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K. Kojima , A. Korobov , S. Korpar , E. Kovalenko , R. Kowalewski , T. M. G. Kraetzschmar , P. Križan ,
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We present the results of a search for the b → dℓ+ℓ− flavor-changing neutral-current rare decays
B+,0 → (η, ω, π+,0, ρ+,0)e+e− and B+,0 → (η, ω, π0, ρ+)µ+µ− using a 711 fb−1 data sample that
contains 772 × 106 BB̄ events. The data were collected at the Υ(4S) resonance with the Belle
detector at the KEKB asymmetric-energy e+e− collider. We find no evidence for signal and set
upper limits on branching fractions at the 90% confidence level in the range (3.8 − 47) × 10−8

depending on the decay channel. The obtained limits are the world’s best results. This is the first
search for the channels B+,0 → (ω, ρ+,0)e+e− and B+,0 → (ω, ρ+)µ+µ−.

In the standard model (SM), the flavor-
changing neutral current (FCNC) decays B+,0 →
(η, ω, π+,0, ρ+,0)ℓ+ℓ−, ℓ = e or µ, proceed through
b → dℓ+ℓ− transitions [1]. The FCNC b → (s, d)ℓ+ℓ−

processes are forbidden at the tree level in the SM and
proceed through loop-level diagrams. Various extensions
of the SM predict the existence of new heavy particles
that couple to the SM fermions and bosons. Beyond
the Standard Model (BSM) physics can interfere with
the SM processes, altering the physical observables and
thus providing a promising avenue to search for BSM
physics using rare decays [2, 3]. Most experimental
studies [4–13] and theoretical predictions [2, 3, 14–17] are
focused on observables such as lepton-flavor-universality
(LFU) ratios, isospin asymmetries, forward-backward
asymmetries, total or differential branching fractions,
angular observables, etc. in b → sℓ+ℓ− FCNC decays.
However, signatures due to BSM physics may be
uniquely observed in b → dℓ+ℓ− decays if the former
is sensitive to the flavor of the quarks in the interac-
tion [14]. These decays could have better sensitivity
to BSM physics than b → sℓ+ℓ− decays, as the SM
branching fraction is further suppressed by a factor
of |Vtd/Vts|2 ≃ 0.04, where Vtd and Vts are elements
of the Cabibbo-Kobayashi-Maskawa quark-mixing ma-
trix [18, 19]. Typical branching fractions of b → dℓ+ℓ−

decays are of O(10−8) or smaller in the SM [20–22],
making them a challenging target for experiments.

Previously, BaBar, Belle, and LHCb have searched
for several of these decay processes. The best upper
limits (ULs) on the B0 → ηℓ+ℓ− and B0 → π0ℓ+ℓ−

branching fractions are from BaBar [23] using a 428 fb−1

data sample, while the best B+ → π+e+e− branch-
ing fraction UL is from a 605 fb−1 data sample of
Belle [24]. LHCb [25, 26] has measured the branch-
ing fractions for the decays B+ → π+µ+µ−, B0 →
π+π−µ+µ−, andB0 → ρ0µ+µ− to be (1.78±0.23)×10−8,
(2.11 ± 0.52) × 10−8, and (1.98 ± 0.53) × 10−8, respec-
tively, using 3 fb−1 of data. We perform searches for rare
B+,0 → (η, ω, π+,0, ρ+,0)ℓ+ℓ− decays using a 711 fb−1

data sample that contains 772×106 BB̄ events, collected
at the Υ(4S) resonance with the Belle detector at the
KEKB asymmetric-energy e+e− collider. The data are

converted into the Belle II analysis software framework
(BASF2) [27] format using the B2BII software pack-
age [28]. Searches are conducted in both the electron
and muon channels. Tests of LFU in b→ dℓℓ transitions
are possible if these modes are seen in the data [29].

The Belle detector [30] is a large-solid-angle magnetic
spectrometer. The inner part is composed of a silicon
vertex detector (SVD), a 50-layer central drift chamber
(CDC), an array of aerogel threshold Cherenkov counters
(ACC), a barrel-like arrangement of time-of-flight scintil-
lation counters (TOF), and an electromagnetic calorime-
ter (ECL) comprised of CsI(Tl) crystals. All these sub-
detectors are located inside a superconducting solenoid
coil that provides a 1.5 T magnetic field. An iron flux-
return yoke placed outside the coil is instrumented with
resistive plate chambers to detect K0

L mesons and muons
(KLM). Two inner detector configurations are used: a
2.0 cm radius beam pipe and a three-layer SVD for the
first sample of 140 fb−1; and a 1.5 cm radius beam pipe,
a four-layer SVD, and a small-inner-cell CDC for the re-
maining 571 fb−1 [31].

