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Abstract

A search for the very rare B** — y*p~ and B° — uu~ decays is conducted by
analysing the BX — 7t u®pu~ process. The analysis uses proton-proton collision
data collected with the LHCb detector between 2011 and 2018, corresponding to an
integrated luminosity of 9fb~!. The signal signatures correspond to simultaneous
peaks in the p™p~ and 7" u~ invariant masses. No evidence for an excess of
events over background is observed for either signal decay mode. Upper limits are
set on the branching fractions relative to that for B — J/¢nt decays of
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at 90% confidence level.
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1 Introduction

Weak decays of the B* and B excited vector mesons into leptonic final states offer the
opportunity to search for possible deviations from Standard Model (SM) expectations.
Unlike the weak leptonic decays of the B? and BY pseudoscalar mesons, the decays
of excited vector mesons are not suppressed by the chiral structure of the SM weak
interaction [1-3]. However, since the BE?) mesons decay predominantly through the
electromagnetic interaction, the branching fractions for their weak leptonic decays are
highly suppressed in the SM. For example, the B:° — p 1~ branching fraction is expected
in the SM to be around 10~*', but could be enhanced due to physics beyond the SM [2].

Many experimental studies of the B?s) leptonic decays have been performed, with the
latest results giving measurements of the B — 1 p~ branching fraction and limits on the
B — ptu rate that are consistent with SM expectations [4-7], as well as limits on the
rates of B?S) — ete” and B?S) — 7777 decays [8,9]. However, there has not yet been any

search for a BE;O) — (70~ decay mode. In this report, the first search for the B**— ™

and B:° — ptu~ decays is presented. The analysis is based on the data samples collected
with the LHCb detector between 2011 and 2018, corresponding to an integrated luminosity
of 9fb™" of proton-proton pp collisions at centre-of-mass energies of 7, 8 and 13 TeV. As
discussed in Ref. [10], searches via prompt BE‘S) production in LHC collisions are expected
to be limited by the large amount of background from the pp interactions. The search is
therefore performed instead via the B} — B(*f)ﬂ*, BE‘SO) — utp~ decay chain, subsequently
denoted B — BE“SO) (uTp~)7™. This is expected to be the most promising method as it
exploits the displaced B -vertex signature to suppress background; a similar approach
has recently been demonstrated in a search for the D*®— ™~ decay [11]. The inclusion
of charge conjugate processes is implied throughout the paper.

The analysis follows procedures from a recent search for nonresonant Bf — 7 p*p~
decays [12]. The results of that analysis include an upper limit on the ratio
B(Bf — nrutp™)/B(Bf — Jiprt) < 1.9 x 107* at 90% confidence level (CL) in the
interval 15.0 < ¢* < 35.0 GeV?/c*, where ¢> = m?(ut ™) is the square of the invariant
mass of the dimuon system. That result can be used to set limits on the branching fraction
products B(Bf — B%7 %) x B(B*— p*pu~) and B (B — B*7") x B(B*— putu~),
since such decays would contribute in the relevant ¢? region. However, due to the narrow
B(*SO) width, significantly better experimental sensitivity can be obtained by a dedicated
search with optimised selection requirements and fit strategy, as presented here. The
previous result also implies that there is no significant contribution from nonresonant
Bf — ntutu~ decays, and therefore this does not need to be considered as a source of
background in the B(*SO) search.

To search for B — B (u*p~)n™ signals, the reconstructed B/ -candidate invariant
mass, m(utp~ 7)), and the dimuon invariant mass, m(utp™), serve as discriminating
observables in an extended unbinned maximum-likelihood fit. The analysis uses the
Bf — Jhp(ptp~) 7t decay as normalisation mode. The signal yields, relative to that for
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7

the normalisation mode, are translated into branching fraction ratios through
+ 0 (4 =\t
RB*O o N N = B(BC —> B(s)(/’[/ /’L )ﬂ- )
(ot u=)m® [ Jfpm B(Bj—) J/wﬂ'Jr)
Noigrr

E T _
- I B )
NJ/¢W+ 53(*30)7r+

= Oé%]-ggﬂﬂr : NB*DW+ ) (1)

(s) (s)
where N indicates the yield of the mode indicated in the subscript, ¢ indicates the
efficiency determined from simulation with data-driven corrections, and B(J/i) — ptp~) is
the known branching fraction of the J/i— uu~ decay [13]. The single-event-sensitivity

a%E,Eﬁ is the value of the ratio that would be obtained for one single signal decay.
B

2 Detector and simulation

The LHCb detector [14, 15] 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 [16], a large-area silicon-strip
detector located upstream of a dipole magnet with a bending power of about 4 T'm, and
three stations of silicon-strip detectors and straw drift tubes [17, 18] 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/pr) pm, 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 [19]. 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 [20].

