PHYSICAL REVIEW LETTERS 136, 171801 (2026)

First Evidence of the B — K~ z*y Decay

R. Aaij et al.”
(LHCb Collaboration)

® (Received 7 January 2026; accepted 9 March 2026; published 30 April 2026)

The first search for the BY — K~zty decay in the range 796 < m(K~z+) < 1800 MeV/c? is performed
using data from proton-proton collisions collected by the LHCb experiment at center-of-mass energies
of 7, 8, and 13 TeV, corresponding to an integrated luminosity of 9 tb~!. The photons are reconstructed
through their conversion into an electron-positron pair, which significantly improves the mass resolution of
the reconstructed decays with respect to decays with an unconverted photon. A signal excess with a
significance of 3.5 standard deviations is measured, constituting the first experimental evidence for this
decay. In the range 796 < m(K~ ") < 996 MeV/c?, the ratio R between the branching fractions of
the signal decay and the favored B — K~ 7"y decay is measured to be R = (3.7 + 1.2+ 0.4) x 1072
where the first uncertainty is statistical and the second is systematic. This measurement is consistent with
the value predicted in the Standard Model. In the range 996 < m(K~z") < 1800 MeV/c?, the ratio

R = (024274 1.3) x 1072 is measured.

DOI: 10.1103/g8fs-djyt

In the Standard Model (SM), b — dy and b — sy quark
transitions proceed via electroweak loop diagrams. [1]
Particles beyond the SM (BSM) of arbitrarily high mass
can contribute to these diagrams [2-5]. The b — sy
transition, with amplitude proportional to the Cabibbo-
Kobayashi-Maskawa (CKM) matrix element V7, has
been measured through several radiative b-hadron decays
[6-13]. In contrast, measurements of the b — dy transition,
with amplitude proportional to V7, remain limited.
Branching fractions (B) of the B™/° — p(770)*/% and
BY — (782)y decays have been measured [14—17] as well
as the inclusive branching fraction of B — X,y decays [18],
where X, is an unflavored hadronic system.

The ratio of branching fractions between decays medi-
ated by b — dy and b — sy transitions can be used to
measure |V,;/V | [19,20]. This value may be compared to

determinations based on B(()S) meson oscillations [21,22]

to identify potential contributions from BSM processes.
The value of |V,;/V,| extracted from the measured
branching fraction ratio R = B(B? - K*(892)%)/
B(B® - K*(892)"%) is theoretically cleaner than determi-
nations using other decays involving b — dy transitions
since dominant uncertainties from the ratios of form factors
largely cancel [20]. Using the existing calculations of the
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form-factor ratio and nonfactorizable effects [20] with
updated meson lifetimes, masses, and CKM matrix ele-
ments [23-25], the prediction is R = (3.9 +-0.7) x 1072
However, a new calculation of the form-factor ratio and
nonfactorizable effects, incorporating the latest experi-
mental information, will be necessary to reduce the
uncertainty on an eventual measurement of |V,;/V |
using BY — K*(892)% decays.

This Letter reports the first search and first evidence for
the BY — K~ n*y decay. The reconstructed K-zt system
includes contributions from the K*(892)° resonance as
well as higher-mass states up to 1800 MeV/c>.
Additionally, the ratio of its branching fraction with respect
to the B — K~n"y decay is measured. The analysis uses
proton-proton (pp) collision data recorded by the LHCb
experiment, corresponding to integrated luminosities of
3 fb~! at center-of-mass energies of 7 and 8 TeV, and
6 tb~! at 13 TeV, referred to as the Run 1 and Run 2 data
samples, respectively. In order to avoid experimenter’s bias,
the data in a mass window within +40 MeV/c? of the
known mass of the B? meson [25], corresponding to
approximately twice the resolution of the signal decay, were
not examined until the full procedure had been finalized.

