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1. Introduction

To date, no effects of Physics beyond the Standard Model (SM) have been observed in the
direct searches, but Nature provide many hints of the presence of totally new sector in addition to
the well known particle “zoo”. For example, the large asymmetry between matter and antimatter
suggests a large CP-violating process carried by a new interaction. In the rare processes, where the
SM prediction is very small, the effect of New Physics (NP) could arise at the same level, leading
to an unambiguous interpretation of the results. Lepton Flavour Violating (LFV) decays, forbidden
in the SM, could happen through tree level process mediated by a new particle not included in the
SM. The study of these processes gives access to energy scales not probed by the direct searches.
The rare decays, especially in the heavy flavour sector, are therefore the best place where to look
at the effect of NP beyond the SM.

The LHCD detector is well suited to study B rare decays with muons in the final states. It
benefits from a large acceptance for bb process in pp collisions, a very efficient trigger for muons
with low transverse momentum, a good momentum resolution, and a good muon identification effi-
ciency. In this contribution, two of the latest searches of the rare decays with the LHCb experiment
are presented: the evidence of the BY — u*u~ decay and the search of the B’ — u*u~ decay, and

the search of LFV decays B(()S) —etut .

2. B?s) —utu~

The search of the rare decay B(()S) — utu~ is one of the most promising ways to constrain the
parameters of models with an extended Higgs sector. These decays are Flavour Changing Neutral
Currents and helicity suppressed in the SM. The SM model predictions for these decays are [1]:

B(BY — uu )sm = (3.2402) x 107,
BB — uu )am = (1.0£0.1) x 10710,

In order to compare the experimental result and the theoretical prediction of the Z(B? — u*u~),
the experimental result has to be multiplied by 0.911 +0.014. This takes into account the effective
lifetime of the BY meson.

The LHCb collaboration has reported the first evidence of the BY — u*u~ decay witha 3.5¢
significance [2] in 2012 using 2fb~! collected during the first two years of data taking. The result
obtained was: B(B? — utu~) = (3.2%]5(stat) T)3(syst)) x 107°. Using the same statistics the
upper limit on the branching fraction of B — u*u~is also obtained: %(B® — utu~) < 9.4 x
10719 at 95% ofC.L.. The combination of LHCb result with ATLAS and CMS set a more stringent
upper limit on the branching fraction of B’ — u*u~decay [3]: Z(B° — u*u~) < 8.4 x 10719 at
95% ofC.L..

In this contribution the update of the previous analysis performed with the LHCb experiment
is presented using the whole 3fb~! dataset that includes the previously analysed dataset. In order to
avoid any bias the mass region around the mass peaks of BY and B is kept blind until the analysis
completion. The structure of the analysis is the same used for the previous results but including
important improvements in the discrimination and description of the background. The signal and
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background classification is done in the di-muon invariant mass m,,,, and the multivariate classifier
output plane. The multivariate classifier is a boosted decision tree, BDT, which is improved with
respect to the previous analysis. The classifier is trained using kinematic and geometrical variables.
The training is performed on samples of simulated signal and background events and calibrated on
data. The signal yield is converted into a branching fraction by normalizing to two control channels,
B® — K*7~ and B — J/wK™". Once the analysis is finalized, the events in the signal region are
compared with the expectation. An unbinned likelihood fit to the data is performed to evaluate the
branching fraction of BY — u*p~. The upper limit on the Z(B° — u* ™) is assessed using the
CLs method [4].

B((JS) — utu~ candidates are selected as two oppositely charged tracks, with a transverse mo-
mentum pr in the range [0.25,40] GeV /c and a momentum p < 500 GeV/c. The two tracks have
to form a secondary vertex displaced from any pp interaction vertex. After the selection, the sur-
viving backgrounds are mainly due to random combinations of muons generated in B semileptonic
decays (bb — utu~X) and peaking background from B?S) — h"H'~ where hadrons are misiden-
tified as muons. A first multivariate classifier based on kinematic and geometrical variables is
trained to be effective on the combinatorial background. The peaking background is reduced using
the particle identification variables. Other background sources due to the misidentification of one
or two candidate muons are taken into account and included in the final result. The calibration
of the BDT expected output is based on a data-driven procedure. The BDT signal distribution is
obtained by fitting a sample of inclusive B(()s) —hth~ decays. These distributions are corrected for
the biases due to the trigger and muon identification. Since the BDT classifier is trained using also
the decay time of the mother particle, an additional correction to the signal PDF is applied in order
to take into account the discrepancy between the decay time distributions of the signal and control
channel used for the calibration. The correction is evaluated assuming, for the BY, a SM decay
time distribution. For the combinatorial background bb — pu~X, the BDT shape is obtained
by interpolating in each BDT bin the mass sidebands into the signal region with an exponential
PDF. The invariant dimuon mass PDF’s for the signals are described by a Crystal Ball function

