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Dark sector and rare decays searches at Belle II



SuperKEKB and Belle II
Belle (1999-2010):

• Integrated luminosity 

Belle II (2018-present):
•Peak luminosity world record = 
•Integrated luminosity =   
  Largest recorded  dataset , surpassing Belle
•Run 1 (2019-2022)
•Run 2 (2024…): 
•Stable data-taking at 
•Focused on physics data-taking
•Since 2024 sudden beam loss the PXD has remained OFF 

≈ 1 ab−1

5.3 × 1034 cm−2s−1

914 fb−1

Υ(4S) 808 fb−1

5 × 1034 cm−2s−1
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Why dark matter searches at Belle II ?

KEK
Tsukuba  

Japan

A B factory, but not only:
•Large sample (in Run1): 

 

A unique place for dark sector searches:

•Excellent vertexing and track reconstruction 
•Good particle identification (lepton ID,  separation)
•Special triggers for low-multiplicity

•Single photon, single track…
•Good missing energy reconstruction:

•Clean collision environment
•Hermetic detector (90% solid angle coverage)

➥ Excellent for decays with neutrals and/or missing energy

NBB ≈ 380 × 106

Nτ−τ+ ≈ 390 × 106

π/K

, ,  
-factory 

and much more

B cc̄
τ
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Dark matter is the most compelling question in 
particle physics• What is the particle nature of 
dark matter?

Belle II has access to many portal candidates to 
the hidden-sector dark matter:
•Vector (dark photon, dark boson…)
•Pseudo-scalar (axion-like particles)
•Scalar (dark Higgs)
•Neutrino (sterile neutrinos)

Low-mass and feebly coupled portals to the SM 
➥Intensity frontier (e.g. Belle II) well-suited
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dark 
higgs?

dark forces?

dark quarks?

dark leptons?
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Which dark matter searches at Belle II ?
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SIMPs	/	ELDERS	

Ultralight	Dark	Ma5er	

Muon	g-2

Small-Scale	Structure	

Microlensing	

Dark	Sector	Candidates,	Anomalies,	and	Search	Techniques	

Hidden	Sector	Dark	Ma5er	

Small	Experiments:	Coherent	Field	Searches,	Direct	DetecIon,	Nuclear	and	Atomic	Physics,	Accelerators	

GeV	 TeV	keV	eV	neV	feV	zeV	 MeV	aeV	 peV	 µeV	 meV	 PeV	 30M�	

WIMPs	QCD	Axion	

≈

GeV	 TeV	keV	eV	neV	feV	zeV	 MeV	aeV	 peV	 µeV	 meV	 PeV	 30M�	

≈

Beryllium-8	

Black	Holes	

Hidden	Thermal	Relics	/	WIMPless	DM	

Asymmetric	DM	

Freeze-In	DM	

Pre-InflaIonary	Axion	

Post-InflaIonary	Axion	

Mediators 
feebly interacting

[arXiv:1707.04591]

[arXiv:2209.04671]

https://arxiv.org/abs/1707.04591
https://arxiv.org/abs/2209.04671


Which type of signatures ?
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At Belle II we can look for different decay signatures:

Visible decays
Rare resonances

e+e− → γA′￼( → μ+μ−)
e+e− → γα( → γγ)

 Missing energy
Invisible final states 

B → hXinv

Displaced decays
Long-lived particles 
(not talked today)

Robin Leboucher - Recent results from Belle II - PPC 2026 - 31/08/2026



Search for ALPs in  at Belle IIe+e− → γα( → γγ)

Submitted to PRL (arXiv:2607.07800)
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Search for ALPs in e+e− → γα( → γγ)
e
�

e
+

�ISR

µ�

µ+

"

�

A
0

e
�

e
+

�

�

�g↵��
�⇤ ↵

Search for an axion-like particle in  
for  GeV

Motivations:
• The ALP couples to the SM  with strength 
• ALP can also couple to dark matter
• Can explain the relic density

Dataset:
• 408  at 10.58 GeV and below at Belle II

Focus on the mass region where ALP decay is prompt, 
and the two photons are resolved.

