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Belle II: Ideal HEP Experiment for Light NP

LHCSki 2016, Apr 14 The Belle II Physics Program in light of LHCb

B-Factory Family Album

5

Belle II detector was built for -decays: 
General purpose detector at asymmetric  
SuperKEKB collider @  10.58 GeV

Running since 2019:


collected ~ 500    580 mil.  pairs

B
e−e+

s =

fb−1 → BB̄

Belle II -events: 
Very clean environment

On average: 11 tracks

Known initial state kinematics

Near 100% efficiency

Sensitive to lower energy deposits

No pile-up

B
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Belle II: Ideal HEP Experiment for Light NP

On-resonance 
data (@ 10.58 GeV)

e+e→ → Cross-section [nb]
!(4S) 1.05± 0.10
cc̄ 1.30
ss̄ 0.38
uū 1.61
dd̄ 0.40

ω+ω→(ε) 0.919
µ+µ→(ε) 1.148
e+e→(ε) 300± 0.10

tablesforlectures

slavka.stefkova

July 2025

1 Introduction

2

Light NP can be also search for in continuum (albeit no entanglement) and low-multiplicity samples
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Two Paths for light NP @ Belle II

Low multiplicity 
resonances/
signatures in 

 collisionse+e−

Missing energy 
decays of 

beauty and 
charm hadrons 

Direct, e.g 

Indirect, e.g  

B → Ka
B → Kνν̄

Direct, e.g e+e− → aγ
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Belle II Light NP Publications (Direct)
Belle II publications: 

Search for axionlike particles produced in   collisions at Belle II (PRL 125, 161806 (2020)) [ ]


Search for an invisibly decaying   boson at Belle II in   plus missing energy final states (PRL 124, 
141801 (2020)) , (Phys. Rev. Lett. 130, 231801 (2023))

Search for a dark photon and an invisible dark Higgs boson in   and missing energy final states with the Belle II 
experiment [ ] ((PRL 130, 071804 (2023)) 

Search for a long lived mediator spin-0 mediator in   transitions at the Belle II experiment


      (PRD 108, L111104 (2023))  [ ]


Search for a  resonance in   events with the Belle II experiment (PRL 131, 121802 (2023)) 

Search for a   resonance in four-muon final states at Belle II (PRD 109, 112015 (2024)) 
Search for a dark Higgs boson produced in association with inelastic dark matter at the Belle II experiment (PRL 135, 
131801 (2025) ) 

Belle pub. in preparation:  Search for feebly interacting particles in missing energy  decays at Belle


e+e− e+e− → γa → γγγ
Z′￼ e+e− → μ+μ−(e±μ±)

μ+μ−

e+e− → A′￼h′￼

b → s
B → KS(S → x+x−, x ∈ [e, μ, K, π])

τ+τ− e+e− → μ+μ−τ+τ−

μ+μ−

B

N

N

N

N

N

N

N

N
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.161806
https://doi.org/10.1103/PhysRevLett.124.141801
https://doi.org/10.1103/PhysRevLett.124.141801
https://doi.org/10.1103/PhysRevLett.130.231801
https://doi.org/10.1103/PhysRevLett.130.071804
https://doi.org/10.1103/PhysRevD.108.L111104
https://doi.org/10.1103/PhysRevLett.131.121802
https://link.aps.org/doi/10.1103/PhysRevD.109.112015
https://journals.aps.org/prl/abstract/10.1103/37w5-glpp
https://journals.aps.org/prl/abstract/10.1103/37w5-glpp
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Large number of -mesons which do not need to be triggered

Very good charged particle identification (kaons, pions, protons, electrons, muons)

Very good knowledge about missing energy due to clean environment

Very good neutral particle identification (photons, pions)


B

6

Belle II Light NP Publications (Indirect in B-decays)

Invisible

Invisible + track(s) Track(s)

Track(s) + clusters

Cluster(s)Invisible + Cluster(s)

 This allows us all to look for light NP with these signatures

we want SM processes to be small and/or well separable as not to be problematic background
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Large number of -mesons which do not need to be triggered

Very good charged particle identification (kaons, pions, protons, electrons, muons)