The LHCb detector [26,27] is a single-arm forward
spectrometer covering the pseudorapidity range 2 < 7 < 5.
Detector elements include: a silicon-strip vertex detector
(VELO) surrounding the pp interaction region [28]; a
tracking system, consisting of detectors upstream and
downstream of a dipole magnet with a bending power of
about 4 T m, that provides a measurement of the momen-
tum, p, of charged particles [29,30]; two ring-imaging
Cherenkov (RICH) detectors that are able to discriminate
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between different species of charged hadrons [31]; and a
calorimeter system able to identify and measure the energy
of electrons and photons [32].

The online event selection is performed by a trigger
[33,34]. At the hardware trigger stage, events are required
to have a muon with high transverse momentum (pt) or a
hadron, photon, or electron with high transverse energy
(Et) in the calorimeters. The software trigger performs a
full event reconstruction and requires that the signal decay
candidates contain a secondary vertex consistent with the
decay of a b hadron formed of either multiple tracks [35,36]
or two high-pt tracks alongside a high-Et photon [37].

Simulation is required to model the effects of the detector
resolution and acceptance, and the imposed selection
requirements. The pp collisions are generated using
PYTHIA [38] with a specific LHCb configuration [39].
Decays of unstable particles are described by EVTGEN [40],
in which final-state radiation is generated using PHOTOS
[41]. The interaction of the generated particles with the
detector, and its response, are implemented using the
GEANT4 toolkit [42] as described in Ref. [43]. The simu-
lated samples of BY, BY, and AY decays are corrected to
account for data-simulation differences in the b-hadron
production kinematics and detector occupancy using data
samples enriched in B® - K~zty, B - K*K~y, and
A) - pK~y decays, respectively. Particle-identification
efficiencies are calibrated wusing dedicated control
samples [44].

Only photons that convert through interactions with the
detector material into an electron-positron pair, referred to
as converted photons [45-47], are used in this search. This
improves the mass resolution of the b-hadron candidate by
a factor of 3 with respect to candidates formed using
photons reconstructed as clusters in the electromagnetic
calorimeter (ECAL), reducing the background from the
B — K~n"y decay. Furthermore, the photon trajectory
can be matched to the position of the K~z combination
vertex to reduce background from random combinations of
photons and hadrons. Electron candidates are identified
among high-pr tracks that are associated with clusters in
the ECAL. To mitigate loss in resolution from bremsstrah-
lung before the magnet, electrons are rejected if an ECAL
cluster, identifiable as a photon with Ep > 75 MeV, is
found at a position consistent with the extrapolation of the
electron trajectory. Converted photons are reconstructed in
two categories: those that convert early enough that the
electrons are reconstructed using the full tracking system
(long tracks), and those that convert further down-
stream, where no track segments are formed in the VELO
(downstream tracks). To reject background from random
combinations, the two electron candidates are required to
originate from a common vertex, and the mass of the
dielectron must be less than 50 MeV/c?. The photon
candidate must have pt > 500 MeV/c and its vertex must
be significantly displaced from the primary vertex (PV) that

is most consistent with the flight direction of the B

candidate, referred to as the associated PV.

(—)
To evaluate the contamination to the B(()S) - Kty

signal decays due to particle misidentification, BY —
KtK™y and Ag — pK~y decays are also analyzed. All
of these decay candidates are constructed by combining
two high-p tracks incompatible with originating from any
PV and identified using information from the RICH system
as pions, kaons, or protons, and requiring that they form a
common vertex. The photon candidate is combined with
the dihadron pair consistent with originating from the same
vertex to form decay candidates that are consistent with
originating from a PV. The dihadron masses are required
to be in the ranges 796 <m(K z") < 1800 MeV/c?,
1000 <m(K*K~) < 1800MeV/c?, and 1400 <m(pK~) <
2500MeV/c?. To reject backgrounds from decays in-
volving a 7° meson misidentified as a photon, such as
the B® — [z 2] ,+ K~ decay, the mass of the combination
of the photon assigned the z° mass hypothesis with one
hadron is required to be greater than 2000 MeV/c?.
Momentum resolution is improved by applying a kinematic
fit [48], in which all final-state particles are constrained
to originate from the corresponding decay vertex, and the
b-hadron candidate is constrained to originate from the
associated PV. The mass resolution is further improved by
requiring the mass of downstream photon candidates to be
below 40 MeV/c? and, for candidates containing long
electron tracks, the uncertainty on the b-hadron candidate
mass to be less than 20 MeV/c?. These requirements are
approximately 85% and 90% efficient on signal decays,
respectively.