Resolved: angle between the two photons larger than 
calorimeter resolution

Merged: angle between the two photons smaller than 
calorimeter resolution ⇒ only one merged photon seen

e+e− → γα( → γγ)
0.17 < mα < 9.8 /c2

γ gαγγ

fb−1 BESIII. Phys. Rev. D 110 L031101 (2024)

Submitted to PRL (arXiv:2607.07800)
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.110.L031101
http://www.apple.com
https://arxiv.org/abs/2607.07800
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Search for ALPs in e+e− → γα( → γγ)

4

sphericity, and the ratio of second to zeroth Fox–Wolfram239

moments. While no single input feature separates signal240

from background across all ALP mass hypotheses, the241

network exploits their combined discriminating power,242

motivating a single classifier trained uniformly over all243

mass hypotheses. The network is trained on a class-244

balanced sample consisting of simulated events generated245

under di!erent beam-background conditions and signal246

events with a uniform distribution in mass.247

In addition, we retain events that satisfy at least one of248

two trigger conditions. Either the total energy deposition249

in the ECL in the polar-angle region 22→ < ωpolar < 128→250

exceeds 1 GeV and the event passes a veto of two back-251

to-back high energy clusters, or the event contains two252

back-to-back clusters in the ECL and no nearby charged253

tracks. In both cases, clusters are required to have en-254

ergies in the c.m. frame above 3 GeV, with at least one255

cluster above 4.5 GeV. The trigger e”ciency is close to256

100% for all ALP masses passing the previously described257

selection due to the complement of the aforementioned258

trigger decisions.259

The overall signal selection e”ciency is typically 25-260

35% for masses up to about 7 GeV/c2 and decreases ap-261

proximately linearly to about 10% at the highest masses.262

The resulting Mωω distributions are shown in Fig. 1 to-263

gether with the stacked contributions from simulated264

SM background samples normalized to the recorded in-265

tegrated luminosity. From simulation we conclude that266

more than 99% of the remaining events originate from267

the processes e+e↑ → εε(ε).268

FIG. 1. Distribution ofMωω together with the stacked contri-
butions from the various simulated SM background samples.
Simulation is normalized to a luminosity of 408 fb→1.

