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Search for the decay B+ → K+τ+τ− using data from the Belle and Belle II experiments1
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We report a search for the rare decay B+ → K+τ+τ− using 1.2 × 109 Υ (4S) mesons produced
near threshold in electron-positron collisions and collected by the Belle and Belle II experiments.
We fully reconstruct the hadronic decay of one B meson produced in the Υ(4S) → B+B− decay,
and search for B± → K±τ+τ− candidates among the remaining collision products, reconstructing
a charged kaon and leptonic decays of the τ leptons. We optimize the selection for best sensi-
tivity and look for an excess over background at low values of the residual energy detected in
the calorimeter after full event reconstruction. We observe no significant excess and set the limit
B(B+ → K+τ+τ−) < 0.56× 10−3 at the 90% confidence level, improving on the only previous result
by a factor of four.

Identifying the particles and interactions that extend59

the standard model (SM) is currently a principal objec-60

tive of particle physics. Weak-interaction processes that61

change quark flavor without changing the electric charge,62

known as flavor-changing neutral currents, are promising63

probes for non-SM physics. In the SM, the amplitudes for64

these processes are suppressed, because they cannot oc-65

cur via single W± emission and require a loop-mediated66

W± exchange. However, virtual non-SM particles of high67

mass can replace the exchanged SM particles in those68

loop amplitudes. This could alter the process rates, indi-69

cating non-SM physics. Among flavor-changing neutral70

current processes, the B+ → K+τ+τ− decay is particu-71

larly interesting. The SM branching fraction, subtract-72

ing B+ → K+[cc̄ →]τ+τ− contributions, is expected to73

be (1.0–2.0) × 10−7 [1–3]. However, non-SM contribu-74

tions proposed to accommodate the observed excesses in75

B+,0 → D0,−(∗)τ+ντ [4] and B+ → K+νν̄ [5] decay rates76

could enhance it by a factor of up to 103 [6–10], bringing77

it near the current experimental sensitivity.78

The only search for B+ → K+τ+τ− decays to date79

was reported by the BABAR experiment, which set a 90%-80

confidence-level (CL) upper limit on the branching frac-81

tion at 2.25 × 10−3 [11]. Null searches for related pro-82

cesses have also been reported by the Belle, Belle II, and83

LHCb experiments [12–15]. All the resulting bounds ex-84

ceed the SM predictions by four three to four orders of85

magnitude, leaving opportunities for further experimen-86

tal exploration.87

This Letter reports a search for the rare decay88

B+ → K+τ+τ− [16, 17]. Charge-conjugate pro-89

cesses are implied throughout. The search uses90

1.2× 109 Υ (4S) mesons produced near threshold in91

electron-positron collisions and collected by the Belle92

and Belle II experiments. The search uses 772 ×93

106 Υ (4S) meson decays produced near threshold in94

electron-positron collisions, and reconstructed from the95

full 711 fb−1 data set collected by the Belle experiment,96

and 387 × 106 Υ (4S) decays from the 365 fb−1 data set97

collected by the Belle II experiment between 2019 and98

2023. The collisions are produced by the KEKB and Su-99

perKEKB asymmetric-energy colliders at KEK near the100

center-of-mass (c.m.) energy 10.58 GeV, which corre-101

sponds to the peak of the Υ(4S) resonance.102

The principal challenge in this analysis arises from103

the presence of multiple final-state neutrinos from the104

τ -lepton decays. The neutrinos are not reconstructed,105

precluding the availability of distinctive signal kinematic106

distributions needed to suppress 108-times larger back-107

grounds. The analysis therefore exploits the advantages108

of near-threshold BB pair production to identify signal.109

We infer the signal four-momentum and suppress back-110

ground by fully reconstructing a hadronic decay of the111

partner B− meson, pair-produced with the signal B+
112

meson in the e+e− → Υ(4S) → B+B− process. We re-113

construct signal candidates in events containing a kaon114

candidate with charge opposite to the partner-B charge115

and two opposite-charge lepton candidates. Using only116

decays τ+ → ℓ+νℓν̄τ of the signal τ leptons, where ℓ de-117

notes a muon or an electron, further reduces background118

and simplifies the analysis without degrading sensitivity.119

A restriction to events with opposite-charge kaon-lepton120

mass larger than the charmed-meson mass suppresses121

large backgrounds dominated by b → c(→ sℓ(′)ν)ℓν122

quark-level processes. Near-threshold B+B− production123

implies also that no additional particles, and therefore no124

additional energy in the calorimeter, are expected after125

B+B− reconstruction. Hence, we determine the signal126

yield by counting the excess events, over the expected127

background yield, at low values of the calorimeter en-128
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ergy detected after subtraction of the observed energies129

