¼ 2P0

DD̄ − 2

3
P0
EWDD̄ þ 18PA0

DD̄;

AðB̄0
s → Ξ�0Ξ�0Þ ¼ 2T 0

DD̄ þ 4P0
DD̄ þ 2

3
P0
EWDD̄ þ 2E0

DD̄ þ 18PA0
DD̄;

AðB̄0
s → Ξ�−Ξ�−Þ ¼ 4P0

DD̄ − 4

3
P0
EWDD̄ þ 18PA0

DD̄;

AðB̄0
s → Ω−Ω−Þ ¼ 6PDD̄ − 2PEWDD̄ þ 18PA0

DD̄: (19)

2. B̄ to octet-antidecuplet baryonic decays

The full B̄ → BD̄ decay amplitudes for ΔS ¼ 0 processes are given by

AðB− → pΔþþÞ ¼ − ffiffiffi
6

p
ðT1BD̄ − 2T2BD̄Þ þ

ffiffiffi
6

p
PBD̄ þ 2

ffiffiffi
2

3

r
P1EWBD̄ þ

ffiffiffi
6

p
ABD̄;

AðB− → nΔþÞ ¼ − ffiffiffi
2

p
T1BD̄ þ

ffiffiffi
2

p
PBD̄ þ 2

ffiffiffi
2

p

3
ðP1EWBD̄ − 3P2EWBD̄Þ þ

ffiffiffi
2

p
ABD̄;

AðB− → Σ0Σ�þÞ ¼ −2T2BD̄ − PBD̄ þ 1

3
ðP1EWBD̄ − 6P2EWBD̄Þ − ABD̄;

AðB− → Σ−Σ�0Þ ¼ −PBD̄ þ 1

3
P1EWBD̄ − ABD̄;

AðB− → Ξ−Ξ�0Þ ¼ − ffiffiffi
2

p
PBD̄ þ

ffiffiffi
2

p

3
P1EWBD̄ − ffiffiffi

2
p

ABD̄;

AðB− → ΛΣ�þÞ ¼ 2ffiffiffi
3

p ðT1BD̄ − T2BD̄Þ −
ffiffiffi
3

p
PBD̄ − 1ffiffiffi

3
p ðP1EWBD̄ − 2P2EWBD̄Þ −

ffiffiffi
3

p
ABD̄; (20)

AðB̄0 → pΔþÞ ¼ − ffiffiffi
2

p
ðT1BD̄ − 2T2BD̄Þ þ

ffiffiffi
2

p
PBD̄ þ 2

ffiffiffi
2

p

3
P1EWBD̄ − ffiffiffi

2
p

EBD̄;

AðB̄0 → nΔ0Þ ¼ − ffiffiffi
2

p
T1BD̄ þ

ffiffiffi
2

p
PBD̄ þ 2

ffiffiffi
2

p

3
ðP1EWBD̄ − 3P2EWBD̄Þ −

ffiffiffi
2

p
EBD̄;

AðB̄0 → ΣþΣ�þÞ ¼
ffiffiffi
2

p
EBD̄;

AðB̄0 → Σ0Σ�0Þ ¼ − ffiffiffi
2

p
T2BD̄ − 1ffiffiffi

2
p PBD̄ þ 1

3
ffiffiffi
2

p ðP1EWBD̄ − 6P2EWBD̄Þ − 1ffiffiffi
2

p EBD̄;

AðB̄0 → Σ−Σ�−Þ ¼ − ffiffiffi
2

p
PBD̄ þ

ffiffiffi
2

p

3
P1EWBD̄;

AðB̄0 → Ξ0Ξ�0Þ ¼
ffiffiffi
2

p
EBD̄;

AðB̄0 → Ξ−Ξ�−Þ ¼ − ffiffiffi
2

p
PBD̄ þ

ffiffiffi
2

p

3
P1EWBD̄;

AðB̄0 → ΛΣ�0Þ ¼
ffiffiffi
2

3

r
ðT1BD̄ − T2BD̄Þ −

ffiffiffi
3

2

r
PBD̄ − 1ffiffiffi

6
p ðP1EWBD̄ − 2P2EWBD̄Þ þ

ffiffiffi
3

2

r
EBD̄; (21)
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and

AðB̄0
s → pΣ�þÞ ¼ − ffiffiffi

2
p

ðT1BD̄ − 2T2BD̄Þ þ
ffiffiffi
2

p
PBD̄ þ 2

ffiffiffi
2

p

3
P1EWBD̄;

AðB̄0
s → nΣ�0Þ ¼ −T1BD̄ þ PBD̄ þ 2

3
ðP1EWBD̄ − 3P2EWBD̄Þ;

AðB̄0
s → Σ0Ξ�0Þ ¼ −2T2BD̄ − PBD̄ þ 1

3
ðP1EWBD̄ − 6P2EWBD̄Þ;

AðB̄0
s → Σ−Ξ�−Þ ¼ − ffiffiffi

2
p

PBD̄ þ
ffiffiffi
2

p

3
P1EWBD̄;

AðB̄0
s → Ξ−Ω−Þ ¼ − ffiffiffi

6
p

PBD̄ þ
ffiffiffi
2

3

r
P1EWBD̄;

AðB̄0
s → ΛΞ�0Þ ¼ 2ffiffiffi

3
p ðT1BD̄ − T2BD̄Þ −

ffiffiffi
3

p
PBD̄ − 1ffiffiffi

3
p ðP1EWBD̄ − 2P2EWBD̄Þ; (22)

while those for ΔS ¼ 1 transitions are given by

AðB− → ΣþΔþþÞ ¼
ffiffiffi
6

p
ðT 0

1BD̄
− 2T 0

2BD̄
Þ − ffiffiffi

6
p

P0
BD̄

− 2

ffiffiffi
2

3

r
P0
1EWBD̄

− ffiffiffi
6

p
A0
BD̄

;

AðB− → Σ0ΔþÞ ¼ −T 0
1BD̄ þ 2T 0

2BD̄ þ 2P0
BD̄ þ 1

3
P0
1EWBD̄ þ 2A0

BD̄;

AðB− → Σ−Δ0Þ ¼
ffiffiffi
2

p
P0
BD̄ −

ffiffiffi
2

p

3
P0
1EWBD̄ þ

ffiffiffi
2

p
A0
BD̄;

AðB− → Ξ0Σ�þÞ ¼
ffiffiffi
2

p
T 0
1BD̄ − ffiffiffi

2
p

P0
BD̄ − 2

ffiffiffi
2

p

3
ðP0

1EWBD̄ − 3P0
2EWBD̄Þ −

ffiffiffi
2

p
A0
BD̄;

AðB− → Ξ−Σ�0Þ ¼ P0
BD̄

− 1

3
P0
1EWBD̄

þ A0
BD̄

;

AðB− → ΛΔþÞ ¼ 1ffiffiffi
3

p ðT 0
1BD̄ þ 2T 0

2BD̄Þ −
1ffiffiffi
3

p ðP0
1EWBD̄ − 4P0

2EWBD̄Þ; (23)

AðB̄0 → ΣþΔþÞ ¼
ffiffiffi
2

p
ðT 0

1BD̄ − 2T 0
2BD̄Þ −

ffiffiffi
2

p
P0
BD̄ − 2

ffiffiffi
2

p

3
P0
1EWBD̄;

AðB̄0 → Σ0Δ0Þ ¼ −T 0
1BD̄

þ 2T 0
2BD̄

þ 2P0
BD̄

þ 1

3
P0
1EWBD̄

;

AðB̄0 → Σ−Δ−Þ ¼
ffiffiffi
6

p
P0
BD̄ −

ffiffiffi
2

3

r
P0
1EWBD̄;

AðB̄0 → Ξ0Σ�0Þ ¼ T 0
1BD̄

− P0
BD̄

− 2

3
ðP0

1EWBD̄
− 3P0

2EWBD̄
Þ;

AðB̄0 → Ξ−Σ�−Þ ¼
ffiffiffi
2

p
P0
BD̄

−
ffiffiffi
2

p

3
P0
1EWBD̄

;

AðB̄0 → ΛΔ0Þ ¼ 1ffiffiffi
3

p ðT 0
1BD̄ þ 2T 0

2BD̄Þ −
1ffiffiffi
3

p ðP0
1EWBD̄ − 4P0

2EWBD̄Þ; (24)

and
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AðB̄0
s → pΔþÞ ¼ − ffiffiffi

2
p

E0
BD̄

;

AðB̄0
s → nΔ0Þ ¼ − ffiffiffi

2
p

E0
BD̄

;

AðB̄0
s → ΣþΣ�þÞ ¼

ffiffiffi
2

p
ðT 0

1BD̄ − 2T 0
2BD̄Þ −

ffiffiffi
2

p
P0
BD̄ − 2

ffiffiffi
2

p

3
P0
1EWBD̄ þ

ffiffiffi
2

p
E0
BD̄;

AðB̄0
s → Σ0Σ�0Þ ¼ − 1ffiffiffi

2
p ðT 0

1BD̄ − 2T 0
2BD̄Þ þ

ffiffiffi
2

p
P0
BD̄ þ 1

3
ffiffiffi
2

p P0
1EWBD̄ − 1ffiffiffi

2
p E0

BD̄;

AðB̄0
s → Σ−Σ�−Þ ¼

ffiffiffi
2

p
P0
BD̄ −

ffiffiffi
2

p

3
P0
1EWBD̄;

AðB̄0
s → Ξ0Ξ�0Þ ¼

ffiffiffi
2

p
T 0
1BD̄ − ffiffiffi

2
p

P0
BD̄ − 2

ffiffiffi
2

p

3
ðP0

1EWBD̄ − 3P0
2EWBD̄Þ þ

ffiffiffi
2

p
E0
BD̄;

AðB̄0
s → Ξ−Ξ�−Þ ¼

ffiffiffi
2

p
P0
BD̄

−
ffiffiffi
2

p

3
P0
1EWBD̄

;

AðB̄0
s → ΛΣ�0Þ ¼ 1ffiffiffi

6
p ðT 0

1BD̄ þ 2T 0
2BD̄Þ −

1ffiffiffi
6

p ðP0
1EWBD̄ − 4P0

2EWBD̄Þ þ
ffiffiffi
3

2

r
E0
BD̄: (25)

3. B̄ to decuplet-antioctet baryonic decays

The full B̄ → DB̄ decay amplitudes for ΔS ¼ 0 processes are given by

AðB− → Δ0p̄Þ ¼
ffiffiffi
2

p
T1DB̄ − ffiffiffi

2
p

PDB̄ þ
ffiffiffi
2

p

3
ð3P1EWDB̄ þ P2EWDB̄Þ −

ffiffiffi
2

p
ADB̄;

AðB− → Δ−n̄Þ ¼ − ffiffiffi
6

p
PDB̄ þ

ffiffiffi
2

3

r
P2EWDB̄ − ffiffiffi

6
p

ADB̄;

AðB− → Σ�0ΣþÞ ¼ −T1DB̄ þ PDB̄ − 1

3
ð3P1EWDB̄ þ P2EWDB̄Þ þ ADB̄;

AðB− → Σ�−Σ0Þ ¼ −PDB̄ þ 1

3
P2EWDB̄ − ADB̄;

AðB− → Ξ�−Ξ0Þ ¼
ffiffiffi
2

p
PDB̄ −

ffiffiffi
2

p

3
P2EWDB̄ þ

ffiffiffi
2

p
ADB̄;

AðB− → Σ�−Λ̄Þ ¼
ffiffiffi
3

p
PDB̄ − 1ffiffiffi

3
p P2EWDB̄ þ

ffiffiffi
3

p
ADB̄; (26)

AðB̄0 → Δþp̄Þ ¼
ffiffiffi
2

p
T2DB̄ þ

ffiffiffi
2

p
PDB̄ þ 2

ffiffiffi
2

p

3
P2EWDB̄ − ffiffiffi

2
p

EDB̄;

AðB̄0 → Δ0n̄Þ ¼
ffiffiffi
2

p
ðT1DB̄ þ T2DB̄Þ þ

ffiffiffi
2

p
PDB̄ þ

ffiffiffi
2

p

3
ð3P1EWDB̄ þ 2P2EWDB̄Þ −

ffiffiffi
2

p
EDB̄;

AðB̄0 → Σ�þΣþÞ ¼
ffiffiffi
2

p
EDB̄;

AðB̄0 → Σ�0Σ0Þ ¼ 1ffiffiffi
2

p T1DB̄ − 1ffiffiffi
2

p PDB̄ þ 1

3
ffiffiffi
2

p ð3P1EWDB̄ þ P2EWDB̄Þ − 1ffiffiffi
2

p EDB̄;

AðB̄0 → Σ�−Σ−Þ ¼ − ffiffiffi
2

p
PDB̄ þ

ffiffiffi
2

p

3
P2EWDB̄;

AðB̄0 → Ξ�0Ξ0Þ ¼
ffiffiffi
2

p
EDB̄;

AðB̄0 → Ξ�−Ξ−Þ ¼ − ffiffiffi
2

p
PDB̄ þ

ffiffiffi
2

p

3
P2EWDB̄;

AðB̄0 → Σ�0Λ̄Þ ¼ − 1ffiffiffi
6

p ðT1DB̄ þ 2T2DB̄Þ −
ffiffiffi
3

2

r
PDB̄ − 1ffiffiffi

6
p ðP1EWDB̄ þ P2EWDB̄Þ þ

ffiffiffi
3

2

r
EDB̄; (27)

and

CHARMLESS TWO-BODY BARYONIC Bu;d;s DECAYS … PHYSICAL REVIEW D 89, 056003 (2014)

056003-9



AðB̄0
s → ΔþΣþÞ ¼ − ffiffiffi

2
p

T2DB̄ − ffiffiffi
2

p
PDB̄ − 2

ffiffiffi
2

p

3
P2EWDB̄;

AðB̄0
s → Δ0Σ0Þ ¼ T2DB̄ þ 2PDB̄ þ 1

3
P2EWDB̄;

AðB̄0
s → Δ−Σ−Þ ¼

ffiffiffi
6

p
PDB̄ −

ffiffiffi
2

3

r
P2EWDB̄;

AðB̄0
s → Σ�0Ξ0Þ ¼ −ðT1DB̄ þ T2DB̄Þ − PDB̄ − 1

3
ð3P1EWDB̄ þ 2P2EWDB̄Þ;

AðB̄0
s → Σ�−Ξ−Þ ¼

ffiffiffi
2

p
PDB̄ −

ffiffiffi
2

p

3
P2EWDB̄;

AðB̄0
s → Δ0Λ̄Þ ¼ − 1ffiffiffi

3
p ð2T1DB̄ þ T2DB̄Þ − 1ffiffiffi

3
p ð2P1EWDB̄ þ P2EWDB̄Þ; (28)

while those for ΔS ¼ 1 transitions are given by

AðB− → Σ�0p̄Þ ¼ T 0
1DB̄

− P0
DB̄

þ 1

3
ð3P0

1EWDB̄
þ P0

2EWDB̄
Þ − A0

DB̄
;

AðB− → Σ�−n̄Þ ¼ − ffiffiffi
2

p
P0
DB̄

þ
ffiffiffi
2

p

3
P0
2EWDB̄

− ffiffiffi
2

p
A0
DB̄

;