Signal hypotheses are formed in the invariant di-269

photon mass distributionMωω and are tested by extended270

unbinned maximum-likelihood fits. The signal probabil-271

ity density function (PDF) consists of two components:272

a peaking contribution from correctly reconstructed sig-273

nal photons and a combinatorial contribution from incor-274

rect combinations of a signal photon and a recoil photon.275

The peaking component is modelled with a double-sided276

Crystal Ball (DSCB) function [33–35], whose parameters277

are determined from fits to simulated Mωω distributions278

for all scanned ma samples. The resolution ϑsig
DSCB after279

kinematic fit increases smoothly from about 10 MeV/c2280

for the smallest to about 16 MeV/c2 for the largest ALP281

masses. The combinatorial signal component is described282

by an additional first-order polynomial, with its normal-283

ization relative to the correctly reconstructed component284

fixed from simulation. This normalization ranges from285

0% at very low and very high ALP masses to a maxi-286

mum of ↑ 30% near ma = 7 GeV/c2, beyond which it287

falls o! rapidly. In the fits to data, the mass-dependent288

signal parameters are fixed to the values obtained from289

simulation.290

The background is described by polynomial functions291

whose order is determined from simulation to provide the292

minimal adequate description: fourth order for 0.17 <293

ma < 1.00 GeV/c2 and 8.50 < ma < 9.80 GeV/c2,294

and second order elsewhere. All polynomial coe”cients295

are left free in the fits. We exclude ALP candidates296

with 0.45 < ma < 0.63 GeV/c2 to remove peaking297

backgrounds from ϖ → εε decays, and 0.72 < ma <298

0.81 GeV/c2 to suppress contributions from ϱ → ς0ε299

decays. The contribution from ϖ↓ → εε decays is found300

to be negligible.301

We extract the signal cross-section as a function of302

ma by performing a series of independent fits [35] in303

±20ϑsig
DSCB signal mass windows in steps of 5 MeV. This304

step size is always smaller than half of the signal mass305

resolution.306

We evaluate systematic uncertainties a!ecting the pho-307

ton detection e”ciency, photon resolutions, selection ef-308

ficiency, ISR modeling, trigger e”ciency, di!erences of309

beam-background dependent simulation, luminosity and310

signal shape. The di!erences between data and simula-311

tion for the photon reconstruction e”ciency, the energy312

and the spatial resolutions are measured using radiative313

muon-pair events. Event e”ciency di!erences of 0.5–2%314

are corrected for, and an uncertainty of approximately315

2.5% per event is assigned due to this correction, show-316

ing only small variation with ma. The energy resolution317

is found to be 17% worse in data than in simulation, while318

the spatial resolutions are found to be in agreement. In-319

tegrated over the entire photon energy spectrum, the rel-320

ative energy resolution is estimated to be approximately321

1.4% in data, while in simulation we find 1.2%. To esti-322

mate the impact on the signal shape, we adjust the pho-323

Selection:
• 3 high-energy photons and nothing else
•  close to  + kinematic fit
• Neural network on kinematic properties to discard SM 

Signature:
• Peak in the diphoton invariant mass 
• Good data-MC agreement (4%, treated as systematics)
 
Signal extraction:
• Independent likelihood fit scan every 5 MeV
•  resonances are vetoed

Systematics:
• Initial state radiation mismodelling at low masses (8%)
• Selection efficiency at high masses (4%)

M3γ s

e+e− → γγ(γ)

Mγγ

η,  and ω

Submitted to PRL (arXiv:2607.07800)
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5