We use Monte Carlo (MC) simulated events to study
the properties of signal decays and to suppress various
background sources. The B+,0 → (η, ω, π+,0, ρ+,0)ℓ+ℓ−

decays are generated with the EvtGen package [32] us-
ing the BTOSLLBALL [33] decay model. The PHOTOS
package [34] is used to incorporate final-state radiation
effects, while GEANT3 [35] is used for detector simula-
tion. We study the expected background contributions
using simulated samples corresponding to an integrated
luminosity six times that of the Belle data sample. The
background sample includes on-resonance Υ(4S) → BB̄
(other B decay) and continuum e+e− → qq̄ events with
q ∈ u, d, s, c, which are generated using the EvtGen,
PYTHIA [36], and PHOTOS packages with interference
effects due to final state radiation switched on for the
latter.

We reconstruct B0 → ηe+e−, B0 → ηµ+µ−, B0 →
ωe+e−, B0 → ωµ+µ−, B0 → π0e+e−, B0 → π0µ+µ−,
B+ → π+e+e−, B0 → ρ0e+e−, B+ → ρ+e+e−, and
B+ → ρ+µ+µ− decays. The charged particles π±, µ±,
and e± are selected to originate from the interaction
point by requiring their impact parameters to be less

https://orcid.org/0000-0001-5805-1255
https://orcid.org/0000-0002-3536-4950
https://orcid.org/0000-0002-2298-7315
https://orcid.org/0000-0001-6917-6694
https://orcid.org/0000-0002-5241-6628
https://orcid.org/0000-0003-0959-4784
https://orcid.org/0000-0002-4245-7442
https://orcid.org/0000-0001-5096-1182
https://orcid.org/0000-0002-2680-0474
https://orcid.org/0000-0002-8858-9336
https://orcid.org/0000-0003-0713-0871
https://orcid.org/0000-0002-9543-7971
https://orcid.org/0000-0001-8840-3346
https://orcid.org/0000-0002-1479-9349
https://orcid.org/0000-0002-3656-2326
https://orcid.org/0000-0002-1652-6686
https://orcid.org/0000-0003-4957-805X
https://orcid.org/0009-0003-6474-3508
https://orcid.org/0000-0002-5065-8762
https://orcid.org/0000-0003-2961-2820
https://orcid.org/0000-0002-0907-5565
https://orcid.org/0000-0001-5968-6359
https://orcid.org/0000-0002-8253-641X
https://orcid.org/0000-0003-1644-8523


3

than 4.0 cm along the z axis (direction opposite to the e+

beam), and less than 1.0 cm in the transverse plane. We
apply a minimum of 100 MeV/c on their transverse mo-
mentum to reduce the background from low-momentum
particles. The muon candidates are selected using a like-
lihood ratioRµ = Lµ/(Lµ+Lπ+LK), where Lµ, Lπ, and
LK are the likelihood values obtained for the muon, pion,
and kaon hypotheses, respectively, based on information
from the KLM. The muon candidates are required to have
a minimum momentum of 0.8 GeV/c to ensure they reach
the KLM. We apply Rµ > 0.9, corresponding to an effi-
ciency of 89% with a pion (or kaon) misidentification rate
of approximately 1.5% [37]. The electron candidates are
required to have a minimum momentum of 0.5 GeV/c
and an electron likelihood ratioRe = Le/(Le+L/e) > 0.9,
where Le and L/e are the likelihood values for electron and
non-electron hypotheses, respectively. These likelihoods
are calculated with the ratio of calorimetric cluster en-
ergy to the track momentum, the shower shape in the
ECL, the matching of the track with the ECL cluster,
the specific ionization in the CDC, and the number of
photoelectrons in the ACC [38]. The electron selection
efficiency is 92% with a pion misidentification rate of less
than 1%. The photon candidates are identified from en-
ergy clusters in the ECL that are not associated with
any charged track. The photon energy is required to be
greater than 50 MeV if reconstructed in the barrel, and
greater than 100 or 150 MeV if reconstructed in the for-
ward or backward endcap regions, respectively, to remove
beam-induced background. The forward endcap, barrel,
and backward endcap regions of the ECL are given by
12◦ < θ < 31◦, 32◦ < θ < 129◦, and 132◦ < θ < 157◦,
respectively, where θ is the polar angle in the laboratory
frame with respect to the z–axis. The ratio of the energy
deposited in a 3×3 array of crystals centered on the crys-
tal with the highest energy to the energy deposited in the
corresponding 5× 5 array is required to be greater than
0.80 to reject showers produced by hadrons. The energy
loss due to bremsstrahlung for the electron candidate is
recovered by considering the energy of all photons found
in a 50 mrad cone along its initial momentum direction.
The pion candidates are selected using a likelihood ratio
Rπ/K = Lπ/(Lπ + LK). Each candidate’s likelihood is
calculated based on the number of photoelectrons in the
ACC, the specific ionization in the CDC, and the flight
time in the TOF. The requirement Rπ/K > 0.6 is 89% ef-