AðB− → Ξ�0ΣþÞ ¼ − ffiffiffi
2

p
T 0
1DB̄

þ
ffiffiffi
2

p
P0
DB̄

−
ffiffiffi
2

p

3
ð3P0

1EWDB̄
þ P0

2EWDB̄
Þ þ

ffiffiffi
2

p
A0
DB̄

;

AðB− → Ξ�−Σ0Þ ¼ −P0
DB̄

þ 1

3
P0
2EWDB̄

− A0
DB̄

;

AðB− → Ω−Ξ0Þ ¼
ffiffiffi
6

p
P0
DB̄

−
ffiffiffi
2

3

r
P0
2EWDB̄

þ
ffiffiffi
6

p
A0
DB̄

;

AðB− → Ξ�−Λ̄Þ ¼
ffiffiffi
3

p
P0
DB̄

− 1ffiffiffi
3

p P0
2EWDB̄

þ
ffiffiffi
3

p
A0
DB̄

; (29)

AðB̄0 → Σ�þp̄Þ ¼
ffiffiffi
2

p
T 0
2DB̄

þ
ffiffiffi
2

p
P0
DB̄

þ 2
ffiffiffi
2

p

3
P0
2EWDB̄

;

AðB̄0 → Σ�0n̄Þ ¼ T 0
1DB̄

þ T 0
2DB̄

þ P0
DB̄

þ 1

3
ð3P0

1EWDB̄
þ 2P0

2EWDB̄
Þ;

AðB̄0 → Ξ�0Σ0Þ ¼ T 0
1DB̄

− P0
DB̄

þ 1

3
ð3P0

1EWDB̄
þ P0

2EWDB̄
Þ;

AðB̄0 → Ξ�−Σ−Þ ¼ − ffiffiffi
2

p
P0
DB̄

þ
ffiffiffi
2

p

3
P0
2EWDB̄

;

AðB̄0 → Ω−Ξ−Þ ¼ − ffiffiffi
6

p
P0
DB̄

þ
ffiffiffi
2

3

r
P2EWDB̄;

AðB̄0 → Ξ�0Λ̄Þ ¼ − 1ffiffiffi
3

p ðT 0
1DB̄

þ 2T 0
2DB̄

Þ − ffiffiffi
3

p
P0
DB̄

− 1ffiffiffi
3

p ðP0
1EWDB̄

þ P0
2EWDB̄

Þ; (30)

and
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AðB̄0
s → Δþp̄Þ ¼ − ffiffiffi

2
p

E0
DB̄

;

AðB̄0
s → Δ0n̄Þ ¼ − ffiffiffi

2
p

E0
DB̄

;

AðB̄0
s → Σ�þΣþÞ ¼ − ffiffiffi

2
p

T 0
2DB̄

− ffiffiffi
2

p
P0
DB̄

− 2
ffiffiffi
2

p

3
P0
2EWDB̄

þ
ffiffiffi
2

p
E0
DB̄

;

AðB̄0
s → Σ�0Σ0Þ ¼ 1ffiffiffi

2
p T 0

2DB̄
þ

ffiffiffi
2

p
P0
DB̄

þ 1

3
ffiffiffi
2

p P0
2EWDB̄

− 1ffiffiffi
2

p E0
DB̄

;

AðB̄0
s → Σ�−Σ−Þ ¼

ffiffiffi
2

p
P0
DB̄

−
ffiffiffi
2

p

3
P0
2EWDB̄

;

AðB̄0
s → Ξ�0Ξ0Þ ¼ − ffiffiffi

2
p

ðT 0
1DB̄

þ T 0
2DB̄

Þ − ffiffiffi
2

p
P0
DB̄

−
ffiffiffi
2

p

3
ð3P0

1EWDB̄
þ 2P0

2EWDB̄
Þ þ

ffiffiffi
2

p
E0
DB̄

;

AðB̄0
s → Ξ�−Ξ−Þ ¼

ffiffiffi
2

p
P0
DB̄

−
ffiffiffi
2

p

3
P0
2EWDB̄

;

AðB̄0
s → Σ�0Λ̄Þ ¼ − 1ffiffiffi

6
p ð2T 0

1DB̄
þ T 0

2DB̄
Þ − 1ffiffiffi

6
p ð2P0

1EWDB̄
þ P0

2EWDB̄
Þ þ

ffiffiffi
3

2

r
E0
DB̄

: (31)

4. B̄ to octet-antioctet baryonic decays

The full B̄ → BB̄ decay amplitudes for ΔS ¼ 0 processes are given by

AðB− → np̄Þ¼−T1BB̄−5P1BB̄þ
2

3
ðP1EWBB̄−P3EWBB̄þP4EWBB̄Þ−5A1BB̄;

AðB−→Σ0ΣþÞ¼
ffiffiffi
2

p
T3BB̄þ

1ffiffiffi
2

p ð5P1BB̄−P2BB̄Þþ
1

3
ffiffiffi
2

p ðP1EWBB̄þP2EWBB̄þ2P3EWBB̄−2P4EWBB̄Þþ
1ffiffiffi
2

p ð5A1BB̄−A2BB̄Þ;

AðB− →Σ−Σ0Þ¼− 1ffiffiffi
2

p ð5P1BB̄−P2BB̄Þ− 1

3
ffiffiffi
2

p ðP1EWBB̄þP2EWBB̄−4P3EWBB̄−2P4EWBB̄Þ− 1ffiffiffi
2

p ð5A1BB̄−A2BB̄Þ;

AðB− →Σ−Λ̄Þ¼− 1ffiffiffi
6

p ð5P1BB̄þP2BB̄Þ− 1

3
ffiffiffi
6

p ðP1EWBB̄−P2EWBB̄−4P3EWBB̄−2P4EWBB̄Þ− 1ffiffiffi
6

p ð5A1BB̄þA2BB̄Þ;

AðB−→Ξ−Ξ0Þ¼−P2BB̄þ
1

3
P2EWBB̄−A2BB̄;

AðB− →ΛΣþÞ¼−
ffiffiffi
2

3

r
ðT1BB̄−T3BB̄Þ− 1ffiffiffi

6
p ð5P1BB̄þP2BB̄Þþ

1

3
ffiffiffi
6

p ð5P1EWBB̄þP2EWBB̄−4P3EWBB̄þ2P4EWBB̄Þ

− 1ffiffiffi
6

p ð5A1BB̄þA2BB̄Þ; (32)

AðB̄0 → pp̄Þ ¼ −T2BB̄ þ 2T4BB̄ þ P2BB̄ þ 2

3
P2EWBB̄ − 5E1BB̄ þ E2BB̄ − 9PABB̄;

AðB̄0 → nn̄Þ ¼ −ðT1BB̄ þ T2BB̄Þ − ð5P1BB̄ − P2BB̄Þ þ
2

3
ðP1EWBB̄ þ P2EWBB̄ − P3EWBB̄ − 2P4EWBB̄Þ þ E2BB̄ − 9PABB̄;

AðB̄0 → ΣþΣþÞ ¼ −5E1BB̄ þ E2BB̄ − 9PABB̄;

AðB̄0 → Σ0Σ0Þ ¼ −T3BB̄ − 1

2
ð5P1BB̄ − P2BB̄Þ − 1

6
ðP1EWBB̄ þ P2EWBB̄ þ 2P3EWBB̄ − 2P4EWBB̄Þ

− 1

2
ð5E1BB̄ − E2BB̄Þ − 9PABB̄;
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AðB̄0 → Σ0Λ̄Þ ¼ 1ffiffiffi
3

p ðT3BB̄ þ 2T4BB̄Þ þ
1

2
ffiffiffi
3

p ð5P1BB̄ þ P2BB̄Þ þ
1

6
ffiffiffi
3

p ðP1EWBB̄ − P2EWBB̄ þ 2P3EWBB̄ þ 10P4EWBB̄Þ

− 1

2
ffiffiffi
3

p ð5E1BB̄ þ E2BB̄Þ;

AðB̄0 → Σ−Σ−Þ ¼ −ð5P1BB̄ − P2BB̄Þ − 1

3
ðP1EWBB̄ þ P2EWBB̄ − 4P3EWBB̄ − 2P4EWBB̄Þ − 9PABB̄;

AðB̄0 → Ξ0Ξ0Þ ¼ E2BB̄ − 9PABB̄; AðB̄0 → Ξ−Ξ−Þ ¼ P2BB̄ − 1

3
P2EWBB̄ − 9PABB̄;

AðB̄0 → ΛΣ0Þ ¼ 1ffiffiffi
3

p ðT1BB̄ − T3BB̄Þ þ
1

2
ffiffiffi
3

p ð5P1BB̄ þ P2BB̄Þ − 1

6
ffiffiffi
3

p ð5P1EWBB̄ þ P2EWBB̄ − 2P3EWBB̄ þ 2P4EWBB̄Þ

− 1

2
ffiffiffi
3

p ð5E1BB̄ þ E2BB̄Þ;

AðB̄0 → ΛΛ̄Þ ¼ − 1

3
ðT1BB̄ þ 2T2BB̄ − T3BB̄ − 2T4BB̄Þ − 5

6
ðP1BB̄ − P2BB̄Þ

þ 1

18
ð5P1EWBB̄ þ 7P2EWBB̄ − 2P3EWBB̄ − 10P4EWBB̄Þ − 5

6
ðE1BB̄ − E2BB̄Þ − 9PABB̄;

(33)

and

AðB̄0
s → pΣþÞ ¼ T2BB̄ − 2T4BB̄ − P2BB̄ − 2

3
P2EWBB̄;

AðB̄0
s → nΣ0Þ ¼ − 1ffiffiffi

2
p T2BB̄ þ 1ffiffiffi

2
p P2BB̄ þ

ffiffiffi
2

p

3
ðP2EWBB̄ − 3P4EWBB̄Þ;

AðB̄0
s → nΛ̄Þ ¼ 1ffiffiffi

6
p ð2T1BB̄ þ T2BB̄Þ þ

1ffiffiffi
6

p ð10P1BB̄ − P2BB̄Þ − 1

3

ffiffiffi
2

3

r
ð2P1EWBB̄ þ P2EWBB̄ − 2P3EWBB̄ − P4EWBB̄Þ;

AðB̄0
s → Σ0Ξ0Þ ¼

ffiffiffi
2

p
ðT3BB̄ þ T4BB̄Þ þ

5ffiffiffi
2

p P1BB̄ þ 1

3
ffiffiffi
2

p ðP1EWBB̄ þ 2P3EWBB̄ þ 4P4EWBB̄Þ;

AðB̄0
s → Σ−Ξ−Þ ¼ −5P1BB̄ þ 1

3
ð−P1EWBB̄ þ 4P3EWBB̄ þ 2P4EWBB̄Þ;

AðB̄0
s → ΛΞ0Þ ¼ −

ffiffiffi
2

3

r
ðT1BB̄ þ T2BB̄ − T3BB̄ − T4BB̄Þ − 1ffiffiffi

6
p ð5P1BB̄ − 2P2BB̄Þ

þ 1

3
ffiffiffi
6

p ð5P1EWBB̄ þ 4P2EWBB̄ − 2P3EWBB̄ − 4P4EWBB̄Þ; (34)

while those for ΔS ¼ 1 transitions are given by

AðB− → Σ0p̄Þ ¼ − 1ffiffiffi
2

p ðT 0
1BB̄

− 2T 0
3BB̄

Þ − 1ffiffiffi
2

p P0
2BB̄

þ 1

3
ffiffiffi
2

p ð3P0
1EWBB̄

þ P0
2EWBB̄

Þ − 1ffiffiffi
2

p A0
2BB̄

;

AðB− → Σ−n̄Þ ¼ −P0
2BB̄

þ 1

3
P0
2EWBB̄

− A0
2BB̄

;

AðB− → Ξ0ΣþÞ ¼ −T 0
1BB̄

− 5P0
1BB̄

þ 2

3
ðP0

1EWBB̄
− P0

3EWBB̄
þ P0

4EWBB̄
Þ − 5A0

1BB̄
;

AðB− → Ξ−Σ0Þ ¼ − 5ffiffiffi
2

p P0
1BB̄

− 1

3
ffiffiffi
2

p ðP0
1EWBB̄

− 4P0
3EWBB̄

− 2P0
4EWBB̄

Þ − 5ffiffiffi
2

p A0
1BB̄

;
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AðB− → Ξ−Λ̄Þ ¼ − 1ffiffiffi
6

p ð5P0
1BB̄

− 2P0
2BB̄

Þ − 1

3
ffiffiffi
6

p ðP0
1EWBB̄

þ 2P0
2EWBB̄

− 4P0
3EWBB̄

− 2P0
4EWBB̄

Þ − 1ffiffiffi
6

p ð5A0
1BB̄

− 2A0
2BB̄

Þ;

AðB− → Λp̄Þ ¼ 1ffiffiffi
6

p ðT 0
1BB̄

þ 2T 0
3BB̄

Þ þ 1ffiffiffi
6

p ð10P0
1BB̄

− P0
2BB̄

Þ − 1

3
ffiffiffi
6

p ðP0
1EWBB̄

− P0
2EWBB̄

− 4P0
3EWBB̄

þ 4P0
4EWBB̄

Þ

þ 1ffiffiffi
6

p ð10A0
1BB̄

− A0
2BB̄

Þ; ð35Þ

AðB̄0 → Σþp̄Þ ¼ T 0
2BB̄

− 2T 0
4BB̄

− P0
2BB̄

− 2

3
P0
2EWBB̄

;

AðB̄0 → Σ0n̄Þ ¼ − 1ffiffiffi
2

p ðT 0
1BB̄

þ T 0
2BB̄

− 2T 0
3BB̄

− 2T 0
4BB̄

Þ þ 1ffiffiffi
2

p P0
2BB̄

þ 1

3
ffiffiffi
2

p ð3P0
1EWBB̄

þ 2P0
2EWBB̄

Þ;

AðB̄0 → Ξ0Σ0Þ ¼ 1ffiffiffi
2

p T 0
1BB̄

þ 5ffiffiffi
2

p P0
1BB̄

−
ffiffiffi
2

p

3
ðP0

1EWBB̄
− P0

3EWBB̄
þ P0

4EWBB̄
Þ;

AðB̄0 → Ξ0Λ̄Þ ¼ − 1ffiffiffi
6

p ðT 0
1BB̄

þ 2T 0
2BB̄

Þ − 1ffiffiffi
6

p ð5P0
1BB̄

− 2P0
2BB̄

Þ þ 1

3

ffiffiffi
2

3

r
ðP0

1EWBB̄
þ 2P0

2EWBB̄
− P0

3EWBB̄
− 5P0

4EWBB̄
Þ;

AðB̄0 → Ξ−Σ−Þ ¼ −5P0
1BB̄

− 1

3
ðP0

1EWBB̄
− 4P0

3EWBB̄
− 2P0

4EWBB̄
Þ;

AðB̄0 → Λn̄Þ ¼ 1ffiffiffi
6

p ðT 0
1BB̄

þ T 0
2BB̄

þ 2T 0
3BB̄

þ 2T 0
4BB̄

Þ þ 1ffiffiffi
6

p ð10P0
1BB̄

− P0
2BB̄

Þ

− 1

3
ffiffiffi
6

p ðP0
1EWBB̄

þ 2P0
2EWBB̄

− 4P0
3EWBB̄

− 8P0
4EWBB̄

Þ; (36)

and

AðB̄0
s → pp̄Þ ¼ −5E0

1BB̄
þ E0

2BB̄
− 9PA0

BB̄
;

