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1. Introduction

Charmless hadronic B decays are important for testing the Standard Model (SM) and studying
CP violation. In addition, precision measurements of these decays are useful to search for physics
beyond the Standard Model (BSM). Indeed, for charmless B decays the amplitude of the first
order tree-level diagrams depends on the V,;, CKM element. This element being very small, loop
diagrams can become competitive. Hence BSM physics could enter in the loop diagrams and give
a sizable contribution to several observables [1]. The branching fractions for charmless modes are
of the order of 107% — 1073, which is small with respect to the Cabbibo-favoured b — ¢ transition.
However this order of branching fraction is still large enough to be studied at LHCb, although this
strongly depends on the final state and on the reconstruction efficiency. Indeed the LHCb geometry
is optimised for the detection of hadrons containing b quarks. At high-energy pp collisions, the
bb quark pairs are predominantly produced in the same forward or backward cone. The large bb
production cross section, 75.3+5.4£13.0 ub at 7 TeV [2], allows the collection of large statistics
samples of these decays. The excellent performance of the LHCb detector in the tracking, trigger
and particle identification allows an efficient reduction of the abundant background present in the
hadron collider environment. In these proceedings, we report three recent measurements from the
LHCb experiment, all based on the full set of data of 3 fb~! collected at centre-of-mass energies of
7 and 8 TeV in 2011 and 2012, respectively.

2. B + KK~ and BY — ntn~

The B — KK~ decay is the rarest mode in the family B — hh (with h = w,K) and the
rarest fully hadronic B-meson decay ever observed [3]. In the SM, this rare mode, together with
B? — 't~ proceeds predominantly through weak annihilation transitions. While the BY — 7+ 7~
has already been observed by LHCb [4], the B® — K"K~ was never observed so far. The selected
candidates must satisfy hardware and software trigger requirements. The former implies having
large transverse energy clusters in the hadronic calorimeter, and the latter a well reconstructed and
displaced secondary vertex (SV) and at least one charged track with a large impact parameter (IP)
with respect to any of the reconstructed pp interaction points. The trigger efficiency is significantly
improved thanks to an exclusive selection algorithm for two-body b-hadron decays. In order to
better refine the selection a multivariate BDT classifier (Boosted Decision Tree [5]) is used. The
input variables used in the BDT algorithm consist of kinematic and topological information on the
tracks and the B meson, such as the transverse momentum, the IP, the distance of closest approach,
the separation of the SV with respect to the primary vertex (PV) and the proper decay time of the
b-hadron candidate. Essential in the selection is the use of the particle identification information
which allows the separation of the events in mutually exclusive samples, depending on the particles
in the final state (K7, Kp, pm, #w and KK). The PID selection efficiency is evaluated following a
data-driven method, which uses samples of well identified pions, kaons and protons from D** —
D(— K~ nt)nt, A — prn~ and AT — prTK~ decays [6]. The final optimisation for the PID
and BDT selections is separate for the B — n*7~ and B — K*K~, in order to maximise the
analysis sensitivity. For each of the two samples BDT and PID selection criteria are optimised
simultaneously. The final selected samples are then fitted to extract the signal yields. The strategy
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Figure 1: Distribution of the K™K~ and the 777~ invariant masses and the fit projection superimposed.
The two plain curves represent the signal decays.

used is a simultaneous two-body mass fit of the sub-samples. Figure 1 shows the distribution of the
K*K™ and the 7" 7~ invariant masses and the fit projection superimposed. The two plain curves
represent the fitted signal yields.

The main sources of systematic uncertainties are related to the choice of the fit model and to
the determination of the PID efficiencies. The first uncertainty is evaluated as the difference in
the signal yield when using the nominal or alternative fit models. The second systematic effect
is accounted for by performing a set of pseudo-experiments where the PID efficiency is randomly
varied; the standard deviation of the obtained signal yield distribution is used as uncertainty. The
branching fractions are evaluated with respect to the B° — K* 7~ normalisation decay, using the
HFAG average for its branching fraction [7]. The obtained values are:

B(B° — KTK™) = (7.804 1.27(stat) - 0.81(syst) £ 0.21 (norm)) x 1078 (2.1)

B(BY — ) = (6.91 +0.54(stat) £ 0.63(syst) +0.19(norm) £0.40( £,/ f1)) x 1077 (2.2)

where in the case of the B — 77 7~ branching fraction the last uncertainty accounts for the ratio
of BY/B° production rates.

