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Belle II Experiment @ SuperKEKB

Max instantaneous luminosity: 

ℒ = 5.244 × 1034 cm−2 s−1

New World Record  
@2026.03.19
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Belle II Run Status

Belle II surpassed the Y(4S) luminosity of Belle 711 fb-1 last 
weekend and has now recorded the largest such dataset ever!!!

Run 1
Run 1

Run 2 
ongoing

Run 2 
2024-2025

Up-to-date lumi.: https://www.belle2.org/info/luminosity_status/


Event display of ongoing data-taking: https://evdisp.belle2.org/

https://www.belle2.org/info/luminosity_status/
https://evdisp.belle2.org/
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Results Covered in This Talk
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Results Covered in This Talk

• B → Xuℓν

• B → μν

• R(D(*)) SL-tag, Had.-tag

• B → π0π0

• B → Xs νν̄

Recent highlights in B physics



Postfit
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First Search for B → Xs νν̄

• Belle II Run1 dataset: 365 fb-1


• Complementary to , sensitive to BSM contributions


• Sum of 30 exclusive modes:  ( ), , 


• Extract signal with 2D binned likelihood fit on BDT score and 
hadronic mass MXs

B+ → K+νν̄

B → Knπ n ≤ 4 B → 3K B → 3Kπ

arXiv:2511.10980

Accepted by PRL

Had. tag

https://arxiv.org/pdf/2511.10980
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First Search for B → Xsνν̄
arXiv:2511.10980

Accepted by PRL• No significant signal observed 


• Upper limits set for each & full MXs regions


• Dominant syst uncertainties: MC size, bkg normalization 

K
K*

other

compatible with 
 result B → Kνν̄

expected from bkg-
only hypothesis

https://arxiv.org/pdf/2511.10980
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Mixing-Induced CP Violation in B0 → π0π0

• Measure time-dependent asymmetry in B decays


• Built upon previous time-integrated Belle II analysis [PRD 111, L071102(2025)]


• Use novel approach to access TDCPV w/o vertex [PRD 112, 032011(2025)]  

f = π0π0

Preliminary

=> measure B-tag decay time instead 

• High ttag precision:  1.5 ps @ Belle II with PXD


• Technique validated with  for B0 → J/ψK0
s ϕ1

Conventional ∆t measurement

ttag method
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Mixing-Induced CP Violation in B0 → π0π0

• First measurement of mixing induced CP-violation without signal vertex


• Would have required 20x more data if , relies on modes with vertex info


• Consistent with previous Belle II time-independent 

ACP(Δt) π0

Cπ0π0

Bkg-subtracted

Preliminary

Preliminary

• Allowed 68% CL region interval in 
ϕ2 from B→ππ shrunk by 40% 


• CKM-like ϕ2 solutions from ππ 
and ρρ are consistent with similar 
uncertainty

Preliminary
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Lepton-Flavor Universality Test

• In SM, the W boson couples equally to  => Lepton-Flavor Universality (LFU)  

• Semileptonic B decays are sensitive to new physics beyond SM


• Ratio measurements provide stringent LFU tests: branching fractions, angular asymmetry, etc. 

τ, μ, e

R(Hτ/ℓ) =
ℬ(B → Hτν)
ℬ(B → Hℓν)

ℓ = e, μH = D, D*, X, π, etc .

• Normalization (|Vxb|) cancels

• Part of theoretical, experimental 

uncertainties cancels

 final state can involve different hadrons 

Tension of R(D(*)) with SMHFLAV ~3σ
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Lepton-Flavor Universality Test

• In SM, the W boson couples equally to  => Lepton-Flavor Universality (LFU)  

• Semileptonic B decays are sensitive to new physics beyond SM


• Ratio measurements provide stringent LFU tests: branching fractions, angular asymmetry, etc. 

τ, μ, e

R(Hτ/ℓ) =
ℬ(B → Hτν)
ℬ(B → Hℓν)

ℓ = e, μH = D, D*, X, π, etc .

• Normalization (|Vxb|) cancels

• Part of theoretical, experimental 

uncertainties cancels

 final state can involve different hadrons 

Tension of R(D(*)) with SMHFLAV ~2σ

CKM25

SL

Had

including new preliminary BaBar results

https://indico.cern.ch/event/1648766/contributions/6963034/attachments/3243943/5790818/BenHaim_MoriondQCD_2026.pdf
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Lepton-Flavor Universality Test

• In SM, the W boson couples equally to  => Lepton-Flavor Universality (LFU)  

• Semileptonic B decays are sensitive to new physics beyond SM


• Ratio measurements provide stringent LFU tests: branching fractions, angular asymmetry, etc. 

τ, μ, e

R(Hτ/ℓ) =
ℬ(B → Hτν)
ℬ(B → Hℓν)

ℓ = e, μH = D, D*, X, π, etc .