where the mean values are calibrated using the exclusive B(()S> — hth decays, while the resolu-

tions are evaluated from the di-muon resonances and exclusive B?S) — k"'~ The combinatorial
background mass shape is obtained by fitting the data sidebands with an exponential function. The
peaking background is assumed to have the same BDT distribution of the signal while the mass
shape is evaluated from simulated events. The number of candidates NB?S) _u+yu- observed in the

signal window are converted into a branching fraction by using the following equation:

Prorm€
where Nyorm and PBhorm are the number and the branching fraction of normalization events respec-
tively. The efficiency &g(norm) for signal (normalization) channel is the product of the reconstruc-
tion efficiency, the selection efficiency and the trigger efficiency. The control channels used are
BT — J/wK" and B® — K*x~. The term foorm/fsig is the fraction of the probability for a b
quark to fragment into the corresponding B, meson. f; and f, are assumed to be equal. The f;/ fy
is measured by LHCb using the data recorded at /s = 7TeV in hadronic decays, B — D; &+
and B — D™K™, and in semileptonic decays, B — D,uX and B — D*u~X. The result is
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fs/fa=0.259+0.015 [5] [6]. The stability of f/f; as a function of /s is verified by comparing
the ratios of yield of BY — J/w¢ and B* — J/wK ™. The effect of the measured dependence of
fs/ fa on pr is found to be negligible. Assuming B(()S) — U~ to be SM the selected data sample
4044 B — utu~ and 4.5+0.4 B — utu~ are expected in the full BDT range and with a mass
in [4900,6000] MeV /2.

The value of Z(B? — u*u~) and Z(B° — u*u~) are evaluated from a simultaneous un-
binned maximum-likelihood fit on data performed in projection of 1, in each BDT bin. The yields
of combinatorial background, BY — pu*u~ and B’ — u* u~ are left free, while the yields and the
shapes of exclusive backgrounds are constrained to their expectations. An excess of BY — u*u~
candidates over the background only hypothesis is observed with a statistical significance of 40.
The statistical significance for the B® — u*u~ process is of 20. The result of the simultaneous fit
is [7]:

B(B) — p ) = (2.97 ) (stat) 7{ (syst)) x 1077,
BB — ptp) = (3.715 (stat) T4 (syst)) x 10717,

In Fig. 1 the dimuon mass distribution is shown for the events with a BDT>(0.7. Since no significant
excess is observed of B — p ™ decays, a modified frequentist approach CL; is used to assess an
upper limit on the branching fraction. The CL; distribution as a function of B® — u*u~ branching
fraction is reported in Fig. 1. The branching fraction on B — u*u~ is constrained to be less than
6.3(7.4) at 90%(95%) of C.L..
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Figure 1: On the left plot the invariant mass distribution of the B(()S> — uT " selected events with BDT>0.7

(black dots) is shown together with the result of the fit (blue solid line) and each component: B — u*p~
(red dashed line), B — p* u~ (green dashed line), B(()s) — hth'~ (magenta dotted line), B — 700yt pu—
(light blue dot-dashed line), B — 7~ u*v and B(s) — K~ v (black dot-dashed line). On the right plot CL;
as a function of the branching fraction of the B — u*u~. The dashed black line represents the expected
CL; in the background-only hypothesis. The green area represents the 16 region. The solid red line is the
observed CL;.