Very good knowledge about missing energy due to clean environment

Very good neutral particle identification (photons, pions)


B
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Invisible

Invisible + track(s) Track(s)

Track(s) + clusters

Cluster(s)Invisible + Cluster(s)

 This allows us all to look for light NP with these signatures

we want SM processes to be small and/or well separable as not to be problematic background

Belle II Light NP Publications (Indirect in B-decays)
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 first evidence of the  and only 
2.7  agreement with SM 

→ B+ → K+νν̄
σ

1.1 σ

3.5 σ

SM prediction: EPJC 

Pre-summer 2023 

Post-summer 2023 
      [PRD 109, 112006 (2024)]

 Measurements OverviewB → K(*)νν̄

mailto:slavomira.stefkova@kit.edu
https://link.springer.com/article/10.1140/epjc/s10052-023-11388-z
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006
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   Reinterpretation under WET
[PRD 112, 092016, 2025] 

https://www.hepdata.net/record/ins2725943 
https://www.hepdata.net/record/ins2947386

Published likelihood == statistical model

mailto:slavomira.stefkova@kit.edu
https://arxiv.org/abs/2507.12393
https://www.hepdata.net/record/ins2725943
https://www.hepdata.net/record/ins2947386
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Ongoing activities: 
1. SM measurement of all the  modes (1 postdoc @ Bonn): 

 
                            

  
2. Public likelihood (1 PhD student @ Munich) 

A. Reinterpretation under WET: [EPJC 84 (2024) 7, 693], [PRD 112, 092016, 2025] 
B. 2-body hypothesis reinterpretation (light NP): WIP 

3. Measurement of hadronic -meson decays ( )  (1 Master Thesis @ Bonn; under investigation) 

Possible new avenues within CmF in collab with RA2 (1 EXP PhD student requested with Manos/
Thorsten): 

  (currently under-funded) 
2-body dedicated optimised search  

Reinterpretation of future SM measurements (will be possibly covered in 1) 

B → K(*)νν̄
B+ → K*+νν̄ : K*+ → K+π0, K*+ → K0

s π+

B0 → K*0νν̄ : K*0 → K0
s π0, K*0 → K+π−

B0 → K0
s νν̄

B B → Knn̄

B → K(*)/D/p . . . +X

Ongoing & Future Activities

mailto:slavomira.stefkova@kit.edu
https://link.springer.com/article/10.1140/epjc/s10052-024-13038-4
https://arxiv.org/abs/2507.12393
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Measure  + missing energy (null tests of SM): 
This avenue is largely unexplored, but the dataset is there 

  CmF perfect platform to study such decays (1 EXP PhD student requested with Gudrun) also w/ RA2                                 
  interest for FCC as well 

Charm tagging & FEI @ Belle II provides an interesting sample to study such decays e.g  … 

c → u

→
→

D → πνν̄

Rare charm-decays with missing energy

mailto:slavomira.stefkova@kit.edu
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Backup
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Searching for Light NP in Belle II

meV keV TeV PeVGeVMeVeV

QCD axion Hidden/Dark
Sector

WIMPS

Belle

Adapted from arXiv:1707.04591

 = 5.3 GeVmB

mailto:slavomira.stefkova@kit.edu
https://arxiv.org/pdf/1707.04591
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Rare B-decays

b s

ω ω

u u

u, c, t

ε+

W+ W→

b s

ω

ω

u u

u, c, t

W+
Z0

u

b µ+

ωµ

W+

b

d ω→

e+

W→

W+

ε

d

b ω

ω

W→

g

q d

d

d

b s
u u

u, c, t

W+

ω

S χ1
χ2 ϕ

H±

ϕ

ϕ

H±
H±Very sensitive to NP since SM contribution small!

Rare  decays: 
GIM suppressed flavour changing neutral currents (FCNC)           

    
forbidden at tree level, allowed at loop level 
electroweak decays, radiative electroweak decays 

  suppressed lepton flavour violating decays 
Helicity suppressed purely leptonic decays 

B

→ b → s/d(γ)

m2
ν /M2

W
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How does it work?
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Charm FEI
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Charm Datasets
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