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The results of searches for the decays B — J/wK* and B} — B7" are presented. The analysis
is based on a data sample of pp collisions collected with the LHCb detector. The Bf — J/w K™
analysis uses a data set corresponding to an integrated luminosity of 1 fb~! taken at a center-of-
mass energy of 7 TeV, whereas the B} — BY7™ analysis in addition uses the data set recorded in
2012, corresponding to 2 fb~! taken at 8 TeV.

The decay B — J/wK™ is observed with 5.0 & significance, and the decay B — B%z* is ob-
served with significance in excess of five standard deviations, independently in two different B
decay channels. The decay B — BYz™ is the first observation of a B meson decaying to another
B meson via the weak interaction.
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1. Introduction

The B, meson is the ground state of the bc system. As such it is the only doubly heavy me-
son system that decays weakly. Previous measurements of B meson decays are those where the
constituent b quark decays weakly to a ¢ quark, with a charmonium in the final state, in combina-
tion with a Cabibbo favoured hadronic system of D; mesons or pions, or semileptonically with a
muon [1-9]. The existing measurements are summarized in Tab. 1. As there is little known on the
production of B mesons [10], the branching fraction measurements focus on the determination of
relative event yields of two decays, and to achieve the highest experimental accuracy.

This paper will focus on the first measurement of the Cabibbo suppressed decay B — J/w K"
[11], and on the first measurement of a decay of a Bj meson to any other B meson, B —
Bzt [12], with the bottom quark acting as a spectator. Both decays predominantly occur through
so-called "tree" diagrams, as illustrated in Fig. 1.

A wide range of predictions for the B branching fractions exist, based on e.g. QCD sum
rules [13, 14], or quark-potential models (see Refs. [15-19] and references therein). Study of
the decays B — J/wK*t and B} — BYn™" allows these models to be tested, and experimental
clarification is needed to shed light on the present theoretical status. Unlike most other, lighter, B
decays, the higher order corrections in the expansion of Heavy Quark Effective Theory within the
framework of quantum chromodynamics (QCD) are relatively large. The expansion is described
in powers of m,/my rather than Agcp/my,, due to the presence of two heavy quark constituents,
where Agcp is the QCD scale, and m, (m;,) the charm (bottom) quark mass. In addition, the study
of a variety of B decays into different final states will allow tests of factorization [21]. A selection
of theoretical predictions is given in Tab. 2.

In addition, knowledge of the production of BY mesons from B, decays is useful for time-
dependent analyses of BY decays, to understand any associated decay-time bias due to the incorrect
estimate of the BY decay time, or to take advantage of flavor tagging capabilities using the accom-
panying pion. This provides valuable information for the source of B® mesons at the LHC.

Table 1: Summary of measurements on the B; system.

Quantity Measurement Coll. Ref.

S x B(BE — Iy ltv) [ BB — JjyK") 0.13270061 CDF [1,2]
m(B — Jjyr*) 6275.6+3.8MeV ~ CDF 3]

m(BS — Jjyr") 6300 £15 MeV DO [4]

(B — Jjynt) 0.45240.055ps  CDF 5]

ggg{; x BB — Jynt)/ BB — JWK*) 0.68+0.12 LHCb 6]

m(BS — Jjyrt) 6273.74£2.1MeV ~ LHCb [6]
BB —Jyrntn at) /BB — JyrT) 2.1440.45 LHCb [7]
BB — y(2S)n* /BB — Jyrt) 0.2504+0.070 LHCb 8]
B(Bf — JlyD; | B(BS — Jlyrt) 0.290 £ 0.062 LHCb 9]
BB — JlwD:~ /BB — JyD;) 2.3740.57 LHCb 9]

m(B+ — JyD;) 6276.28+1.48 MeV  LHCb 9]
Z(BF = JJyK*) ] B(Bf — Jjynt) 0.069 £ 0.020 LHCb [11], these proc.
BB — B'nt)/B(Bf — Jyrt) 88 +21 LHCb [12], these proc.
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Table 2: Selection of theoretical predictions of B branching fractions (%). The ratio of branching fractions
in the last two rows are calculated from the individual branching fractions. The semileptonic branching
fractions are given to compare the predictions that are not affected by non-factorizable effects.