• Normalization (|Vxb|) cancels

• Part of theoretical, experimental 

uncertainties cancels

 final state can involve different hadrons 

Tension of R(D(*)) with SMHFLAV ~2σ
including new preliminary BaBar results

CKM25

SL

Had

https://indico.cern.ch/event/1648766/contributions/6963034/attachments/3243943/5790818/BenHaim_MoriondQCD_2026.pdf
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R(D(*)) with Semileptonic Tag

• Belle II Run1 dataset: 365 fb-1, only neutral B


• Reconstruct Btag from  using SL-FEI 
[Comput.Softw.Big Sci. 3 (2019) 1, 6]


• Reconstruct tau via leptonic decays


• A multi-classification scores (pτ, pℓ, pbkg) transferred 
into 2D binned likelihood distributions Zdif, Zτ for 
signal extraction in 4 channels simultaneously


• R(D) and R(D*) directly included as free floating fit 
parameters

B0 → D(*)ℓν

PRD 112, 032010 (2025)

https://link.springer.com/article/10.1007/s41781-019-0021-8
https://journals.aps.org/prd/abstract/10.1103/fmn3-h8fy
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R(D(*)) with Semileptonic Tag
PRD 112, 032010 (2025)

• Results are statistically limited


• Compatible with current world average within 0.6 


• Agrees with SM within 1.7  

• Several consistency checks have been performed (see 
backup)

σ

σ

ρ = − 0.24
dominant by MC size, Xc gap 
modes, LID eff. & fakes

https://journals.aps.org/prd/abstract/10.1103/fmn3-h8fy
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R(D(*)) with Semileptonic Tag
PRD 112, 032010 (2025)

• Results are statistically limited


• Compatible with current world average within 0.6 


• Agrees with SM within 1.7  

• Several consistency checks have been performed (see 
backup)

σ

σ

dominant by MC size, Xc gap 
modes, LID eff. & fakesρ = − 0.24

✓ Demonstrate the SL tagging method at Belle II 
✓ First Belle II R(D)-R(D*) result

https://journals.aps.org/prd/abstract/10.1103/fmn3-h8fy
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R(D(*)) with Hadronic Tag

• Run1 dataset: 365 fb-1, supersedes previous had. R(D*) using 189 fb-1 [PRD 110, 072020 (2024)]


• Reconstruct leptonic tau decays


• 2D (EECL : M2miss) binned simultaneous fit in 5 channels

Preliminary

Postfit

Free

Free & SB 
validated

Fixed to MC
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R(D(*)) with Hadronic Tag
Preliminary

ρ𝚜𝚝𝚊𝚝 = − 0.40, ρ𝚜𝚢𝚜 = − 0.20

• Compatible with current world average within 1.3 


• Agrees with SM within 1.5  
• 0.5  for R(D*) 
• 2.0  for R(D) 

• Dominant syst. uncertainties: MC size, Xc gap modes, 
continuum bkg

σ

σ
σ
σ

Preliminary

✓ Most precise R(D(*)) with Had. tag
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|Vcb| & |Vub|

Inclusive

  B → Xuℓν, B → Xcℓν

ℬ ∝ Vxb
2

[1 +
c5(μ)⟨O5⟩(μ)

m2
h

+
c6(μ)⟨O6⟩(μ)

m3
h

+ O (m4
b)]

Exclusive

, , , , etc.B → πℓν B → ρℓν B → D(*)ℓν Λb → pℓν

 ℬ ∝ Vxb
2

f2
Form factor   (LCSR, LQCD)  f

+ Shape Function / Fermi Motion (OPE)

Vxb =
Δℬ

τB ⋅ ΔΓ

VCKMV†
CKM = 1

Exclusive

3.
1σ

3.3σ

• Important to constrain CKM unitarity triangle & test SM

• Determinations via inclusive or exclusive semileptonic B 

decays 

• Long-standing “Vxb-puzzle”: discrepancy btw.  inclusive 

and exclusive determinations 
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 and Inclusive |Vub|B → Xuℓν

• Run1 dataset: 365 fb-1


• Use hadronic tag to fully reconstruct Btag


• Two classifiers used to suppress continuum, B → Xcℓν

PRD 113, 032004 (2026)

Can fully assign each final 
state particle to either the 
tag or signal side  

      Allows to reconstruct  
         inclusive X

https://journals.aps.org/prd/pdf/10.1103/59ws-zxbt
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 and Inclusive |Vub|B → Xuℓν

• Based on  classifier, Kaon veto applied additionally to 
define validation/control regions


• MC normalisation of  in SR corrected via extrapolating CRs


• Simultaneous fit CR and SR, the high statistics of  in CR 
push the shape corrections to SR


• Systematics included as ~150 source-wise nuisances parameters and 
shared in CR & SR


• VR used as pseudo-SR for validating the method

B → Xcℓν

B → Xcℓν

B → Xcℓν

PRD 113, 032004 (2026)

Xc , …= D, D*, D**

πslow

D
D* π

K
K

CR VR SR

Data-driven correction 
based on  
enriched sideband

B → Xcℓν

https://journals.aps.org/prd/pdf/10.1103/59ws-zxbt
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 and Inclusive |Vub|B → Xuℓν

