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1. Introduction

The decays of B mesons to final states containing baryons have unique characteristics not
found in similar decays involving mesons only. For a start, the inclusive branching fraction for
baryonic B decays, is rather large, roughly 7.5% of the B total width [1]. The inclusive measurement
was obtained from a study of the branching fractions of B mesons to the p, A and Z~ baryons
accounting for various correlations, yielding an approximately equal rate of protons and neutrons.
The hierarchy of baryonic B decays is unusual in that many-body final states tend to have a larger
branching fraction than 3- and 2-body final states. Last but not least, most baryonic decays show
a pronounced enhancement at threshold in the baryon-antibaryon invariant mass. The theoretical
description is a challenge and experimental information is scarce, hence needed to provide input to
the various phenomenology models available.

The latest studies from the LHCb experiment [2, 3] on charmless baryonic B-meson decays are
here presented. All analyses are based on a pp collision data sample collected in 2011 and 2012 at
centre-of-mass energies of 7 and 8 TeV, respectively, corresponding to a total integrated luminosity
of 3fb~!. The inclusion of charge-conjugate processes is implied throughout these proceedings.

2. First observation of a baryonic 32 decay

Baryonic B decays have been observed for all species except the BY meson. Since two-
body baryonic B decays are suppressed with respect to decays to multi-body final states [4, 5],
the three-body decay B — pAK~ is a good candidate for a search for baryonic B! decays. The
branching fraction has been predicted to be of the order of 107 [6], the same as for its sim-
ilar mode B — pAzm~. The current experimental situation on the family of Bg) — pAh~ de-

cays (h=rm,K) and related modes such as Bg) — pfoh*, with £ — A7y, is rather poor: the
B — pAn~ decay has been studied by the BaBar [7] and Belle [8] collaborations; the Belle col-
laboration also reported the 90% confidence level upper limits 2(B° — pAK~) < 8.2 x 10~7 and
BB~ pZ'm) <3.8% 1070 [9].

The LHCb analysis measures the branching fraction of the signal decay B? — pAK™ relative
to that of the normalisation mode B — pAn~ [10]. The A — pm~ decays are reconstructed in
two different categories: the first consists of A hadrons that decay early enough for the daughter
particles to be reconstructed in the vertex detector, and the second contains those that decay later
such that track segments cannot be reconstructed in the vertex detector. These categories are re-
ferred to as long and downstream, respectively. Both B — pAK~ and B’ — pA7~ candidates are
selected in a similar way throught the selection chain. After the hardware and software stages of
the trigger, multilayer perceptrons are utilised to effectively separate signals from combinatorial
background. Particle identification requirements separate the candidates in either the pAzw~ or
the pAK~ spectra. Background can arise from misidentified decays to the other signal final state;
from b-hadron decays where one or more decay products are misidentified, such as decays with
K? mesons misidentified as A baryons; and partially reconstructed backgrounds in which one or
more particles from the decay of the b hadron are not associated with the signal candidate, such as
decays with a X° baryon. Extensive background studies are performed with simulation samples.
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The yields of the signal and background candidates in the eight subsamples are determined
using a simultaneous unbinned extended maximum likelihood fit. The eight subsamples correspond
to the 2011 and 2012 data-taking periods, the two A reconstruction categories, and the two pA7T~
and pAK~ final states.
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Figure 1: Results of the fit for the 2012 data sample reconstructed under (left) the pAz~ invariant
mass hypothesis and (right) the pAK~ invariant mass hypothesis for (top) the long sample and
(bottom) the downstream sample. The black points represent the data, the solid blue curve the
complete fit model, the black (red) dotted curve the B — pATT™ (B? — pAK™) contribution, and
the green (magenta) dashed curve the contribution from B® — pfon_ (B — pf)K ~) decays.

Figure | presents the fit to the pAA~ invariant mass distributions for the 2012 subsamples.
Prominent B — pA7n~ and BY — pAK~ signals are observed. The total signal yields N(B" —
pAT~) =521+32 and N(B? — pAK~) = 260+ 21, where the uncertainties are statistical only.
The BY — pAK~ decay is observed with a statistical significance above 15 standard deviations,
estimated from the change in log-likelihood between fits with and without the BY — pAK~ signal
component [11]. Tt is the first observation of a baryonic B? decay.