The data are analyzed separately for the Run 1
and 2 datasets, long and downstream electrons,
and low [796 < m(K~z") < 996 MeV/c?] and high
[996 < m(K~z") < 1800 MeV/c?] dihadron mass win-
dows. Separate boosted decision tree (BDT) classifiers
[49-51] are trained for each of these categories to further
reject background from random combinations of particles.
The classifiers are trained using simulated B — K*(892)%

=)
decays for the signal and B?S) — K~ n"y candidates in data
with masses above 5580 MeV/c? for the background
sample. The classifiers exploit kinematic and topological
properties of the decay as well as, for long electron tracks,
the amount of charge deposited in the VELO that is larger for
converted photons where the two electron tracks overlap,
and their compatibility with the electron hypothesis using
information from the RICH and calorimeter systems. The
requirement on the classifier in the K~ z"y final state is
optimized simultaneously with requirements on the kaon and
pion-identification probabilities to maximize the figure of
merit go,/(3/2 + /Nok,) [52] for the purpose of finding
evidence for this decay. Here, &g, denotes the efficiency of
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Mass distribution of selected K~z'y candidates in (top left) Run 1 downstream low-m(K~z") [796 < m(K~z") <

996 MeV/c?]; (top right) Run 2 downstream low-m(K~z"); (bottom left) Run 2 long low-m(K~z"); and (bottom right) Run 2
downstream high-m(K~z") [996 < m(K~z") < 1800 MeV/c?] datasets. The model described in the text, fitted separately to each
dataset, is also shown. The corresponding measured B? — K~n"y yields are 1 +5, 32+ 11, 2+ 12, and 0 & 6, and the measured
B — K—n'y yields are 523 & 26, 3132 & 61, 1247 4 45, and 988 = 35, where the uncertainties are statistical only.

the selection requirements determined from simulation, and
Ny 18 the estimated number of candidates from all
processes except the signal decay within a mass window
corresponding to four times the signal mass resolution,
centered on its peak position. The optimal particle identi-
fication and BDT requirements correspond to a combinato-
rial background rejection of at least 95% and a signal
efficiency of 55%-98%, where less efficient require-
ments are necessary for data in 996 < m(K z") <
1800 MeV/c?> where signal purity is lower. The same
BDT requirement is applied to the K™K~y and pK~y final
states without any additional particle-identification criteria.

The best sensitivity to the signal decay is obtained using
downstream electrons, which have a smaller probability of
bremsstrahlung and therefore better momentum resolution,
and in the low-mass window occupied by the K*(892)°
resonance that offers higher purity. Of the eight available
subsets of data, only those with the highest signal-to-
background purity in data and mass resolution of the
normalization decay are analyzed: low-m(K~zt) with
downstream electrons in Run 1 data; both low- and
high-m(K~z") with downstream electrons in Run 2 data;

and low-m(K~z*) with long track electrons in Run 2 data.
The chosen datasets, established prior to examination of the
signal region, each provide an expected signal significance
of approximately 1.0 standard deviations or higher assum-
ing the predicted branching fraction; the excluded datasets
provide expected significances below 0.3 standard devia-
tions. Figure 1 shows the mass distributions of K~ 7"y
candidates passing the selection requirements in the data-
sets with best sensitivity. The signal decay yields are
extracted through an extended unbinned maximum-
likelihood fit to these data samples.
=)

The B?S) — K~ nty signal decays are modeled using
Johnson Sy (JSU) functions featuring power-law tails on
both sides of the peak [53]. For candidates where the
downstream tracks are not matched to the correct hits in
the tracking detectors, the mass distribution is shifted
toward lower values. To account for this effect, a modified
Gaussian function with power-law tails on both sides
(double-sided Crystal Ball, DSCB) [54] is added to the
JSU function. All shape parameters are fixed from
simulation, except for the relative fraction of the two
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components and deviations of the overall width and peak
position from simulation. These are unconstrained and
shared between the B® and BY — K~z"y decay models.