3. Search for B?s) — ¢t~ decays

The B(()s) — ¢t~ decays have never been observed before. These decays proceed trough
FCNC transitions, which provide a sensitive probe for the search of BSM physics since new parti-
cles may enter in the loops. The search is performed with a time-integrated and flavour-untagged
analysis [8]. The sample selection is performed in two steps. At a first stage well-reconstructed
tracks are selected, and are requested to have a large IP with respect to any PV in the event, and
to be consistent with coming from a displaced SV. Two kaons having opposite charge and coming
from a common vertex are combined to form the ¢ candidate. Pion pairs are selected in the mass
range 400 — 1600 MeV/c?. The ¢ and the pion pairs are then combined to form BY or BY meson
candidates. A further requirement on the flight distance of the B candidates, ensuring their origin
from the PV, helps to better separate the signal from the combinatorial background. The second
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Figure 2: Projections of (a) cos 6y, (b) cos 6, (c) ®, and (d) m,+ - distributions. 0, is the angle between the
nT direction in the £ 7~ rest frame and the 77 7~ direction in the B rest frame, 65 is the angle between the
K™ direction in the ¢ rest frame and the ¢ direction in the B rest frame, and @ is the angle between the 7771~
system and the ¢ meson decay planes. The p° contribution is shown by the dotted (black) curve, the fy(980)
by the dot-dashed (blue) curve, the f>(1270) by the double-dot-dashed (magenta) curve and thef;(1500) by
the dashed (cyan) curve.

step of the selection uses a BDT algorithm based on kinematic variables of the B meson and its
decay products, kaon PID and information on the vertex displacement with respect to the PV. The
signal yields are then extracted from a one-dimensional fit to the ¢ 777~ invariant mass. A first
observation is obtained for the B — ¢+ 7~ mode, while only a first evidence is obtained for the
B — ¢t~ decay with a significance of 4.50.

The #(B? — ¢ ) in the invariant-mass range 400 < m+ - < 1600 MeV/c? is measured
to be

BB — ontm ) =(1.824£0.254+0.41 +£0.14) x 1077, 3.1)

where the first uncertainty is statistical, the second is systematic and the third is due to the BY — ¢ ¢
mode used as normalisation channel. Using the sPlot technique [17], with the b-hadron candidate
invariant mass used as the control variable, the B — ¢~ signal is selected and an amplitude
analysis is performed in order to identify the resonance contributions. A four-dimensional fit of
Mg+~ mass and decay angle distributions of the B candidates is performed. Figure 2 shows the
fit results. The main contributions are given by the BY — ¢ f5(980) decay, which is observed with a
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significance of 8 &, and the BY — ¢ f>(1270) decay, with a significance of 5 6. An evidence (4 &)
is also set for the BY — ¢p° mode. This last result, even if still compatible with the SM prediction,
is lower than expected [8]. The resulting branching fractions are measured to be:

B(BY — ¢£0(980)) = (1.12£0.167000 +0.1) x 107° (3.2)
BB — ¢ £,(1270)) = (0.61+£0.1373124+0.06) x 107 (3.3)
BB = op°) = (2.7£0.7£0.240.2) x 1077 (3.4)

In the upper region of the my: - invariant mass (1350 —1600 MeV/c?) a peaking contribution
is observed, and is identified to be due to the superposition of the fp(1500) and the f,(1370)
resonances.

4. Search for the BY — q)n/ decay

The BY — q)n/ decay, which proceeds predominantly through b — s3s transitions, has never
been observed. The range of predictions for its branching fraction goes typically from 0.1 x 1076
to 20 x 107° with large uncertainties [9][10][11][12][13][14]. This is due to a poor knowledge of
the form factors, penguin contributions and the w-¢ mixing angle. The search is performed using
the BT — n,K * decay as normalisation channel in the determination of the branching fraction [15].
After a trigger selection at hardware and software stages, only tracks originated from a displaced
vertex and identified as pions or kaons are kept. Two oppositely charged pions, with invariant mass
larger then 520 MeV/c? and with a common vertex are combined with a good quality photon to
form an n/ meson, while the ¢ is formed with two oppositely charged kaons in a mass window
of 30 MeV/c? centred on its nominal mass [16]. The n, and ¢ candidates are finally combined
to form a By meson. A BDT is used to further separate signal and background. The algorithm
uses kinematical and topological variables, among which the most powerful are the vertex quality
of the B candidate and the transverse momentum of the photon. The signal yield is established
trough a simultaneous two-dimensional fit of the By and the nl invariant masses of the BY — ¢n/
and BT — n/K *+ samples. The fit model for BY — (Pn' includes a shape to account for the physics
background B? — ¢ ¢, where one of the two ¢ mesons decays in the 7+ 7~ " final state. Figure 3
shows the mass distributions observed in data with fit projections overlaid. No signal is found. The
fitted signal yield is —3.2f§:g. Upper limits are set for the branching fraction using a Bayesian
approach and assuming a uniform prior. The measured upper limit (including the contribution of
the systematic uncertainty) is:

BB — on') <0.82(1.01) x 107°  at 90% (95%) CL. (4.1)

5. Conclusion

Three recent results for charmless two-body and quasi-two-body B meson decays are pre-
sented. These measurements lead to the first observation of the decays B® — KK, BY — ¢ £5(980)
and BY — ¢ f>(1270). An upper limit is set for the BY — q)n/ decay, which is incompatible with
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Figure 3: Distributions of the (left) 777~y and (right) n/K K~ massed for the (top) B? — ¢n/ and (bottom)
Bt — n,K * candidates with the fit projections overlaid. The signal yields are indicated with red dashed
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the central values of many predictions, although the large uncertainties on these predictions do not

exclude them definitively.
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