The online event selection is performed by a trigger [21,22], which consists of a
hardware stage, based on information from the calorimeter and muon systems, followed by
a two-level software stage, which reconstructs the full event. Candidate B} — 7t~
decays are triggered as described in Ref. [11] for B* decays to the same final states. The
hardware stage of the trigger selects events containing at least one muon with high pr.
The following software stage selects events containing at least one high-pr muon detached
from any PV. The events must contain at least one secondary vertex (formed by two or
more of the final-state particles) that is also detached from any PV. Secondary vertices
consistent with the decay of a b hadron are identified by multivariate algorithms [23,24].

Simulation is used to optimise the event selection procedure, to model the shape of
invariant-mass distributions and to estimate efficiencies accounting for the effects of the
detector acceptance, reconstruction and selection criteria. In the simulation, pp collisions
are generated using PYTHIA [25] with a specific LHCD configuration [26]. The production
of B mesons is simulated using the dedicated generator BcVegPy [27]. Decays of unstable
particles are described by EVTGEN [28], in which final-state radiation is generated using

2
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PHOTOS [29]. The interaction of the generated particles with the detector, and its response,
are implemented using the GEANT4 toolkit [30-32].

The B candidates reconstructed in simulation are weighted to correct for discrepan-
cies between data and simulation associated with the particle-identification [33], track-
reconstruction [34] and hardware trigger [35] efficiencies. The simulation is also corrected
such that the B lifetime corresponds to the current experimental value [13,36,37]. Addi-
tional corrections are applied to account for discrepancies in B production kinematics,
event track multiplicity and other observables used in the selection of B} candidates.
These corrections are obtained using a multivariate weighting algorithm [38], which is
trained using B — J/ibnt decays in background-subtracted data and simulation. After
the corrections are applied, the simulated distributions of all variables used in the analysis
are in good agreement with the data.

3 Candidate selection and background sources

The initial stages of the offline selection are identical to those for the recent search for
nonresonant B — 7t utu~ decays [12]. The B} candidates are formed from pairs of
well-reconstructed oppositely charged tracks identified as muons together with a track
identified as a pion. The tracks are required to form a good-quality vertex that is displaced
from every PV. Each B[ candidate must have a momentum vector that is aligned with
the direction between one of the PVs and the Bf-candidate decay vertex.

Each B[ candidate is required to have an invariant mass in the range
6150 < m(mtpTu~) < 6700 MeV/c®. The expected signal resolution in m(mtutu™) is
about 20 MeV/c?. The dimuon invariant mass is calculated from the outcome of a
kinematic fit in which the Bf-candidate invariant mass is constrained to the known
B} mass [13] and the momentum vector is constrained to be consistent with the line
of flight between the PV and the decay vertex, thereby improving the resolution. The
dimuon invariant mass is required to be in the range 5225 < m(u™u~) < 5515 MeV/c? for
the signal modes and 3000 < m(u*u~) < 3200 MeV/c? for the normalisation mode. The
expected signal resolution in m(u™p™) is about 4 MeV/c?.

Combinatorial background arising from random combinations of tracks is suppressed
using a boosted decision tree (BDT) classifier [39,40] that has been trained and validated
to identify Bf — 7t u*u~ signal candidates irrespective of dimuon invariant mass [12].
The BDT classifier receives as inputs the pr of the pion track, the pr of the muon track
with highest pr, the IPs of the muon tracks and the B candidate, the B flight distance,
the vertex quality of the B candidate, and the largest distance of closest approach
between any two of the final-state particles.

Further suppression of combinatorial background is obtained by applying a requirement
on the cosine of the helicity angle 6;, which is defined as the angle between the i direction
and the direction opposite of the B momentum in the dimuon rest frame. This has
additional discrimination power since the signal follows a 1 — cos? §; distribution while
the combinatorial background sharply peaks at cosf; ~ +1.