Partially reconstructed B — K~ x*z(r)y decays are mod-
eled with ARGUS functions [55] convolved with the signal
model. The endpoints of the ARGUS functions are fixed to
the peak position of the signal model reduced by the mass of
the missing pions. The other parameters are fixed from
simulation, except for the model for two missing pions
where the power parameter is free to vary in the fit to data.
The yields corresponding to partially reconstructed B® and
B meson decays are free to vary in the fit to data. To estimate
the yields of partially reconstructed BY meson decays, the
B — K~z n(n)y decay yields are scaled by the ratio of B? to
B meson production cross sections [56] and the branching
fraction ratio estimated by applying SU(3) flavor symmetry
while accounting for dominant sources of SU(3) breaking.

—)

The B?s
one of the two photons from the z° or # decay is not
reconstructed, are similarly modeled using ARGUS func-
tions convolved with the signal model. The ARGUS
endpoint is set to the peak position of the signal model
and the shape parameters are fixed from simulation. The
yields of such components are fixed relative to that of the
B® — K~ rty decay using selection efficiencies from sim-
ulation and measured branching fractions, or predictions
where measurements are not available [25,57-59]. The
yields of BY — K3 decays (J =0, 2), where neither
measurements nor predictions are available, are estimated
similarly to the yield of BY — K~z z(n)y decays.

The B - K*K7y, A) - pK~y, and B’ > afny
decays, where one or both hadrons are misidentified, are
modeled using DSCB functions with shape parameters
fixed from simulation. The yield of B® — z* 7~y decays is

—)
)= K=7* 7" and B(()S) — K~n"n decays, where

TABLE I.
not relevant for that dataset.

fixed relative to the yield of B — K~z"y decays using
efficiencies from simulation and the known B® — p(770)%
branching fraction [14], neglecting contributions from
higher-mass resonances. The yields of the other misidenti-
fied decays are determined using data selected in the K™K~y
and pK~y final states, as described in the End Matter.
=)

Finally, B?x)
=)
BY, — K*(892)°z*n~ decays are modeled using a JSU
and a Gaussian function, respectively. The B? decay yields
are fixed relative to that of the B® — K~ 7ty decay using
efficiencies from simulation and measured branching
fractions [25,60-62]; the yields of the corresponding
BY decays are further scaled using the same method as
for B -» K=z*z(n)y decays. The contamination from

— K*(892)%"%e~ and misidentified

=) =)
BYy — K*(892)%¢*e” and B, — K*(892)z "z~ decays
are negligible for downstream electrons. Background from
random combinations of particles is modeled using a first-
order polynomial function with free slope and yield.
Systematic uncertainties on the signal yield are summa-
rized in Table I. Systematic uncertainties on the yield of the
BY — K~y decay are calculated similarly. The system-
atic uncertainty associated with the statistical uncertainty of
the BY —» K"K~y and A — pK~y decay yields is evalu-
ated as the reduction in the uncertainty of the BY — K~y
decay yield when those contributions are fixed. All
other uncertainties are evaluated from pseudoexperiments
generated with an alternative model, taking as the un-
certainty the average absolute difference in yield ob-
tained when fitting the baseline model compared to the

alternative model. The alternative models are as follows:
(—)

=
For B, — K~n*y and B, — K*(892)°¢"¢™ decays, and

the resolution model for partially reconstructed decays, a

Sources of absolute systematic uncertainty on the signal yield. Three dots indicate contributions that are

