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Abstract

A search for the decay B? — ¢utpu~ is performed using proton-proton collisions
at centre-of-mass energies of 7, 8, and 13 TeV collected by the LHCb experiment
and corresponding to an integrated luminosity of 9fb~!. No evidence for the
B — ¢ut ™ decay is found and an upper limit on the branching fraction, excluding
the ¢ and charmonium regions in the dimuon spectrum, of 4.4 x 1072 at a 90%
credibility level, relative to that of the BY — ¢u*u~ decay, is established. Using
the measured BY — ¢utp~ branching fraction and assuming a phase-space model,
the absolute branching fraction of the decay B° — ¢uT ™ in the full ¢? range is
determined to be less than 3.2 x 1079 at a 90% credibility level.
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1 Introduction

The decay B° — ¢utpu~ proceeds mainly via the color-suppressed penguin annihilation
diagrams (a), (b), and (c) in Fig. [1} if we consider only the ss component of the ¢
meson. Annihilation decays of B mesons are strongly suppressed in the Standard Model
(SM) but very sensitive to physics beyond the SM. The annihilation contribution to the
B® — ¢t~ branching fraction is estimated to be approximately of the order of 1072
in the QCD factorization approach [1]. However, when using this decay to probe new
physics, the contribution from the small dd component of the ¢ meson must be considered.
Contributions from w — ¢ mixing, Fig. [I| (d), and new physics could have significant
effects on this decay. There is no theoretical study of these effects in the literature. Some
clues can be found in the reported studies of the decay B® — ¢y [217], which has similar
quark-level transitions as the B® — ¢u* = decay. The annihilation contributions to the
B° — ¢~y branching fraction have been found to be of the order of 1072 to 107! [2-4],
depending on the factorization techniques. Contributions by new particles such as a 2’
boson in the annihilation diagrams could be of the order of 1072 — 1078 [2,[5], large enough
to be observed by the LHCDb detector. A recent study with soft-collinear effective theory
indicates that the contribution from w — ¢ mixing could be three orders of magnitude
larger than the pure annihilation contribution in the SM, increasing the branching fraction
of the decay B® — ¢ to O(107%) [6]. The decay B® — ¢ has not yet been observed,
and the current upper limit on the branching fraction is 1.0 x 10~7 at a 90% confidence
level set by the Belle collaboration [7].

Assuming a dominant w — ¢ contribution [6] and scaling the B® — p°uTu~ branching
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Figure 1: Standard Model Feynman diagrams for the decay B® — ¢utpu=. (a), (b), (c) represent
the weak annihilation contributions, while (d) represents the contribution from w — ¢ mixing.



fraction measured by the LHCb experiment [§], the B® — ¢u* ™ branching fraction is
predicted to be between 107 and 107!, The decay B — ¢u™u~ has not yet been
observed, but may be accessible at high luminosity flavour physics experiments such as
the LHCDb experiment and its upgrade, where it can be reconstructed with high efficiency.

This article presents a search for the decay B® — ¢u*u~ performed using proton-proton
(pp) collision data collected with the LHCb detector, corresponding to a total integrated
luminosity of 9fb™!, comprising 3fb™" collected at centre-of-mass energies of 7 and 8 TeV
during 2011 and 2012 (denoted Run 1) and 6fb™" collected at 13 TeV from 2015 to 2018
(denoted Run 2). The search is performed in the kinematically allowed range of ¢%, the
squared invariant mass of the dimuon system, excluding the ¢ region of 0.98-1.1 GeV?/c?,
the J/i region of 8.0-11.0 GeV?/c*, and the 1(2S) region of 12.5-15.0 GeV?/c*. The decay
BY? — ¢uTp is used as the normalization channel; its branching fraction in the same ¢?
regions has already been measured by the LHCb experiment [9]. The more copious decay
BY — J/v¢ with Jip — ptu~ has identical final-state products and similar kinematic
distributions as B?s) — ¢upu~ decays. A high purity sample of B? — J/1¢ decays is used
to develop a multivariate event classifier and determine the mass model for nonresonant
B?S) — ¢utp~ decays, where nonresonant refers to the pu*pu™ pair.