ton energy for the observed di!erence during the signal324

reconstruction. The signal resolution ωsig
DSCB after kine-325

matic fit shows agreement within statistical uncertainty326

with and without the adjusted energy. No additional327

systematic uncertainty is assigned for di!erences in pho-328

ton energy resolution and the uncertainty in the signal329

shape arises from the limited number of simulated signal330

events. The uncertainty of the energy bias correction, de-331

termined using symmetric ε0 → ϑϑ and ϖ → ϑϑ decays,332

is also found to be negligible.333

The trigger e”ciency is measured directly on the se-334

lected data and found to agree with simulation, being335

close to 100%. We estimate the uncertainty of the trig-336

ger e”ciency determination from the statistical precision337

to be 0.01% across all ALP mass scan points.338

The uncertainty due to the interpolation of the signal339

e”ciency for di!erent beam-background conditions is es-340

timated to be about 0.2%, independent of the ALP mass.341

A relative systematic uncertainty of 0.42% is assigned342

to the integrated luminosity. The impact of ISR mod-343

elling is evaluated by comparing signal samples generated344

with WHIZARD [36, 37] and MadGraph@NLO, and345

the observed di!erence in the signal e”ciency is taken as346

the systematic uncertainty. This systematic uncertainty347

ranges from approximately 7% at low ALP masses and348

decreases to approximately 1% at the highest masses.349

The full di!erence between data and simulation normal-350

ization is also treated as a systematic contribution to the351

selection e”ciency with a relative value of 4%. The total352

systematic uncertainty of the signal e”ciency is obtained353

by adding all individual contributions in quadrature. It354

ranges from about 8% at low ALP masses to about 4%355

at high masses. For low ALP masses, the uncertainty is356

dominated by ISR modelling, while for high masses it is357

dominated by the selection e”ciency.358

The systematic uncertainties due to the signal e”-359

ciency, the luminosity, and the signal shape are included360

as Gaussian nuisance parameters with a width equal to361

the systematic uncertainty. A systematic uncertainty due362

to the choice of the background shape polynomial order363

is found to be negligible.364

The local significance S of the signal for a given365

mass hypothesis is defined as S =
√
2(lnL↑ lnLbkg),366

where L is the maximum likelihood from the signal-plus-367

background fit and Lbkg is the maximum likelihood for368

the background-only hypothesis. The largest local signif-369

icance, including systematic uncertainties, is 3.3ω, found370

near ma = 0.22 GeV/c2. Taking into account the look-371

elsewhere e!ect [38], this excess corresponds to a global372

significance of 1.4ω.373

We compute the upper limits at 95% confidence level374

(C.L.) on the cross section ωa = ω(e+e→ → ϑa, a →375

ϑϑ) as a function of ma using a two-sided frequentist376

profile-likelihood method [39]. The expected limit under377

the background-only hypothesis and the observed upper378

limits on ωa are shown in Fig. 2.379

To convert the limits on the cross-section to the cou-380

pling gaωω , we compare the fitted limits with the sim-381

ulated cross-sections for a fixed coupling. This calcula-382

tion does not account for possible energy dependence of383

ϱQED or gaωω [40]. The observed upper limits on the384

ALP–photon coupling gaωω , together with existing con-385

straints from previous experiments, are shown in Fig. 3.386

FIG. 2. Expected and observed upper limits (95% C.L.) on
the cross section ω(e+e→ → εa, a → εε) as a function of the
ALP mass ma. The regions corresponding to the vetoed ϑ
and ϖ masses are indicated in gray.

FIG. 3. Exclusion region (95% C.L.) in the plane of
the ALP-photon coupling gaωω and ALP mass ma from this
work (teal) and previous constraints from Belle II ([15]),
BES III ([16, 17]), CMS ([19]), ATLAS ([18]), FASER ([10]),
and NA64 ([9]). Also shown are constraints derived from rein-
terpretations not performed by the experimental collabora-
tions, namely E137 ([4, 6]), LEP-II ([11, 12]), PrimEx ([13,
14]) and NuCal ([4, 7, 8]), indicated by gray shading with
dashed outlines.

In conclusion, we have searched for the process387

e+e→ → ϑa, a → ϑϑ over a wide ALP mass range us-388
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No excess signal observed:
• Highest local significance: 3.3  for  GeV/c^2 
• Global significance: 1.4

• Set upper limit at 95% CL on 
World best upper limit between  GeV

σ mα = 0.22
σ

σ(e+e− → γα( → γγ))
0.17 < mα < 5 /c2

Submitted to PRL (arXiv:2607.07800)Search for ALPs in e+e− → γα( → γγ)
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Search for dark photon in  at Belle IIe+e− → γA′￼( → μ−μ+)

Preliminary (to be submitted to PRL)
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Search for a dark photon particle in  
for  GeV/c^2

Motivations:
• Straightforward model
• The dark photon couples to the SM photon with the strength 
• Dark photon can also couple to dark matter and explain the relic 
density 

Dataset:
552  at 10.58 GeV and below at Belle II 
➥ Run 1 + Run 2 (2024) ⇒ First time in Dark sector group

e+e− → γA′￼( → μ−μ+)
0.2 < mA′￼

< 10.3

ε

fb−1

PreliminarySearch for e+e− → γA′￼( → μ−μ+)

Robin Leboucher - Recent results from Belle II - PPC 2026 - 31/08/2026
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Method (BESIII): 
• No direct reconstruction of the initial-state radiation 
• Instead 4C kinematic fit to the dimuon system + unmeasured 
photon + beam constraint

➥ Allows reconstruction of the photon outside calorimeter 
acceptance (large statistics)

➥ Worsening the purity of the sample: , and 
 backgrounds

γISR

e+e− → e+e−μ+μ−

e+e− → τ−τ+

Phys. Lett. B  774 252-257  (2017)

PreliminarySearch for e+e− → γA′￼( → μ−μ+)