of both B meson candidates. The analysis is executed130

using simulated and control-data samples before exam-131

ining the data in the signal-search region. The search is132

conducted independently in the Belle and Belle II data,133

and the results are combined.134

The Belle detector [18] collected data from collisions of135

8-GeV electrons with 3.5-GeV positrons produced by the136

KEKB collider [19]. An upgraded detector, Belle II [20],137

studies collisions of 7-GeV electrons on 4-GeV positrons138

produced by the SuperKEKB collider [21]. Each detector139

is a nearly 4π hermetic solenoidal magnetic spectrometer140

comprising inner silicon-vertex subdetectors and an outer141

drift chamber, surrounded by Cherenkov-based charged-142

particle identification subdetectors, a crystal electromag-143

netic calorimeter, and outer subdetectors for penetration-144

based detection of muons and K0
L mesons.145

Detailed Monte Carlo simulation is used to design the146

analysis, decide selection criteria and determine their effi-147

ciencies, study backgrounds, and assess the analysis sen-148

sitivity. Simplified simulations are used to study esti-149

mator properties. The software packages EvtGen [22],150

PYTHIA6 [23] (PYTHIA8) [24], KKMC [25], and151

TAUOLA [26] simulate particle production and de-152

cay in Belle (Belle II); PHOTOS [27] simulates pho-153

ton radiation from final-state charged particles, and154

GEANT3 [28] (GEANT4 [29]) simulates interactions155

with the Belle (Belle II) detector and its response. We156

generate 5× 107 e+e− → Υ (4S) → B+(→ K+τ+τ−)B−
157

signal events for each experiment. The decay of the part-158

ner bottom meson is unbiased. The signal decay follows159

the dynamical model of Ref. [30]. Simulated background160

samples are four times larger than the collision-data sam-161

ple. They consist of B+B− events, B0B0 events, and162

continuum e+e− → qq̄ events, where q stands for a u,163

d, s, or c quark. None of the simulated e+e− → τ+τ−164

events passes the selection. We use the Belle II soft-165

ware [31, 32] to reconstruct simulated and collision events166

in both Belle [33] and Belle II data.167

A trigger selects events online based on total energy168

and neutral-particle multiplicity to preferentially retain169

collisions that yield hadrons, with full efficiency for signal170

events.171

In the offline analysis, we fully reconstruct the hadronic172

decay of the candidate partner B meson using the full-173

event interpretation algorithm (FEI) [34]. The FEI se-174

lects final-state particles originating from the interac-175

tion space-point through standard quality criteria and176

combines them bottom-up according to known hadronic177

decay chains to achieve full B meson reconstruction.178

Backgrounds are suppressed by means of two kine-179

matic observables that exploit four-momentum conser-180

vation in near-threshold BB pair production, Mbc =181 √
(E∗

beam)
2/c4 − |p⃗ ∗

B |2/c2 and ∆E = E∗
B −E∗

beam, where182

E∗
beam is the beam energy and (E∗

B/c, p⃗
∗
B) is the four-183

momentum of the B candidate, both calculated in the184

c.m. frame. The Mbc and ∆E distributions for cor-185

rectly reconstructed B decays peak at the B mass and186

close to zero, respectively. Hence, partner B mesons187

are required to have Mbc > 5.27 GeV/c2 and −0.15 <188

∆E < 0.10 GeV. Furthermore, we require that only189

three charged particles are reconstructed in addition to190

the partner B and impose a loose restriction on the FEI-191

reconstruction quality. We use topological observables192

that exploit the differences between the jet-like distribu-193

tion of continuum products and the isotropic distribu-194

tion of BB decay products to reduce the large contin-195

uum background [35]: the spatial distributions of parti-196

cle momenta must be isotropic [36] and the thrust direc-197

tion of the partner B not opposite to the thrust direc-198

tion of all other particles in the event. Signal-candidate199

selections reduce continuum background by 68% (65%)200

in Belle (Belle II) data while reducing signal efficiency201

by 15% (13%). If multiple partner B candidates are202

reconstructed in an event, the candidate with highest203

FEI quality is chosen. Partner B reconstruction retains204

0.8% (0.5%) of Belle (Belle II) simulated signal events205

and the partner B decay is correctly reconstructed in206

28.7% (43.9%) of the simulated signal events.207

We use the three charged particles not associated with208

the partner B to reconstruct signal B candidates. We209

select only charged-particle trajectories (tracks) loosely210

originating from the interaction space-point to suppress211

spurious tracks from beam-induced background. Fur-212

thermore, we require tracks to be reconstructed within213

the polar acceptance of the drift chambers and to either214

be associated with a sufficient number of chamber mea-215

surement points, in Belle II data, or to correspond to par-216

ticles with momentum pT > 200 MeV/c transverse to the217

beam direction, in Belle data. This ensures reliable mea-218

surements of specific-ionization energy losses for charged-219

particle identification (PID). Kaons, pions, muons, and220

electrons are identified using PID information from sev-221

eral subdetectors combined into likelihood-ratio-like ob-222

servables. Muon identification is performed using only in-223

formation from the muon subdetector for Belle data, and224

using all subdetectors for Belle II data. This implies that225

Belle muon candidates have transverse momenta larger226

than 0.6 GeV/c, as needed to reach the outer detectors,227

resulting in smaller efficiency and misidentification rate228

relative to Belle II data. The PID criteria yield average229

efficiencies of 92.1% (90.0%) for kaons, 74.7% (83.0%) for230

electrons, and 43.6% (65.0%) for muons, and fractions of231

4.6% (4.5%), 0.2% (2.0%), and 0.8% (2.7%) of misiden-232

tified candidates in Belle (Belle II) data, as determined233

in control samples as functions of momentum and polar234

angle [37].235

The reconstruction of calorimeter energy deposits236

(clusters) generated by neutral particles is critical, as sig-237

nal extraction relies on those clusters. To suppress beam-238

induced background photons, we select clusters with en-239

ergies exceeding, respectively, 100.0 (100.0) MeV, 50.0240
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(55.0) MeV, and 150.0 (150.0) MeV in the forward, cen-241