ficient for pions, and has a misidentification rate of ∼ 8%
for kaons [39]. Candidate π0 → γγ decays are recon-
structed from photon pairs that have an invariant mass
satisfying 124 < Mγγ < 145 MeV/c2, this region cor-
responds to about ±3σ of the invariant mass resolution
around the nominal π0 mass [40]. A mass-constrained fit
is subsequently performed to improve the π0 momentum
resolution. We apply a minimum momentum require-
ment of 1 GeV/c on the pion candidates only for the
decays B+,0 → π+,0e+e− to suppress background from

low-multiplicity two-photon processes.
The η meson candidates are reconstructed in the de-

cay modes 2γ and π+π−π0 in the mass range Mη ∈
[530, 559] MeV/c2. Similarly, the ω meson candidates
are reconstructed in the decay mode π+π−π0 in the
mass range Mω ∈ [768, 795] MeV/c2. The selected
mass windows for η and ω are within ±2σ of the known
masses [40]. The π+ candidates are combined with π−

or π0 candidates to form ρ0 or ρ+ meson in the mass
range Mρ+,0 ∈ [650, 900] MeV/c2. The charged (neu-
tral) B candidates are reconstructed by combining light
meson candidates with selected e+e− or µ+µ− candi-
dates. The kinematic variables that distinguish signal
from background are the beam-energy constrained mass
Mbc and the energy difference ∆E,

Mbc =
√
(E∗

beam/c
2)2 − (p∗B/c)

2, (1)

∆E = E∗
B − E∗

beam, (2)

where E∗
beam is the beam energy, while E∗

B and p∗B are the
energy and momentum of the B candidate, respectively.
These quantities are calculated in the e+e− center-of-
mass (c.m.) frame. We retain the candidates that satisfy
Mbc > 5.2 GeV/c2 and −0.15 < ∆E < 0.10 GeV for
further analysis. For signal events, Mbc and ∆E should
peak at the B mass and zero, respectively. The mass
windows for η, ω, and ρ0,+ mesons are obtained by max-
imizing the figure of merit (FOM) = ε/(a/2 +

√
B) [41],

where ε and B are the signal efficiency in MC simulated
events and the number of background events in the signal
region, Mbc > 5.27 GeV/c2 and |∆E| < 0.05 GeV. The
a term denotes the significance, where we use a = 3σ.
The contributions from the charmonium de-

cays B+,0 → (η, ω, π+,0, ρ+,0)J/ψ(→ ℓ+ℓ−) and
(η, ω, π+,0, ρ+,0)ψ(2S)(→ ℓ+ℓ−), are suppressed by re-
jecting events with invariant-mass squared of the lepton
pair in the ranges 8.5 (8.8) < q2 < 10.22 (9.9) GeV2/c4

and 13 (13) < q2 < 14 (14) GeV2/c4, respectively, for
the electron (muon) channels. An additional rejection
criterion q2 < 0.045 GeV2/c4 is applied to suppress
possible contamination from converted photons or π0