2 Detector and simulation

The LHCb detector [10,|11] is a single-arm forward spectrometer covering the
pseudorapidity range 2 < n < 5, designed for the study of particles containing b or
¢ quarks. The detector includes a high-precision tracking system consisting of a silicon-
strip vertex detector surrounding the pp interaction region [12], a large-area silicon-strip
detector located upstream of a dipole magnet with a bending power of about 4 Tm, and
three stations of silicon-strip detectors and straw drift tubes [13,/14] placed downstream
of the magnet. The tracking system provides a measurement of the momentum, p, of
charged particles with a relative uncertainty that varies from 0.5% at low momentum
to 1.0% at 200 GeV/c. The minimum distance of a track to a primary pp collision vertex
(PV), the impact parameter (IP), is measured with a resolution of (15+29/pt) wm, where
pr is the component of the momentum transverse to the beam, in GeV/c. Different types
of charged hadrons are distinguished using information from two ring-imaging Cherenkov
detectors |15]. Photons, electrons and hadrons are identified by a calorimeter system
consisting of scintillating-pad and preshower detectors, an electromagnetic and a hadronic
calorimeter. Muons are identified by a system composed of alternating layers of iron and
multiwire proportional chambers [16].

The online event selection is performed by a trigger [17], consisting of a hardware stage,
based on information from the calorimeter and muon systems, followed by a software
stage, which applies a full event reconstruction. In the hardware stage, signal candidates
are required to have at least one muon with pr greater than 1 to 2GeV/c or a pair of
muons with the product of their pr above 1 to 4 GeV?/c?, depending on the data-taking
conditions. The software trigger requires a two-, three- or four-track secondary vertex
with a significant displacement from any PV. At least one charged particle must have a
pr greater than 1 GeV/c and be inconsistent with originating from a PV. A multivariate
algorithm [18] is used for the identification of secondary vertices consistent with the
decay of a b hadron. The total trigger efficiency is 81%, where this quantity is defined as



the number of simulated signal events that pass the full selection, including the trigger,
divided by the number of signal events that pass all the section criteria, except the trigger
requirements.

Samples of simulated decays are used to determine the trigger, reconstruction and
selection efficiencies of the signal and control channels, as well as to estimate contamination
from specific background processes. In the simulation, pp collisions are generated using
PyTHIA [19] with a specific LHCDb configuration [20]. Decays of unstable particles are
described by EVTGEN |21], in which final-state radiation is generated using PHOTOS [22)].
The interaction of the generated particles with the detector, and its response, are imple-
mented using the GEANT4 toolkit [23] as described in Ref. [24].

3 Candidate selection

The candidates of the B?S) — ¢upu~ signal sample and the B — .J/1¢ control sample
are reconstructed by combining a pair of oppositely charged tracks, identified as muons,
and a pair of oppositely charged tracks, identified as kaons. These tracks are required to be
compatible with originating from a common vertex and have significant y?, with respect
to all primary interaction vertices, where x% is defined as the difference in the vertex-fit
x? of a given PV reconstructed with and without the track under consideration. The B(OS
candidates must have a decay vertex significantly displaced from any PV and be compatible
with originating from one of the PVs, considered as the B?S) production vertex. The angle
between the vector connecting the production and decay vertices and the momentum of the
B?S) candidate, #, must satisfy cos# > 0.999. The mass of the Kt K~ pu* =~ combination is
restricted to the range 5100-5800 MeV/c? and the invariant mass of the K™K~ pair must
be within 12 MeV/c? of the known ¢ mass [25]. The B?s) — ¢ptp~ signal candidates are
selected in the ¢* range excluding the ¢ and charmonium regions, while the BY — J/v¢
candidates are required to have a ¢ in the J/i region of 8.0-11.0 GeV?/c?.