AðB̄0
s → nn̄Þ ¼ E0

2BB̄
− 9PA0

BB̄
;

AðB̄0
s → ΣþΣþÞ ¼ −T 0

2BB̄
þ 2T 0

4BB̄
þ P0

2BB̄
þ 2

3
P0
2EWBB̄

− 5E0
1BB̄

þ E0
2BB̄

− 9PA0
BB̄
;

AðB̄0
s → Σ0Σ0Þ ¼ − 1

2
ðT 0

2BB̄
− 2T 0

4BB̄
Þ þ P0

2BB̄
þ 1

6
P0
2EWBB̄

− 1

2
ð5E0

1BB̄
− E0

2BB̄
Þ − 9PA0

BB̄
;

AðB̄0
s → Σ0Λ̄Þ ¼ 1

2
ffiffiffi
3

p ð2T 0
1BB̄

þ T 0
2BB̄

− 4T 0
3BB̄

− 2T 0
4BB̄

Þ − 1

2
ffiffiffi
3

p ð2P0
1EWBB̄

þ P0
2EWBB̄

Þ − 1

2
ffiffiffi
3

p ð5E0
1BB̄

þ E0
2BB̄

Þ;

AðB̄0
s → Σ−Σ−Þ ¼ P0

2BB̄
− 1

3
P0
2EWBB̄

− 9PA0
BB̄
;

AðB̄0
s → Ξ0Ξ0Þ ¼ −T 0

1BB̄
− T 0

2BB̄
− ð5P0

1BB̄
− P0

2BB̄
Þ þ 2

3
ðP0

1EWBB̄
þ P0

2EWBB̄
− P0

3EWBB̄
− 2P0

4EWBB̄
Þ þ E0

2BB̄
− 9PA0

BB̄
;

AðB̄0
s → Ξ−Ξ−Þ ¼ −ð5P0

1BB̄
− P0

2BB̄
Þ − 1

3
ðP0

1EWBB̄
þ P0

2EWBB̄
− 4P0

3EWBB̄
− 2P0

4EWBB̄
Þ − 9PA0

BB̄
;

AðB̄0
s → ΛΣ0Þ ¼ 1

2
ffiffiffi
3

p ðT 0
2BB̄

þ 2T 0
4BB̄

Þ þ 1

2
ffiffiffi
3

p ð−P0
2EWBB̄

þ 4P0
4EWBB̄

Þ − 1

2
ffiffiffi
3

p ð5E0
1BB̄

þ E0
2BB̄

Þ;

AðB̄0
s → ΛΛ̄Þ ¼ − 1

6
ð2T 0

1BB̄
þ T 0

2BB̄
þ 4T 0

3BB̄
þ 2T 0

4BB̄
Þ − 1

3
ð10P0

1BB̄
− P0

2BB̄
Þ

þ 1

18
ð2P0

1EWBB̄
þ P0

2EWBB̄
− 8P0

3EWBB̄
− 4P0

4EWBB̄
Þ − 5

6
ðE0

1BB̄
− E0

2BB̄
Þ − 9PA0

BB̄
: (37)

C. Large mB limit

Using the chirality structure of Heff in Eq. (3) and large mB limit, topological amplitudes are related [9,34]. As shown in
the Appendix A we have
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Tð0Þ ≡ Tð0Þ
DD̄

¼ Tð0Þ
1BD̄;2BD̄

¼ Tð0Þ
1DB̄;2DB̄

¼ Tð0Þ
1BB̄;2BB̄;3BB̄;4BB̄

;

Pð0Þ ≡ Pð0Þ
DD̄

¼ Pð0Þ
BD̄

¼ Pð0Þ
DB̄

¼ Pð0Þ
1BB̄;2BB̄

;

Pð0Þ
EW ≡ Pð0Þ

EWDD̄
¼ Pð0Þ

1EWBD̄;2EWBD̄
¼ Pð0Þ

1EWDB̄;2EWDB̄

¼ Pð0Þ
1EWBB̄;2EWBB̄;3EWBB̄;4EWBB̄

;

EDD̄;BD̄;DB̄;1BB̄;2BB̄; ADD̄;BD̄;DB̄;1BB̄;2BB̄;

PADD̄;BB̄ → 0; (38)

in the largemB asymptotic limit. In that limit, we need only
one tree, one penguin and one electroweak penguin
amplitudes for all four classes of charmless two-body
baryonic modes. The asymptotic decay amplitudes can
be easily read out using the results shown in the previous
subsection and Eq. (38).
Using Eq. (3) these amplitudes are estimated to be

Tð0Þ ¼ VubV�
udðsÞ

Gfffiffiffi
2

p ðc1 − c2Þχū0ð1 − γ5Þv;

Pð0Þ ¼ −VtbV�
tdðsÞ

Gfffiffiffi
2

p ½c3 − c4 þ c5 − c6�χū0ð1 − γ5Þv;

Pð0Þ
EW ¼ − 3

2
VtbV�

tdðsÞ
Gfffiffiffi
2

p ½c9 − c10 þ c7 − c8�χū0ð1 − γ5Þv:

(39)

The minus signs between Wilson coefficients are from the
color structure. Note that O1;3;9, and similarly O2;4;10, are
only different on the flavor structure, their contributions are
related in the large mB limit (see eT , ePL

, ePEWL
in

Appendix A). Similarly contributions from O5;6 and O7;8
are related.

The unknown amplitude χ will be fitted from the recent
B̄0 → pp̄ data.

III. PHENOMENOLOGY

A. Relations on rates and ACP

From the full topological amplitude expressions of
decay amplitudes, we can obtain relation on averaged
rates and rate differences, as the number of modes are
greater than the number of the independent amplitudes (see
Appendix B).
For decuplet-antidecuplet modes, we have

2BðB− → Δ−Δ0Þ ¼ 3BðB− → Σ�−Σ�0Þ
¼ 6BðB− → Ξ�−Ξ�0Þ;

BðB− → Δ0ΔþÞ ¼ 2BðB− → Σ�0Σ�þÞ;
6BðB− → Σ�−Δ0Þ ¼ 2BðB− → Ω−Ξ�0Þ

¼ 3BðB− → Ξ�−Σ�0Þ;
2BðB− → Σ�0ΔþÞ ¼ BðB− → Ξ�0Σ�þÞ;
BðB̄0

s → Δ0Σ�0Þ ¼ BðB0
s → Σ�0Ξ�0Þ;

4BðB̄0
s → Δ−Σ�−Þ ¼ 4BðB0

s → Ξ�−Ω−Þ
¼ 3BðB0

s → Σ�−Ξ�−Þ;
BðB̄0 → Σ�0Δ0Þ ¼ BðB̄0 → Ξ�0Σ�0Þ;

4BðB̄0 → Σ�−Δ−Þ ¼ 4BðB̄0 → Ξ�−Σ�−Þ
¼ 3BðB̄0 → Ω−Ξ�−Þ: (40)

UnderU-spin symmetry, [40], using ImðVubV�
udV

�
tbVtdÞ¼−ImðVubV�

usV�
tbVtsÞ and the expressions of amplitudes, we

obtain

2ΔCPðB− → Δ−Δ0Þ ¼ 3ΔCPðB− → Σ�−Σ�0Þ ¼ 6ΔCPðB− → Ξ�−Ξ�0Þ
¼ −6ΔCPðB− → Σ�−Δ0Þ ¼ −2ΔCPðB− → Ω−Ξ�0Þ
¼ −3ΔCPðB− → Ξ�−Σ�0Þ;

ΔCPðB− → Δ0ΔþÞ ¼ 2ΔCPðB− → Σ�0Σ�þÞ ¼ −2ΔCPðB− → Σ�0ΔþÞ
¼ −ΔCPðB− → Ξ�0Σ�þÞ;

ΔCPðB− → ΔþΔþþÞ ¼ −ΔCPðB− → Σ�þΔþþÞ;
ΔCPðB0

s → Δ0Σ�0Þ ¼ ΔCPðB0
s → Σ�0Ξ�0Þ ¼ −ΔCPðB̄0 → Σ�0Δ0Þ

¼ −ΔCPðB̄0 → Ξ�0Σ�0Þ;
4ΔCPðB0

s → Δ−Σ�−Þ ¼ 4ΔCPðB0
s → Ξ�−Ω−Þ ¼ 3ΔCPðB0

s → Σ�−Ξ�−Þ
¼ −4ΔCPðB̄0 → Σ�−Δ−Þ ¼ −4ΔCPðB̄0 → Ξ�−Σ�−Þ
¼ −3ΔCPðB̄0 → Ω−Ξ�−Þ;
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ΔCPðB0
s → ΔþΣ�þÞ ¼ −ΔCPðB̄0 → Σ�þΔþÞ;

ΔCPðB0 → Ξ�0Ξ�0Þ ¼ −ΔCPðB̄0
s → Δ0Δ0Þ;

ΔCPðB0 → Ξ�−Ξ�−Þ ¼ −ΔCPðB̄0
s → Σ�−Σ�−Þ;

ΔCPðB0 → Σ�0Σ�0Þ ¼ −ΔCPðB̄0
s → Σ�0Σ�0Þ;

ΔCPðB0 → Ω−Ω−Þ ¼ −ΔCPðB̄0
s → Δ−Δ−Þ;

ΔCPðB0 → ΔþþΔþþÞ ¼ −ΔCPðB̄0
s → ΔþþΔþþÞ;

ΔCPðB0 → Σ�þΣ�þÞ ¼ −ΔCPðB̄0
s → ΔþΔþÞ;

ΔCPðB0 → Δ−Δ−Þ ¼ −ΔCPðB̄0
s → Ω−Ω−Þ;

ΔCPðB0 → Σ�−Σ�−Þ ¼ −ΔCPðB̄0
s → Ξ�−Ξ�−Þ;

ΔCPðB0 → ΔþΔþÞ ¼ −ΔCPðB̄0
s → Σ�þΣ�þÞ;

ΔCPðB0 → Δ0Δ0Þ ¼ −ΔCPðB̄0
s → Ξ�0Ξ�0Þ; (41)

where ΔCP is defined as the B̄q decay rate subtracted by the rate of the CP conjugated mode.
For octet-antidecuplet modes, we have

BðB− → Ξ−Ξ�0Þ ¼ 2BðB− → Σ−Σ�0Þ;
2BðB− → Ξ−Σ�0Þ ¼ BðB− → Σ−Δ0Þ;

3τBd
BðB̄0 → Σ−Σ�−Þ ¼ 3τBd

BðB̄0 → Ξ−Ξ�−Þ ¼ 3τBs
BðB̄0

s → Σ−Ξ�−Þ ¼ τBs
BðB̄0

s → Ξ−Ω−Þ;
3τBs

BðB̄0
s → Σ−Σ�−Þ ¼ 3τBs

BðB̄0
s → Ξ−Ξ�−Þ ¼ 3τBd

BðB̄0 → Ξ−Σ�−Þ ¼ τBd
BðB̄0 → Σ−Δ−Þ;

BðB̄0 → ΣþΣ�þÞ ¼ BðB̄0 → Ξ0Ξ�0Þ;
BðB̄0

s → pΔþÞ ¼ BðB̄0
s → nΔ0Þ; (42)

and

ΔCPðB− → nΔþÞ ¼ −ΔCPðB− → Ξ0Σ�þÞ;
ΔCPðB− → Ξ−Ξ�0Þ ¼ 2ΔCPðB− → Σ−Σ�0Þ ¼ −2ΔCPðB− → Ξ−Σ�0Þ ¼ −ΔCPðB− → Σ−Δ0Þ;
ΔCPðB− → pΔþþÞ ¼ −ΔCPðB− → ΣþΔþþÞ;
ΔCPðB̄0 → nΔ0Þ ¼ −ΔCPðB̄0

s → Ξ0Ξ�0Þ;
3ΔCPðB̄0 → Σ−Σ�−Þ ¼ 3ΔCPðB̄0 → Ξ−Ξ�−Þ ¼ 3ΔCPðB̄0

s → Σ−Ξ�−Þ ¼ ΔCPðB̄0
s → Ξ−Ω−Þ ¼ −3ΔCPðB̄0

s → Σ−Σ�−Þ
¼ −3ΔCPðB̄0

s → Ξ−Ξ�−Þ ¼ −3ΔCPðB̄0 → Ξ−Σ�−Þ ¼ −ΔCPðB̄0 → Σ−Δ−Þ;
ΔCPðB̄0 → ΣþΣ�þÞ ¼ ΔCPðB̄0 → Ξ0Ξ�0Þ ¼ −ΔCPðB̄0

s → pΔþÞ ¼ −ΔCPðB̄0
s → nΔ0Þ;

ΔCPðB̄0 → pΔþÞ ¼ −ΔCPðB̄0
s → ΣþΣ�þÞ;

ΔCPðB̄0
s → nΣ�0Þ ¼ −ΔCPðB̄0 → Ξ0Σ�0Þ

ΔCPðB̄0
s → pΣ�þÞ ¼ −ΔCPðB̄0 → ΣþΔþÞ: (43)
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For decuplet-antioctet modes, we have

3τBd
BðB̄0 → Σ�−Σ−Þ ¼ 3τBd

BðB̄0 → Ξ�−Ξ−Þ ¼ τBs
BðB̄0

s → Δ−Σ−Þ ¼ 3τBs
BðB̄0

s → Σ�−Ξ−Þ;
3τBs

BðB̄0
s → Σ�−Σ−Þ ¼ 3τBs

BðB̄0
s → Ξ�−Ξ−Þ ¼ 3τBd

BðB̄0 → Ξ�−Σ−Þ ¼ τBd
BðB̄0 → Ω−Ξ−Þ;

BðB̄0 → Σ�þΣþÞ ¼ BðB̄0 → Ξ�0Ξ0Þ;
BðB̄0

s → Δþp̄Þ ¼ BðB̄0
s → Δ0n̄Þ; (44)

and

ΔCPðB− → Δ0p̄Þ ¼ 2ΔCPðB− → Σ�0ΣþÞ ¼ −2ΔCPðB− → Σ�0p̄Þ ¼ −ΔCPðB− → Ξ�0ΣþÞ;
ΔCPðB− → Δ−n̄Þ ¼ 3ΔCPðB− → Ξ�−Ξ0Þ ¼ 6ΔCPðB− → Σ�−Σ0Þ ¼ 2ΔCPðB− → Σ�−Λ̄Þ ¼ −3ΔCPðB− → Σ�−n̄Þ