Robin Leboucher - Recent results from Belle II - PPC 2026 - 31/08/2026

26% of events

https://www.sciencedirect.com/science/article/pii/S0370269317307797?via%3Dihub
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Selection:
• Strict kinematic fit  selection suppresses SM background

Signature:
• Peak in the dimuon invariant mass 

Signal extraction:
• Independent likelihood fit scanned every  step
• , , , , and  resonances vetoed

• Cancels absolute signal efficiency dependence
• Cancels major systematic uncertainties:

• Trigger efficiency
• Particle identification
• …

χ2

Mμμ

0.5σres
ω ϕ J/ψ ψ(2S) Υ(1(23)S)

ε2 ∝
dσ (e+e− → A′￼γISR → μ+μ−γISR)
dσ (e+e− → γ∗γISR → μ+μ−γISR)

Phys. Rev. D 80 075018 (2009)

J/ψ

PreliminarySearch for e+e− → γA′￼( → μ−μ+)

Robin Leboucher - Recent results from Belle II - PPC 2026 - 31/08/2026

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.80.075018
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Remaining systematics:
• Purity (3%)
• Branching fraction (<10%)

No signal excess observed:
• Highest local significance: 3.4  at  GeV  
• Global significance: 

Set upper limit at 90% CL on mixing strength :
World best upper limit between  GeV

σ 3.141 /c2

< 3σ

ε
3.0 < mA′￼

< 10.3 /c2

Search for e+e− → γA′￼( → μ−μ+) Preliminary

Robin Leboucher - Recent results from Belle II - PPC 2026 - 31/08/2026



Search for lepton flavour violation  decay at Belle IIτ → ℓα

Preliminary (to be submitted to PRL)

15Robin Leboucher - Recent results from Belle II - PPC 2026 - 31/08/2026
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• In SM, the Charged Lepton Flavour Violation is allowed through weak 
charged current and neutrino oscillation 

• Order   no Flavour Violation in current experiments

• Various New Physics predict Lepton Flavour Violation at observable 
rates  

• e.g leptoquarks for  related  anomalies

𝒪(10−55) ⇒

𝒪(10−8 − 10−10)
τ− → ℓ−V0 b → cτν

New Physics Predictions

Physics Models
SM 10-55

SM + Seesaw 10-10

SUSY + Higgs 10-8

SUSY + SO(10) 10-10

Non-universal Z’ 10-8

ℬ(τ− → μ−μ+μ−)

Among the 50 modes probed in the past, Belle II has 
already set limits on the following ones:
•  new boson candidate for dark matter
•  most accessible
•  linked to  within the Leptoquarks 
models

•  violated the Baryon number  
⇒ condition for matter/antimatter asymmetry

τ− → ℓ−α
τ− → μ−μ+μ−

τ− → ℓ−ϕ b → cτν

τ− → Λ(Λ)π−
[arXiv.2203.14919]

[PhysR
evD

.77.073010]

⌧� µ�

µ�

µ+

⌫⌧ ⌫µ

W

Z�, �

Figure �: Feynman diagrams for ⌧� ! µ�µ+µ� decays in the presence of
neutrino oscillations with Z�-Penguin contribution.

⌧� µ�

µ� µ+

⌫i

⌫j

W W

Figure �: Feynman diagrams for ⌧� ! µ�µ+µ� decays in the presence of
neutrino oscillations with box diagrams contribution.

