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Beyond the SM physics

 Astroparticle 
experim.

 LHC experiments

 Neutrino experim. ;
Particle factories, such as Belle/Belle II, 

and tau-charm factories

Open questions not explained by the SM 
→ Beyond the SM Physics (New Physics)

Belle II: a flavour factory,
with an extensive physics programme  

→ The plan is to collect 50 ab-1 of e+e- collisions
at/around ϒ(4S) resonance : 

          (NB: Belle 1 ab-1; BaBar ~ 0,5 ab-1)
- (Super) B factory:

~ 1.1109 BB pairs / 1ab-1

- (Super) charm factory:
~ 1.3109 cc pairs / 1ab-1

- (Super) tau factory:
~ 0.9109 τ+τ- pairs / 1ab-1

→Clean experimental e+e- environment,
well-known initial conditions; 
hermetic detector for neutral/invisible decays;
boosted c.m.s. allows time-dependent measurements

 Possibilities for stress-testing the SM 
and sensitively probing new physics 

Asymmetric energy;
CMS energy (mainly):

√s = M(4S)c2  ~ 10.58GeV
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  Marko Bracko : Belle II status and perspectives LHC Days 2024, Hvar, Croatia      3



Belle II detector

diameter ~ 1km

SuperKEKB/Belle II experimental set-upSuperKEKB/Belle II experimental set-up

Linac

4 GeV e+

7 GeV e–

Beams at KEKB (Belle) Nanobeams at SuperKEKB (Belle II)
( KEKB:  2.11x1034 cm-2s-1; 
  PEP-II: 1.21x1034 cm-2s-1 )

(WR!)
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Belle II data-taking: Run 1 , LS1, Run 2, ...Belle II data-taking: Run 1 , LS1, Run 2, ...
• Run 1 (2019/03 to 2022/06)
• LS1 (2022/07 to 2024/02)
• Run 2 (2024/03 →  …) resumes now!
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428

Run 1 luminosity : arXiv:2407.00965
(accepted by Chin. Phys. C)



Physics programmePhysics programme

Physics potential summarized in the ”Belle II Physics 
Book”, Prog. Theor. Exp. Phys. 2019, 123C01.

  Marko Bracko : Belle II status and perspectives LHC Days 2024, Hvar, Croatia      6

(Prosperous measurements: CKM measurements: CPV, meson mixing, decay rates;
rare processes: FCNC; SM-forbidden: LFNU, LFV,LNV; 

direct searches for light new states; …)



Physics programmePhysics programme

Physics potential summarized in the ”Belle II Physics 
Book”, Prog. Theor. Exp. Phys. 2019, 123C01.
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(Prosperous measurements: CKM measurements: CPV, meson mixing, decay rates;
rare processes: FCNC; SM-forbidden: LFNU, LFV,LNV; 

direct searches for light new states; …)
Only a subselection of recent results is presented in this talk ...



The tools: Missing energy and B-taggingThe tools: Missing energy and B-tagging

Many B-physics studies involve modes with the missing energy 
(D(*)τν, Kτℓ, K(*)ττ, K(*)νν, πℓν, τℓ, τν, μν, …) 
and require B-tagging
→One can profit from the fact that exactly two B mesons are 
produced in e+e- collisions : Full Event Interpretation (FEI)
- hierarchical multivariate technique (>200 BDTs)
to reconstruct the B-tag side (semi-leptonic or
hadronic) through O(103) different decay modes
- results in a significantly increased tagging efficiency compared to Belle 
(semileptonic eff. ~2%; hadronic eff. <1%)
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Precision CKM measurementsPrecision CKM measurements
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|Vub| and |Vcb|:|Vub| and |Vcb|:

|Vcb| = (41.0 +/- 0.7)x10-3  (with 711fb-1 @Belle)

(with 711fb-1 @Belle)



Simultaneous measurement of BSimultaneous measurement of B00→→ππ--ℓℓ++ν ν and and BB++→→ρρ00ℓℓ++νν  

(BRs are consistent with the Was.

