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Summary. — The search for the decays B0
s → μ+μ− and B0

d → μ+μ− performed
with the LHCb experiment at the Large Hadron Collider at CERN is described. The
study is based on 37 pb−1 of pp collisions collected at

√
s = 7TeV. The observed

numbers of events are consistent with the background expectations. The resulting
upper limits on the branching fractions are BR(B0

s → μ+μ−) < 5.6 × 10−8 and
BR(B0

d → μ+μ−) < 1.5 × 10−8 at 95% confidence level, and are competitive with
the best world limits, from the Tevatron experiments.

PACS 13.20.-v – Leptonic, semileptonic, and radiative decays of mesons.
PACS 13.20.He – Decays of bottom mesons.
PACS 12.60.Fr – Extensions of electroweak Higgs sector.

1. – Introduction

The main goal of the LHCb experiment at the CERN Large Hadron Collider is to
perform precision tests of the Standard Model (SM) in the flavour sector, namely the
decays of the b-hadrons, with enough sensitivity to disentangle possible new physics
effects. One of the most promising results in the initial phase of the LHCb physics
program is certainly the search for the very rare dimuon decays of the B0

d and B0
s mesons,

which are expected with high interest by the high energy physics community. Within
the SM these decays, which are in addition helicity suppressed, can only happen through
loop diagrams (see fig. 1). They can have very different branching fractions (BR) in
new physics models, especially in those with an extended Higgs sector. In particular, in
supersymmetric models large enhancements are possible [1].

The SM predictions have a relative precision of less than 10% [2]:

BR(B0
s → μ+μ−)SM = (3.2 ± 0.2) × 10−9,(1)

BR(B0
d → μ+μ−)SM = (1.0 ± 0.1) × 10−10.(2)

The search for B0
q → μ+μ− has been performed both at e+e− colliders and at the

Tevatron. The highest sensitivity so far has been achieved at the Tevatron due to the very
large bb̄ cross section at hadron colliders. Using 3.7 fb−1 of data, the CDF collaboration
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Fig. 1. – Feynman diagrams of contribution to the branching fraction within the SM (left) and
within the MSSM with R-parity conservation (right).

pushed the limits down to BR(B0
s → μ+μ−) < 43 × 10−9 and BR(B0

d → μ+μ−) < 7.6 ×
10−9, at 95% C.L. [3].

The LHCb experiment [4] is very well suited for such searches due to its excellent
invariant mass resolution, vertex resolution, muon identification and trigger acceptance.
The forward geometry of LHCb allows indeed the first level trigger to collect events
containing one or two muons with very low transverse momenta (pT): more than 90%
of the data were collected with a pT threshold of 1.4 GeV/c for single muon triggers and
pT(μ1) > 0.48 GeV/c and pT(μ2) > 0.56 GeV/c for dimuon triggers. Moreover, among
the LHC experiments, LHCb has the unique trigger capability of providing large samples
of hadronic B0

q → h+h− decays. These events are used as control samples in order
to reduce the dependence of the results on the detector simulation. The measurement
described here uses an integrated luminosity of about 37 pb−1 collected with the LHCb
detector between July and October 2010 at

√
s = 7 TeV. Assuming the SM branching

fraction, and using the bb̄ cross-section measured within the LHCb acceptance of 75 ±
14 μb [5], about 0.7 (0.08) B0

s → μ+μ− (B0
d → μ+μ−) are expected to be reconstructed.

2. – Analysis strategy

The first step of the analysis consists of a loose selection, which significantly re-
duces the size of the data set by rejecting most of the background. The second
step consists of the study of three normalization channels: B+ → J/ψ(μ+μ−)K+,
B0

s → J/ψ(μ+μ−)φ(K+K−) and B0
d → K+π−. Using these normalization channels

the B → μμ branching fractions can be calculated from the observed signal events Nsig

as

BRsig = BRnorm × εREC
normε

SEL|REC
norm ε

TRIG|SEL
norm

εREC
sig ε

SEL|REC
sig ε

TRIG|SEL
sig

× fnorm

fBq

× Nsig

Nnorm
= α × Nsig,(3)

where the subscript denotes the signal or normalization channel, and the fragmentation
fraction fx gives the probability that a b-quark hadronizes into the specified b-hadron.
The reconstruction efficiency (εREC) includes the acceptance and particle identification,
while εSEL|REC denotes the selection efficiency on reconstucted events. The trigger ef-
ficiency on selected events is denoted by εTRIG|SEL. The usage of the normalization
channels ensures that the knowledge of the absolute luminosity and total cross-section
is not needed for the determination of the branching fraction, and that many system-
atic uncertainties cancel in the ratio of the efficiencies. The selection procedure for the