tral, and backward (with respect to the electron-beam242

direction) regions of the calorimeter for Belle (Belle II)243

data. In Belle II data, we restrict the cluster polar244

angle to the drift-chamber acceptance to suppress elec-245

trons misreconstructed as photons. Cluster selections246

in Belle II are more stringent than in Belle to suppress247

higher beam-induced backgrounds. We also require clus-248

ters to be reconstructed at least 30 cm from the clos-249

est extrapolated track to suppress background due to250

secondary particles generated in nuclear interactions of251

charged hadrons with the calorimeter. These criteria252

minimize data-to-simulation differences in cluster-related253

quantities as observed in several control samples [17].254

A signal B-meson candidate is formed by combining255

a kaon candidate of charge opposite to that of the part-256

ner B meson with two opposite-charge leptons in e+e−,257

e±µ∓, or µ+µ− combinations. We analyze these three258

dilepton combinations together, as simulation shows no259

significant sensitivity gain from separate analyses. We260

suppress B+ → J/ψ(→ ℓ+ℓ−)K+ background by re-261

stricting the dilepton mass to be less than 3.0 GeV/c2,262

which is the region relevant for our signal. We also sup-263

press γ → e+e− conversion backgrounds by requiring the264

electron-positron mass to exceed 100 MeV/c2.265

We then combine signal and partner B candidates266

to form Υ(4S) candidates. For each Υ(4S) candidate,267

we construct the squared momentum transfer (or beam-268

constrained squared τ -pair mass) q2 = (pe+e− − pBtag −269

pK)2, where pe+e− , pBtag
, and pK are the sum of the270

four-momenta of both beams, the four-momentum of the271

partner B, and that of the kaon, respectively. We im-272

pose q2 > 14.18 GeV2/c4, corresponding to the signal273

kinematic acceptance used in SM predictions [1]. This in-274

cidentally suppresses contributions from B+ → ψ(2S)(→275

τ+τ−)K+ decays, whose rate is ten-times larger than the276

expected SM-signal. We further reject background by ve-277

toing events that have π0 candidates unassociated with278

the Υ(4S) reconstruction. These candidates are iden-279

tified as pairs of neutral clusters detected in the central280

calorimeter region with diphoton masses between 131 and281

138 MeV/c2. These selections remove 99% (99%) of the282

residual background after the partner B selection with283

3.1% (5.8%) signal efficiency in Belle (Belle II) data.284

At this stage, remaining backgrounds are primarily285

B+B− events in which a properly reconstructed partner286

B− is accompanied by a B+ → D0(→ K+ℓ(′)−νℓ(′))ℓ
+νℓ287

decay or the analogous decay involving a D∗0 instead of288

a D0 meson, which are both signal-like. The opposite-289

charge kaon-lepton massm(K+ℓ−) exhibits a major tran-290

sition in background size and composition at the D0 me-291

son mass, as shown in Fig. 1. The narrow peak is from292

D0 → K−π+ decays with the pion misidentified as a293

muon. The large component of B+ mesons decaying into294

D mesons that in turn decay into π0’s unassociated with295

the candidate populates masses lower than the charm296
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Figure 1: Distribution, with simulation overlaid, of opposite-
charge kaon-lepton mass in Belle II events. Logarithmic ver-
tical scale in the inset assists visualization of the high kaon-
lepton mass analysis region.

mass. This results in a significantly higher signal-to-297

background ratio at higher m(K+ℓ−) values. Restricting298

the search to events with m(K+ℓ−) > 1.9 GeV/c2 re-299

duces the remaining background by 98.7% (99.2%) while300

keeping 20% (16%) of signal in Belle (Belle II) data, thus301