There are two major sources of peaking background. The first consists of BY — J/¢¢
decays with a muon reconstructed as a kaon and a kaon as a muon. This background
is suppressed by removing candidates that have a K*u¥ mass in the J/ region, where
a muon mass is assigned to any kaon candidate that satisfies strict criteria for muon
selection. The second peaking background is due to A) — pK~utp~ decays with the
proton misidentified as a kaon.! This source is suppressed by rejecting candidates in the
AY region of the K™K~ pt ™ mass spectrum, where a proton mass is assigned to any kaon
candidate that satisfies strict criteria for proton selection.

A boosted decision tree (BDT) [26] classifier is employed to reduce the combinatorial
background arising from random track combinations. The BDT input variables include
the x% of all final state tracks and of the B?s) candidate, cosine of the angle 6, the fit
x? of the B?S) decay vertex and its displacement from the production vertex, the B?S)
transverse momentum, the particle identification information of the final-state products,
and the multiplicity and kinematic information of tracks consistent with the B?s) decay
vertex but not associated with the BOS) candidate.

Separate BDT classifiers are trained for data taken in the Run 1 and Run 2 periods.
The training of each BDT uses a data sample enriched with BY — J/i)¢ signal candidates,

IThe inclusion of charge-conjugate states is implied throughout.



of which each event is assigned a weight for background subtraction using the sPlot tech-
nique [27] with the mass m (K"K~ pu*p~) as the discriminating variable. The background
sample used in the training consists of K™K~ u"p~ combinations with invariant mass of
the dimuon pair outside the J/i) and 1(2S) mass regions, invariant mass of the dikaon pair
within 50 MeV/c? of the known ¢ mass, and m (K"K~ u* ™) more than 200 MeV/c? above
the known BY mass [25]. This m(K* K~ u*p~) sideband is chosen to avoid overlapping
the mass region used in the subsequent mass fit.

The BDT threshold is chosen to maximize the figure of merit for the decay B® — ¢u™
defined as /(% + V/B) [28]. Here ¢ is the signal efficiency of the BDT requirement, which
is estimated using a data sample of BY — .J/1¢ candidates independent of the B — J/v¢
sample used for BDT training. The background yield, B, in the B° signal mass window
of [5249, 5309] MeV/c? is estimated via interpolation between the lower sideband of [5170,
5249] MeV/c? and upper sideband of [5309, 5570] MeV/c?. The targeted significance, a,
is set to 3. The same BDT requirement is used for the selection of B® — ¢utu~,
BY — ¢utu~, and B — J/1¢¢ decays. The distributions of the BDT input variables
and the efficiency of the BDT requirement are found to be similar in the three channels
according to the simulation. This ensures that the BDT classifier trained and optimized
using the BY — J/1¢ control sample is also optimal for the B?s) — ¢utp~ channels. The
BDT classifier rejects about 99% of the combinatorial background, while keeping about
80% of the signal and control channnel candidates.

The reconstruction and selection efficiencies needed for the branching fraction calcula-
tion are determined using simulated samples of B® — ¢u™u~ and B? — ¢uTp~ decays,
which are generated using a phase-space model and an amplitude model with inputs from
Ref. [29]. The simulation is corrected for imperfect modeling of the particle identification
performance, the track multiplicity, the distributions of transverse momentum, and vertex
fit 2 of the B?S) mesons, using the B? — J/i¢ control sample from the data. The ratio of
the average efficiencies for B — ¢u™ ™ and BY — ¢u™u~ decays with ¢* outside the ¢ and
charmonium regions is evaluated to be e(B" — ¢u*p~)/e(B? — ¢utp~) = 0.999 + 0.009
for Run 1 and 0.969 4+ 0.007 for Run 2, respectively. Here, the uncertainties are due to
limited size of the simulation samples.