¼ −6ΔCPðB− → Ξ�−Σ0Þ ¼ −ΔCPðB− → Ω−Ξ0Þ ¼ −2ΔCPðB− → Ξ�−Λ̄Þ;
ΔCPðB̄0 → Δþp̄Þ ¼ −ΔCPðB̄0

s → Σ�þΣþÞ;
3ΔCPðB̄0 → Σ�−Σ−Þ ¼ 3ΔCPðB̄0 → Ξ�−Ξ−Þ ¼ ΔCPðB̄0

s → Δ−Σ−Þ ¼ 3ΔCPðB̄0
s → Σ�−Ξ−Þ ¼ −3ΔCPðB̄0

s → Σ�−Σ−Þ
¼ −3ΔCPðB̄0

s → Ξ�−Ξ−Þ ¼ −3ΔCPðB̄0 → Ξ�−Σ−Þ ¼ −ΔCPðB̄0 → Ω−Ξ−Þ;
ΔCPðB̄0 → Σ�þΣþÞ ¼ ΔCPðB̄0 → Ξ�0Ξ0Þ ¼ −ΔCPðB̄0

s → Δþp̄Þ ¼ −ΔCPðB̄0
s → Δ0n̄Þ;

ΔCPðB̄0 → Δ0n̄Þ ¼ −ΔCPðB̄0
s → Ξ�0Ξ0Þ;

ΔCPðB̄0
s → ΔþΣþÞ ¼ −ΔCPðB̄0 → Σ�þp̄Þ;

ΔCPðB̄0
s → Σ�0Ξ0Þ ¼ −ΔCPðB̄0 → Σ�0n̄Þ: ð45Þ

For octet-octet modes, there are no relations for the
averaged branching ratios, when the full topological
amplitudes are used (see Appendix B).3 However for
ΔCP, we have

ΔCPðB− → np̄Þ ¼ −ΔCPðB− → Ξ0ΣþÞ;
ΔCPðB− → Ξ−Ξ0Þ ¼ −ΔCPðB− → Σ−n̄Þ;

ΔCPðB̄0 → pp̄Þ ¼ −ΔCPðB̄0
s → ΣþΣþÞ;

ΔCPðB̄0 → nn̄Þ ¼ −ΔCPðB̄0
s → Ξ0Ξ0Þ;

ΔCPðB̄0 → ΣþΣþÞ ¼ −ΔCPðB̄0
s → pp̄Þ;

ΔCPðB̄0 → Σ−Σ−Þ ¼ −ΔCPðB̄0
s → Ξ−Ξ−Þ;

ΔCPðB̄0 → Ξ0Ξ0Þ ¼ −ΔCPðB̄0
s → nn̄Þ;

ΔCPðB̄0 → Ξ−Ξ−Þ ¼ −ΔCPðB̄0
s → Σ−Σ−Þ;

ΔCPðB̄0
s → pΣþÞ ¼ −ΔCPðB̄0 → Σþp̄Þ;

ΔCPðB̄0
s → Σ−Ξ−Þ ¼ −ΔCPðB̄0 → Ξ−Σ−Þ: (46)

All of the above relations are obtained without using
the large mB limits and are ready to be checked
experimentally.

B. Triangle relations on amplitudes

In the previous subsection we only make use of some
of the relations on amplitudes. There are, in fact, much
more relations on amplitudes. For example, for ΔS ¼ 0,
B̄q to decuplet-antidecuplet decay, we can have isospin
relations,

ffiffiffi
2

p
AðB− → ΔþΔþþÞ
¼

ffiffiffi
6

p
AðB− → Δ0ΔþÞ − ffiffiffi

2
p

AðB− → Δ−Δ0Þ;ffiffiffi
3

p
AðB0

s → ΔþΣ�þÞ
¼

ffiffiffi
6

p
AðB0

s → Δ0Σ�0Þ − AðB0
s → Δ−Σ�−Þ;

AðB0 → ΔþþΔþþÞ − 3AðB0 → ΔþΔþÞ
þ 3AðB0 → Δ0Δ0Þ − AðB0 → Δ−Δ−Þ ¼ 0; (47)

and
3For approximated relations, using only the dominating terms

in the amplitudes, one is referred to [9].

CHUN-KHIANG CHUA PHYSICAL REVIEW D 89, 056003 (2014)

056003-16



2AðB0→Ξ�−Ξ�−Þ¼AðB0
s→Σ�−Ξ�−Þþ2AðB0→Ω−Ω−Þ;

2AðB0→Σ�0Σ�0Þ¼
ffiffiffi
2

p
AðB0

s→Σ�0Ξ�0ÞþAðB0→Ξ�0Ξ�0Þ;
AðB0→ΔþþΔþþÞ¼3AðB0→Ξ�0Ξ�0Þ−2AðB0→Ω−Ω−Þ;
AðB0→Σ�þΣ�þÞ¼2AðB0→Ξ�0Ξ�0Þ−AðB0→Ω−Ω−Þ;
AðB0→Δ−Δ−Þ¼3AðB0→Ξ�−Ξ�−Þ−2AðB0→Ω−Ω−Þ;
AðB̄0→Σ�−Σ�−Þ¼2AðB̄0→Ξ�−Ξ�−Þ−AðB0→Ω−Ω−Þ;
AðB0→ΔþΔþÞ¼AðB̄0

s→ΔþΣ�þÞþAðB0→Σ�þΣ�þÞ;
AðB̄0→Δ0Δ0Þ¼

ffiffiffi
2

p
AðB0

s→Δ0Σ�0ÞþAðB0→Ξ�0Ξ�0Þ:
(48)

These can be easily obtained by using the full decay
amplitudes given in the previous section or in
Appendix B.
There are many similar relations for amplitudes

within decuplet-antidecuplet, octet-antidecuplet, decup-
let-antioctet and octet-antioctet modes. The interested
reader can work them out using formulas in Appendix B.
In below we only give two examples of the relations on
octet-antioctet amplitudes:

AðB̄0 → pp̄Þ ¼ −AðB̄0
s → pΣþÞ þ AðB̄0 → ΣþΣþÞ;

(49)

and

AðB̄0
s → pp̄Þ ¼ AðB̄0

s → ΣþΣþÞ þ AðB̄0 → Σþp̄Þ: (50)

For more relations on amplitudes in various limits, one is
referred to [9].

C. Numerical results on rates

In our numerical analysis, masses and lifetimes of
hadrons are taken from [6], while values of Wolfenstein
parameters for the CKM matrix are from [41]. Our strategy
is to fit the asymptotic amplitude using the experimental
B̄0 → pp̄ rate, and try to predict rates on other baryonic
modes with estimations on the corrections to the asymptotic
relations and contributions from subleading terms. In
principle, we can extract the full topological amplitudes
directly from data, but at the moment since only one mode
is found, we can only start from the asymptotic limit, as the
number of parameters is highly reduced, and consider
reasonable corrections to it. As we shall see, the prediction
on rates are within a factor of 2. The accuracy can be
systematically improved when more modes are observed.
Fitting to the experimental result on B̄0 → pp̄ rate using

the topological amplitude, Eq. (33), but in the asymptotic
forms, Eqs. (38) and (39), we obtain

χ ¼ ð3.57þ0.78−0.71Þ × 10−3 GeV2: (51)

Rates on other modes in the asymptotic limit can be
obtained by using formulas in Sec. II. B and Eqs. (38)
and (39).
In reality the topological amplitudes are, however, not in

the asymptotic limit. Corrections are expected and can be
estimated as following. (i) The correction on Tð0Þ

i , Pð0Þ
i and

Pð0Þ
EWi are estimated to be of ordermB=mB (the baryon and B

meson mass ratio), which is roughly, 0.2, hence, we have

Tð0Þ
i ¼ ð1þ tð0Þi ÞTð0Þ; Pð0Þ

i ¼ ð1þ pð0Þ
i ÞPð0Þ

;

Pð0Þ
EWi ¼ ð1þ pð0Þ

ewiÞPð0Þ
EW; (52)

with

−0.2 ≤ tð0Þi ; pð0Þ
i ; pð0Þ

ewi ≤ 0.2; (53)

which parametrize the correction. (ii) Furthermore, since
the Fierz transformation ofO5;6;7;8 is different fromO1;2;3;4,
the relation of the contributions from these two sets of
operators may be distorted when we move away from the
asymptotic limit. We assign a coefficient κ in front of c5–c6
and c7–c8 in Eq. (39) with κ having a 100% uncertainty:

κ ¼ 1� 1; (54)

to model the correction. (iii) For subleading terms, such as
annihilation, penguin annihilation, exchange amplitude,
we have

Eð0Þ
i ≡ ηi

fB
mB

mB

mB
Tð0Þ; Að0Þ

j ≡ ηj
fB
mB

mB

mB
Tð0Þ;

PAð0Þ
k ≡ ηk

fB
mB

mB

mB
Pð0Þ; (55)

where the ratio fB=mB is from the usual estimation [32], the
factor mB=mB is from the chirality structure, and jηi;j;kj are
estimated to be of order 1. Explicitly, we take

0 ≤ jηi;j;kj ≤ jηj ¼ 1; (56)

where we set the bound jηj to 1 in our numerical results.
We will return to this point later when confronting the
B̄0
S → pp̄ data. Note that some SU(3) breaking effects in

rates are included, as the physical hadron masses [6] are
used in the numerical analysis.
Before we show our results, we comment on the

detectability of baryonic final states. As shown in
Appendix C, we note that, (i) Δþþ;0, Λ, Ξ−, Σ��, Ξ�0
and Ω− have nonsuppressed decay modes of final states
with all charged particles, (ii) Δþ, Σþ;0, Ξ0, Σ�0 and Ξ�−
can be detected by detecting a π0 or γ, (iii) while one needs
to deal with n in detecting Δ− and Σ−. Modes with final
states from the first group or even the second group and
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with unsuppressed B decay rates should be experimentally
accessible.
We are now ready to discuss our numerical results.

Predictions on ΔS ¼ 0, B̄q → DD̄ decay rates are shown in
Table II. The first uncertainty is from the uncertainty of the
asymptotic amplitude, χ, and from relaxing the asymptotic
relations, by varying ti, pi, pewi [see Eqs. (51) and (53)],
the second uncertainty is from δκ [see Eq. (54)], and the last
uncertainty is from subleading contributions, terms with
ηi;j;k [see Eq. (56)]. Occasionally the last uncertainty is
shown to larger decimal place.
There are modes that will cascadely decay to all charged

final states, such as pp̄ with one or more charge pions or

kaons (see Appendix C). These include B̄0 → ΔþþΔþþ,
Δ0Δ0,Ω−Ω−, Σ�þΣ�þ, Σ�−Σ�− and Ξ�0Ξ�0 decays. Among

them, we note that B̄0 → Δ0Δ0 and B̄0 → Σ�−Σ�− rates are
at 10−8 level. These two modes are relatively easy to be
detected, while other modes are suppressed.
Modes need one π0 or one γ for detections are

B− → ΔþΔþþ, Δ0Δþ, Σ�0Σ�þ, Σ�−Σ�0, Ξ�−Ξ�0,
B̄0
s → ΔþΣ�þ, Δ0Σ�0, Σ�0Ξ�0, Σ�−Ξ�− and Ξ�−Ω− decays.

Among them, we have BðB− → ΔþΔþþÞ≃ 2 × 10−7 and
it reduces ∼30% in producing pπ0p̄π− final state.
Modes with more than one π0 or γ are more difficult to

detect. They are B̄0 → ΔþΔþ, Σ�0Σ�0, Ξ�−Ξ�− decays. The

TABLE II. Decay rates for ΔS ¼ 0, B̄q → DD̄modes. The first uncertainty is from the uncertainty of the asymptotic amplitude, χ, and
from relaxing the asymptotic relations, by varying ti, pi, pewi [see Eqs. (51) and (53)], the second uncertainty is from δκ [see Eq. (54)],
and the last uncertainty is from subleading contributions, terms with ηi;j;k [see Eq. (56)]. Occasionally the last uncertainty is shown to
larger decimal place.

Mode Bð10−8Þ Mode Bð10−8Þ
B− → ΔþΔþþ 17.15þ19.62þ0.81−10.15−0.47 � 0.22 B̄0

s → ΔþΣ�þ 5.18þ5.92þ0.24−3.07−0.14 � 0

B− → Δ0Δþ 6.42þ7.34þ1.13−3.80−0.68 � 0.15 B̄0
s → Δ0Σ�0 2.91þ3.32þ0.51−1.72−0.31 � 0

B− → Δ−Δ0 0.75þ0.85þ0.89−0.44−0.55 � 0.05 B̄0
s → Δ−Σ�− 0.68þ0.77þ0.81−0.40−0.49 � 0

B− → Σ�0Σ�þ 2.99þ3.42þ0.53−1.77−0.32 � 0.07 B̄0
s → Σ�0Ξ�0 2.70þ3.09þ0.48−1.60−0.29 � 0

B− → Σ�−Σ�0 0.47þ0.53þ0.55−0.27−0.34 � 0.03 B̄0
s → Σ�−Ξ�− 0.84þ0.96þ1.00−0.50−0.61 � 0

B− → Ξ�−Ξ�0 0.21þ0.24þ0.25−0.13−0.16 � 0.01 B̄0
s → Ξ�−Ω− 0.58þ0.66þ0.69−0.34−0.42 � 0

B̄0 → ΔþþΔþþ 0� 0� 0þ0.0053−0 B̄0 → Σ�þΣ�þ 0� 0� 0þ0.0031−0
B̄0 → ΔþΔþ 5.29þ6.05þ0.25þ0.27−3.13−0.15−0.26 B̄0 → Σ�0Σ�0 1.39þ1.58þ0.24−0.82−0.15 � 0.09

B̄0 → Δ0Δ0 5.94þ6.79þ1.05þ0.20−3.52−0.63−0.19 B̄0 → Σ�−Σ�− 0.86þ0.98þ1.02−0.51−0.63 � 0.05

B̄0 → Δ−Δ− 2.08þ2.37þ2.47−1.23−1.52 � 0.08 B̄0 → Ξ�0Ξ�0 0� 0� 0þ0.0016−0
B̄0 → Ω−Ω− 0� 0� 0þ0.0006−0 B̄0 → Ξ�−Ξ�− 0.20þ0.22þ0.24−0.12−0.14 � 0.02

TABLE III. Same as Table II, but with ΔS ¼ −1, B̄q → DD̄ modes.

Mode Bð10−8Þ Mode Bð10−8Þ
B− → Σ�þΔþþ 13.94þ18.20þ17.08−8.87 −10.09 � 0.038 B̄0 → Σ�þΔþ 4.30þ5.62þ5.27−2.74−3.11 � 0

B− → Σ�0Δþ 9.74þ11.49þ11.92−5.87 −7.18 � 0.028 B̄0 → Σ�0Δ0 9.02þ10.64þ11.03−5.43 −6.64 � 0

B− → Σ�−Δ0 5.24þ5.96þ6.22−3.09−3.82 � 0.015 B̄0 → Σ�−Δ− 14.54þ16.54þ17.28−8.58 −10.60 � 0

B− → Ξ�0Σ�þ 18.07þ21.31þ22.10−10.88−13.31 � 0.052 B̄0 → Ξ�0Σ�0 8.37þ9.86þ10.23−5.04−6.16 � 0

B− → Ξ�−Σ�0 9.71þ11.05þ11.54−5.73 −7.08 � 0.028 B̄0 → Ξ�−Σ�− 17.96þ20.43þ21.34−10.60−13.09 � 0

B− → Ω−Ξ�0 13.38þ15.21þ15.89−7.90 −9.75 � 0.039 B̄0 → Ω−Ξ�− 12.37þ14.07þ14.70−7.30 −9.02 � 0

B̄0
s → ΔþþΔþþ 0� 0� 0þ0.019−0 B̄0

s → Σ�þΣ�þ 4.21þ5.50þ5.16þ0.54−2.68−3.05−0.50
B̄0
s → ΔþΔþ 0� 0� 0þ0.018−0 B̄0

s → Σ�0Σ�0 4.42þ5.20þ5.40þ0.55−2.66−3.25−0.52
B̄0
s → Δ0Δ0 0� 0� 0þ0.017−0 B̄0

s → Σ�−Σ�− 4.74þ5.39þ5.63þ0.56−2.80−3.45−0.53
B̄0
s → Δ−Δ− 0� 0� 0þ0.017−0 B̄0

s → Ξ�0Ξ�0 16.33þ19.25þ19.97þ1.00−9.83 −12.03−0.97
B̄0
s → Ω−Ω− 36.24þ41.22þ43.06þ1.40−21.39−26.41−1.37 B̄0

s → Ξ�−Ξ�− 17.53þ19.94þ20.83þ1.02−10.35−12.78−0.99
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first two have rates of order 10−8. Some modes need n for
detection and they are very difficult to be observed. They

are B− → Δ−Δ0, B̄0 → Δ−Δ− and B̄0
s → Δ−Σ�− decays.