constituting an important analysis choice.302

The principal remaining backgrounds are B →303

D(∗)ℓ+ν decays followed by semileptonic D decays and304

continuum events. These are further suppressed through305

an optimized selection on the following three additional306

discriminating quantities. The squared missing mass307

M2
miss = (pe+e− − ptot)

2/c2, where ptot is the total four-308

momentum of all particles reconstructed in the event,309

is sensitive to the higher number of neutrinos in signal310

events compared to background events [38]. The c.m.311

momentum p∗ℓ+ of the signal lepton with same charge as312

the signal kaon also has a distinctive spectrum for sig-313

nal. The third variable is the search-region width in the314

signal-extraction observable Eextra, which is the summed315

energy of all neutral clusters not used in Υ (4S) recon-316

struction. The selection requirements for these are op-317

timized to provide the best average expected (statistical318

only) upper limit in background-only simulation, yielding319

M2
miss > 3.0 (1.6) GeV2/c4, p∗ℓ+ > 0.4 (0.5) GeV/c, and320

Eextra < 100 (250) MeV for Belle (Belle II). No event321

contains more than one reconstructed signal B candidate322

after the selection.323

We determine the signal yield by counting the ex-324

cess events over the background expectation, Nsig =325

Nobs − Nbkg, in the signal-search Eextra region. The326

background expectation is obtained by extrapolating, in327

simulation, the background yields observed in three in-328

dependent signal-depleted sidebands. These are events329

with q2 < 14.18 GeV2/c4, events in the 5.20 < Mbc <330

5.27 GeV/c2 sideband of the partner B, and events with331

Eextra > 100 (250) MeV for Belle (Belle II) data. For332

each of these sidebands, the selection on the other two333

observables is the same as for the signal-search region.334
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Figure 2: Distributions of Eextra for (circles) data and (his-
tograms) simulation (red) before and (blue) after the linear-
scaling fit for (top) Belle and (bottom) Belle II events popu-
lating the partner-B Mbc sideband.

We validate the simulated Eextra distribution by com-335

paring it with experimental data in the three sidebands.336

Good agreement is observed, but within large statisti-337

cal uncertainties due to small sample sizes. Hence, we338

further ensure reliability of the background extrapola-339

tion into the signal-search region by correcting the simu-340

lated Eextra shape and normalization in those sidebands341

to match the data. A likelihood-ratio test [39] favors342

a scaling between data and simulation based on a lin-343

ear function of Eextra. The scaling parameters are de-344

termined with a likelihood fit to the binned ratios of345

data and simulation distributions, simultaneous across346

the three sidebands (Fig. 2 Ref. [38]). The distribution347

is Poisson in each bin, for both data and simulated-event348

counts. We then extrapolate the corrected simulation349

into the signal-search Eextra region to determine the ex-350

pected background yields, 14.1± 1.6 events for Belle and351

3.5 ± 0.7 events for Belle II, where the uncertainties are352

only statistical.353

Figure 3 shows the distributions of Eextra in the data354

after final selections, with background expectations from355

simulation overlaid. The first bins are the signal-search356

regions The first bin of each distribution is the signal-357

search region. The event yields observed in the Belle and358

Belle II signal-search regions, 11 and 6, respectively, show359

no significant excesses with respect to the expectations.360

The signal branching fraction is determined as361

B(B+ → K+τ+τ−) =
Nsig

2ϵf+−NΥ(4S)
, (1)