4 Mass fits

The branching fraction of the nonresonant decay B — ¢u*pu~ relative to that of the
decay BY — ¢utu~ is estimated from a fit to the K™K~ p*pu~ mass distribution in a
range that contains both the B® and B? signal peaks. The signal mass shape of the
B?S) — ¢utp~ decays is partially determined using the B — J/1¢ control sample. The
KT K~ u*p~ mass distribution of BY — J/1¢ candidates in the range 5100-5570 MeV/c?
is shown in Fig. 2l An unbinned maximum-likelihood fit is performed to this distribution,
separately for Run 1 and Run 2 data. The B? — J/v¢ candidates are reconstructed and
selected in the same way as the nonresonant candidates, with no J/t) mass constraint
applied. The probability density function (PDF) for this fit is the sum of a B — J /¢
component, a BY — JA)KTK~ component, and three background components. The
BY — J/¢¢ component is described by a double-sided Hypatia function [30], with tail
parameters obtained from the fit. The B® — JA)KTK~ component has the same shape
as that of the BY — J/v¢¢ decay, and the difference of their mean values is constrained to



the difference of the known B and B? masses [25]. The B — Ji KT K~ yield is fixed
to the estimate of 119 + 19 for Run 1 (362 £ 51 for Run 2) obtained a priori from another
mass fit where the invariant mass of the B? — J/1¢ candidates is computed with a J/i)
mass constraint applied on the dimuon pair.
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Figure 2: The KK~ u*p~ mass distributions of selected BY — J/1)¢$ candidates in (left) Run 1
and (right) Run 2 data, with the fit projections overlaid. The red solid line is B — J/jp¢
signal, the red dashed line is B® — Ji)KT K~ signal, the green dashed line is the partially
reconstructed background component, the violet dotted line is the combinatorial background
component, and the blue dash-dot line is the /12 — J/YpK~ background component.
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Figure 3: The K+ K~ u™p~ mass distributions of selected nonresonant B?s) — ¢uTp~ candidates
in (left) Run 1 and (right) Run 2 data. The red solid line is B? — ¢utpu~ signal, the
red dashed line is B® — ¢ut ™ signal, the green dashed line is the partially reconstructed
background component, the violet dotted line is the combinatorial background component, the
blue dash-dot line is the /18 — pK~p T~ background component, the violet dash-dot line is
the B — K*0(— K*r~)u*p~ background component, and the orange dash-dot line is the
BY — D (— ¢p~v)utv background component.

The combinatorial background for B? — J/i¢ is described by an exponential function.
The residual background from A) — J/¢pK~ decays passing the dedicated veto is
described by a template obtained from simulation. The A) — J/¢pK~ yield is fixed to
the estimate of 253 4 53 for Run 1 (1251 £ 172 for Run 2), which is obtained a priori



by changing the mass hypothesis of one kaon to a proton and fitting the pK~ ™y~ mass
distribution, following the procedure described in Refs. [31,32]. The partially reconstructed
background mainly arises from B-meson decays to final states with a 7°, and is modelled
by an Argus function [33] convolved with a Gaussian resolution function with a width
equal to that of the signal Hypatia function. The endpoint of the Argus function is fixed
to the mean of the B? mass peak minus the 7% mass [25]. The fit projections of the
K*K~p*p~ mass distributions of selected B? — J/1¢¢ candidates are shown in Fig.
and are in good agreement with data.

A simultaneous unbinned maximum-likelihood fit is performed to the K+t K~ putu~
mass distributions of selected B?S) — ¢utu~ candidates, shown in Fig. |3 in the Run 1
and Run 2 data samples. The fit range is 5100-5570 MeV/c?. The fit model detailed below
keeps the same form for Run 1 and Run 2, while the fit parameters can take different
values for the two periods except for the parameter of interest, the branching fraction
ratio in the ¢? range excluding the ¢ and charmonium regions,

B(B° — ¢pu'p”)

R= B(BY — ¢utp~)’

(1)

which is required to be common for Run 1 and Run 2. The fit PDF includes the
B — ¢utp~ and BY — ¢ptu~ components; a combinatorial background com-
ponent; several additional background components from specific B-meson decays:
B - K*(— Ktn )utp—, A) = pK~ptu~, B — D;(— ¢u~v)pv; and an inclusive
partially reconstructed background component.