Period Run 1 Run 2 Run 2 Run 2
Track downstream downstream long downstream
m(K~z™") low low low high
Misidentified-hadron yield 0.4 0.5 1.1 1.3
K=ty and K*(892)"e*e™ model 04 1.7 3.0 1.8
B — K~ n"my resonant structure <0.1 0.1 0.5 0.2
Misidentified-hadron model 0.4 0.2 0.5 0.9
k*(892)07[+ﬂ— model A . <0.1 .
Combinatorial model 0.1 0.7 1.1 0.1
External inputs 0.2 0.1 0.5 0.3
Simulation sample size 04 0.6 0.9 04
Hadron-identification corrections 1.6 0.4 0.1 0.9
Electron-identification corrections e e 0.1 e
Simulation corrections 0.1 1.7 1.4 0.2
Total 1.9 2.7 39 2.6
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different width parameter is used for each side of the DSCB
function and the JSU function is replaced by a DSCB
function. For long-track electrons, the model is evaluated
using only reconstructed tracks matched to the correct hits
in the tracking detectors. For candidates with downstream
electrons, the JSU function is evaluated using only candi-
dates where the photon converts downstream of the VELO
and the tracks are matched to the correct hits in the tracking
detectors, while the DSCB function is evaluated with the
remaining candidates. The model for partially recon-
structed B - K~z y decays is evaluated from simulated
BT — K*(892)°z"y decays. Contributions from decays
=)

with misidentified hadrons and B?Y) - K*(892)°z" 7~
decays are alternatively modeled using bifurcated
Gaussian and symmetric DSCB functions, respectively.
The combinatorial background is modeled with an expo-
nential function. Branching fractions and b-hadron masses
are varied randomly according to their uncertainties in
each pseudoexperiment. Where assumptions are made
on branching fractions in the absence of predictions or
measurements, a 100% uncertainty is assumed. The con-
tamination from B° — p(770)% decays for 996 <
m(K~zt) < 1800 MeV/c? is doubled, and a 100% uncer-
tainty is assigned, to account for missing contributions
from heavier resonances. Shape parameters and efficiencies
are varied randomly according to their covariance matrices.
The uncertainty on the hadron-misidentification corrections
includes the size of the calibration sample as well as
possible biases introduced by the background subtraction
method and variations of the corrections within the phase-
space bins in which they are derived. Other simulation
corrections, including those related to electron identifica-
tion, are small and therefore removed.

A vyield of 38 18 BY — K~n"y decays is measured,
where the uncertainty includes both statistical and systematic
sources, of which 32 4 11 correspond to the Run 2 down-
stream low-m(K~z") dataset. Pseudoexperiments show that
the probability that background processes can produce a mass
distribution that is less compatible with the background-only
model than the data, including both statistical and systematic
sources of uncertainty, is 2.8 x 107, corresponding to a
significance of 3.5 standard deviations.

The signal branching fraction is measured relative to that
of the B - K~ 7"y decay as

where N are the yields, ¢ are the efficiencies, and (f/f,) is
the ratio of production cross-sections evaluated by weight-
ing the pr-dependent measurement [56] over the simulated
pr distribution of B® — K~z"y decays. The ratio of the
efficiencies is consistent with unity for all datasets. A
correction of 1%—8% is applied for a bias in the measured
branching fraction arising from the fit method. It is
estimated as the average fit bias observed in pseudoexperi-
ments generated with R equal to its predicted value.
Systematic uncertainties applied on the normalization of
‘R are shown in Table II. The uncertainty on the fit bias is
the quadrature sum of its statistical uncertainty, the differ-
ence in bias between two methods of determining the
average, and the variation in the bias value when pseudo-
datasets are generated with R equal to its measured value.
The uncertainty on the B(()S> lifetimes [22] and from the

simulation sample size are propagated to uncertainties on
the efficiency ratio. The uncertainties on the measurement
of (f,/f4) are propagated to the weighted average value.
Correlations between measurements from each dataset

arising from the use of common inputs for B(()s) lifetimes

and (f,/f,) are considered.