where ϵ is the efficiency for reconstructing signal, which362

includes the relevant product of B(τ → ℓντ ) factors that363

are (17.81 ± 0.04)% for electrons and (17.39 ± 0.04)%364

for muons, and f+− = 0.511+0.007
−0.011 is the B+B− frac-365

tion [4] of the NΥ (4S) = [(772 ± 11) + (387 ± 6)] × 106366

Υ (4S) decays recorded in the combined data set. Efficien-367

cies for signal are determined from simulation and cor-368

rected using control data. We use B+ → D0π+ decays to369

match to data the efficiency for the partner-B FEI recon-370

struction in simulation. We reconstruct partner B can-371

didates using FEI and select 1.5–3.0-GeV/c-momentum372

charged pions in the rest of the event. We fit the yields373

of charmed-meson signals appearing in the spectrum of374

recoil mass,
√

(E∗
beam − E∗

π)
2/c4 − (p⃗ ∗

B + p⃗ ∗
π )

2/c2, where375

E∗
π and p⃗ ∗

π are the energy and momentum of the pion376

and p⃗ ∗
B is the momentum of the partner B in the377

c.m. frame [16]. We then compare the resulting yields378

with those observed in simulation and use their ratio379

rFEI = 0.76 ± 0.03 (0.74 ± 0.05) to correct the Belle380

(Belle II) FEI efficiency observed in simulation. We381

use analysis candidates populating the 1.8–1.9 GeV/c2382

range in the opposite-charge kaon-lepton mass to deter-383

mine the π0 veto efficiency. This sample is dominated384

by B+ → D0(→ K+π−)ℓ+ν decays in which the pion is385

misreconstructed as a lepton, yielding a narrow peak. A386

simultaneous fit to the events that pass and those that387

fail the π0 veto determines the efficiency ratio between388

data and simulation. This ratio, 1.03±0.02 (1.03±0.03)389

for Belle (Belle II) corrects the π0 veto efficiency in sim-390

ulation, assuming similar π0 multiplicities in data and391

simulation.392

The primary source of systematic uncertainty is the393

additive uncertainty on the estimate of the background394

yield in the signal region, which is 17.4% (33.6%), rel-395

ative to the central value of the background estimate,396

for Belle (Belle II). This combines the 9% (18%) sta-397

tistical uncertainty on the extrapolation, due to the fi-398

nite sizes of the sideband samples, and the systematic399

uncertainty associated with the shape assumed for the400

background Eextra scaling. The latter is assessed by re-401

peating the extrapolation with a uniform or a quadratic402

scaling with respect to Eextra and taking the largest dif-403

ference in signal yield with respect to the default lin-404

ear scaling. The remaining systematic uncertainties are405

all multiplicative. The second-largest contribution is the406

uncertainty on the partner-B reconstruction efficiency.407

This combines the uncertainty on the data-to-simulation408

efficiency ratio and the efficiency change observed when409

using an alternative approach to calibrate the FEI re-410

construction efficiency, based on inclusive B+ → Xcℓ
+ν411

decays reconstructed using only the lepton. The sys-412

tematic uncertainty on the signal branching fraction is413
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Figure 3: Distributions of Eextra after final selections in (top)
Belle and (bottom) Belle II data. Expectations based on cor-
rected simulation for backgrounds and for 104×-enhanced SM
signal [1] are overlaid.