Predictions on ΔS ¼ −1, B̄q → DD̄ decay rates are
shown in Table III. From the table we see that:
(i) Modes having all charge final states in cascade decays
with rates ranging from 10−8 to 10−7 are B− → Σ�þΔþþ,
Σ�−Δ0, Ω−Ξ�0, B̄0

s → Ω−Ω−, Ξ�0Ξ�0, Σ�−Σ�− and Σ�þΣ�þ

decays. Note that B̄0
s → Ω−Ω− decay has the largest rate.

(ii) With one π0 or γ for detection, we have B− → Ξ�−Σ�0,
B̄0 → Ξ�−Σ�−, Ω−Ξ�− with rate at 10−7. (iii) All other
modes are either too small in rates or need more than one π0

or one γ or even n for detection.
Predictions on rates of ΔS ¼ 0, B̄q → BD̄ decays are

shown in Table IV. We note that for modes having all
charge final states in cascade decays, the central value of

the B− → pΔþþ predicted rate is only half of the exper-
imental upper bound. It should be searchable in the near
future. Furthermore, the measurement of this mode will be
useful to reduce the theoretical uncertainty. Another all
charge cascade decay final state mode B̄0

s → pΣ�þ has rate
at 10−8 order, while all other states with similar cascade
decay final states are suppressed. With one π0 or γ, one may

search for B− → Σ0Σ�þ, B̄0 → pΔþ and B̄0
s → Σ0Ξ�0. All

other modes are either suppressed or are more difficult to be
detected.
Predictions on ΔS ¼ −1, B̄q → BD̄ decay rates are

shown in Table V. There are only two modes having all
charge final states in cascade decays, namely B̄0 → Ξ−Σ�−

and ΛΔ0. The former has rate of 10−8 order, while the latter
is of order 10−9 and is 2 order of magnitude smaller than the
experimental upper limit. With one π0 or γ one may search

TABLE IV. Same as Table II, but with ΔS ¼ 0, B̄q → BD̄ modes. The latest experimental result is given in the parenthesis.

Mode Bð10−8Þ Mode Bð10−8Þ
B− → pΔþþ 7.50þ20.63þ0.35−6.67 −0.21 � 0.10 B̄0

s → pΣ�þ 2.28þ6.28þ0.11−2.03−0.06 � 0

(< 14) [5]

B− → nΔþ 2.54þ2.91þ0.14−1.50−0.09 � 0.03 B̄0
s → nΣ�0 1.16þ1.33þ0.07−0.69−0.04 � 0

B− → Σ0Σ�þ 4.12þ4.70þ0.04−2.44−0.02 � 0.03 B̄0
s → Σ0Ξ�0 3.74þ4.27þ0.04−2.21−0.02 � 0

B− → Σ−Σ�0 0.05þ0.05þ0.05−0.03−0.03 � 0.003 B̄0
s → Σ−Ξ�− 0.08þ0.10þ0.10−0.05−0.06 � 0

B− → Ξ−Ξ�0 0.08þ0.09þ0.10−0.05−0.06 � 0.005 B̄0
s → Ξ−Ω− 0.22þ0.25þ0.25−0.13−0.16 � 0

B− → ΛΣ�þ 0.14þ0.52þ0.17−0.09−0.10 � 0.009 B̄0
s → ΛΞ�0 0.13þ0.47þ0.15−0.08−0.10 � 0

B̄0 → pΔþ 2.31þ6.37þ0.11−2.06−0.06 � 0.03 B̄0 → ΣþΣ�þ 0� 0� 0þ0.0001−0
B̄0 → nΔ0 2.35þ2.69þ0.13−1.39−0.08 � 0.03 B̄0 → Σ0Σ�0 1.91þ2.18þ0.02−1.13−0.01 � 0.01

B̄0 → Ξ0Ξ�0 0� 0� 0þ0.0001−0 B̄0 → Σ−Σ�− 0.09þ0.10þ0.10−0.05−0.06 � 0

B̄0 → Ξ−Ξ�− 0.07þ0.08þ0.09−0.04−0.05 � 0 B̄0 → ΛΣ�0 0.07þ0.24þ0.08−0.04−0.05 � 0.004

TABLE V. Same as Table II, but with ΔS ¼ −1, B̄q → BD̄ modes. The latest experimental results are given in parentheses.

Mode Bð10−8Þ Mode Bð10−8Þ
B− → ΣþΔþþ 5.75þ8.76þ7.04−3.94−4.16 � 0.02 B̄0 → ΣþΔþ 1.77þ2.70þ2.17−1.22−1.28 � 0

B− → Σ0Δþ 4.01þ5.07þ4.91−2.50−2.96 � 0.01 B̄0 → Σ0Δ0 3.71þ4.69þ4.54−2.32−2.74 � 0

B− → Σ−Δ0 2.15þ2.45þ2.56−1.27−1.57 � 0.006 B̄0 → Σ−Δ− 5.98þ6.80þ7.11−3.53−4.36 � 0

B− → Ξ0Σ�þ 2.32þ3.13þ2.46−1.48−1.55 � 0.006 B̄0 → Ξ0Σ�0 1.07þ1.45þ1.14−0.69−0.72 � 0

B− → Ξ−Σ�0 0.95þ1.08þ1.12−0.56−0.69 � 0.003 B̄0 → Ξ−Σ�− 1.75þ1.99þ2.08−1.03−1.27 � 0

B− → ΛΔþ 0.18þ0.23−0.11 � 0.005� 0 B̄0 → ΛΔ0 0.17þ0.21−0.10 � 0.004� 0

(< 82) [4] (< 93) [4]

B̄0
s → pΔþ 0� 0� 0þ0.00001−0 B̄0

s → ΣþΣ�þ 1.75þ2.67þ2.14−1.20−1.27 � 0.005

B̄0
s → nΔ0 0� 0� 0þ0.00001−0 B̄0

s → Σ0Σ�0 1.83þ2.31þ2.24−1.14−1.35 � 0.003

B̄0
s → Ξ0Ξ�0 2.11þ2.84þ2.23−1.35−1.41 � 0.006 B̄0

s → Σ−Σ�− 1.96þ2.23þ2.33−1.16−1.43 � 0

B̄0
s → Ξ−Ξ�− 1.72þ1.95þ2.04−1.01−1.25 � 0 B̄0

s → ΛΣ�0 0.08þ0.10−0.05 � 0.002� 0.0008
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for B− → ΣþΔþþ and B̄0 → Σ0Δ0. Note that B− → ΛΔþ is
lower than the experimental upper limit by one to two
orders of magnitudes.
Predictions on ΔS ¼ 0, B̄q → DB̄ decay rates are shown

in Table VI. Note that B− → Δ0p̄ and B̄0
s → Δ0Λ̄ decays

are modes that having all charge final states in cascade
decays and with rates of order 10−8. The former is one to two
orders of magnitudes below the present experimental limit.
Predictions on ΔS ¼ −1, B̄q → DB̄ decay rates are

shown in Table VII. Note that B̄0 → Σ�þp̄, Ω−Ξ− and
Ξ�0Λ̄ are modes that have all charge final states in cascade
decays and have rates of order 10−8.
Predictions on ΔS ¼ 0, B̄q → BB̄ decay rates are shown

in Table VIII. We see from the table that the B̄0 → pp̄
decay has the highest rate among modes that have all
charge final states in cascade decays. Although there are
rates higher than it, they require detection of π0 and/or γ for

observations. For example, the B̄0
s → Σ0Ξ0 decay rate is of

the order of 10−7, but one needs γ and π0 for detection. For
ΔS ¼ 0, B̄q → BB̄ decays, the B̄0 → pp̄ decay is the most
accessible mode among them. Therefore, it is not surprise
that it is the first B̄q → BB̄mode being found. Furthermore,

we note that B̄0 → Ξ−Ξ− and ΛΛ̄ decays having all charge
final states in cascade decays are predicted to be highly
suppressed. In fact, the latter is several orders of magni-
tudes below the present experimental limit. These predic-
tions can be checked experimentally.
Predictions on ΔS ¼ −1, B̄q → BB̄ decay rates are

shown in Table IX. The results can be summarized as
following. (i) B− → Λp̄, Ξ−Λ̄ and B̄0

s → ΛΛ̄, Ξ−Ξ− decays
are unsuppressed modes having all charge final states in
cascade decays. (ii) In fact, since B− → Λp̄ and B̄0

s → ΛΛ̄
decays having rates at 10−7 level and do not lose much in
producing pp̄π− (reduced 26%) and pp̄πþπ− (reduced
60%) final states, respectively, they are interesting modes to
search for. Indeed the predicted B− → Λp̄ rate is

TABLE VI. Same as Table II, but with ΔS ¼ 0, B̄q → DB̄ modes. The latest experimental result is given in the parenthesis.

Mode Bð10−8Þ Mode Bð10−8Þ
B− → Δ0p̄ 2.54þ2.90þ0.14−1.50−0.09 � 0.03 B̄0

s → ΔþΣþ 2.13þ2.44þ0.10−1.26−0.06 � 0

(<138) [5]

B− → Δ−n̄ 0.33þ0.37þ0.39−0.19−0.24 � 0.02 B̄0
s → Δ0Σ0 1.19þ1.37þ0.21−0.71−0.13 � 0

B− → Σ�0Σþ 1.08þ1.22þ0.06−0.64−0.04 � 0.013 B̄0
s → Δ−Σ− 0.28þ0.32þ0.33−0.16−0.20 � 0

B− → Σ�−Σ0 0.05þ0.05þ0.05−0.03−0.03 � 0.003 B̄0
s → Σ�0Ξ0 3.65þ4.16þ0.04−2.16−0.02 � 0

B− → Ξ�−Ξ0 0.08þ0.09þ0.10−0.05−0.06 � 0.005 B̄0
s → Σ�−Ξ− 0.08þ0.09þ0.10−0.05−0.06 � 0

B− → Σ�−Λ̄ 0.14þ0.16þ0.17−0.08−0.10 � 0.01 B̄0
s → Δ0Λ̄ 3.17þ3.61þ0.00−1.87−0.00 � 0

B̄0 → Δþp̄ 2.31þ2.65þ0.11−1.37−0.06 � 0.03 B̄0 → Σ�þΣþ 0� 0� 0þ0.0001−0
B̄0 → Δ0n̄ 8.99þ10.25þ0.10−5.31 −0.06 � 0.06 B̄0 → Σ�0Σ0 0.50þ0.57þ0.03−0.29−0.02 � 0.006

B̄0 → Ξ�0Ξ0 0� 0� 0þ0.0001−0 B̄0 → Σ�−Σ− 0.09þ0.10þ0.10−0.05−0.06 � 0

B̄0 → Ξ�−Ξ− 0.07þ0.08þ0.09−0.04−0.05 � 0 B̄0 → Σ�0Λ̄ 1.52þ1.74þ0.07−0.90−0.04 � 0.02

TABLE VII. Same as Table II, but with ΔS ¼ −1, B̄q → DB̄ modes.

Mode Bð10−8Þ Mode Bð10−8Þ
B− → Σ�0p̄ 1.36þ1.63þ1.43−0.81−0.91 � 0.004 B̄0 → Σ�þp̄ 1.82þ2.38þ2.23−1.16−1.32 � 0

B− → Σ�−n̄ 2.21þ2.52þ2.63−1.31−1.61 � 0.006 B̄0 → Σ�0n̄ 0.90þ1.39þ1.01−0.62−0.57 � 0

B− → Ξ�0Σþ 2.27þ2.73þ2.41−1.37−1.52 � 0.006 B̄0 → Ξ�0Σ0 1.05þ1.26þ1.11−0.63−0.70 � 0

B− → Ξ�−Σ0 0.93þ1.06þ1.10−0.55−0.68 � 0.003 B̄0 → Ξ�−Σ− 1.71þ1.95þ2.04−1.01−1.25 � 0

B− → Ω−Ξ0 4.81þ5.47þ5.72−2.84−3.51 � 0.014 B̄0 → Ω−Ξ− 4.44þ5.05þ5.27−2.62−3.24 � 0

B− → Ξ�−Λ̄ 2.88þ3.28þ3.42−1.70−2.10 � 0.008 B̄0 → Ξ�0Λ̄ 2.37þ3.09þ2.90−1.51−1.71 � 0

B̄0
s → Δþp̄ 0� 0� 0þ0.00001−0 B̄0

s → Σ�þΣþ 1.67þ2.18þ2.05−1.06−1.21 � 0.005

B̄0
s → Δ0n̄ 0� 0� 0þ0.00001−0 B̄0

s → Σ�0Σ0 1.75þ2.07þ2.14−1.05−1.29 � 0.003

B̄0
s → Ξ�0Ξ0 1.45þ2.22þ1.62−1.00−0.92 � 0.004 B̄0

s → Σ�−Σ− 1.88þ2.13þ2.23−1.11−1.37 � 0

B̄0
s → Ξ�−Ξ− 1.64þ1.86þ1.94−0.97−1.19 � 0 B̄0

s → Σ�0Λ̄ 0.08þ0.09þ0.00−0.05−0.00 � 0.001
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close to the present experimental upper limit. It could be the

second B̄ → BB̄ mode to be observed. (iii) Although B− →

Ξ−Σ0 has rate of the order of 10−7, it needs γ for detection.
We now comment on the B̄0

s → pp̄ mode. The predicted
rate is several order smaller than the present experimental
result, which, however, has large uncertainty. To accom-
modate the central value of the experimental result on
Bs → pp̄ rate, one need to scale jηj from 1 [see Eq. (56)] up

to 20.54. Although it is unlikely that for jηj to be enhanced
by factor 20, some enhancement is possible if final state
rescattering is present [42]. Note that the last entries of rates
for modes with vanishing central values in Tables VIII and
IX, scale with jηj2, while those with nonvanishing central
values, roughly scale with jηj. By naively scaling up jηj by a
factor of 20.54, we find that the contribution of the
“subleading terms” (term with η) will give rate five time

TABLE VIII. Same as Table II, but with ΔS ¼ 0, B̄q → BB̄ modes. The latest experimental results are given in parentheses under the
theoretical results.

