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With the experimental evidences of B’ — pp and B — Aj decays, it is now possible to extract
both tree and penguin amplitudes of the charmless two-body baryonic B decays for the first time.
The extracted penguin-tree ratio agrees with the expectation. Using the topological amplitude
approach with the experimental results on B’ — pj and B — Ap decay rates as input, predictions
on all other By, — BB, BY, P9 and 99 decay rates, where # and Z are the low lying
octet and decuplet baryons, respectively, are given. It is non-trivial that the results do not violate
any existing experimental upper limit. From the analysis it is understandable that why B® — pp
and B — Ap modes are the first two modes with experimental evidences. Relations on rates are
verified using the numerical results. We note that the predicted B — pA*+ rate is close to the
experimental bound, which has not been updated in the last ten years. Direct CP asymmetries
of all Fq — BRB, BD, 7% and 27 modes are explored. Relations on CP asymmetries are
examined using the numerical results. The direct CP asymmetry of B’ — pj decay can be as
large as +50%.
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1. Introduction

Recently, LHCb collaboration reported the evidence for the first penguin dominated charmless
two-body baryonic mode, B~ — Ap decay, at 4.10 level [1], giving

BB~ — Ap) = (24110403)x 1077, (1.1)
with the experimental rate of the tree-dominated B’ — pp decay [2],
BB — pp) = (14775407 x 1078, (1.2)

it is now possible to extract both tree and penguin amplitudes at the same time.

The two-body baryonic decays are in general non-factorizable, which makes the theoretical
study difficult. In general, one has to resort to model calculations. There are pole model, sum rule,
model, related studies [3]. Predictions from various models usually differ a lot, and explicit calcu-
lations usually give too large rates on the charmless modes. For example, all existing predictions
on B” — pp rate are off by several order of magnitude comparing to the LHCb result [2, 3].

In [4], using the experimental results on the B® — pjp and B~ — Ap decay rates, we extracted
both tree and penguin amplitudes for the first time using formalism developed in [5] with the finding
in [6] incorporated. Rates and direct CP asymmetries of all low lying charmless two body baryonic
decays can be explored. Rates and CP asymmetries of some modes can be checked experimentally
in the near future in LHCb and Belle-I1. Note that CP asymmetries of some modes can be added to
the list of the tests of the Standard Model. In particular, AS = —1 pure penguin modes have small
CP asymmetries and they are expected to be sensitive to New Physics contributions. These modes
are good candidates to be added to the lists of the tests of the Standard Model, especially for those
with unsuppressed rates.

2. Results on two-body charmless baryonic B decay amplitudes and rates

There are more than 160 B — 29, 9B, BY, BA decay amplitudes [5]. We show a few of
them as examples here:
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where T), PO EO) A0 PAU) and Pg&, are tree, penguin, W-exchange, annihilation, penguin

annihilation and electroweak penguin amplitudes, respectively, for AS = 0(—1) decays (see Fig. 1).
There are some relations on these amplitudes in the large mpg limit [4, 5].
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Figure 1: Pictorial representation of (a) T (tree), (b) P (penguin), (c) E (W-exchange), (d) A (an-
nihilation), (e) PA (penguin annihilation) and (f) Pgy (electroweak penguin) amplitudes in B to
baryon pair decays. These are flavor flow diagrams.

In Table 1 rates of some modes that will cascadely decay to all charged final states and have
large decay rates are shown. First of all it is interesting to note that all of the predicted rates
satisfy existing data. This is a non-trivial fact as we only make use of B — pp and B~ — Ap
rate. With the experimental evidences of B — pp and B~ — Ap decays, it is now possible to
extract both tree and penguin amplitudes of charmless two-body baryonic decays for the first time,
giving |P/T| = 0.24+0.04, |T'/P'| = 0.217003. The extracted penguin-tree ratio agrees with the
expectation. From the results, it is understandable that why B — pp and B~ — Ap modes are
the first two modes with experimental evidences. There are 23 modes that have relatively sizable
rates and can cascadely decay to all charged final states, including B® — pp, B~ — Ap, E ™A,
B - AA, E"E; B~ — pAt, B — pr+t, B - E7 2 B~ — A%p, BY — AYA, B — ¥ p,
Q E-, 0A; B® = AOA0, B — x* X, B~ — T AT, 20T, Q 50, 2 A0 BV 5 Q- Q-
ZO0E0, Z+HTAF and T decays. In particular, we note that the predicted B~ — pAT™ rate is
close to the experimental bound, which has not been updated in the last ten years [8]. The bounds
on B~ — A’ and BY — X**p rates have not been updated in the last ten years [8, 9] and the bound
on B° — A%AD rate has not been updated in about three decades [10], while their rates are predicted
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Table 1: Some decay rates of AS=0,—1,B, — 29,889,925, %% modes. Most of these modes
have unsuppressed rates and good detectability, while a few of them are listed as to compare to
experimental limits. Note that the B — pp and B~ — Ap rates are taken as inputs of our numerical