• Measured  of 3 partial phase spaces


• Leading syst. uncertainties are from inclusive Xu modelling, fragmentation,  normalisation 
correction, fit bias correction

Δℬ
B → Xcℓν

PRD 113, 032004 (2026)

Consistent with previous measurements 

Postfit

https://journals.aps.org/prd/pdf/10.1103/59ws-zxbt
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 and Inclusive |Vub|B → Xuℓν

• With various theo. predictions on the decay rates, 
 converted to |Vub| Δℬ

PRD 113, 032004 (2026)

• Nominal result agrees with inclusive WA and |Vub|π


• Achieved similar precision as the previous Belle 
measurement using 711fb-1 [PRD 104 , 012008 (2021)]  


• Higher tagging efficiency


• Better D* reconstruction and discrimination

87% PS

57% PS

31% PS

Nominal

https://journals.aps.org/prd/pdf/10.1103/59ws-zxbt
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  with Inclusive Tag at Belle+Belle IIB → μν
arXiv:2602.09800

Accepted by PRD• Combine Belle II 365fb-1and Belle published result from 711fb-1 [PRD 101, 032007(2020)]


• Inclusive tag: tracks and clusters in the rest of event (ROE) used to reconstruct Btag


• Signal extraction on  after boosting muon to Bsig rest framepB
μ

Observed significance relative to bkg-only hypothesis: 2.4σ

Bayesian

Frequentist

Upper limits (most stringent to date)：

Signal: 150 ± 73 evt

dominated by b->u modelling, cont. modelling

B → Xuℓν

Postfit

https://arxiv.org/abs/2602.09800
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  with Inclusive Tag at Belle+Belle IIB → μν

Further investigation: 
• Exclude parameter space for type II & III 2HDM

• Search for heavy neutrinos within mN=0~1.5 GeV


• Extract  with  > 2.2 GeV 


• Weak annihilation contribution in 

Δℬ(B → Xuμν) pB
μ

Δℬ(B → Xuμν)

arXiv:2602.09800

Accepted by PRD

type II

type III

SM BSM

BSM BSM

https://arxiv.org/abs/2602.09800
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  with Inclusive Tag at Belle+Belle IIB → μν

Further investigation: 
• Exclude parameter space for type II & III 2HDM

• Search for heavy neutrinos within mN=0~1.5 GeV 

• Extract  with  > 2.2 GeV 


• Weak annihilation contribution in 

Δℬ(B → Xuμν) pB
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Accepted by PRD
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https://arxiv.org/abs/2602.09800


26

  with Inclusive Tag at Belle+Belle IIB → μν

Further investigation: 
• Exclude parameter space for type II & III 2HDM

• Search for heavy neutrinos within mN=0~1.5 GeV


• Extract  with  > 2.2 GeV 


• Weak annihilation contribution in 

Δℬ(B → Xuμν) pB
μ

Δℬ(B → Xuμν)

arXiv:2602.09800

Accepted by PRD

type II

type III

=> agrees with inclusive result

https://arxiv.org/abs/2602.09800
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Summary & Outlook

• Belle II has been playing a crucial role in the B physics regime


• Many exciting new results are on the way using the existing 
largest ever B-factory dataset


• Cooperations are initiated on common issues (e.g. generators) 
with BESIII & LHCb

Upcoming: 

✴ Combined  and 


✴ R(D*) & Pτ(D*) with 1-prong tau and had. tag

B → Dℓν B → D*ℓν

• B → Xuℓν

• B → μν

• R(D(*)) SL-tag, Had.-tag

• B → π0π0

• B → Xs νν̄

Recent highlights in B physics
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Backup: Tagging Techniques

• Untagged/Inclusive tag 

• Loose constraints on signal

• Very large statistics, but also very large background

• Efficiency


• Semileptonic tag

• Mid-range reconstruction efficiency 

• Due to multiple neutrinos, less information about Btag


• Hadronic tag

• Cleaner sample

• Knowledge of p(Bsig) 

• Low tag-side efficiency

ϵ ≈ 𝒪(100%)

π 

π 

ϵ ≈ 𝒪(0.5%)

effi
ci

en
cy

pu
rit

y

π 
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Backup: Mixing-Induced CP Violation in B0 → π0π0

Methodology: PRD 112, 032011(2025) 

https://journals.aps.org/prd/pdf/10.1103/rzr8-l6l8
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Backup: First Search for B → Xsνν̄
arXiv:2511.10980

Accepted by PRL

https://arxiv.org/pdf/2511.10980
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Backup: R(D(*)) with Semileptonic Tag
PRD 112, 032010 (2025)

https://journals.aps.org/prd/abstract/10.1103/fmn3-h8fy
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Backup: R(D(*)) with Hadronic Tag
Preliminary
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Backup:  and Inclusive |Vub|B → Xuℓν
PRD 113, 032004 (2026)

https://journals.aps.org/prd/pdf/10.1103/59ws-zxbt
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Backup:  with Inclusive Tag at Belle+Belle IIB → μν
arXiv:2602.09800

Accepted by PRD

https://arxiv.org/abs/2602.09800