Mode Bð10−8Þ Mode Bð10−8Þ
B− → np̄ 3.20þ3.69þ2.02þ0.11−1.90−1.23−0.10 B̄0

s → pΣþ 1.42þ3.91þ0.07−1.26−0.04 � 0

B− → Σ0Σþ 3.26þ3.92þ0.57þ0.12−1.98−0.35−0.11 B̄0
s → nΣ0 0.72þ0.83þ0.04−0.43−0.03 � 0

B− → Σ−Σ0 0.51þ0.78þ0.60þ0.05−0.35−0.37−0.05 B̄0
s → nΛ̄ 2.88þ3.44þ0.98−1.74−0.59 � 0

B− → Σ−Λ̄ 0.39þ0.44þ0.46þ0.02−0.23−0.28−0.02 B̄0
s → Σ0Ξ0 10.84þ12.40þ0.79−6.42−0.47 � 0

B− → Ξ−Ξ0 0.06þ0.07þ0.07þ0.004−0.04−0.04−0.004 B̄0
s → Σ−Ξ− 1.44þ1.67þ1.72−0.86−1.05 � 0

B− → ΛΣþ 0.39þ0.69þ0.46þ0.02−0.23−0.28−0.02 B̄0
s → ΛΞ0 0.09þ1.04þ0.10−0.07−0.06 � 0

B̄0 → pp̄ 1.47þ4.04þ0.07þ0.15−1.31−0.04−0.15 B̄0 → ΣþΣþ 0� 0� 0þ0.004−0
(1.47þ0.62þ0.35−0.51−0.14 )

a [2]

B̄0 → nn̄ 6.60þ7.98þ1.16þ0.11−4.01−0.70−0.11 B̄0 → Σ0Σ0 1.51þ1.82þ0.27þ0.09−0.92−0.16−0.09
B̄0 → Ξ0Ξ0 0� 0� 0þ0.0004−0 B̄0 → Σ−Σ− 0.94þ1.44þ1.11þ0.03−0.65−0.68−0.03
B̄0 → Ξ−Ξ− 0.06þ0.06þ0.07þ0.01−0.03−0.04−0.01 B̄0 → Σ0Λ̄ 4.10þ4.68þ0.19þ0.05−2.42−0.11−0.05
B̄0 → ΛΛ̄ 0þ0.33−0 � 0þ0.0007−0 B̄0 → ΛΣ0 0.18þ0.32þ0.21þ0.01−0.11−0.13−0.01

(< 32) [3]
aTaken as the input of our numerical analysis.

TABLE IX. Same as Table II, but with ΔS ¼ −1, B̄q → BB̄ modes. The latest experimental result is given in the parenthesis under the
theoretical results.

Mode Bð10−8Þ Mode Bð10−8Þ
B− → Σ0p̄ 0.88þ1.13þ0.93þ0.002−0.53−0.59−0.002 B̄0 → Σþp̄ 1.18þ1.81þ1.45−0.81−0.86 � 0

B− → Σ−n̄ 1.44þ1.64þ1.71þ0.004−0.85−1.05−0.004 B̄0 → Σ0n̄ 0.59þ1.26þ0.66−0.47−0.37 � 0

B− → Ξ0Σþ 32.54þ38.07þ39.22þ0.09−19.51−23.89−0.09 B̄0 → Ξ0Σ0 15.05þ17.61þ18.14−9.02 −11.05 � 0

B− → Ξ−Σ0 16.76þ19.33þ19.91þ0.05−9.97−12.21−0.05 B̄0 → Ξ0Λ̄ 1.68þ4.35þ2.06−1.46−1.22 � 0

B− → Ξ−Λ̄ 2.04þ4.55þ2.43þ0.01−1.68−1.49−0.01 B̄0 → Ξ−Σ− 31.00þ35.75þ36.83−18.44−22.59 � 0

B− → Λp̄ 18.78þ25.16þ22.80þ0.07−12.11−13.82−0.07 B̄0 → Λn̄ 16.68þ23.54þ20.48−11.06−12.26 � 0

(< 32) [3]

B̄0
s → pp̄ 0� 0� 0þ0.006−0 B̄0

s → ΣþΣþ 1.14þ1.75þ1.40þ0.16−0.78−0.83−0.15
(2.84þ2.03þ0.85−1.68−0.18 ) [2]

B̄0
s → nn̄ 0� 0� 0þ0.005−0 B̄0

s → Σ0Σ0 1.20þ1.51þ1.47þ0.16−0.75−0.88−0.15
B̄0
s → Ξ0Ξ0 18.23þ29.78þ22.29þ0.55−13.02−13.43−0.55 B̄0

s → Σ−Σ− 1.29þ1.46þ1.53þ0.15−0.76−0.94−0.14
B̄0
s → Ξ−Ξ− 19.55þ29.91þ23.22þ0.56−13.51−14.24−0.55 B̄0

s → Σ0Λ̄ 0.05þ0.13þ0.00þ0.001−0.04−0.00−0.001
B̄0
s → ΛΛ̄ 11.10þ15.01þ13.58þ0.46−7.20 −8.18 −0.45 B̄0

s → ΛΣ0 0.05þ0.07þ0.00þ0.001−0.03−0.00−0.001

CHARMLESS TWO-BODY BARYONIC Bu;d;s DECAYS … PHYSICAL REVIEW D 89, 056003 (2014)

056003-21



of the tree contribution in B̄0 → pp̄ rate.4 This is highly
unnatural and unlikely. We certainly need more data to
clarify the situation.
We give a summary of our suggestions before ending this

section. We shall concentrate on modes that will cascadely
decay to all charged final states and have large decay rates.

(i) For B̄q → DD̄, ΔS ¼ 0 decays, we have B̄0 → Δ0Δ0

and B̄0 → Σ�−Σ�− having rates at 10−8 level. (ii) For

ΔS ¼ −1, B̄q → DD̄ decays, B− → Σ�þΔþþ, Σ�−Δ0,

Ω−Ξ�0 and B̄0
s → Ω−Ω−, Ξ�0Ξ�0, Σ�−Σ�−, Σ�þΣ�þ decays

have rates ranging from 10−8 to 10−7, where the B̄0
s →

Ω−Ω− decay has the largest rate. (iii) For ΔS ¼ 0, B̄q →

BD̄ decays, the central value of the B− → pΔþþ rate is
only half of the experimental upper bound and should be
searchable in the near future, while another all charge final
state B̄0

s → pΣ�þ has rate at 10−8 order. (iv) For ΔS ¼ −1,
B̄q → BD̄ decays, B̄0 → Ξ−Σ�− decay rate is at 10−8 order.
(v) For ΔS ¼ 0, B̄q → DB̄ decays, B− → Δ0p̄ and B̄0

s →
Δ0Λ̄ decays have rates of order 10−8. (vi) For ΔS ¼ −1,
B̄q → DB̄ decays, B̄0 → Σ�−p̄,Ω−Ξ− and Ξ�0Λ̄ rates are at
the order of 10−8. (vii) For ΔS ¼ 0, B̄q → BB̄ decays,
B̄0 → pp̄ is the most accessible mode. It is not surprise that
it is the first B̄q → BB̄ mode being observed. (viii) For
ΔS ¼ −1, B̄q → BB̄ decays, B− → Λp̄ and B̄0

s → ΛΛ̄ have
rates at 10−7 level and do not lose much in producing pp̄π−
and pp̄πþπ− final states, respectively. They are interesting
modes to search for. The B− → Λp̄ decay could be the
second B̄ → BB̄ mode to be observed as its rate is close to
the present experimental upper limit. (ix) The predicted
B̄0
s → pp̄ rate is several order smaller than the present

experimental result. The central value of the experimental
result can be reproduced only with an unnaturally scaled up
jηj. By naively scaling up jηj, we find that the contribution
of the subleading terms (term with η) will give rate five time
of the tree contribution in B̄0 → pp̄ rate. We need more
data to clarify the situation.

IV. CONCLUSION

In this work, we study charmless two-body baryonic
Bu;d;s decays using the topological amplitude approach. We
extend previous work [9] to include all ground state octet
and decuplet final states with full topological amplitudes.
Relations on rates and CP asymmetries are obtained using
these amplitudes.
There are in general more than one tree and one penguin

amplitudes in the baryonic decays. However, by consider-
ing the chirality nature of weak interaction and asymptotic

relations [34], the number of independent amplitudes is
significantly reduced [9].
With the long awaited B̄0 → pp̄ data [2], we can

finally extract information on the topological amplitudes.
Using ratio of the Wilson coefficients, we estimate the
penguin to tree amplitude ratio and are able to predict
rates of all other modes in the asymptotic limit. Corrections
to the amplitudes by relaxing the asymptotic relations
and including subleading contributions are estimated.
The predicted rates on decay rates are in general with
uncertainties of a factor of 2.
We point out some modes that will cascadely decay to all

charged final states and have large decay rates. (i) For

B̄q → DD̄, ΔS ¼ 0 decays, we have B̄0 → Δ0Δ0 and B̄0 →
Σ�−Σ�− having rates at 10−8 level. (ii) For ΔS ¼ −1, B̄q →

DD̄ decays, B− → Σ�þΔþþ, Σ�−Δ0, Ω−Ξ�0 and

B̄0
s → Ω−Ω−, Ξ�0Ξ�0, Σ�−Σ�−, Σ�þΣ�þ decays have rates

ranging from 10−8 to 10−7, where the B̄0
s → Ω−Ω− decay

has the largest rate. (iii) For ΔS ¼ 0, B̄q → BD̄ decays,

B̄0
s → pΣ�þ has rate at 10−8 order, while the predicted

B− → pΔþþ rate is close to the experimental upper bound
and should be searchable in the near future. (iv) For
ΔS ¼ −1, B̄q → BD̄ decays, B̄0 → Ξ−Σ�− decay rate is
at 10−8 order. (v) For ΔS ¼ 0, B̄q → DB̄ decays, B− →
Δ0p̄ and B̄0

s → Δ0Λ̄ decays have rates of order 10−8.
(vi) For ΔS ¼ −1, B̄q → DB̄ decays, B̄0 → Σ�−p̄, Ω−Ξ−
and Ξ�0Λ̄ rates are at the order of 10−8. (vii) For ΔS ¼ 0,
B̄q → BB̄ decays, B̄0 → pp̄ is the most accessible mode. It
is not surprise that it is the first B̄q → BB̄ mode being
found. (viii) For ΔS ¼ −1, B̄q → BB̄ decays, B− → Λp̄
and B̄0

s → ΛΛ̄ have rates at 10−7 level and do not lost much
in cascade decays. They are interesting modes to search for.
In fact, the B− → Λp̄ decay could be the second B̄ → BB̄
mode to be observed as its rate is close to the present
experimental upper limit.
With the detection of π0 and/or γ many other

unsuppressed modes can be searched for.
The predicted B̄0

s → pp̄ rate is several order smaller than
the present experimental result. The central value of the
experimental result can be reproduced only with an
unnaturally scaled up jηj. By naively scaling up jηj, we
find that the contribution of the subleading terms (term
with η) will give rate five time of the tree contribution in
B̄0 → pp̄ rate. We need more data to clarify the situation.
The analysis presented in this work can be systematically

improved when more measurements on decay rates become
available.
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APPENDIX A: ASYMPTOTIC RELATIONS
IN THE LARGE mB LIMIT

In this appendix we summarize the main procedures
to obtain asymptotic relations as in Ref. [14] and further
extend it to include discussion on electroweak penguins.
In general the decay amplitudes of B̄ to final states with
octet baryon (B) and decuplet baryons (D) can be expressed
as [19]

AðB̄ → B1B̄2Þ ¼ ū1ðABB̄ þ γ5BBB̄Þv2;

AðB̄ → D1B̄2Þ ¼ i
qμ

mB
ūμ1ðADB̄ þ γ5BDB̄Þv2;

AðB̄ → B1D̄2Þ ¼ i
qμ

mB
ū1ðABD̄ þ γ5BBD̄Þvμ2;

AðB̄ → D1D̄2Þ ¼ ūμ1ðADD̄ þ γ5BDD̄Þv2μ
þ qμqν

m2
B
ūμ1ðCDD̄ þ γ5DDD̄Þv2ν; (A1)

where q ¼ p1 − p2 and uμ, vμ are the Rarita-Schwinger
vector spinors for a spin-3

2
particle. The vector spinor

can be expressed as [43] uμð� 3
2
Þ ¼ ϵμð�1Þuð� 1

2
Þ and

uμð� 1
2
Þ ¼ ðϵμð�1Þuð∓ 1

2
Þ þ ffiffiffi

2
p

ϵμð0Þuð� 1
2
ÞÞ= ffiffiffi

3
p

, where
ϵμðλÞ and uðsÞ are the usual polarization vector and spinor,
respectively. By using q · ϵðλÞ1;2 ¼ ∓δλ;0mBpc=m1;2,
where pc is the baryon momentum in the B rest frame
and the fact that ϵ�1ð0Þ · ϵ2ð0Þ ¼ ðm2

B −m2
1 −m2

2Þ=2m1m2

is the largest product among ϵ�1ðλ1Þ · ϵ2ðλ2Þ, we have

AðB̄ → D1B̄2Þ ¼ −i
ffiffiffi
2

3

r
pc

m1

ū1ðADB̄ þ γ5BDB̄Þv2;

AðB̄ → B1D̄2Þ ¼ i

ffiffiffi
2

3

r
pc

m2

ū1ðABD̄ þ γ5BBD̄Þv2;

AðB̄ → D1D̄2Þ≃ m2
B

3m1m2

ū1ðA0
DD̄ þ γ5B0

DD̄Þv2; (A2)

where A0
DD̄ ¼ ADD̄ − 2ðpc=mBÞ2CDD̄ and B0

DD̄ ¼ BDD̄ −
2ðpc=mBÞ2DDD̄ and decuplets can only be in � 1

2
-helicity

states. All four B̄ → B1B̄2 (BB̄ ¼ BB̄, DB̄, BD̄, DD̄)
decays can be effectively expressed as

AðB̄ → B1B̄2Þ ¼ ū1ðAþ γ5BÞv2: (A3)

The chiral structure of weak interaction provides further
information on A and B. For example, in the ΔS ¼ 0
processes, we have either b → uLūRdL or b →
qLðRÞq̄RðLÞdL decays, therefore the produced dL quark is
left handed. Furthermore, as strong interaction is chirality
conserving, the pop up quark pair q0q̄0 should have
q0LðRÞq̄

0
RðLÞ. From the conservation of helicity, the produced

baryon must be in a left-helicity state and the produced
antibaryon must be in a right-helicity state. In large mB
limit, as the spinor helicity identify to chirality, we should
have B → −A in above equations.
We follow Refs. [14,34] to obtain the asymptotic

relations for these coefficients (A and B). As noted we
only need to consider helicity� 1