Dalitz decays.
We find significant contributions from continuum pro-

cesses and other B decays after signal reconstruction.
The continuum background typically has a back-to-back
topology, in contrast to BB̄ events which are produced
almost at rest in the c.m. frame resulting in a more spher-
ical topology. To reduce the background contribution, we
use a boosted decision tree (BDT) [42] technique. The
variables used are, the ratio of the second to zeroth Fox-
Wolfram moment [43]; the cosine of the angle between
the B flight direction and the z–axis; the cosine of the
angle between the thrust axis of the B candidate and
that of the rest of the event (ROE), i.e., not associated
to the signal candidate, in the c.m. frame; the magni-
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tude of the signal B thrust; the magnitude of the ROE
thrust [44]; the difference between the z coordinate of the
decay vertices of the signal B and the ROE; the separa-
tion between the two lepton tracks along the z–axis; the
azimuthal separation between two leptons; the separa-
tion between the light meson and high-momentum lepton
track along the z–axis; the B vertex fit probability; the
sum of energy of the tracks and clusters of the ROE; the
missing mass squared over missing energy of the ROE;
and the output of a BDT-based flavor tagger [45]. We
determine an optimal requirement on the BDT output
for each decay channel by maximizing the FOM. These
BDT requirements reduce the background by 93 − 98%
with 25 − 55% signal efficiency loss, depending on the
decay channel.

With the above selection criteria applied, the average
candidate multiplicity per event is found to be 1.03−1.61
from signal MC samples across the decay channels. When
there are multiple candidates, we select the candidate
having the smallest χ2 value from the B decay vertex
fit. This procedure selects the correct signal candidate
70− 90% of the time, depending on the decay channel.

We perform a two-dimensional unbinned extended
maximum-likelihood fit to theMbc and ∆E distributions
to extract the signal yields. InMbc the signal component
is modeled with a Crystal Ball [46] or a Crystal Ball with
a Gaussian and in ∆E with Johnson’s SU [47] or John-
son’s SU with a Gaussian. The signal parameters of the
fit to data are fixed to those in simulation while the width
and mean are modified with width scale factors and mean
shifts obtained from B+,0 → J/ψ(→ ℓ+ℓ−)π+,0 control
samples, to take into account the differences between
data and simulation. The combinatorial backgrounds are
modeled with an ARGUS [48] shape and a polynomial
of first or second order for Mbc and ∆E, respectively.
The background shape parameters are floated in the fit
in addition to their yield. We also look for background
from specific decay channels that can mimic the signal
and peak in the Mbc or ∆E signal region, or both us-
ing MC simulation. For the B+ → π+e+e− channel,
the background from B+ → K+e+e− decays peaks in
the Mbc signal region but is shifted to negative values of
∆E. This background is studied using a MC sample of
that decay. The peaking background inMbc and ∆E are
both fit with a combination of Gaussian and asymmet-
ric Gaussian probability density functions (PDFs). For
the B0 → ρ0e+e− and B+ → ρ+µ+µ− decay channels a
peaking background arises when one of the two leptons
originating from a J/ψ is combined with a kaon from a
K∗ resonance (K∗0, K∗0

0 , K∗0
2 , etc) that is misidentified

as a lepton. This background peaks in theMbc signal re-
gion but is shifted towards negative values of ∆E. This
contribution is studied using an inclusive J/ψMC sample
with an integrated luminosity corresponding to 100 times
the Belle data sample. The contribution from this peak-
ing background for both Mbc and ∆E is fit with a com-

bination of Gaussian and asymmetric Gaussian PDFs.
The PDF shape parameters are fixed in the signal yield
extraction procedure while the yield is floated. For the
B+ → ρ+µ+µ− channel, we find an additional peaking
contribution from B+ → ρ+D̄0(→ K+π−), where both
the K+ and π− are misidentified as muon candidates.
We also apply a veto on the mass of the muon pair,
Mµ+µ− /∈ [1.858 − 1.881] GeV/c2, to reduce this back-
ground, where the invariant mass is calculated by reas-
signing the faking particle mass hypotheses to the muon
candidates. We find background from charmless decays,
i.e., B0 → ηK+π− contributions to the B0 → ηµ+µ−

channel, and B0 → π0K+π− and B0 → π0K+K− con-
tributions to the B0 → π0µ+µ− channel, and the PDF
shapes for these peaking contributions are determined
with simulation and corresponding yields are floated.

The fits are performed separately for each of the
charged and neutral B decay channels containing µ+µ−

and e+e− in the final state. To extract the combined sig-
nal yield for modes containing ℓ+ℓ− (e+e− and µ+µ−)
in the final state, we perform a simultaneous fit of the
e+e− and µ+µ− channels, where the background shape
parameters are common between the two samples. The
fit results are shown in Fig. 1. There is no significant
excess of signal found in any of the decay channels.

