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Using the pp collision data collected by LHCb at center-of-mass energies /s = 7TeV and
8TeV, corresponding to an integrated luminosity of 3fb~!, the ratio of the branching fraction
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and y(2S) — putp~ decays. This measurement is consistent with the previous LHCb result, and

the statistical uncertainty is halved.
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1. Introduction

In the Standard Model of particle physics the B, meson family is unique because it contains
two different heavy flavor quarks, charm and beauty. The ground state of the B, meson family has
a rich set of decay modes since either constituent quark can decay with the other as a spectator,
or they can annihilate to a virtual W boson. The search for new B} decay channels' and precise
measurements of their branching fractions can improve the understanding of Quantum Chromody-
namics (QCD). The B} — w(2S)x" decay was first observed with pp collision data collected by
LHCD [I, 2] at a center-of-mass energy of /s = 7TeV, corresponding to an integrated luminosity
of 1.0fb~! [3]. The ratio of the branching fraction of the B} — w/(2S)x* decay with respect to
that of the B — J/y & decay, defined as

BB — y(2S)n")
BBf — Jynt) '

was measured to be 0.25040.068 (stat) +-0.014 (syst) £0.006 (BF). The result is dominated by the

statistical uncertainty. The analysis presented here [4] updates the previous LHCb measurement

using the full pp collision data collected by LHCb in 2011 and 2012 at /s = 7TeV and 8 TeV
respectively, corresponding to a total integrated luminosity of 3fb~!. Due to the increased data

(1.1)

B =

sample and an improved analysis method, the statistical uncertainty is reduced by half, allowing a
more powerful test of the theories.

2. Analysis strategy

The relative branching fraction can be calculated as

BB —y2S)n") BB — w27 y(2S) —ptu)  BU/Y —pTHT) @1
BBE —Jyrt)  BBE—Jyrtdfy —ptps)  By(2S) —ptut) T

Assuming lepton universality, the J/y — pu™u~ and y(2S) — pu*p~ branching fractions can be

substituted with the more precisely measured ones in the e"e~ channel [5]. The first term can be

calculated as
NB —y@S)n" y(28) —prp)  eB; —Jjyn’Jjy —ptu)
N(BS — Jyrt Jjy —putus)  e(BE — yw(28)mt, y(2S) — ptu~)’
where N is the signal yield, and € is the efficiency. During the trigger stage, the B — y(2S)n+

(2.2)

or Bf — J/y " candidates are required to have a muon track with a high transverse momentum
and of good quality, and the invariant mass of the muon pair should be greater than 2.95GeV/c?. A
loose pre-selection is applied offline, followed by a Boosted Decision Tree (BDT) selection [6, 7]
to further separate signal from background. The BDT classifier uses information on the candidate’s
kinematic properties, decay length, vertex quality, impact parameter and angle between the particle
momentum and the vector from the primary to the secondary vertex as input, and outputs a response
value which indicates how much the candidate is like a signal. The distributions of the variables
that are used in the BDT are similar for B — J/yn™ and B — y(2S)nt decays. The BDT
threshold cut is chosen to maximize the B — y(2S)n* signal significance, with which more than
99% of the background is rejected.

ICharge conjugation is implied.
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Figure 1: Fit to the reconstructed B, mass distribution for (top) B — w(2S)n™ and (bottom) B} — J/y ™
using (left) 2011 and (right) 2012 data samples. Black points with error bars represent the data, and the
various fitting components are indicated in the legend.

3. Signal yields and efficiencies

The signal yields are extracted from unbinned extended maximum likelihood fits to the invari-
ant mass distributions of y(28) " or J/y & in the range [6027,6527] MeV/c?, as shown in Figs. 1
for 2011 and 2012 data respectively. The signal probability density functions are modelled by
double-sided Crystal Ball functions [8] with tail parameters determined from simulation; the com-
binatorial backgrounds are described with an exponential function; and the partially reconstructed
backgrounds are modelled by simulated shape. For the B} — J/w " channel, there is contamina-
tion from B — J/y K+ with K™ misidentified as 7", which is modelled by a double-sided Crystal
Ball function with parameters determined from simulation. All efficiencies are determined using
simulated samples. To account for any discrepancy between data and simulation, the particle iden-
tification efficiencies are calibrated using a 7+ sample from D*-tagged D° — K~ " decays [9].
Due to the use of the same final state for the normalization, most of the efficiencies cancel.

4. Systematic uncertainties

Several sources of systematic uncertainty on the R4 measurement are studied and are summa-
rized in Table 1. The largest contribution comes from the background modelling. It is estimated by
reducing the fit range to [6164,6527] MeV/c? to exclude the partially reconstructed background.
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Table 1: Summary of systematic uncertainties on the Rz measurement.

Component Uncertainty
Signal shape 0.6%
Background shape 2.4%
BDT classifier 0.2%
Monte-Carlo Statistics 0.3%
Trigger efficiency 1.1%
B lifetime 0.1%
Total 2.7%

5. Results

In summary, using the 3fb~" pp collision data collected by LHCb at center-of-mass energies
V/s =7TeV and 8TeV, the relative branching fraction of the Bf — y/(2S)n" decay to the B —
J/y " decay is measured to be 0.268 + 0.032 (stat) & 0.007 (syst) = 0.006 (BF). The result is
consistent with the previous LHCb result 0.25040.068 (stat) +0.014 (syst) £0.006 (BF) [3]. This
measurement is in agreement with the predictions of non-relativistic QCD at next-to-leading order
(0.26f8:8§) [10] and perturbative QCD based on kr factorization (0.297017) [11].
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