analysis.
Mode A(1078) Mode A(1078)
B"— pp 147700014207 012 BY— AA 0£0-£07)# 0000
(147405530 [2] (<32)[7]
B~ —Ap 24.007 %4 e 3T £0.02 BY - pp 0£0£070%7
@3] B (28471 & 01 2]
B~ —EA 2.36t§);§% zi (1);%3273 5:5 06(;(1)5 B = 8 226310902300
RO A +6.42+1.97+7.584-0.
B AR 14.903%131628 TR = Sor 08970177260
B~ — pAtt 62130 T0B I L0088 BV — pret 1847080170 1
(<14) [8]
— A+ 0.0740.11+0.07 Ul ‘A0 0.074-0.104-0.06
B~ — AAT 0.15% 0 0 Toos =0 B? — AAD 0.14 100 0 o0 £0
(<82) 9] (<93) 9]
RO mya— 0.66 0.63
B' =X 1.4970% £ 0085 +0 _ B
B~ — A% 219709570 T0924+0.03 B — A%A 2.59F 0210030 40
(< 138) [8]
B~ — 3% 0.947 04370, 030 £0.001 B —xtp 22570008033 0
(<47 9] (<26) 9]
B Q& 3477131014740 B 5 E0A 271755 07 5 +0
BY — ATTATT  0£0+£0+£0700 BY — AOA0 5997283 H09443.0240.13
< 1.1 x 10*[10] < 1.5x10° [10]
B 5 XX 1057037 £07045 £0.07
B~ — T ATT 21.4878927337886 10.007 B~ — X AY  6.067398 +07257 +0.005
B~ — EO0% T 242671004 3211087 1001 BT - QTEO 15497880 L0787 +0.01
By 5> XU 6490350 N0 By X T 5480700
B EVED  210pi 0NN B 00 4195 a0 Y

to be of the order of 1073 Also note that the B® — Q~Q- rate is predicted to be the highest rate.

Direct CP asymmetries of all B, — BB, BY, 9% and 9% modes are explored. Results
of CP asymmetries for modes with relatively good detectability in rates are highlighted in [4]. In
particular, the direct CP asymmetry of B — pp decay can be as large as +50%, but the one for
B~ — Ap is smaller and with opposite sign (see Fig. 2). Some of the CP asymmetries are small
or vanishing. For B — %%, AS = —1 decays, B° -+ EX~, B’ - "X~ and B — E~E~ decays
are pure penguin modes. For B — %7, AS = 0 decays, B® — £*2*+ and B — 5020 decays are
pure exchange modes. For B — #%, AS = —1 decays, B — X A~, B - 27 x*, B - X X+
and E‘S) — EE* decays are pure penguin modes and BY — pA* and BY — nAY decays are pure
exchange modes. For B — 22, AS = 0 decays, B® — Z*0=0 and B’ — X*"XT decays are pure
exchange modes. For B — 2%, AS = —1 decays, B - Q 2, B’ - X* X, B’ — E* X and
B? — E*~E~ decays are pure penguin modes, while B’ — A*p5 and B — A7 decays are pure
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Figure 2: Direct CP asymmetries of some interesting modes are plotted with respect to the penguin-
tree relative strong phase ¢.

exchange modes. For B — 2%, AS = 0 decays, B — Q~Q~ decay is a pure penguin annihilation
mode. For B— 2%, AS = —1 decays, B - 2 "A~,B" - Z* 2+ B - Q &, BY - £* 1+,
B? - Q Q- and B? — E*~E*~ decays are pure penguin modes, and the BY — A=A~ decay is a
pure penguin annihilation mode. The CP asymmetries of the above modes are small, following
from the hierarchy of the CKM factors, or vanishing. They can be added to the list of the tests
of the Standard Model. Note that some of these modes have relatively good detectability in rates.
These include, B - 2 2, B’ - 272+, B* - Q &, B = 2*"X* and B — Q" Q" decays,
B =& ,BY - E*E,B" - E* X* and B — QE* decays, and B" — E*~E*~ decay, but
some require B tagging to search for its CP asymmetry. It will be interesting to search for these

modes and use their CP asymmetries to search for New Physics. Furthermore, since these modes
are rare decay modes and all of them are pure penguin modes, they are expected to be sensitive to
New Physics contributions.
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