Requirements on the BDT classifier output, the absolute value of cos#;, and vari-
ables characterising the charged pion particle identification are optimised simultaneously.
The optimisation is based on a grid search to obtain the best signal sensitivity using
the figure of merit ¢/(5/2 + +/Ng) [41], where ¢ is the signal efficiency and Ng is the
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expected number of background candidates in the signal region. The figure of merit
is evaluated separately for B — B*(u"p™)r™ and B — B(utp~)nt decays. The
signal region for each decay mode corresponds to a two-dimensional range in m(7*u*pu™)
and m(putp~) of about £3 times the expected resolution in each dimension, centred
at the expected two-dimensional peak position [13]. The expected background yield
is estimated by fitting a background-only model to the dataset excluding the region
6215 < m(mtptu™) < 6335 MeV/ 2.

The figures of merit for both Bf — B**(u*p~)nt and Bf — B°(utp~ )" decays
have maximum values at the same grid point. With the optimised requirements, the
classifier has a combinatorial background rejection power of 99%, whilst retaining 65%
of signal decays. The optimised angular selection, corresponding to |cosf;| < 0.90,
further rejects about 30% of the background whilst keeping about 98% of signal decays.
The particle-identification requirements have a pion efficiency around 90%, with a kaon
misidentification rate around 10%. The particle-identification requirements applied to the
muon candidates have an efficiency around 99%, with a pion misidentification rate below
1%. The same selection requirements are used for signal and normalisation modes to
reduce potential systematic biases on the measurement of branching fraction ratios. After
applying the selection requirements each selected event contains only one B[ candidate.

Backgrounds from partially reconstructed decays such as B — Jjibp™ (7t x%) [42]
for the normalisation mode have a reconstructed B -candidate invariant mass that lies
more than 100 MeV/c? below the known BJ mass [13]. These sources of background
predominantly populate a region outside, but have a tail that extends into, the fit range
used in the analysis. This is also true for backgrounds such as Bf — p*pu*pu~ for the signal
modes, which were found to be negligible in the search for nonresonant B — 7 p*p~
decays [12]. This contribution is therefore neglected in the fit for the signal modes, but is
accounted for in the normalisation mode fit. Processes with a missing neutrino or two or
more missing massive particles can also be a source of partially reconstructed background,
but their contributions are negligible in the fit range.

Contributions from hadronic backgrounds such as B — 777t decays, where two
pions are mistakenly identified as muons, were found to be negligible in the search for
nonresonant B — 7 ut ™ decays [12] and are therefore neglected. Similarly, possible
contributions from the resonant B — J/yn™ or B — ¢(2S5)7" decays, where the pion
is mistakenly identified as a muon and vice versa, were studied using simulation and data
and found to be negligible after applying the selection requirements.

For the normalisation mode, misidentified background can arise from the B — JA K+
mode. The branching fraction for this decay is Cabibbo-suppressed with respect to that for
the Bf — J/ibn™ decay, and their ratio has been measured to be 0.079 £ 0.007 £ 0.003 [43].
This background is further suppressed by the particle-identification requirements, but
nonetheless is accounted for in the normalisation mode fit.

4 Invariant-mass fits

The normalisation B — Ja(utp~ )7t yield is determined from a one-dimensional
extended unbinned maximum-likelihood fit to the m(7u™ ™) distribution of candidates
in the range 3000 < m(pu™u~) < 3200 MeV/c?. The normalisation mode also provides
correction factors that account for discrepancies between data and simulation in the
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signal peak positions and widths. The relevant factors for the dimuon signal shape are
obtained from an additional maximum-likelihood fit to the m(u*p~) distribution. The
B -candidate invariant-mass and dimuon invariant-mass fits to the normalisation mode
are independent of each other. A two-dimensional fit is avoided since possible correlations
in the tail regions of the two observables could result in a non-negligible fit bias given the
large sample size.

For the Bf-candidate invariant-mass fits, the fit model includes four components:
signal B — J/in™ decays, misidentified Bf — JAp K™ decays, partially reconstructed
background from B} — J/ipp™ decays and combinatorial background. The signal, misiden-
tified and partially reconstructed backgrounds are each modelled by the sum of two
Gaussian functions, one of which has power-law tails [44]. The tail parameters of each
distribution are fixed from simulation. The peak position and width of the distributions
are allowed to vary in the fit to the data by a global offset and scale factor that is
shared between these three components. The combinatorial background model is an
exponential function with an exponent that is allowed to vary. In total, the fit includes
seven parameters: the yields of the four components, the global peak position shift and
width scaling factor, and the exponent of the combinatorial background. The yield for
misidentified B} — JApK™ decays is allowed to vary with respect to the yield for the
B} — J/iprt decays within a Gaussian constraint based on the expected misidentification
rate [33] and the measured branching fraction ratio [43].