The distributions of the baryon-antibaryon system mass, m(pA ), are obtained with the sPlot
technique [12], see Fig. 2. They show the well-known pronounced enhancement at threshold first
suggested in Ref. [13]. A threshold enhancement in baryonic B decays is observed for the first
time.
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Figure 2: Invariant mass distributions of m(pA ) for (left) the B — pAx~ and (right) the B —
pAK~ decay mode. The background subtraction is performed using the sPlot technique. The
distributions are not corrected for efficiency.

The branching fraction of the BY — pAK~ decay is measured to be [10]
BB — pAK™ +B) — pAK ™) = [5.487085£0.60£0.51(B) £0.32(f/£,)] x 107,

where the first uncertainty is statistical and the second systematic, the third uncertainty accounts for
the experimental uncertainty on the branching fraction of the B — pAx~ decay used for normal-
isation, and the fourth uncertainty relates to the knowledge of /s/f,. This branching fraction mea-
surement is not corrected for a possible bias due to the finite width difference of the BY system [14].
The dominant source of systematic uncertainty comes from the poor knowledge of other baryonic
B decays representing backgrounds to the signals, which implies a challenging description of the
spectra and non-negligible uncertainties on the fit model components and their characteristics.
Decays of B mesons to final states containing baryons are now observed for all B-meson
species. The results provide valuable information towards a better understanding of the dynam-
ics of baryonic B decays. In particular, further studies of the B? decays are welcome. So far, their
phenonenology has focused on two-body final states [4, 15] and charmed baryonic decays [16].

3. First evidence for BT — pA

The BaBar and Belle experiments have made numerous searches and observations of baryonic
B decays [17]. But only recently did the LHCb collaboration report the first observation of a two-
body charmless baryonic Bt decay and the first evidence for a similar B decay, namely BT —
pA(1520) [18] and B® — pp [19]. No other such type of decay has been observed, as B decays to
two-body baryonic final states are suppressed, with branching fractions typically one to two orders
of magnitude lower than similar baryonic decays to multibody final states.

The decay BT — pK has been searched for by the CLEO [20] and Belle [21] collaborations.
The most stringent experimental upper limit on its branching fraction is 3.2 x 1077 at 90% confi-
dence level, determined by the Belle collaboration. The LHCD collaboration performed a search
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for this rare decay mode B* — pA using the topologically identical B* — Ko7 decay as nor-
malisation channel in the determination of the branching fraction, to suppress common systematic
uncertainties [22].

In the analysis, the candidates are selected in a similar way throught the selection chain for
both the B* — pA signal decay and the normalisation channel B* — KOz*. After the hardware
and software stages of the trigger, multilayer perceptrons are utilised to effectively separate signals
from backgrounds. Possible sources of non-combinatorial background to the pA and K97 " spectra
are investigated using simulation samples. The peaking background from Bt — ppr™ decays in
the pA spectrum is found to be insignificant after selection. The currently unobserved B — pZ%
decay is treated as a source of systematic uncertainty.
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Figure 3: Invariant mass distribution of pA candidates after full selection. The result of the fit to
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the data (blue, solid) is shown together with each fit model component, namely the B* — pA signal
and the combinatorial background.

The yields of the signal and background candidates in both the signal and normalisation sam-
ples are determined using unbinned extended maximum likelihood fits to the invariant mass spec-
tra. The fit to the pA invariant mass distribution is presented in Fig. 3. An excess of BY — pA
candidates with respect to background expectations is found, corresponding to a signal yield of
N (BJr — pX )= 13.01'2:%, where the uncertainties, obtained from a profile likelihood scan, are sta-
tistical only. The statistical significance of the B* — pA signal, of 4.1 standard deviations, is
determined with a large set of samples simulated assuming the presence of background only. In-
clusion of systematic uncertainties affecting the signal yield gives only a marginal change in the
signal significance.

The B — pA branching fraction is measured to be

BBT— pA)=(247)3+03)x 1077,

where the first uncertainty is statistical and the second systematic. The main sources of systematic
uncertainty arise from the description of the fit model in the pA invariant mass and from uncertain-
ties on the tracking efficiencies, which do not completely cancel given the nature of the final states
of the signal and the normalisation channel.
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The measured branching fraction is compatible with the theoretical predictions in Refs. [15,
23] but is in tension with calculations based on QCD sum rules [24] and calculations based on
factorisation with the hypothesis of the violation of partial conservation of the axial-vector current
at the GeV scale [4].
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