As in the BY — J/¢¢ case, the B® — ¢u™u~ component is described by a double-
sided Hypatia function and its tail parameters are fixed to the values obtained in the
B) — J/i¢ fit. The width, mean, and yield (Npgo) are allowed to vary in the fit. The
B° — ¢uTp~ component is described by the same double-sided Hypatia function as for B?
decays shifted by the difference of the known B° and B? masses. The branching fraction
ratio R is included as a free fit parameter. The B® — ¢u™u~ yield (Npo) is expressed in
terms of No and R according to

_ R e(B = gutp)
= fs/fd X 8(32 - ¢M+’u7) X NBQ . (2)

Here (B° — ¢utp)/e(B? — ¢utu~) is the efficiency ratio given in Section |3 and
fs/ f4 is the ratio of the production fractions of B? and B® mesons in the LHCb detector
acceptance in pp collisions, which has been measured to be 0.2390 + 0.0076 at 7TeV,
0.2385 £ 0.0075 at 8 TeV, and 0.2539 £ 0.0079 at 13 TeV [34]. The factors f,/fs and
e(B® — ¢utp~)/e(B? — ¢utpT) are fixed to their central values in the baseline fit, and
their uncertainties are taken into account in the evaluation of the systematic uncertainties
of the R measurement.

As in the B? — J/1¢ case, the combinatorial background for B?s) — outuT is
described by an exponential function, the inclusive partially reconstructed background is
modelled by an Argus function convolved with a Gaussian resolution function, and the
Argus endpoint is set to the mean of the B? mass peak minus the 7 mass.

Three sources of specific physics background are accounted for in the B?S) — out
mass fit, B — K*%(— K*77)u*pu~ decays with the pion misidentified as a kaon,
residual A) — pK ptp~ decays with the proton misidentified as a kaon and

NBO
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Table 1: Efficiencies of background decay processes relative to that of the decay B? — ¢u®u~
evaluated using simulated samples. The uncertainties are due to limited sizes of these samples.

Epkg/Epo [X1077]
Run 1 Run 2
B — K =~ 1 0.671£0.041 | 0.344 £0.018
A) — pK—ptp~ | 0.717+£0.033 | 0.469 + 0.016
BY - D;ptv 0.298 £ 0.015 | 0.299 £ 0.008

Process

BY — D7 (— ¢u~v)utv decays with the two neutrinos undetected. Their mass mod-
els are implemented as templates obtained from corrected simulation. The yields are
determined relative to the B — ¢u*p~ yield, using the known branching fractions and
the efficiencies relative to that of BY — ¢u*pu~ given in Table . The obtained yields are
Npooy+p- =121 £0.23, Nyopg—p+ - = 0.29 £0.12, and Npo_, p- e, = 52 £ 17 for
Run 1 (2.87£0.51, 0.87£0.35, and 240 £ 77 for Run 2). The central values of these yields
are used in the baseline fit and their uncertainties are considered as sources of systematic
uncertainties for the R estimate.

The B? — ¢utp~ signal yields are 302419 for Run 1 and 1389 +41 for Run 2. The fit
projections are shown in Fig. [, and there is no visible B® — ¢u*pu~ signal contribution.
Thus the upper limits on its relative and absolute branching fractions are calculated in
Section [6]

5 Systematic uncertainties

Due to the identical decay products and similar event topology of the B® — ¢u*u~
and B? — ¢utp~ decays, systematic uncertainties associated with the evaluation of the
efficiency cancel in the branching fraction ratio R. The remaining systematic uncertainties,
including additive ones associated with the yield estimation and multiplicative ones
propagated from the scaling factors involved in the calculation of R, are summarized in
Table 2l and discussed below.