For the dimuon invariant-mass fit, the fit model includes a signal and a combinatorial
background component. The signal is modelled by a Gaussian function with power-law
tails, while the background is modelled by a first-order polynomial function. The tail
parameters of the signal model are fixed from B} — JAbnt simulation. The signal peak
position and width are allowed to vary in the fit to the data through an offset and a
scale factor. The dimuon-mass fit model includes five fit parameters: the yields for the
two components, the shift of peak position and width scaling factor and the slope of the
combinatorial background.

Figure 1 shows the dimuon and B-candidate invariant-mass distributions of selected
Bf — J/pr" candidates. The Bf-candidate invariant-mass fit converges to a yield of
6213 = 89 decays, where the uncertainty is statistical only.

The dimuon invariant-mass distribution in data can receive contributions from J/i de-
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Figure 1: Reconstructed (left) u*p~ and (right) 7 p*p~ invariant-mass distributions for the
selected Bf — J/p(u™ ™ )m™ candidates, with results of the fit superimposed.
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cays that do not stem from the B — J/bnt process. This background contribution could
affect the fit results for the shift and width scaling factors. To check this and also the effect
of dependencies in the tails between B}-mass and dimuon mass distributions, the fit is
repeated restricting the B -candidates to the region 6215 < m(muTu™) < 6335 MeV/c2.
The results for the shift and width scaling factor obtained from this fit agree within
uncertainties with the results obtained from the nominal fit.

The signal B — B*(utp~)nt and BFf — B(uTp )" yields are determined
from a two-dimensional extended unbinned maximum-likelihood fit to the m(u™p™)
and m(7m~ptp) distributions. The fit model includes three components: signal
Bf — B*(uTu~)7" decays, signal Bf — B(u* )7 decays and combinatorial back-
ground. For each component, the total model is the product of the respective dimuon and
Bf-candidate invariant-mass models. The models for the signal components are validated
using simulation. The two fit observables are found to have no significant correlation
between them in simulation or sideband data and are therefore treated as uncorrelated.

For the signal components, the dimuon and the B[-candidate invariant-mass distri-
butions are each modelled using a Gaussian function with power-law tails on both sides
of the peak. The tail parameters are fixed to the values obtained from simulation. The
signal dimuon and B -candidate invariant-mass models each include a global shift of peak
position and a global scaling factor for the width of the distribution, relative to the values
found in simulation.

For the combinatorial background, the dimuon and the B;-candidate invariant-mass
distributions are modelled using a linear function and an exponential function, respectively.
The respective dimuon and the B -candidate invariant-mass slopes are allowed to vary in
the fit to data.

In total, the fit includes five free parameters: the yields for each component and the
two parameters of the combinatorial background model. The global peak position shift
and width scaling factor for each of the dimuon and B;-candidate invariant-mass models
are constrained to be consistent with values obtained from fits to the B — J/ap(u™p~) nt
candidates.

Figure 2 shows the dimuon and B-candidate invariant-mass distributions of selected
B} — BE*SO) (utp™)m™ candidates, with results of the fit superimposed. Figure 3 shows the
two-dimensional distribution of selected candidates. The yields for the Bf — B*(u*p=)r™
and B — B:(uTp )7t decays are consistent with zero. Table 1 summarises the yields
obtained from the fit. The correlation between the two signal yields is 1.2%.

Table 1: Yields obtained from the fit to data described in the text, with statistical uncertainties
only.

Component Yield
Bf = BO(ptpm)mt 0471
Bf = B(ptp)mt 04713
Combinatorial bkg. 282+ 17
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Table 2: Input parameters used in the estimation of the ratio RB?%(MJ’/L‘)ﬂ*/J/wﬂ*’ with statistical

and systematic uncertainties added in quadrature.