We calculate the ULs at the 90% confidence level (CL)
for these decay channels using a frequentist approach. In
this method, 10,000 MC experiments are generated using
signal and background PDFs considering different num-
bers of signal events, Nsig(gen), and background events
obtained from fitting. The simulated data sets are fit,
and we calculate the fraction of MC experiments that
have fitted yields less than or equal to that observed in
data, i.e., Nsig ≤ Nsig(data). For channels with negative
signal yield, the Nsig(data) is assumed to be 0 for UL
calculation. The 90% CL UL is the value of Nsig(gen) for
which 10% of the experiments have Nsig ≤ Nsig(data),
defined as NUL

sig .

Several sources of systematic uncertainties contribute
to the branching fraction UL measurement. The system-
atic uncertainty due to π+ identification is 0.5% from
a study of a D∗+ → D0(→ K−π+)π+ sample. The
π0 efficiency is studied using τ− → π−π0ντ decays and
found to have a systematic uncertainty of 2.3%. The
systematic uncertainties arising due to lepton identifi-
cation are 0.3% and 0.4% for each selected muon and
electron, respectively, calculated from an inclusive J/ψ
sample. The photon detection uncertainty is 2.0% de-
termined from radiative Bhabha and B0 → K∗0γ sam-
ples. The systematic uncertainty due to charged track
reconstruction is 0.35% per track estimated by using par-
tially reconstructed D∗+ → D0π+, D0 → π−π+K0

S , and
K0

S → π+π− events. The signal decay model system-
atic uncertainty is obtained by replacing the BTOSLL-
BALL decay model with LCSR [49] and QUARK [50]
models, and the maximum deviation of the signal effi-
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FIG. 1. Mbc (left) and ∆E (right) distributions of two-
dimensional unbinned extended maximum-likelihood fits to
data after signal selection for (a) B0 → ηℓ+ℓ− (first-row), (b)
B0 → ωℓ+ℓ− (second-row), (c) B0 → π0ℓ+ℓ− (third-row), (d)
B+ → π+e+e− (fourth-row), (e) B0 → ρ0e+e− (fifth-row),
and (f) B+ → ρ+ℓ+ℓ− (sixth-row). Points with error bars are
the data; blue solid curves are the fitted results for the signal-
plus-background hypothesis; red long-dashed curves denote
the signal component; black dashed and cyan dash-dotted
curves are combinatorial and peaking backgrounds, respec-
tively.

ciencies from the nominal is assigned as a systematic un-
certainty, which has an effect of less than 1%. The uncer-
tainty in efficiency due to the limited MC sample size is
less than 1%. To account for the uncertainty arising from
the mass window requirements for ρ, η, and ω mesons,
the change in signal yield in MC by varying the window
to data resolution is assigned as a systematic. This varies
between 1 and 3%. To assess the potential bias due to
the method of best candidate selection, this is changed to
random candidate selection, and the difference in branch-
ing fraction ULs at the 90% confidence level has a sys-
tematic uncertainty of less than 1%. The effect of the
BDT, used for background suppression, is studied using
B+,0 → J/ψ(→ ℓ+ℓ−)π+,0 channels by taking the ratio
in efficiencies between the data and simulation, which
results in systematic uncertainties of 1 − 7%, depend-
ing on the decay channel. The uncertainty in the num-
ber of BB̄ events is 1.4%. The systematic uncertainty
in both B[Υ(4S) → B+B−] and B[Υ(4S) → B0B̄0] is
2.4% [51]. The shape parameters fixed in the fit are var-
ied by ±1σ, determined from 106 generated signal MC
events or a B+,0 → J/ψ(→ ℓ+ℓ−)π+,0 control sample,
from their mean values and the deviation from the nom-
inal fit value of Nsig is the uncertainty due to the signal
and background shapes: this is found to be less than 1%.

The branching fractions ULs are calculated using the
formula

BUL =
NUL

sig

2f±(00)NBB̄ε
. (3)

Here, f±(00) is the branching fraction B[Υ(4S) → B+B−]
= (51.6± 1.2)% (B[Υ(4S) → B0B̄0] = (48.4± 1.2)%) for
charged (neutral) B decays [51]; NBB̄ and ε are the num-
ber of BB̄ events = (772 ± 11) × 106 and data-MC dif-
ference corrected signal MC efficiency, respectively. The
systematic uncertainties in BUL are included by smear-
ing Nsig with the fractional systematic uncertainties de-
scribed above. The results are listed in Table I.