SEARCH FOR THE RARE DECAYS B0
s → μ+μ− AND B0

d → μ+μ− 289

GL
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Pr
ob

ab
ili

ty

-410

-310

-210

-110

1

LHCb

Fig. 2. – Probability of signal events in bins of GL obtained from the inclusive sample of B0
q →

h+h− events (solid squares). The background probability (open circles) is obtained from the
events in the sidebands of the μμ invariant mass distribution in the B0

s mass window [7].

normalization channels is specifically designed to be as close as possible to the signal selec-
tion. The ratios of reconstruction and selection efficiencies are estimated from MC, while
the ratio of trigger efficiencies on selected events is determined on data. Results from the
three normalization channels are in agreement within each other, and give overall nor-
malization factors αB0

s→μ+μ− = (8.6±1.1)×10−9 and αB0
d
→μ+μ− = (2.24±0.16)×10−9.

In the third step of the analysis each event is given a probability to be signal or
background in a two-dimensional space. This probability is defined by two variables: the
μ+μ− invariant mass and the so-called geometrical likelihood, GL. The GL is a math-
ematical combination of several variables mainly related to the geometry of the event.
The definition of the GL variable is such that background events cluster around zero, and
signal events will be uniformly distributed between zero and one. The optimization of
the combination of variables that enters in the GL is performed using MC. However, the
probability for a signal event to have a given value of GL is obtained from the data itself
using B0

q → h+h− events. The probability for a background event to have a given GL
is instead obtained by interpolating the events in the dimuon invariant mass sidebands.
The results of the calibration of GL for signal and background are shown in fig. 2.

The parameters needed to describe the invariant mass distribution for the signal events
are extracted from the fit of the invariant mass distribution of B0

q → h+h− decays, and
by interpolating the results obtained with dimuon resonances. The measured invariant
mass resolution is σ = (26.7 ± 0.9) MeV/c2.

3. – Results

The observed distribution of GL vs. M(μ+μ−) for the selected dimuon events is shown
in fig. 3. The sensitive region (i.e. the region from which most of the sensitivity to the
B0

s → μ+μ− and B0
d → μ+μ− branching fractions comes from) is defined by the 2-

dimensional region GL > 0.5 and MB − 60MeV/c2 < M(μ+μ−) < MB + 60 MeV/c2,
with MB denoting either the B0

s or the B0
d mass.

For the event counting, the invariant mass window given above is subdivided in six
intervals, and the whole GL range is subdivided in four intervals. For each bin the number
of observed event in data is computed, and the number of expected signal events, for
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Fig. 3. – Observed distribution of selected dimuon events in the plane GL vs. dimuon invariant
mass.The long-dashed (short-dashed) lines indicate the ±60 MeV/c2 search window around the
nominal Bd (Bs) mass [7].

a given BR hypothesis and luminosity, and the number of expected background events
are evaluated. The amount of background is estimated by interpolation of the mass
sidebands, in bins of GL. The compatibility of the observed distribution of events in
all bins with the expected number for a given BR hypothesis is then computed using
the modified frequentist approach method, also known as CLs method [6], which allows
to exclude a given hypothesis at a given confidence level. The observed distribution
of CLs vs. BR can be seen in fig. 4. The expected distributions of CLs assuming the
background only hypothesis are also shown in the same figure as a shaded area that
covers the region of ±1σ of possible observations. The uncertainties in the signal and
background likelihoods and normalization factors, including systematics, are propagated
into the CLs evaluation.

Although not statistically significant, a slight deficit of events is observed in the
most sensitive bins with respect to the background only hypothesis, which gives a small
deviation between the observed and the expected CLs. The upper limits are finally
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Fig. 4. – Left: observed (solid curve) and expected (dashed curve) CLs values as a function of
BR(Bs → μ+μ−). The shaded band contains the ±1σ interval of possible results compatible
with the expected value when only background is observed. The 90% (95%) C.L. observed value
is identified by the solid (dotted) line. Right: the same for BR(B0

d → μ+μ−) [7].
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computed using the CLs distributions of fig. 4. The results are [7]:

BR(B0
s → μ+μ−) < 43 (56) × 10−9 at 90% (95%)C.L.,(4)

BR(B0
d → μ+μ−) < 12 (15) × 10−9 at 90% (95%)C.L.,(5)

while the expected values for the upper limits are BR(B0
s → μ+μ−) < 51(65) × 10−9

and BR(B0
d → μ+μ−) < 14(18) × 10−9 at 90% (95%) C.L. The LHCb limits are similar

to the best results from CDF [3] proving the effectiveness of the LHCb design and its
excellent performances. With the ongoing LHC run, which is scheduled to last up to the
end of year 2012, the LHCb experiment expects to collect up to ∼ 2 fb−1. Given the low
level of background in the most sensitive region of the parameter space, with this data
set it should be possible to explore the interesting region of branching fractions down to
the SM predictions.
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