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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 topo-
logical amplitudes. Relations on rates and CP asymmetries are obtained. With the long awaited
B~ pp data, we can finally extract information on the topological amplitudes and predict rates
of other modes. We point out some modes that will cascadely decay to all charged final states
and have large decay rates. We find that the B - pp mode is the most accessible one among
octet-anti-octet final states in the AS = O transition. The predicted E? — pp rate is several order
smaller than the present experimental result. The analysis presented in this work can be systemat-
ically improved when more measurements on decay rates become available. The smallness of the
B - pp rate is studied as well. We point out that for a given tree operator O;, the contribution
from its Fiertz transformed operator, tends to cancel the internal W-emission amplitude induced
from O;. This explains why most previous model calculations predicted too large rates as the
above consideration was not taken into account.
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1. Introduction

Recently, LHCD collaboration found the evidence for the charmless two-body baryonic mode,
B~ pp. with B(E° — pp) = (147°085032) x 1075 and B(B — pp) = (28420705
1078, [1] The two-body baryonic decays are in general non-factorizable, which makes the theo-
retical study difficult. In general, one has to resort to model calculations. There are pole model,
sum rule, model, related studies [2, 3]. Predictions from various models usually differ a lot, and
explicit calculations usually give too large rates on the charmless modes. For example, all exist-
ing predictions on B® — pp rate are off by several order of magnitude comparing to the LHCb
result [1, 2, 3].

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 — pp rate to give informa-
tion on other modes. In [4], we use the quark diagram or the so-called topological approach to the
charmless two-body baryonic decays and obtained predictions on relative rates. With the evidence
on the B” — pj mode, it is timely to revisit the subject. In [5] we extended the previous work to
include all topological amplitudes, where only dominant ones were considered previously [4]. We
can now make use of the newly observed B’ — pp 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. The number of independent amplitudes are significantly
reduced in the large mp limit. We will extract the asymptotic amplitude from the B’ — pp data.
Furthermore, the results can be systematically improved when the measurements of other modes
become available in the future.

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

There are more than 160 B — 29, 9B, BD, BA decay amplitudes [5]. We show a few of
them as examples here:
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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.

Relations on amplitudes, rates and CP violations can be obtained [5]. There are in general more
than one tree and one penguin amplitudes in the baryonic decays.

By considering the chirality nature of weak interaction and asymptotic relations [6], the num-
ber of independent amplitudes is significantly reduced [4]. Asymptotically, there are only one tree,
one penguin and one electroweak penguin amplitudes, which are estimated to be
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Note that the relative signs of ¢ 39 and ¢3 4,10 are fixed using the result of a recent study [7]. The
unknown amplitude y are fitted from the recent BY — pp data to be y = (5.1 lf}:(l)g) x 1073 GeV?2.
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 Ti(/), Pl.(l) and PéWi are
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Table 1: Some decay rates for AS = 0,—1, B, -+ 99,89, 9%, %% 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 — p}p rate is taken as the input of our numerical analysis.

For the B; — pp rate see text for discussion.

Mode B(107%) Mode B(1073)

BY — AOA0 5647032 109540.17 B —xrX 04170597041 £0.03

B~ — X ATE 9.687IL0 T 40.04 BT XA 2467101 20 £0.01

B @ E0 630801003 B roTT 2927310003

By > IET 2230t ooy By EOEY 932050t 0

By—»Q Q1706005 (756073

B~ — pAtt 7507208701010 B — pret 228758802240
(< 14) [10]

B' 5 Er 082780 +0 B

B~ — AAT 0.17 5 001 £0 BY — AA 0.1670 70 001 =0
(< 82)[9] (<93) 9]

B~ — A% 2487387022 40.03  BY — A'A 3.207365£0.00£0
(< 138) [10]

B' — X p 12770527135 +0 B> Q& 2017209 4+0

B’ — =9A 16470902240

B’ — pp LTI 00 o B'—>AA - 0T 0T
(14775909 (1] (<32)[8]

B~ — Ap 10.037 404 5% £0.05 B — pp 00407000
(< 32)[8] (.84 131019 (1]