Naimuddin  Ivanov Ebert Kiselev Colangelo Qiao

et al. et al. et al. et al. etal. etal

[15] [16] [17,18] [13,14] [19] [20]

B(BF — B'n™) 12.01 39 2.52 16.4 4.0 -
PB(Bf — Bint) 8.61 2.1 1.61 6.5 4.5 -
B(BF — Bletv) - 1.10 0.84 4.03 0.8 -
BB — Jyrnt) 0.034 0.17 0.061 0.13 0.13  0.291
BB — JWK™) 0.003  0.013 0.005 0.011 0.0068 0.022
BB — Jyetv) - 2.07 1.23 1.9 1.5 -
BB — JWK") /BB — Jyrnt) 0.088  0.077 0.082 0.085 0.052  0.076
B(BF — B'nt)/ BB — Jwrt) 353 23 41 126 31 -

The data collected with the LHCb detector [22] from pp collisions at /s = 7TeV and 8 TeV,
correspond to integrated luminosities of 1 fb~! and 2 fb~!, respectively. The LHCb detector is
a single-arm forward spectrometer covering the pseudorapidity range 2 < 7 < 5. The combined
tracking system provides momentum measurement with relative uncertainty that varies from 0.4 %
at 5GeV/c to 0.6 % at 100GeV/c, and impact parameter resolution of 20 um for tracks with high
transverse momentum, pr. The B? candidates with muons in the final state are required to pass
the hardware trigger, which selects dimuons with the product of transverse momenta, /pr;pr, >
1.3GeV/c, whereas the BY candidates with only hadrons in the final state are selected by requiring
a hadron in the calorimeter with Ep > 3.6GeV/c.

2. Observation of the decay B} — J/w K+

The decay B — J/y K™ is Cabibbo suppressed with respect to B — J/y ™, and the pre-
dicted ratio of branching fractions is dominated by the ratio of the relevant CKM elements, together
with the ratio of decay constants,

2

+_, +
% (B, Jyr') ~ =0.077, 2.1)

BBE — JWwK*)

Vusfl(+
Vudfﬂ?+

using |Via(e)| = 0.97425(0.2252) and fr+ (x+) = 130.41 (156.1) MeV [23].

(b)

Figure 1: Leading-order Feynman diagram of the decays (a) B} — B%z* and (b) Bf — J/wK™*.
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Special care needs to be taken in the particle identification of the bachelor particle to distin-
guish the B} — J/w K™ candidates from the more abundant B — J/yw " events. Both decays are
selected using a multivariate analysis to suppress the combinatorial background. The difference in
likelihood values for the kaon and pion hypotheses, DLLk, as provided by the two ring-imaging
Cherenkov detectors, is used to discriminate between the two decays [24]. The Bj candidates are
split in four bins of DLLk, (< =5, [-5;0], [0;5], > 5), and with an unbinned maximum likelihood
fit to the J/w K™ invariant mass the yield of Bf — J/y " and B} — J/w K™ candidates is deter-
mined, see Fig. 2b. The B — J/w K" signal is described by a double Crystal Ball function [25],
whereas the B — J/y " shape is shifted to higher masses due to the use of the kaon mass hy-
pothesis. The observed B — J/wK™ signal yield is 46 & 12. The ratio of the total efficiencies,
computed over the full DLLg range, is (B — J/wK™)/e(B} — J/y ") =1.029+0.007, which

results in
%’(Bj — J/IIIK+)

A(BS — Jjynh)
where the first uncertainty is statistical and the second is systematic, that is dominated by the
uncertainty on the relative selection efficiency from the multivariate discriminant (5.7%).