Parameter Value
B(Jhp— pTu™) (59.6140.33) x 1073 [13]
€ Jjpmt [EBORt 1.09 £0.05
5J/1/,7T+/5B;§0ﬂ—+ 1.18£0.05
N jppr+ 6213 +93

5 Efficiencies and systematic uncertainties

Table 2 summarises the parameters entering the determination of the single event sensi-
tivities in Eq. (1), with statistical and systematic uncertainties added in quadrature.

The efficiency ratios between signal and normalisation modes are obtained from simula-
tion accounting for the geometrical acceptance of the detector as well as effects related to
the triggering, reconstruction and selection of the B candidates. The uncertainties on the
efficiency ratios take into account the simulation sample size, uncertainties on the weights
applied to the simulation, the matching between reconstructed and generated particles in
the simulation, variations of the software trigger requirements, and the uncertainty on the
known B lifetime. All variations are made consistently for the signal and normalisation
modes to avoid overestimation of the uncertainty on the efficiency ratio.

The systematic uncertainties associated with the weights are evaluated by varying all
weights within their uncertainties and by varying the binning scheme used to estimate them.
The systematic uncertainty associated with the multivariate weighting algorithm (see
Sec. 2) is evaluated by comparing the results obtained with the default and with an
alternative algorithm. The default algorithm is trained to correct for discrepancies between
data and simulation associated with the event track multiplicity and with the transverse
momentum and the vertex quality of the Bf candidates. The alternative algorithm is
trained using the impact parameter significance of the two muons as additional inputs.

The systematic uncertainty associated with the matching between reconstructed and
generated particles in the simulation is evaluated by comparing the efficiencies obtained

00— . . Hp—T———T———— .
‘é E LHpb preliminary E té 0 E_LHpb preliminary e Data . 3
3 15._9fb1 E 3 : 9fb* Total fit E
= r i = 25 e Combinatorial 3
= N N - — BBl () ]
I SRS B S
8'111111”41:“ ‘f
g il il el 1 I ]
5 ° Y T l””f W“ 1HH1 S 12;{& H’HH by {[m ;{_}ﬁm{[ Hl[“””“-
8 pril R I B R

T s 5500 6200 6400 6600
mu* i) [MeV/cZ] m(rr ) [MeV/c?]

Figure 2: Reconstructed (left) u*p~ and (right) 7 p*p~ invariant-mass distributions for the
selected B — BE’;O) (ut ™)™ candidates, with results of the fit superimposed.



253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

279

280

281

282

283

6700 LH(}b 9 fE)’T .p_r.:elimi.nary .
6600
6500

6400

6300 é;t.T:-".3;;-"[::}'fl?'i'ttf. ISR
o . LA . e ]
- N K . R * ::-;

T T[T I T T[T T raer

II‘I'I'IIIIIIIAIIIII'

m(rr' ) [Mevic?]

6200 [

. .. : e . eet
) S i " " hd H I n " le o

5300 ] 5400 .
m(u*p) [Mevie?]

Figure 3: Two-dimensional distribution of ;™ p~ invariant mass versus 7+ p™ ™ invariant mass
for the selected B} — BE*SO) (utp~)mT candidates. The areas delimited by the full red lines
correspond to ranges of about +3 times the experimental resolution around the expected signal-
peak positions in each dimension.

including or excluding B candidates for which one or more decay products are not correctly
matched. The systematic uncertainty associated with variations of the software trigger
requirements that are not reproduced by the simulation is evaluated by comparing the
efficiencies obtained by applying the tightest thresholds and by applying average thresholds
within each data-taking period. The systematic uncertainty associated with the B lifetime
is evaluated by varying the B[ lifetime in simulation within its uncertainties [13].

A further systematic effect associated with the track reconstruction [34] can arise
due to the possible difference in hadronic interactions for the pion tracks in the signal
and the normalisation modes (due to the kinematic differences between the decays) and
discrepancies between data and simulation in the detector material. This effect is studied
in simulation and data and is found to have a negligible impact.

The effect of the multivariate weighting algorithm has the largest impact on the
systematic uncertainty of the efficiency ratio. The remaining systematic uncertainties
cancel out almost completely in the determination of the efficiency ratios and are smaller
than the statistical uncertainties.