Search for LFV  decayτ− → ℓ−α

Projections

Robin Leboucher - Recent results from Belle II - PPC 2026 - 31/08/2026

https://doi.org/10.48550/arXiv.2203.14919
https://doi.org/10.1103/PhysRevD.77.073010
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π+
ντ

e−

e+

αℓ−

τ−

τ+

̂tthrust

Signal 

Tag 
Search for a beyond SM invisible particle 
Assumed to be light (  GeV ) and spin-0, e.g. an axion-like 
particle (ALP)

The signature is similar to the SM decay  , but the signal 
appears as a peaking structure in  rest frame

Dataset:
• 365  at 10.58 GeV at Belle II

Event signature: 
• 1 electron or muon + ALPs assumed to be invisible on the signal side
• 1 charged particle on the tag side

α
mα < 1.6 /c2

τ− → ℓ−νν̄
τ

fb−1

PreliminarySearch for Lepton flavour violating  decayτ− → ℓ−α

Robin Leboucher - Recent results from Belle II - PPC 2026 - 31/08/2026
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Figure 1: Distributions of M2
min and M2

max for the electron and muon channels after the event selection. The dominant SM
leptonic ω decay (ω→ → ε→ϑ̄ωϑε , ω

+ → ϖ+ϑ̄ε ) is shown in cyan. The remaining background, shown in pink, is dominated by
other ω+ω→ decays, primarily tag-side ω+ → ϖ+ϖ0ϑε events with unobserved neutral particles, and includes a small non-ω+ω→

contribution. Expectations for ω→ → ε→ϱ (ε = e, µ) with mϑ = 0, 1.0, and 1.6GeV/c2 are overlaid (solid, dashed, and dotted
lines), shown with arbitrary normalization for shape comparison only.

The impact of each systematic source of uncertainty276

on the upper limit is evaluated by setting its nuisance277

parameter at the best-fit value and profiling the rest; Ta-278

ble II presents the mean of the relative change in abso-279

lute value across all masses of ω, while the breakdown by280

mass is included in the Supplementary Material. Pion281

and lepton (mis)identification dominate, with an e!ect282

that grows where the signal template’s mω-dependent lo-283

cation in the (M2
min, M

2
max) plane overlaps residual data–284

MC discrepancies. This is inseparable from the PID cal-285

ibration uncertainties but already included, with negli-286

gible impact on the results. Correlated e!ects between287

signal and normalization largely cancel, so systematics288

raise the expected limits by only 1.5% on average. The289

Table II: Mean relative change at the upper limit (%), in ab-
solute value for each nuisance parameter for the two channels,
over all mϑ hypotheses. Here, “X misidentified as Y ” denotes
the probability that a true X candidate is identified as Y .

Source Electron (%) Muon (%)

Lepton identification 0.38 0.11

ω± identification 0.15 1.03

ω± misidentified as ε 0.05 0.45

Photon e!ciency 0.59 0.06

ε misidentified as ω± 0.14 0.12

Trigger e!ciency 0.05 0.10

ω0 e!ciency 0.02 0.02

likelihood is maximized with RooStats [45] and Hist-290

Signature:
• Peak in the plane   [Phys. Rev. D 102 115001 
(2020)]
•  Event-based variable such  
•  Expressed in terms of the event kinematic variables 

• Built from event kinematics alone: the minimum and 
maximum values of  kinematically allowed

Background rejection:
• Optimised selections on ten variables to achieve -pair 
purity of 98.8% (99.6%)

Signal extraction:
• 2D binned maximum-likelihood fit

M2
min, M2

max

M2
min ≤ m2

α ≤ M2
max

M2
min , max = s

−B0 ∓ B2
0 − 4A0C0

2A0

mα

τ

PreliminarySearch for Lepton flavour violating  decayτ− → ℓ−α

Robin Leboucher - Recent results from Belle II - PPC 2026 - 31/08/2026

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.115001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.115001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.115001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.115001
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Local significance is evaluated using a profile-likelihood292