The measured branching fraction ratio is found to be
consistent (p-value greater than 0.05) between data corre-
sponding to different m(K~z") windows, electron track
types, data-taking periods and magnet polarities, and under
changes in the selection requirements on the BDT classi-
fier, hadron-identification probabilities, and variables that
impact the mass resolution. A simultaneous fit to all
datasets with 796 < m(K~z") < 996 MeV/c?, with a
common value of R, results in the measurement

TABLE II. Sources of systematic uncertainty on the normalization of the branching fraction ratio in percent.
Period Run 1 Run 2 Run 2 Run 2
Track low low low high
m(K~zt) downstream downstream long downstream
Fit bias 8.8 2.1 39 24
Lifetime 0.4 0.5 0.4 0.6
Production cross sections 32 34 34 34
Simulation sample size 1.6 1.5 2.3 1.5
Total 9.5 4.3 5.7 4.5
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Riow = (3.7 £1.2+£0.4) x 1072
for 796 < m(K=zt) < 996 MeV/c?,

where the first uncertainty is statistical and the second
systematic, which is in excellent agreement with the SM
prediction. Additionally, the ratio

Rhigh = (02 +2.7+ 13) X 10_2
for 996 < m(K~7") < 1800 MeV/c2,

is measured. Correlations between the two measurements
are negligible.

In summary, a search for the rare BY — K~ 7ty decay is
performed using pp collision data corresponding to an
integrated luminosity of 9 fb~!. An excess of events is
found with a significance of 3.5 standard deviations, which
constitutes the first evidence for this decay. Updated
theoretical inputs will permit a test of the SM using the
measured branching fraction ratio. Large improvements in
precision are anticipated with the new dataset being
collected by the upgraded LHCb detector [63].
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End Matter

The yields of BY - K"K~y and A) —» pK~y decays
misidentified as K~z"y candidates are evaluated using
an extended unbinned maximume-likelihood fit performed
simultaneously with the K zy, K*K~y, and pK~7y

final states. To reduce the dependence of the
misidentified yield evaluation on the dihadron spectrum
of these decays, the requirements on m(K~z") are also
applied on the invariant mass of the KTK~ and pK~
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FIG.2. Mass distribution of selected (top) B?,\- — K-y, (middle) BY - K*K~y, and (bottom) A) — pK~y candidates, obtained by
summing the four data samples considered in the analysis. The solid curve represents the sum of the fit functions from the individual
samples, as described in the text. To improve visibility, the fit functions for sources of misidentified (B° - K nty, B? - KtK™y,
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[B(s) = K~z z(n)y] backgrounds have been summed.
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combinations when the pion mass hypothesis is applied
to one of the kaons in the BY — K*K~y decay or to the
proton. The yields of the misidentified decays are
parametrized as their yield measured in the correct final
states multiplied by the selection efficiency ratio.
Selection efficiencies are derived using simulated
samples of H, — [K~h']yy decays, where H, is a
b-hadron, h™ is a charged pion, kaon, or proton, and X
denotes a resonant state with a large fit fraction. The
efficiencies for the B°—[K 7zt]yy and B?—
[KTK~]yy decays are evaluated as weighted averages of

deviation of the summed fit fractions from unity to
account for nonresonant, interference, and neglected
contributions. Since the A) — [pK~]yy decay includes a
very large number of interfering resonances [65], four
resonances of different masses are considered and each
assigned equal weight in the average. When evaluating
the systematic uncertainties associated with external
inputs, pseudoexperiments are generated using an
alternative model that includes only one of the four
resonances in turn. Figure 2 shows the invariant-mass
distribution of candidates selected in each of the three

all considered resonant states, where the efficiency for
each decay mode is weighted by its fit fraction [25,64].
The uncertainties on the fit fractions are enlarged by the

final states summed over the four analyzed datasets, as
well as the summed fit models.
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