2
states. The wave function

of a right-handed (helicity ¼ 1
2
) baryon can be expressed as

jB;↑i ∼ 1ffiffiffi
3

p ðjB;↑↓↑i þ jB;↑↑↓i þ jB;↓↑↑iÞ; (A4)

i.e. composed of 13-, 12- and 23-symmetric terms, respec-
tively. For B ¼ p, n, Σ0, Λ, we have

jΔþþ;↑↓↑i ¼ uð1Þuð2Þuð3Þj↑↓↑i; jΔ−;↑↓↑i ¼ dð1Þdð2Þdð3Þj↑↓↑i;

jΔþ;↑↓↑i ¼ 1ffiffiffi
3

p ½uð1Þuð2Þdð3Þ þ uð1Þdð2Þuð3Þ þ dð1Þuð2Þuð3Þ�j↑↓↑i;

jΔ0;↑↓↑i ¼ ðjΔþ;↑↓↑i with u↔dÞ; jΣ�þ;↑↓↑i ¼ ðjΔþ;↑↓↑i with d↔sÞ;

jΣ�0;↑↓↑i ¼ 1ffiffiffi
6

p ½uð1Þdð2Þsð3Þ þ permutation�j↑↓↑i;

jp;↑↓↑i ¼
�
dð1Þuð3Þ þ uð1Þdð3Þffiffiffi

6
p uð2Þ −

ffiffiffi
2

3

r
uð1Þdð2Þuð3Þ

�
j↑↓↑i;

jn;↑↓↑i ¼ ð−jp;↑↓↑i with u↔dÞ;

jΣ0;↑↓↑i ¼
�
− uð1Þdð3Þ þ dð1Þuð3Þffiffiffi

3
p sð2Þ þ uð2Þdð3Þ þ dð2Þuð3Þ

2
ffiffiffi
3

p sð1Þ þ uð1Þdð2Þ þ dð1Þuð2Þ
2

ffiffiffi
3

p sð3Þ
�
j↑↓↑i;

jΛ;↑↓↑i ¼
�
dð2Þuð3Þ − uð2Þdð3Þ

2
sð1Þ þ uð1Þdð2Þ − dð1Þuð2Þ

2
sð3Þ

�
j↑↓↑i; (A5)
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for the corresponding jB;↑↓↑i parts, while the 12- and
23-symmetric parts can be obtained by permutation.
Following Ref. [34] and using the above helicity argu-

ment, asymptotically we have

hBðp1ÞjOjB̄B0ðp2Þi ¼ ūðp1Þ
�
1 − γ5

2
FðtÞ

�
uðp2Þ;

FðtÞ ¼
X

i¼T;PL;PR

eiðB0 − B −BÞFiðtÞ;

(A6)

where O are the operators in Heff . For simplicity, we
illustrate with the spacelike case. Note that the above
equation is obtained in the large tð¼ ðp1 − p2Þ2Þ limit,
where we may take a largemB limit. Quark mass dependent
terms are subleading and are neglected.
As shown in Fig. 2(a) the B0ðq0RuLqRÞ − B̄ðq̄0LbÞ −

BðuLdLqRÞ coupling is governed by the the tree operator
ðūbÞV−Aðd̄uÞV−A. The corresponding coefficient eTðB0 −
B̄ −BÞ is given by

eTðB0− B̄−BÞ
¼hB;↓↓↑jQ½q0Rð1Þ→uLð1Þ;uLð2Þ→dLð2Þ�jB0;↑↓↑i
þhB;↑↓↓jQ½q0Rð3Þ→uLð3Þ;uLð2Þ→dLð2Þ�jB0;↑↓↑i;

(A7)

where Q½q0Rð1ð3ÞÞ → uLð1; 3Þ; uLð2Þ → dLð2Þ� changes
the parallel spin q0ð1ð3ÞÞj↑i ⊗ uð2Þj↓i part of jB0;↑↓↑i
to the uð1ð3ÞÞj↓i ⊗ dð2Þj↓i part.
Similarly coefficients ePL;PR

ðB0 − B̄ −BÞ for the
B0ðq0RqLq00RÞ − B̄ðq̄0LbÞ −BðdLqLq00RÞ and B0ðq0RqRq00LÞ −
B̄ðq̄0LbÞ −BðdLqRq00LÞ couplings governed respectively
by the penguin operators ðd̄bÞV−Aðq̄qÞV∓A are given by

ePL
ðB0 − B̄ −BÞ ¼ hB;↓↓↑jQ½q0Rð1Þ → dLð1Þ; qLð2Þ

→ qLð2Þ�jB0;↑↓↑i
þ hB;↑↓↓jQ½q0Rð3Þ → dLð3Þ; qLð2Þ

→ qLð2Þ�jB0;↑↓↑i;
ePðB0 − B̄ −BÞ≡ ePL

ðB0 − B̄ −BÞ ¼ ePR
ðB0 − B̄ −BÞ:

(A8)

The corresponding diagram is shown in Fig. 2(b). Note
that that ePL

is similar to eT with the q0Rð1; 3Þ → uLð1; 3Þ
and uLð2Þ → dLð2Þ operations replaced by the q0Rð1; 3Þ →
dLð1; 3Þ and qLð2Þ → qLð2Þ operations, respectively. The
equality of ePR

and ePL
can be understood by inter

changing q↔q00 in B0ðq0RqLq00RÞ − B̄ðq̄0LbÞ −BðdLqLq00RÞ
and B0ðq0RqRq00LÞ − B̄ðq̄0LbÞ −BðdLqRq00LÞ. The coefficients
for the jΔSj ¼ 1 case can be obtained by the suitable
replacement of dL → sL in the B content in Eqs. (A7),
(A8). Similarly for electroweak penguin, we have

FIG. 2. (a) Tree, (b) penguin, and (c) electroweak penguin B0 − B̄ − B diagrams in the asymptotic limit.
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eEWPL
ðB0−B̄−BÞ

¼QðqÞ½hB;↓↓↑jQ½q0Rð1Þ→dLð1Þ;qLð2Þ→qLð2Þ�jB0;↑↓↑i
þhB;↑↓↓jQ½q0Rð3Þ→dLð3Þ;qLð2Þ→qLð2Þ�jB0;↑↓↑i�;
eEWPðB0−B̄−BÞ
≡eEWPL

ðB0−B̄−BÞ¼eEWPR
ðB0−B̄−BÞ; (A9)

where QðqÞ is the electric charge of quark q. Note that
we do not include factor 3=2 in the above formulas. The
corresponding diagram is shown in Fig. 2(c).
By using the above equations, it is straightforward

to obtain the coefficients of various modes as shown
in Table X. Comparing these results to the decay
amplitudes in terms of topological amplitudes, we
obtain the asymptotic amplitudes shown in Eqs. (38)
and (39).

APPENDIX B: INDEPENDENT
AMPLITUDES

The number of independent amplitudes are in general
less then the one of topological amplitudes. In this
appendix we express decay amplitudes in terms of
independent amplitudes. Although the physical interpre-
tations and size estimations of these independent ampli-
tudes are not as clear as the topological amplitudes, they
are useful in finding relations of decay amplitudes,
where some examples are given in Sec. III. A. Readers
can use the following expressions to work out additional
relations.
For B̄q → DD̄ decays, we have

ffiffiffi
2

p
AðB− → Δ−Δ0Þ ¼

ffiffiffi
3

p
AðB− → Σ�−Σ�0Þ

¼
ffiffiffi
6

p
AðB− → Ξ�−Ξ�0Þ≡ ffiffiffi

6
p

AA;

AðB− → Δ0ΔþÞ ¼
ffiffiffi
2

p
AðB− → Σ�0Σ�þÞ

¼ AT − AP þ 2AA;

AðB− → ΔþΔþþÞ ¼
ffiffiffi
3

p
ðAT − AP þ AAÞ; (B1)

AðB0 → Ξ�0Ξ�0Þ≡ AE;

AðB0 → Ξ�−Ξ�−Þ ¼ AP þ APA;

2AðB0 → Σ�0Σ�0Þ ¼ AT þ AP þ 2AE;

AðB0 → Ω−Ω−Þ≡ APA;

AðB0 → ΔþþΔþþÞ ¼ 3AE − 2APA;

AðB0 → Σ�þΣ�þÞ ¼ 2AE − APA;

AðB0 → Δ−Δ−Þ ¼ 3AP þ APA;

AðB0 → Σ�−Σ�−Þ ¼ 2AP þ APA;

AðB0 → ΔþΔþÞ ¼ AT þ 2AE − APA;

AðB0 → Δ0Δ0Þ ¼ AT þ AP þ AE; (B2)

and

ffiffiffi
2

p
AðB0

s → Δ0Σ�0Þ ¼
ffiffiffi
2

p
AðB0

s → Σ�0Ξ�0Þ ¼ AT þ AP;

2AðB0
s → Δ−Σ�−Þ ¼ 2AðB0

s → Ξ�−Ω−Þ
¼

ffiffiffi
3

p
AðB0

s → Σ�−Ξ�−Þ≡ 2
ffiffiffi
3

p
AP;

AðB0
s → ΔþΣ�þÞ≡ AT; (B3)

TABLE X. The coefficients eT;PðB0 − B̄ −BÞ for various modes obtained from Eqs. (A7), (A8) and (A9).

B0 − B̄ − B eT eP eEWP B0 − B̄ − B eT eP eEWP

Σ�0 − B̄0 − Σ�0 1=3 2=3 1=9 Δ0 − B− − Δ− 0 2=
ffiffiffi
3

p −2=3 ffiffiffi
3

p

Δþ − B− − Δ0 2=3 4=3 2=9 Δþ − B− − Σ�0 ffiffiffi
2

p
=3 2

ffiffiffi
2

p
=3

ffiffiffi
2

p
=9

Δþþ − B− − p
ffiffiffiffiffiffiffiffi
2=3

p ffiffiffiffiffiffiffiffi
2=3

p
2

ffiffiffi
2

p
=3

ffiffiffi
3

p
Σ�0 − B̄0 − Λ 0 −1= ffiffiffi

6
p

1=3
ffiffiffi
6

p

Δþ − B̄0 − p
ffiffiffi
2

p
=3

ffiffiffi
2

p
=3 2

ffiffiffi
2

p
=9 Δþ − B− − n − ffiffiffi

2
p

=3
ffiffiffi
2

p
=3 −4 ffiffiffi

2
p

=9

Σ�þ − B̄0
s − p

ffiffiffi
2

p
=3

ffiffiffi
2

p
=3 2

ffiffiffi
2

p
=9 Δþ − B− − Σ0 1=3 2=3 1=9

p − B− − Δ0
ffiffiffi
2

p
=3 − ffiffiffi

2
p

=3 4
ffiffiffi
2

p
=9 p − B̄0 − Δþ ffiffiffi

2
p

=3
ffiffiffi
2

p
=3 2

ffiffiffi
2

p
=9

n − B− − Δ− 0 − ffiffiffiffiffiffiffiffi
2=3

p ffiffiffi
2

p
=3

ffiffiffi
3

p
Λ − B̄0 − Σ�0 −1= ffiffiffi

6
p −1= ffiffiffi

6
p − ffiffiffi

2
p

=3
ffiffiffi
3

p

p − B− − Σ�0 1=3 −1=3 4=9 n − B̄0 − Σ�0 2=3 1=3 5=9

p − B̄0 − p 1=3 1=3 2=9 p − B− − n −1=3 −5=3 2=9

n − B̄0 − n −2=3 −4=3 −2=9 Λ − B̄0 − Σ0 1=
ffiffiffi
3

p
1=

ffiffiffi
3

p
2=3

ffiffiffi
3

p

Σ0 − B̄0 − Σ0 −1=3 −2=3 −1=9 Σ0 − B̄0 − Λ 0 1=
ffiffiffi
3

p −1=3 ffiffiffi
3

p

Λ − B̄0 − Λ 0 0 0 n − B̄0 − Λ
ffiffiffiffiffiffiffiffi
2=3

p ffiffiffiffiffiffiffiffi
3=2

p
1=

ffiffiffi
6

p

p − B− − Σ0 1=3
ffiffiffi
2

p −1=3 ffiffiffi
2

p
2

ffiffiffi
2

p
=9 p − B− − Λ 1=

ffiffiffi
6

p ffiffiffiffiffiffiffiffi
3=2

p
0
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where these AT;P;A;E;PA can be easily read out by comparing
the decay amplitudes to those shown in Sec. II. B. It is
important to stress that the labels T, P, A, E, PA of these As
are for the purpose of bookkeeping, they not necessarily
correspond to tree, penguin, annihilation, exchange and
penguin annihilation amplitudes. These remarks are also
true for the following discussion. Note that there are only
five independent amplitudes for these modes.
Similarly for ΔS ¼ −1 transition, we have

ffiffiffi
2

p
AðB− → Σ�0ΔþÞ ¼ AðB− → Ξ�0Σ�þÞ

¼ A0
T − A0

P þ 2A0
A;ffiffiffi

6
p

AðB− → Σ�−Δ0Þ ¼
ffiffiffi
2

p
AðB− → Ω−Ξ�0Þ

¼
ffiffiffi
3

p
AðB− → Ξ�−Σ�0Þ ¼

ffiffiffi
6

p
A0
A;

AðB− → Σ�þΔþþÞ ¼
ffiffiffi
3

p
ðA0

T − A0
P þ A0

AÞ; (B4)

ffiffiffi
2

p
AðB̄0 → Σ�0Δ0Þ ¼

ffiffiffi
2

p
AðB̄0 → Ξ�0Σ�0Þ ¼ ðA0

T þ A0
PÞ;

2AðB̄0 → Σ�−Δ−Þ ¼ 2AðB̄0 → Ξ�−Σ�−Þ
¼

ffiffiffi
3

p
AðB̄0 → Ω−Ξ�−Þ ¼ 2

ffiffiffi
3

p
A0
P;

AðB̄0 → Σ�þΔþÞ ¼ A0
T; (B5)

and

AðB̄0
s → Δ0Δ0Þ ¼ A0

E; AðB̄0
s → Δ−Δ−Þ ¼ A0

PA;

2AðB̄0
s → Σ�0Σ�0Þ ¼ A0

T þ A0
P þ 2A0

E;

AðB̄0
s → Σ�−Σ�−Þ ¼ A0

P þ A0
PA;

AðB̄0
s → ΔþþΔþþÞ ¼ 3A0

E − 2A0
PA;

AðB̄0
s → ΔþΔþÞ ¼ 2A0

E − A0
PA;

AðB̄0
s → Σ�þΣ�þÞ ¼ A0

T þ 2A0
E − A0

PA;

AðB̄0
s → Ξ�0Ξ�0Þ ¼ A0

T þ A0
P þ A0

E;

AðB̄0
s → Ξ�−Ξ�−Þ ¼ 2A0

P þ A0
PA;

AðB̄0
s → Ω−Ω−Þ ¼ 3A0

P þ A0
PA: (B6)

There are five independent amplitudes.
For B̄q → BD̄ decays, we have

AðB− → nΔþÞ ¼
ffiffiffi
2

p
ðB1T þ BP − BAÞ;

AðB− → Σ0Σ�þÞ ¼ B2T − BP;ffiffiffi
2

p
BA ≡ AðB− → Ξ−Ξ�0Þ

¼
ffiffiffi
2

p
AðB− → Σ−Σ�0Þ;ffiffiffi

3
p

AðB− → ΛΣ�þÞ ¼ −2B1T þ B2T − 3BP þ 3BA;

AðB− → pΔþþÞ ¼
ffiffiffi
6

p
ðB1T − B2T þ 2BP − BAÞ; (B7)