ratio. No statistically significant excess is observed, with293

the most prominent fluctuations below 0.2 ω. Upper lim-294

its on R at 95% C.L. are set using the asymptotic CLs295

method, a modified frequentist approach with a profile-296

likelihood test statistic [46], ranging from (3.4–11.3) →297

10→4 in the electron channel and (2.4–12.1)→10→4 in the298

muon channel (Fig. 2). In the muon channel at mω =299

1.4 GeV/c2, the fitted value of R is (↑9.2±4.1)→10→4, a300

2.3 ω downward fluctuation. This does not translate into301

an anomalously stringent limit: the one-sided test statis-302

tic used for limit setting treats a negative fitted R iden-303

tically to R = 0, independently of the numerical range304

explored by the fit. For most mω hypotheses, the best-fit305

R is instead consistent with the background-only hypoth-306

esis and much smaller than the 10→4 scale of Table III,307

rounding to zero at the quoted precision.308

Central values and upper limits are summarized in Ta-309

ble III, together with absolute branching fraction limits310

derived using the world average branching fractions of311

the normalization channels [47]. The observed limits im-312

prove upon the previously published Belle bounds [18] for313

mω ↭ 1.2 (1.4) GeV/c2 in the electron (muon) channel,314

as shown in Fig. 2.315

Table III: Central values and 95% C.L. upper limits on R =
Bωε/Bωϑ̄ϑ (units of 10→4). Absolute limits on B(ω→ → ε→ϑ),
obtained using the world average branching fractions [47], are
given in parentheses (units of 10→4).

mε (GeV/c2) R (central value) UL (95% C.L.)

Electron channel

0.0 0.0± 2.4 7.5 (1.4)

0.5 0.0± 4.5 11.2 (2.0)

0.7 0.0± 3.6 10.1 (1.8)

1.0 0.0± 4.0 11.3 (2.0)

1.2 0.0± 4.0 10.7 (1.9)

1.4 0.0± 2.8 7.2 (1.3)

1.6 0.0± 1.2 3.4 (0.6)

Muon channel

0.0 1.1± 4.6 7.9 (1.4)

0.5 0.0± 3.4 9.0 (1.6)

0.7 0.0± 14 10.7 (1.9)

1.0 0.0± 3.3 9.5 (1.7)

1.2 1.0± 14 12.1 (2.1)

1.4 →9.2± 4.1 4.5 (0.8)

1.6 0.0± 0.6 2.4 (0.4)

In conclusion, using an integrated luminosity of316

365 fb→1 of data collected with the Belle II detector at317 ↓
s = 10.58GeV, we searched for the LFV decays ε→ ↔318

ϑ→ϖ using a method that exploits the full kinematics of ε -319

pair events. We observe no statistically significant signal320

and set 95% C.L. upper limits on the relative branching321

fractions B(ε→ ↔ ϑ→ϖ)/B(ε→ ↔ ϑ→ϱ̄εϱϑ ). The corre-322

sponding absolute limits, B(ε→ ↔ e→ϖ) ↗ (0.6–2.0) →323
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Figure 2: Expected and observed 95% C.L. upper limits on
the relative branching fractions for (a) ω→ → e→ϑ and (b)
ω→ → µ→ϑ. The dashed black line and the sky-blue (dark-
yellow) band indicate the expected upper limit and its ±1ϖ
(±2ϖ) uncertainty. The solid blue line with filled circles shows
the observed upper limit obtained in this work. The dotted
grey line with open squares shows the upper limits observed
by Belle [18].

10→4 and B(ε→ ↔ µ→ϖ) ↗ (0.4–2.1) → 10→4, improve324

on previous bounds for mω ↭ 1.2 (1.4) GeV/c2 in the325

electron (muon) channel, driven by the two-dimensional326

(M2
min, M

2
max) fit, which exploits both kinematic edges327

jointly for greater discriminating power, and by system-328

atic uncertainties well controlled through the Belle II de-329

tector’s performance. Within the framework of Ref. [48],330

these limits constrain LFV ALP couplings to charged331

leptons to direct production, complementing constraints332

from flavor physics, astrophysics, and cosmology.333
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Figure 2: Expected and observed 95% C.L. upper limits on
the relative branching fractions for (a) ω→ → e→ϑ and (b)
ω→ → µ→ϑ. The dashed black line and the sky-blue (dark-
yellow) band indicate the expected upper limit and its ±1ϖ
(±2ϖ) uncertainty. The solid blue line with filled circles shows
the observed upper limit obtained in this work. The dotted
grey line with open squares shows the upper limits observed
by Belle [18].
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No signal excess observed