Precision compatible w.r.t. Belle and BaBar.)

arxiv.2407.17403
(submitted to PRD)
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Measurement of BMeasurement of B00→→ππ00ππ00
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Results are preliminary;
paper is being prepared.

(with 365 fb-1 @Belle II)



Rare decays: BRare decays: B++→K→K++νννν
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two es:lo

PRD.109.112006 (2024)



Evidence for BEvidence for B++→K→K++νννν
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HTAHTA

ITAITA

PRD.109.112006 (2024)



Rare decays: BRare decays: B00→K→K*0*0ττ++ττ--
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Results are preliminary;
paper is being prepared.

t
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Strategy and results for BStrategy and results for B00→K→K*0*0ττ++ττ--

Results are preliminary;
paper is being prepared.

(with 365 fb-1 @Belle II)



LFV searches: BLFV searches: B00→K→KSS
00ττ±±ℓℓ∓∓  (ℓ=(ℓ=ee ,  , μμ))
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Results are preliminary;
paper is being prepared.
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Results are preliminary;
paper is being prepared.

Strategy and results for BStrategy and results for B00→K→KSS
00ττ±±ℓℓ∓∓  (ℓ=(ℓ=e e , μ) , μ) decaysdecays



  Marko Bracko : Belle II status and perspectives LHC Days 2024, Hvar, Croatia      18

JHEP 08 2024, 205 (2024)  

LFU tests: Light lepton universality in LFU tests: Light lepton universality in τ decaysτ decays
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JHEP 09 2024, 062 (2024)  
    arXiv:2405.07386

Search for LFV decays: Search for LFV decays: τ → τ → μμμμμμ



Summary and Conclusions
● Belle II has collected and will continue to collect high quality data for a rich physics programme
● The data collected with Belle is also used, usually combined with the Belle II sample 

● The field is very active: Many measurements are in progress  
(few dozens of them, with ~400 fb-1 Run 1 data from Belle II)

● In this talk only selected results are presented; 
More information can be found on our public publications page : 
https://www.belle2.org/research/physics/publications

● Belle II has restarted collecting data from its Run2 in 2024, 
aiming at a significant increase of the data sample (50 ab-1) in the next years (~2035)

Our results are eagerly awaited by the HEP community. 
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Backup Slides
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Belle II detector

electrons  (7 GeV)

positrons (4 GeV)

KL and μ Detector:
Resistive Plate Chambers (barrel outer layers)
Scintillator + WLSF + SiPM’s 

(end-caps , inner 2 barrel layers)

Particle Identification:
Time-of-Propagation Counter (TOP) (barrel)
Proximity focusing Aerogel RICH (ARICH) (fwd)
dE/dx in CDC (centre)

Central Drift Chamber:
He(50%):C2H6(50%), 
smaller cell size, longer lever arm, 
 fast electronics

EM Calorimeter:
CsI(Tl), waveform sampling 

(barrel+ endcap)

Vertex Detector:
PXD: 2 layers DEPFET
SVD:  4 layers DSSD

Beryllium beam pipe:
2cm diameter
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Belle II data-taking: Run 1 , LS1, Run 2, ...Belle II data-taking: Run 1 , LS1, Run 2, ...

• Run 1 (March 2019 to June 2022)
• LS 1 (autumn 2022 to spring 2024)
• Run 2 (March 2024 to …) will resume in October 2024
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Operation status
(beginning of Run 2):

428



LHCb / Belle II data-taking: status & plansLHCb / Belle II data-taking: status & plans
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K. Trabelsi



Precision of CKM unitarity triangle
http://ckmfitter.in2p3.fr/www/studies/plots_history/ckm_plots_history.html 

1995 2009 2016

~2035?

Belle II 50 ab-1 projection, 
all constraints
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http://ckmfitter.in2p3.fr/www/studies/plots_history/ckm_plots_history.html
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