The dominant systematic uncertainty is associated with modelling the mass shapes of
the signals. This effect has been studied by fitting the data using an alternative model,
generating a large number of samples according to the obtained new model, and fitting
each pseudoexperiments with both the baseline and alternative model. The mean change
in R is assigned as a systematic uncertainty. For B?S) — ¢utp~ decays, replacing the
double-sided Hypatia function with the sum of two double-sided Crystal Ball functions
leads to an uncertainty of 0.39 x 1072 on R. For the inclusive partially reconstructed
background, changing the resolution model from a Gaussian to a Hypatia function causes
an uncertainty of 0.15 x 1073,

Another major contribution to the systematic uncertainty is associated with the
specific background from B? — D7 (— ¢u~7)utv decays with missing neutrinos, which
lies under the inclusive partially reconstructed background in the K™K~ p*pu~ mass
spectrum. The shape of this background is described by a template obtained from
simulation. The uncertainty due to the finite size of the simulated sample is evaluated
using a bootstrapping technique [35]. A large number of new samples of the same size as



the original simulation sample are formed by randomly cloning events from the original
sample. The standard deviation on the results of R obtained using the new samples is
taken as a systematic uncertainty, which is estimated to be 0.13 x 1072, In the baseline
fit, the yield of the BY — D v background is fixed to the central value of the estimate
given in Section [4l Changing this yield by +1 standard deviations and repeating the
B?S) — ¢pTp mass fit, the maximum change of R is 0.27 x 1072, which is assigned as a
systematic uncertainty.

The systematic uncertainties associated with other specific background components in
the B?S) — ¢utp~ sample are also studied and found to be small. Changing the fixed
yield of the B® — JWKTK~ (A — J/bpK~) component in the B — Jhbo fit by +1
standard deviations leads to a systematic uncertainty of 0.09 x 107® (0.07 x 1072) on
R. The average bias in R due to the maximum likelihood fit procedure is evaluated to
be 0.09 x 1073 using pseudoexperiments. Summing the contributions discussed above in
quadrature leads to a total additive systematic uncertainty of o,qq = 0.54 x 1073,

As can be seen in Eq. [2] the estimate of R is proportional to the production fraction
ratio f,/fs and the efficiency ratio epo/epo. In the baseline fit, these scaling factors are
fixed to their central values obtained a priori. The relative uncertainties of the luminosity-
averaged values of f,/f4 and epo/epo are 3.1% and 0.8%, respectively, which are propagated
to R as multiplicative systematic uncertainties. The combined multiplicative uncertainty
on R is k = 3.2%. The total systematic uncertainty on R can be written as

0(R) = /02 + (kX R)?. (3)

Table 2: Systematic uncertainties on the measurement of R for additive and multiplicative
sources.

Additive uncertainties Value [x107?]
Fit bias 0.09
Signal model 0.39
Partial background 0.15
Yield of BY — J/¢YKTK~ 0.09
Yield of AY — J/ypK~ 0.07
Yield of B® — K*0u*p~ 0.01
Yield of A) — pK~ptu~ 0.03
Yield of B? — Dy utv 0.27
Shape of B® — K*Ou*p~ 0.01
Shape of A) — pK~ptp~ 0.00
Shape of BY — D utv 0.13
Total 0.54
Multiplicative uncertainties ~ Value [%)]
fs/fd 3.1
£po /63? 0.8
Total 3.2
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Figure 4: Smeared profile likelihood ratio curve from the simultaneous fit to the Run 1 and
Run 2 data samples. The red shaded area indicates the 90% crediblity interval of R.