AðB̄0 → nΔ0Þ ¼
ffiffiffi
2

p
ðB1T − BEÞ;ffiffiffi

2
p

AðB̄0 → Σ0Σ�0Þ ¼ B2T − BE;ffiffiffi
2

p
BP ≡ AðB̄0 → Σ−Σ�−Þ ¼ AðB̄0 → Ξ−Ξ�−Þ;ffiffiffi
2

p
BE ≡ AðB̄0 → ΣþΣ�þÞ ¼ AðB̄0 → Ξ0Ξ�0Þ;

AðB̄0 → pΔþÞ ¼
ffiffiffi
2

p
ðB1T − B2T þ BP − BEÞ;ffiffiffi

6
p

AðB̄0 → ΛΣ�0Þ ¼ −2B1T þ B2T þ 3BE; (B8)

and

B1T ≡ AðB̄0
s → nΣ�0Þ;

B2T ≡ AðB̄0
s → Σ0Ξ�0Þ;ffiffiffi

3
p

AðB̄0
s → Σ−Ξ�−Þ ¼ AðB̄0

s → Ξ−Ω−Þ ¼
ffiffiffi
6

p
BP;

AðB̄0
s → pΣ�þÞ ¼

ffiffiffi
2

p
ðB1T − B2T þ BPÞ;ffiffiffi

3
p

AðB̄0
s → ΛΞ�0Þ ¼ −2B1T þ B2T; (B9)

where we have five independent amplitudes for these
modes. Those for jΔSj ¼ 1 transitions are given by

AðB− → ΣþΔþþÞ ¼ − ffiffiffi
6

p
ðB0

1T − B0
2T þ 2B0

P − B0
AÞ;ffiffiffi

2
p

AðB− → Σ0ΔþÞ ¼ B0
1T − B0

2T þ 2B0
P − 2B0

A;

AðB− → Ξ0Σ�þÞ ¼ − ffiffiffi
2

p
ðB0

1T þ B0
P − B0

AÞ;ffiffiffi
2

p
AðB− → Ξ−Σ�0Þ ¼ AðB− → Σ−Δ0Þ ¼ − ffiffiffi

2
p

B0
A;ffiffiffi

3
p

AðB− → ΛΔþÞ ¼ −B0
1T − B0

2T; (B10)

AðB̄0 → ΣþΔþÞ ¼ − ffiffiffi
2

p
ðB0

1T − B0
2T þ B0

PÞ;
AðB̄0 → Σ0Δ0Þ ¼ B0

1T − B0
2T;

AðB̄0 → Ξ0Σ�0Þ ¼ −B0
1T;ffiffiffi

3
p

AðB̄0 → Ξ−Σ�−Þ ¼ AðB̄0 → Σ−Δ−Þ ¼ − ffiffiffi
6

p
B0
P;ffiffiffi

3
p

AðB̄0 → ΛΔ0Þ ¼ −B0
1T − B0

2T; (B11)

and

AðB̄0
s → pΔþÞ ¼ AðB̄0

s → nΔ0Þ ¼ − ffiffiffi
2

p
B0
E;

AðB̄0
s → ΣþΣ�þÞ ¼ − ffiffiffi

2
p

ðB0
1T − B0

2T þ B0
P − B0

EÞ;ffiffiffi
2

p
AðB̄0

s → Σ0Σ�0Þ ¼ B0
1T − 2B0

2T − B0
E;

AðB̄0
s → Σ−Σ�−Þ ¼ AðB̄0

s → Ξ−Ξ�−Þ ¼ − ffiffiffi
2

p
B0
P;

AðB̄0
s → Ξ0Ξ�0Þ ¼ − ffiffiffi

2
p

ðB0
1T − B0

EÞ;ffiffiffi
6

p
AðB̄0

s → ΛΣ�0Þ ¼ −B0
1T − B0

2T þ 3B0
E: (B12)
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For B̄q → DB̄ decays, we have

AðB− → Δ0p̄Þ ¼ − ffiffiffi
2

p
AðB− → Σ�0ΣþÞ

¼
ffiffiffi
2

p
ðC1T − CP þ CAÞ;

AðB− → Δ−n̄Þ ¼ − ffiffiffi
3

p
AðB− → Ξ�−Ξ0Þ

¼
ffiffiffi
6

p
AðB− → Σ�−Σ0Þ

¼ − ffiffiffi
2

p
AðB− → Σ�−Λ̄Þ ¼

ffiffiffi
6

p
CA; (B13)

AðB̄0 → Δþp̄Þ ¼
ffiffiffi
2

p
ðC2T þ CP − CEÞ;ffiffiffi

2
p

AðB̄0 → Σ�0Σ0Þ ¼ C1T − CE;ffiffiffi
3

p
AðB̄0 → Σ�−Σ−Þ ¼

ffiffiffi
3

p
AðB̄0 → Ξ�−Ξ−Þ

¼ −AðB̄0
s → Δ−Σ−Þ

¼ − ffiffiffi
3

p
AðB̄0

s → Σ�−Ξ−Þ ¼
ffiffiffi
6

p
CP;

AðB̄0 → Σ�þΣþÞ ¼ AðB̄0 → Ξ�0Ξ0Þ ¼
ffiffiffi
2

p
CE;

AðB̄0 → Δ0n̄Þ ¼
ffiffiffi
2

p
ðC1T þ C2T − CEÞ;ffiffiffi

6
p

AðB̄0 → Σ�0Λ̄Þ ¼ C1T þ 2C2T − 3CE; (B14)

and

AðB̄0
s → ΔþΣþÞ ¼ − ffiffiffi

2
p

ðC2T þ CPÞ;
AðB̄0

s → Δ0Σ0Þ ¼ C2T;

AðB̄0
s → Σ�0Ξ0Þ ¼ −ðC1T þ C2TÞ;ffiffiffi

3
p

AðB̄0
s → Δ0Λ̄Þ ¼ −ð2C1T þ C2TÞ; (B15)

where we have five independent amplitudes. Similarly, the
amplitudes for jΔSj ¼ 1 transitions are given by

ffiffiffi
2

p
AðB− → Σ�0p̄Þ ¼ −AðB− → Ξ�0ΣþÞ

¼
ffiffiffi
2

p
ðC0

1T − C0
P þ C0

AÞ;ffiffiffi
3

p
AðB− → Σ�−n̄Þ ¼

ffiffiffi
6

p
AðB− → Ξ�−Σ0Þ

¼ −AðB− → Ω−Ξ0Þ
¼ − ffiffiffi

2
p

AðB− → Ξ�−Λ̄Þ ¼
ffiffiffi
6

p
C0
A;

(B16)

AðB̄0 → Σ�þp̄Þ ¼
ffiffiffi
2

p
ðC0

2T þ C0
PÞ;

AðB̄0 → Σ�0n̄Þ ¼ C0
1T þ C0

2T;

AðB̄0 → Ξ�0Σ0Þ ¼ C0
1T;ffiffiffi

3
p

AðB̄0 → Ξ�−Σ−Þ ¼ AðB̄0 → Ω−Ξ−Þ
¼ − ffiffiffi

3
p

AðB̄0
s → Σ�−Σ−Þ

¼ − ffiffiffi
3

p
AðB̄0

s → Ξ�−Ξ−Þ ¼
ffiffiffi
6

p
C0
P;ffiffiffi

3
p

AðB̄0 → Ξ�0Λ̄Þ ¼ −ðC0
1T þ 2C0

2TÞ; (B17)

and

AðB̄0
s → Δþp̄Þ ¼ AðB̄0

s → Δ0n̄Þ ¼ − ffiffiffi
2

p
C0
E;

AðB̄0
s → Σ�þΣþÞ ¼ − ffiffiffi

2
p

ðC0
2T þ C0

P − C0
EÞ;ffiffiffi

2
p

AðB̄0
s → Σ�0Σ0Þ ¼ C0

2T − C0
E;

AðB̄0
s → Ξ�0Ξ0Þ ¼ − ffiffiffi

2
p

ðC0
1T þ C0

2T − C0
EÞ;ffiffiffi

6
p

AðB̄0
s → Σ�0Λ̄Þ ¼ −ð2C0

1T þ C0
2T − 3C0

EÞ: (B18)

For B̄q → BB̄ decays, we have

AðB− → np̄Þ ¼ −D1T þDP þD1A;ffiffiffi
2

p
AðB− → Σ0ΣþÞ ¼ 2D3T −DP −D1A þD2A;ffiffiffi
2

p
AðB− → Σ−Σ0Þ ¼ D1A −D2A;ffiffiffi
6

p
AðB− → Σ−Λ̄Þ ¼ D1A þD2A;

AðB− → Ξ−Ξ0Þ ¼ D2A;ffiffiffi
6

p
AðB− → ΛΣþÞ ¼ −2D1T þ 2D3T

þDP þD1A þD2A; (B19)

AðB̄0 → pp̄Þ ¼ −D2T þ 2D4T þD1E þD2E;

AðB̄0 → nn̄Þ ¼ −D1T −D2T þD2E;

AðB̄0 → ΣþΣþÞ ¼ D1E þD2E;

2AðB̄0 → Σ0Σ0Þ ¼ −2D3T þD1E þD2E þDPA;

2
ffiffiffi
3

p
AðB̄0 → Σ0Λ̄Þ ¼ 2D3T þ 4D4T þD1E −D2E þDPA;

AðB̄0 → Σ−Σ−Þ ¼ −DP þDPA;

AðB̄0 → Ξ0Ξ0Þ ¼ D2E;

AðB̄0 → Ξ−Ξ−Þ ¼ DPA;

2
ffiffiffi
3

p
AðB̄0 → ΛΣ0Þ ¼ 2D1T − 2D3T þD1E −D2E þDPA;

6AðB̄0 → ΛΛ̄Þ ¼ −2D1T − 4D2T þ 2D3T

þ 4D4T þD1E þ 5D2E þDPA;

(B20)

and

AðB̄0
s → pΣþÞ ¼ D2T − 2D4T;ffiffiffi

2
p

AðB̄0
s → nΣ0Þ ¼ −D2T;ffiffiffi

6
p

AðB̄0
s → nΛ̄Þ ¼ 2D1T þD2T;

AðB̄0
s → Σ0Ξ0Þ ¼

ffiffiffi
2

p
ðD3T þD4TÞ;

AðB̄0
s → Σ−Ξ−Þ ¼ −DP;ffiffiffi

3
p

AðB̄0
s → ΛΞ0Þ ¼

ffiffiffi
2

p
ð−D1T −D2T þD3T þD4TÞ;

(B21)
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where we need ten independent amplitudes for these
modes. Similarly the amplitudes for jΔSj ¼ 1 transitions
are given by

ffiffiffi
2

p
AðB− → Σ0p̄Þ ¼ −D0

1T þ 2D0
3T þD0

2A;

AðB− → Σ−n̄Þ ¼ D0
2A;

AðB− → Ξ0ΣþÞ ¼ −D0
1T þD0

P þD0
1A;ffiffiffi

2
p

AðB− → Ξ−Σ0Þ ¼ D0
1A;ffiffiffi

6
p

AðB− → Ξ−Λ̄Þ ¼ D0
1A − 2D0

2A;ffiffiffi
6

p
AðB− → Λp̄Þ ¼ D0

1T þ 2D0
3T − 2D0

P − 2D0
1A þD0

2A;

(B22)

AðB̄0 → Σþp̄Þ ¼ D0
2T − 2D0

4T;ffiffiffi
2

p
AðB̄0 → Σ0n̄Þ ¼ −D0

1T −D0
2T þ 2D0

3T þ 2D0
4T;ffiffiffi

2
p

AðB̄0 → Ξ0Σ0Þ ¼ D0
1T;ffiffiffi

6
p

AðB̄0 → Ξ0Λ̄Þ ¼ −D0
1T − 2D0

2T;

AðB̄0 → Ξ−Σ−Þ ¼ −D0
P;ffiffiffi

6
p

AðB̄0 → Λn̄Þ ¼ D0
1T þD0

2T þ 2D0
3T þ 2D0

4T; (B23)

and

AðB̄0
s → pp̄Þ ¼ D0

1E þD0
2E;

AðB̄0
s → nn̄Þ ¼ D0

2E;

AðB̄0
s → ΣþΣþÞ ¼ −D0

2T þ 2D0
4T þD0

1E þD0
2E;

2AðB̄0
s → Σ0Σ0Þ ¼ −D0

2T þ 2D0
4T þD0

1E þD0
2E þD0

PA;

2
ffiffiffi
3

p
AðB̄0

s → Σ0Λ̄Þ ¼ 2D0
1T þD0

2T − 4D0
3T − 2D0

4T

þD0
1E −D0

2E þD0
PA;

AðB̄0
s → Σ−Σ−Þ ¼ D0

PA;

AðB̄0
s → Ξ0Ξ0Þ ¼ −D0

1T −D0
2T þD0

2E;

AðB̄0
s → Ξ−Ξ−Þ ¼ −D0

P þD0
PA;

2
ffiffiffi
3

p
AðB̄0

s → ΛΣ0Þ ¼ D0
2T þ 2D0

4T þD0
1E −D0

2E þD0
PA;

6AðB̄0
s → ΛΛ̄Þ ¼ −2D0

1T −D0
2T − 4D0

3T − 2D0
4T

þD0
1E þ 5D0

2E þD0
PA: (B24)

APPENDIX C: BRANCHING RATIONS OF
BARYON DOMINANT DECAY MODES

In this appendix we collect dominant decay branching
ratios of ground state octet and decuplet baryons. The
information is shown in Table XI. They will be useful
in the discussions of the accessibility of searching of the
charmless two-body baryonic modes. We note that
(i) Δþþ;0, Λ, Ξ−, Σ��, Ξ�0 and Ω− have nonsuppressed
decay modes of final states with all charged particles,
(ii) Δþ, Σþ;0, Ξ0, Σ�0 and Ξ�− can be detected by detecting
a π0 or γ, (iii) while one needs to deal with n in detecting
Δ− and Σ−.

TABLE XI. Branching ratios of baryon dominant decay modes [6]. The n in πn;n�1 follows the charge of the decaying baryon.

pπþ pπ0 pπ− nπþ nπ0 nπ−

Δþþ 100%
Δþ 2=3 1=3
Δ0 1=3 2=3
Δ− 100%
Λ ð63.9� 0.5Þ% ð48.31� 0.30Þ%
Σþ ð51.57� 0.30Þ% ð48.31� 0.30Þ%
Σ− ð99.848� 0.005Þ%

Λπn Λγ Σþπn−1 Σ0πn Σ−πnþ1

Σ0 100%
Ξ0 ð99.525� 0.012Þ%
Ξ− ð99.887� 0.035Þ%
Σ�þ ð87.0� 1.5Þ% ð5.8� 0.8Þ% ð5.8� 0.8Þ%
Σ�0 ð87.0� 1.5Þ% ð1.25þ0.13−0.12Þ% ð5.8� 0.8Þ% ð5.8� 0.8Þ%
Σ�− ð87.0� 1.5Þ% ð5.8� 0.8Þ% ð5.8� 0.8Þ%

ΛK− Ξ0π0 Ξ0π− Ξ−πþ Ξ−π0
Ξ�0 1=3 2=3
Ξ�− 2=3 1=3
Ω− ð67.8� 0.7Þ% ð23.6� 0.6Þ% ð8.6� 0.4Þ%
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