Set upper limit at 95% CL on 
World-best upper limit between  GeV/c^2 in both electron and muon channels 

Despite:
• using ~50% less data than Belle [JHEP 08 155 (2025)]
• using the 1x1 topology alone instead of 1x3

ℬ (τ− → ℓ−α)/ℬ (τ− → ℓ−ν̄ℓντ)
mα < 1.2(1.4)

PreliminarySearch for Lepton flavour violating  decayτ− → ℓ−α

Robin Leboucher - Recent results from Belle II - PPC 2026 - 31/08/2026

https://link.springer.com/article/10.1007/JHEP08(2025)155


Search for  at Belle B → hXinv

Phys. Rev. Lett. 136, 231802 (2026)

20Robin Leboucher - Recent results from Belle II - PPC 2026 - 31/08/2026

https://journals.aps.org/prl/abstract/10.1103/1rl4-j3np#supplemental
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Search for B → hXinv
Search for feeble interacting particle in , with 

 and 

Dataset:
• 711  at 10.58 GeV at Belle

Signature:
• Peak in the momentum of the recoiling hadron  system

Selection Strategy:
• Reconstruct the  into hadronic decay channels

• using the Full Event Interpretation algorithm
• method only possible in B-factories, allowing to exploit the tag side

• Used boosted decision trees to remove backgrounds
• Analysis is optimised for the two-body decay

B± → h±X( → inv)
h± = π±, K±, D±

s , p B0 → D̄0X( → inv)

fb−1

h

Btag

Phys. Rev. Lett. 136, 231802 (2026)

Robin Leboucher - Recent results from Belle II - PPC 2026 - 31/08/2026

https://journals.aps.org/prl/abstract/10.1103/1rl4-j3np#supplemental
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Search for B → hXinv
No significant excess in any channel

World leading 90% CL upper-limits to 

And on  to quantify at what lifetimes such 
decays would mimic the invisible scenario

Limits interpreted in several models: ALP-W, ALP-quark couplings and 
dark scalar-Higgs mixing parameters
➥ world-leading results

Br(B → hX) × Br(X → inv)

Br(B → hX) × Br(X → γγ)

Phys. Rev. Lett. 136, 231802 (2026)

Robin Leboucher - Recent results from Belle II - PPC 2026 - 31/08/2026

https://journals.aps.org/prl/abstract/10.1103/1rl4-j3np#supplemental
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Search for B → hXinv Phys. Rev. Lett. 136, 231802 (2026)

Robin Leboucher - Recent results from Belle II - PPC 2026 - 31/08/2026

The hypothesis of a 2-body decay to explain   the Belle II [Phys. Rev. D 109 112006 (2024)] 
excess is suppressed by the results on 

B → Kνν
B+ → K+X

https://journals.aps.org/prl/abstract/10.1103/1rl4-j3np#supplemental
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006
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Summary
The Belle II collaboration is competitive in many dark portal searches and signatures. 

Thanks to a combination of:
Clean initial states, low pile-up, high precision and high luminosity

Gather multiple up-to-date world-best upper limits on:
• Axion-like particle 
• Visible dark photon 
• Lepton flavour-violating  decay
• Feeble interacting particle in rare decay  (scalar, pseudoscalar, and B-mesogenesis assumptions)

Optimistic future:
• Today's results are only using a partial dataset of Belle II
• 2025-2026 data-taking period was fruitful, from ~500  to 
• Plenty of different candidates and signatures to look at:

• Single photon
• Dark Higgs
• Long-lived particles
• Displaced  LFV decays

e+e− → γα( → γγ)
e+e− → γA′￼( → μ+μ−)

τ → ℓα
B → hXinv

fb−1 1ab−1

τ

Robin Leboucher - Recent results from Belle II - PPC 2026 - 31/08/2026