10.0% (13.3)% for Belle (Belle II). The uncertainties414

on PID-related efficiencies in Belle data are determined415

using J/ψ → ℓ+ℓ−and D∗+ → D0 (→ K−π+)π+ de-416

cays to be 2.4%, 2.5%, and 1.6% for muons, electrons,417

and kaons, respectively. The corresponding Belle II un-418

certainties are 0.6%, 0.3%, and 0.9%, obtained using419

the same processes, as well as e+e → ℓ+ℓ−e+e− and420

e+e− → ℓ+ℓ−γ. The uncertainty for the π0 veto ef-421

ficiency is 2.2% (2.5)% in Belle (Belle II) data, as de-422

termined from B+ → D0(→ K+π−)ℓ+ν decays recon-423

structed as a narrow peak in the opposite-charge kaon-424

lepton mass. An uncertainty of 0.35% [40] (0.27%) per425

charged particle is assigned to account for possible data-426

simulation differences in the Belle (Belle II) tracking ef-427

ficiency. This uncertainty is fully correlated between the428

three signal tracks, leading to a 1.05% (0.81%) uncer-429

tainty on the signal branching fraction. We use a simu-430

lated B+ → K+τ+τ− sample generated with an alterna-431

tive model for the hadronic form-factors [3], to determine432

a 3.8% (4.0%) uncertainty due to the SM signal model-433

ing. The systematic uncertainties due to the limited sizes434

of simulated samples used to determine efficiencies are435

3.1% (3.3%) for Belle (Belle II). The uncertainties aris-436

ing from the values of NΥ (4S) and f+− are 1.4% (1.6%)437

and +1.4
−2.1%, respectively, for Belle (Belle II).438

We determine exclusion limits using the CLs method439

Belle Belle II
Nbkg 14.1± 1.6± 1.9 3.5± 0.7± 0.9
Nobs 11 6
ϵ× 105 1.45± 0.05± 0.18 1.26± 0.04± 0.18
B(B+ → K+τ+τ−)× 104 −2.7+3.2

−2.6 ± 2.2 5.1+5.6
−4.3 ± 2.5

Obs. (exp.) limit (10−3) 0.5 (0.7) 1.4 (0.9)

Table I: Expected background yields, observed event yields,
signal efficiencies, observed branching fractions, and ob-
served (expected) 90% CL exclusion limits.

based on a profile-likelihood-ratio test [41, 42]. System-440

atic uncertainties are incorporated with Gaussian con-441

straints. Coverage tests show no significant undercov-442

erage. Table I shows the results of the search, which443

is conducted independently in the Belle and Belle II444

samples. The resulting branching fractions are aver-445

aged yielding B(B+ → K+τ+τ−) = (0.04+0.27+0.17
−0.23−0.18) ×446

10−3. The corresponding combined exclusion limit is447

B(B+ → K+τ+τ−) < 0.56× 10−3 at the 90% confidence448

level.449

In summary, we search for the rare decay450

B+ → K+τ+τ− using 772 × 106 Υ (4S) meson de-451

cays from the full data set of electron-positron collisions452

at the Υ (4S) resonance collected by the Belle experiment453

and 387 × 106 Υ (4S) decays collected by the Belle II454

experiment between 2019 and 2023. The analysis455

achieves world-leading results by means of an optimized456

selection applied to a large data set. We observe no457

significant signal and set a 90% CL upper limit at458

B(B+ → K+τ+τ−) < 0.56× 10−3. This limit is four459

times more stringent than the only previous bound and460

contributes constraints to the parameters of several SM461

extensions [6–10].462
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SUPPLEMENTAL MATERIAL682

We report here additional figures that help illustrating683

analysis procedures and their rationales. Figure 4 shows684

the distribution of missing mass squared, which is used685

in the optimized selection. The higher prevalence of neu-686

trinos in the signal decay with respect to the most promi-687

nent backgrounds offers distinctive discrimination. Simi-688

larly, Fig. 5 shows the distribution of the c.m. momentum689

of the candidate signal lepton that has the same charge as690

the candidate signal kaon. Distinctive kinematic-charge691

correlations produce a higher mean-valued spectrum for692

signal events compared to backgrounds. Figures 6 to693

7 show the distributions of Eextra before and after the694

linear-scaling fit that matches simulation to data for695

events populating the q2 and Eextra sidebands. These696

distributions, along with the analogous distribution of697

events populating the partner-B sideband reported in the698

main text body, are simultaneously fit to achieve the fi-699

nal background expectation. Figure 8 shows the distri-700

butions of simulated signal efficiency as a function of q2701

after final selections and corrections.
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Figure 4: Distribution, with simulation overlaid, of missing
mass squared in (top) Belle and (bottom) Belle II events re-
stricted to the m(K+ℓ−) > 1.9 GeV/c2 region.
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mentum of the signal lepton with same charge as the signal
kaon in (top) Belle and (bottom) Belle II events restricted to
the m(K+ℓ−) > 1.9 GeV/c2 region.
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Figure 6: Distributions of Eextra for (circles) data and (his-
tograms) simulation (red) before and (blue) after the linear-
scaling fit for (top) Belle and (bottom) Belle II events popu-
lating the q2 sideband.
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Figure 7: Distributions of Eextra for (circles) data and (his-
tograms) simulation (red) before and (blue) after the linear-
scaling fit for (top) Belle and (bottom) Belle II events popu-
lating the Eextra sideband.
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Figure 8: Distributions of efficiency as a function of q2 for
reconstructing simulated (top) Belle and (bottom) Belle II
signal events. The binning follows Ref. [3].
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