B? — AA 6.33187112692 4.0.27

estimated to be of order my/mp (the baryon and B meson mass ratio), which is roughly, 0.2.
(i) Furthermore, since the Fierz transformation of Os ¢ 7 g are different from Oj > 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 k in front of ¢5(7) and cg(s) in Eq. (2.2) with k having
a —200 ~ 4100% uncertainty: Kj» = 13, to model the correction. (iii) For subleading terms,

such as annihilation, penguin annihilation, exchange amplitude, we have E 0 = niﬁ mg (), AY =
! mp mg J

i j%%T(’ ) PA,EI) = nk%%P(’ ), where the ratio f3 /mp is from the usual estimation, the factor
mg/mp is from the chirality structure, and |7; ; «| are estimated to be of order 1. Explicitly, we take
0 <|ni x| <|n| =1, where we set the bound || to 1 in our numerical results.

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 rate. (i) For B, — 29,
AS = 0 decays, we have B’ — A°A0 and B — ¥*~ T+ having rates at or close to 1078 level. (ii) For
AS = —1, B, — 9 decays, B~ — Z*"ATF, 2" A0, Q" E*0 and BY — Q Q~, =050, T0F+
Y*+X*+ decays have rates ranging from 1073 to 107, where the BY — Q~Q~ decay has the largest
rate. (iii) For AS =0, Eq — BD decays, E? — pZ’T has rate at 10~8 order, while the predicted
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Figure 2: (a) to (1): Feynman diagrams of internal W-emission induced by Of. Those in paren-
thesis are the corresponding diagrams using the Fiertz transformed Of (i.e. O'}). These diagrams
canceled.

B~ — pA™T rate is close to the experimental upper bound and should be searchable in the near
future. (iv) For AS = —1, B, — $9Z decays, B — E~X*~ decay rate is at 108 order. (v) For
AS =0, B, — 9% decays, B~ — A’p and BY — A’A decays have rates of order 107%. (vi) For
AS = —1,B, — 9% decays, B* — £*~p, Q"= and E*'A rates are at the order of 1073, (vii) For
AS =0, B, — HBA decays, B — pp is the most accessible mode. It is not surprise that it is the
first B, — %% mode being found. (viii) For AS = —1, B, — %% decays, B~ — Ap and BY — AA
have rates at 10~/ level and do not lost much in cascade decays. They are interesting modes to
search for. In fact, the B~ — Ap decay could be the second B — %% mode to be observed as
its rate is close to the present experimental upper limit. The predicted BY — pp rate is several
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order smaller than the present experimental result. The central value of the experimental result can
be reproduced only with a unnaturally scaled up |n|. By naively scaling up |n|, we find that the
contribution of the “subleading terms" (term with 1) will give rate five time of the tree contribution
in B — pp 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.

3. Smallness of Tree-dominated Charmless Two-body Baryonic B Decay Rates

All the earlier model predictions on B — pp rates are too large compared with experi-
ment [2, 3]. This charmless decay is suppressed relative to B — A} p by the Cabibbo-Kobayashi-
Maskawa matrix elements |V, /V,;|? and is subject to a possible dynamical suppression, % (EO —
pp) = %’(EO — AL D) Vb /Vew|? X fayn ~ 2% 1077 X fyy,. The data demands a suppression factor of
Jayn ~ 0.1. In [7], we pointed out that for a given tree operator O;, the contribution from its Fiertz
transformed operator O, an effect missed in the literature, has to be taken into account. Feynman
diagrams responsible for internal W-emission can be classified into two categories. We found that
diagrams in the first category (see Fig. 2) induced by O; are completely canceled by that from O,
while no cancellation occurs for diagrams in the second category. The cancellation is ascribed to
the fact that the wave function of low-lying baryons are symmetric in momenta and the quark flavor
with the same chirality, but antisymmetric in color indices. We advocate that the partial cancella-
tion accounts for the smallness of the tree-dominated charmless two-body baryonic B decays which
can be checked by realistic pQCD calculations. A by product of the study is that, contrary to the
claim in the literature, the internal W-emission tree amplitude should be proportional to the Wilson
coefficient combination ¢ + ¢, rather than ¢; — ¢3.
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