=0.069£0.019 (stat) £0.005 (sys),

3. Observation of the decay B} — Bz

The decay B} — Bz is analyzed in the two decay modes B — D; &+ and B — J/y ¢,
with the subsequent decays D; — K*K 7™, J/w — u"u~ and ¢ — K*K~. The event selection
and fits to the BY invariant mass distributions follow previous LHCb analyses based on these BY
decay modes [26,27]. The two channels are analysed independently and the final results are com-
bined. The strategy is to normalize the final number of B} — B decays to the number of BY
decays, which gives a result for the B — BYz" branching fraction multiplied by the ratio of B
and BY production rates, (6(B/)/c(B%)) x (B — B%m"). Since the ratio of production rates,
o(B})/o(BY), may depend on the kinematics of the produced B meson, the result is quoted for B
mesons produced in the pseudorapidity range 2 < n(B) < 5.

An unbinned maximum likelihood fit to the invariant mass distribution of BY — J/y ¢ and
BY — D mt decays yields 103760 + 380 and 73700 + 500 candidates, respectively. The signal
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Figure 2: Mass distributions of the (a) B} — BY(— Dy n")n™ and (b) B — J/wK* candidates.
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shapes are taken as double Crystal Ball functions with common peak value and with tails to either
side of the peak, to account for final state radiation and detector resolution effects. The combi-
natorial backgrounds are modeled with exponential distributions. The lower mass sideband in the
BY — D n™ final state is contaminated by partially reconstructed B decays such as BY — D*~z+
and BY — D p™* decays, where the soft photon or neutral pion is not reconstructed, and by decays
where one of the final state particles is misidentified as a kaon.

Subsequently, the B? candidates are combined with a charged pion to form a B} candidate.
A multivariate analysis efficiently rejects the large background, predominantly originating from
combining B decays with a random pion from the primary vertex. The fit to the mass distribution
of Bf — BY(— J/w¢)nt and B} — BY(— D; nt)w™" decays yields statistical signal significances
of 6.10 and 7.7 ¢, with 35+ 8 and 64 & 10 signal decays, respectively. The mass distribution of
B} — BY(— D;n")rnt candidates is shown in Fig. 2a. The total relative detection efficiency of
B} — B%m" decays with respect to BY decays is estimated to be 15.2 % for the BY — J/y ¢ decay
and 33.9 % for the B — D,z final state.

The uncertainty due to the uncertainty on the B lifetime is quantified by varying the lifetime
in simulation, and reavluating the selection efficiency. The uncertainty is correlated between the
two measurements, and is accounted for in the combined result of the ratio of production rates
multiplied with the branching fraction

o(B)
o (BY)

x B(Bf — BIn') = (2.37+0.31 (stat) £0.11 (syst) {17 (5+)) x 1072,
where the first uncertainty is statistical, the second is systematic and the third is due to the uncer-
tainty on the B lifetime.

4. Conclusions

The results presented in this paper can be compared to the predictions shown in Tab. 2. The
ratio (B} — JJwK")/B(Bf — J/yrt) =0.069+0.020 is in agreement with the expectations
from factorisation, where the ratio is dominated by the ratio of CKM elements that govern the
decays, 0.077. This value also agrees with previously measured ratios of branching fractions of
Bt [28], B [29] and BY [30] decays with similar topology, %(B — DK)/%(B — D), although
BBV — D; K1)/ %A(BY — D, n") seems to be low [31].

The ratio of branching fractions % (B} — Bn*)/% (B} — J/wn") can be estimated us-
ing the results (o(B))/o(BT)) x B(B] — J/yn")/B(BT — J/wK') = (0.68+£0.10+0.03 &
0.05) % [6] and knowledge on (BT — J/wK™) [23] and f;/f, [26] (and assuming f; = f,). This
results in the estimate 2 (B} — B'n")/%(B} — J/w ") = 88+21, where we neglected the small
differences in the analyses with corresponding differences in the fiducial regions. The predictions
for this ratio vary widely, and this result seems to slightly favour the prediction based on QCD sum
rules.

Assuming a value for (B} — J/y &™) around 0.15 % this then leads to a branching fraction
for B — Bz of about 10 % which is the largest exclusive branching fraction of any known weak
B meson decay.
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