In summary, we have searched for the rare de-
cays B+,0 → (η, ω, π+,0, ρ+,0)e+e− and B+,0 →
(η, ω, π0, ρ+)µ+µ−, which involve b→ dℓ+ℓ− transitions,
using a 711 fb−1 data sample of Belle. We find no evi-
dence for the signal in any of the decay channels and set
90% confidence-level upper limits on the branching frac-
tions in the range (3.8 − 47) × 10−8, depending on the
decay channel. The world’s best limits are obtained. This
is the first search for the channels B+,0 → (ω, ρ+,0)e+e−

and B+,0 → (ω, ρ+)µ+µ−. Our branching fraction re-
sults for B+ → π+e+e− and B0 → ρ0e+e−, though sta-
tistically limited, are consistent with measurements of
the B+ → π+µ+µ− and B0 → ρ0µ+µ− branching frac-
tions from LHCb [25, 26] within 1−2σ. These results are
consistent with lepton-flavor-universality in b → dℓ+ℓ−

transitions. These results will constrain the development
of BSM models for b→ dℓ+ℓ− transitions.
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TABLE I. BUL for b → de+e−, b → dµ+µ−, and b → dℓ+ℓ− decays. The columns correspond to decay channels, signal yields
(Nsig), 90% CL signal yield upper limits (NUL

sig ), data-MC difference corrected signal MC efficiencies (ε), branching fraction

90% CL upper limits (BUL), previous branching fraction 90% CL upper limits (Previous BUL), branching fractions (B), and
branching fraction theoretical predictions (Theory B).

Previous Theory

Channel Nsig NUL
sig ε (%) BUL (10−8) BUL (10−8) B (10−8) B (10−8)

B0 → ηe+e− 0.0+1.4
−1.0 3.1 3.9 < 10.5 < 10.8 [23] 0.0+4.9

−3.4 ± 0.1 −
B0 → ηµ+µ− 0.8+1.5

−1.1 4.2 5.9 < 9.4 < 11.2 [23] 1.9+3.4
−2.5 ± 0.2 −

B0 → ηℓ+ℓ− 0.5+1.0
−0.8 1.8 4.9 < 4.8 < 6.4 [23] 1.3+2.8

−2.2 ± 0.1 −

B0 → ωe+e− −0.3+3.2
−2.5 3.7 1.6 < 30.7 − − 2.1+26.5

−20.8 ± 0.2 −
B0 → ωµ+µ− 1.7+2.3

−1.6 5.5 2.9 < 24.9 − 7.7+10.8
− 7.5 ± 0.6 −

B0 → ωℓ+ℓ− 1.0+1.8
−1.3 3.6 2.2 < 22.0 − 6.4+10.7

− 7.8 ± 0.5 −

B0 → π0e+e− −2.9+1.8
−1.4 4.0 6.7 < 7.9 < 8.4 [23] − 5.8+3.6

−2.8 ± 0.5 −
B0 → π0µ+µ− −0.5+3.6

−2.7 6.1 13.7 < 5.9 < 6.9 [23] − 0.4+3.5
−2.6 ± 0.1 −

B0 → π0ℓ+ℓ− −1.8+1.6
−1.1 2.9 10.2 < 3.8 < 5.3 [23] − 2.3+2.1

−1.5 ± 0.2 0.91+0.34
−0.29 [22]

B+ → π+e+e− 0.1+2.5
−1.6 5.0 11.5 < 5.4 < 8.0 [24] 0.1+2.7

−1.8 ± 0.1 1.96± 0.21 [21]

B0 → ρ0e+e− 5.6+3.5
−2.7 10.8 3.2 < 45.5 − 23.6+14.6

−11.2 ± 1.1 −

B+ → ρ+e+e− −4.4+2.3
−2.0 5.3 1.4 < 46.7 − −38.2+24.5

−17.2 ± 3.4 4.20+0.88
−0.78 [21]

B+ → ρ+µ+µ− 3.0+4.0
−3.0 8.7 2.9 < 38.1 − 13.0+17.5

−13.3 ± 1.1 4.03+0.83
−0.75 [21]

B+ → ρ+ℓ+ℓ− 0.4+2.3
−1.8 3.0 2.0 < 18.9 − 2.5+14.6

−11.8 ± 0.2 −
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