The normalisation mode yield obtained in the previous section can be affected by the
fit model choice and by the assumption of the polarisation of the partially reconstructed
backgrounds. To study the effect of the fit model choice, each fit is performed in three
configurations: using the baseline fit model and using two alternative fit models. In the
two alternative fit models, the analytical function used for the combinatorial background is
replaced by a sigmoid function. In the first alternative model the same parametrisation as
in the nominal model is kept for the other fit components, while in the second alternative
model the Bf — J/iyn™ and the misidentified background models are replaced by a
Hypathia function [45] and the model for the partially reconstructed background is
replaced by a Gaussian function with a power-law tail to the right side of the distribution.
For the normalisation mode yield, the largest difference between the results obtained with
the baseline and alternative models is assigned as systematic uncertainty. For the global
peak shift and width correction factors, the model choice is found to have a negligible
impact.

In the nominal normalisation mode fit, the p™ meson in the B — J/ppt partially
reconstructed background is assumed to be unpolarised. However, the polarisation of the
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pT meson can affect the momentum of the missing pion and hence the B -candidate mass
shape of the partially reconstructed backgrounds. The fit is therefore repeated assuming
either full longitudinal or full transverse p™ polarisation. The difference in the results for
the two configurations is found to be negligible.

6 Results for relative branching fractions

The signal yields in the fit model described in Sec. 4 are parametrised in terms of branching
fraction ratios R BYS (ut =yt [ Ippr+ using Eq. (1). The systematic uncertainties associated
with the single-event sensitivities are accounted for through Gaussian constraints in
the fit. Using the parameters in Table 2 to calculate the single-event-sensitivities gives
a3 - =(1.04£0.05) x 107° and o355 | = (1.13 £0.05) x 107" taking statistical and
systematic uncertainties into account. SIncluding all constraints, the fit yields

Rt -yt fapnt = (—0.447735) x 1077,
Ressoqut uymt fpoms = (043T737) x 1077

To assess the impact of the systematic uncertainties, the fits are repeated fixing the nuisance
parameters to their central values. The difference in the uncertainties between the two
configurations is around 1077, showing that the impact of the systematic uncertainties is
negligible.

Upper limits on the branching fraction ratios are obtained following the
Feldman—Cousins prescription [46]: pseudoexperiments are generated for various val-
ues of R BXS (it )t [ I+ and the distributions of the measured RB(*SO) (utp—)wt ) Jjunt values
in the pseudoexperiments are used to form confidence belts. Nuisance parameters are
varied within their uncertainties in the generation of the pseudoexperiments. The scan to
obtain limits for R g«o(,+ - )r+ /gyt is performed assuming that Rp«o(,+ - )rt /gt 18 z€TO
and vice versa. This assumption does not impact the obtained limits as the correlation
between the signal yields is negligible. Figure 4 shows confidence belts at 90% and 95%
confidence level (CL). Using the results obtained from the fit to data yields

Rpo(utp=yrt jgjpmt < 3.8 (5.2) x 107 at 90 (95)% CL,
Rps0(utp—ymt faprt < 5.0(6.3) x 107> at 90 (95)% CL .

As further checks the procedure is repeated restricting the signal yield to positive values,
or replacing in the fit model the signal parametrisation with the sum of two Gaussian
functions, one with power-law tails. No significant changes in the obtained upper limits
are found.

As a further cross-check, the ratio B(Bf — ¢(2S)(u"pu™)n™)/B(Bf — J/(utp~)nt)
is measured following the same analysis procedure as in Ref. [12], but applying the BDT
classifier, cosf; and particle-identification requirements optimised for this work. The
measured value corresponding to 0.279 4= 0.025, where the uncertainty is only statistical,
agrees with previously published measurements of this quantity [12,47,48].

7 Summary

A search is performed for the very rare B**— u*u~ and B — utp~ decays by analysing
Bf — ntutu~ decays. The analysis uses proton-proton collision data collected with the
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Figure 4: Confidence belts generated using pseudoexperiments according to the Feldman—Cousins
prescription [46]. The vertical black line shows the results of the fit to data.

LHCb detector between 2011 and 2018, corresponding to an integrated luminosity of
9fb™. No evidence for an excess of signal events over background is observed for the two
decay modes and an upper limit is set on the branching fraction ratios

R0+ p=yrt j gppmt < 3.8 X 10_5,
RBro(u+p—yn+ j gt < 5.0 X 1075,

at 90% confidence level. These are the first limits on the ratios of these decays. Once

measurements of the ratio B(BS — Bdn*)/B(B} — Jfiyn™") become available, it will be

possible to translate these results into limits on the BZ‘S) — ptp~ branching fractions.
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