3. B?s) —etuT

Charged LFV decays, like B(()s) — eTuT have never been observed before and they are forbid-
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den in the SM up to ¢(107>*). Many models with a local gauge symmetry between leptons and
quarks, like the Pati-Salam model [8], allow these processes. In this model the new interaction be-
tween lepton and quarks is mediated by spin 1 gauge bosons, called Pati-Salam leptoquarks (LQ)
that carry color and lepton quantum numbers. The previous best upper limits on the branching
fractions were obtained by the CDF Collaboration and are Z(B? — e*uT) < 2.0(2.6) x 10~ and
B(B® — e uT) < 6.4(7.9) x 1078 [9]. These results correspond to lower limits on the value of
the masses of the leptoquarks of My q(B? — e*uT) > 47.8(44.9)TeV /c? and Mo (B° — =) >
59.3(56.3)TeV /c? at 90% (95%) of C.L. [9].

The analysis presented in this contribution is based on 1fb~! collected by the LHCb experi-
ment in 2011 at /7 TeV. In order to avoid any bias, the signal mass range is kept blind until the com-
pletion of the analysis. This analysis inherited the general structure from the strategy used for the
search for the B(()S)
duce most of the background. The number of observed events are then compared with the expected
number of signal and background events in the plane of invariant mass, m,.y, and the output of

— uu~ decay. The topological and kinematic informations are exploited to re-

the Boosted Decision Tree, BDT. The main background component is due to random combination
of electron-muon pairs produced by the semileptonic decays of to different b-hadrons. The other
sources of background are due to A — pl=V;, B — J/y(eTe )ut vy, Bf — J/y(uTu)etv,

and the peaking background B(()S) =t — et U~ . The effect of these processes have been
0

taken into account in the final result. The invariant mass line shape of the B(s) — eTuT decays
is described by a double Crystal Ball function where the parameters are obtained from a sample
of simulated events. The BDT distribution for the signal is determined from data sample using
B(()S) — k"'~ control channel. The BDT output and the invariant mass shape for the background
in the signal mass region is evaluated by interpolating with an exponential function the mass dis-
tribution of data sidebands in bins of BDT output. The number of expected signal events is then
obtained by normalizing to the B — K7~ channel. The compatibility of the observed events in
the m,;, and BDT plane with the expected distribution for a given branching fraction hypothesis

is evaluated using the CLs method [4]. The expected and the observed CLs as a function of the
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Figure 2: CL; as a function of the branching fraction for BY — e*u¥ (left) and B® — e*uT (right) decays.
The dashed lines are the expected CL; in the background-only hypothesis. The yellow (green) area represents
the 10 (20) region of the expected CL; distribution. The solid lines represents the observed CL;. The upper
limits at 90% and 95% are indicated by a dotted and a solid blue lines respectively for the expectation and
by red lines for the observation.
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branching fraction are shown in Fig. 2 for the BY — e*uT and B — e*uT channels. This analysis
set the limits on Z(B% — e*uT) < 1.1(1.4) x 1078 and Z(B° — e*uT) < 2.8(3.7) x 10~ at 90%
(95%) of C.L. [10].

The branching fraction of the LFV process is related, in the Pati-Salam framework, to the
mass of the lepto-quark as shown in Fig. 3. Using the upper limits on the branching fractions
just obtained the following bounds on M q are found: My o(B? — e*u¥) > 107(101)TeV/c? and
Mio(B® — e*uT) > 135(126)TeV /c? at 90% (95%) of C.L. [10].
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Figure 3: Branching fraction as a function of the mass of the leptoquark for the B? — eTu¥ (left) and
BY — et uT (right). The green (yellow) area represents the 16 (20) region.

4. Conclusions

Rare B decays represent a powerful probe to search for new physics effects beyond the SM.

The LHCb experiment is demonstrating its power in search for rare decays in the Heavy Flavour

sector. In this proceeding a new result for B?s) — utu~ decay is presented using the sample of

3fb~! collected in 2011 and 2012. This analysis confirmed the evidence for the B — u*u~ with
a significance of 4.00 and put a new world best limit on the B — u*p~ branching fraction. The
LHCDb collaboration obtained also the new world best limit on the B(()s) — e*uT decay, improving
the previous result by a factor of ~ 20. Moreover the new bounds on the lepto-quark mass in the
Pati-Salam framework are a factor 2 higher than the previous limits.
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