6 Results

Since no significant signal of the decay B® — ¢u™ ™ is observed, an upper limit on the
branching fraction ratio R is determined using the profile likelihood method [36,137]. The
profile likelihood ratio as a function of R, denoted A\o(R), is defined as the ratio of the
maximum likelihood value for a given value of the parameter of interest, R, to the global
maximum likelihood value. In order to incorporate the systematic uncertainties, a smeared
profile likelihood ratio function is defined as

AR) = M(R) © G(R —R';0,0(R)) , (4)

where A\g(R’) is convolved with a Gaussian function, which has a zero mean and a width
equal to the total systematic uncertainty given in Eq. [3

Figure {4 shows the smeared likelihood function A(R) obtained from the simultaneous
fit to the Run 1 and Run 2 data samples, where the shaded area starting at R = 0 defines
a 90% credibility interval obtained using a prior function that is uniform in the physical
region R > 0. The right boundary of this interval gives the upper limit on R

R < 4.4 x 107 at a 90% crediblity level (CL) .

The limit on R can be converted into a limit on the branching fraction B(B® — ¢u™ ™)
using a previous measurement of B(B? — ¢uTp~) in the same ¢* intervals. The LHCb
collaboration reported B(BY — ¢utp~) = (8.14 4 0.21 (stat) & 0.16 (syst) & 0.03 (extrap)
+0.39 (BY — Jfpg)) x 1077 9] in the full ¢* range without the resonant vetoes, where
the third uncertainty is associated with the extrapolation used to recover the vetoed ¢
and charmonium regions in the ¢ spectrum. Using the extrapolation factor of F* =
(65.47 + 0.27)% given in Ref. [9], the branching fraction excluding the ¢ and charmonium
regions is B(B? — ¢utpu™) = (5.33 £ 0.14 (stat) £ 0.10 (syst) £ 0.25 (B? — Jav¢)) x 107".
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Among these uncertainties, the contributions from the B? — ¢utu™ yield and f,/f; ratio
are almost completely anticorrelated with the corresponding uncertainties on R. Taking
this correlation into account, the net uncertainty propagated from B(B? — ¢u™pu™) to
B(B® — ¢uTp~) is found to be negligible. A limit on B(B° — ¢uu~) in the ¢* range
excluding the ¢ and charmonium regions is set to be 2.3 x 1072 at a 90% CL.

The fraction of B® — ¢u* = decays within the considered ¢? regions is calculated to
be F? = (73.2 4+ 0.1)% with a phase-space decay model. Using this fraction, the limits on
the total branching fractions in the full ¢? range is determined to be

B(B" = ¢pp) <32 x 107 at a 90% CL .

The observed limit on B(BY — ¢u*pu™) is consistent with the expected limit, which
is evaluated to be 3.1 x 107 at a 90% CL using pseudoexperiments generated under
the assumption of zero B® — ¢u*pu~ signal. Alternative models are used to check the
dependency of the result on the BY — ¢u* =~ decay model. The phase-space model is
replaced by a model that has the same ¢* and angular distributions as in B? — ¢u™u~
decays or a model that has the same ¢* distribution as in B? — ¢u*u~ decays but a flat
angular distribution. The evaluated upper limits on B(B? — ¢u™pu™) increase by less
than 5% and 15% in the ¢? range, excluding the ¢ and charmonium resonances, and in
the full ¢ range, respectively.

7 Conclusion

This article presents the first search for the decay B° — ¢u* =, performed using pp
collision data at centre-of-mass energies of 7, 8, and 13TeV collected by the LHCb
experiment, corresponding to an integrated luminosity of 9fb™!. No statistically significant
excess of the decay B® — ¢u™ =~ above the background is observed. An upper limit on
its branching fraction excluding the ¢ and charmonium regions in the dimuon spectrum
relative to that of the decay B? — ¢u™u~ is determined to be 4.4 x 1073 at a 90% CL.
Assuming a phase-space decay model for the decay BY — ¢u™p~ and using the LHCb
measurement of B(B? — ¢ut ™), an upper limit on B(B® — ¢up~) in the full ¢* range
is set to be 3.2 x 1072 at a 90% CL, which is compatible with the SM prediction.
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