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Physics beyond SM

Ø Different ways of hun1ng for new physics

Ø Belle/Belle II operate at the “Intensity Fron1er”
✓ Key words: High-precision measurement, probing the SM indirectly
✓ e.g. Devia1ons from SM predic1ons

✓ e.g. Measurement of the SM-forbidden or suppressed process

Ø B-Factories: 

e+ e− @ Υ(4S) (àΒ#Β)
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SuperKEKB Accelerator

Ø Reduc&on in the beam size by 1/20 
at the IP.

Ø 1.5 &mes increase in beam 
currents.
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Targets:
Peak luminosity: !×#$%&'()*+)#
Integrated luminosity: 50ab-1 by 2031

Belle → Belle II
Luminosity x 30

Achieved 4.7×1034 cm-2s-1
(current world record, June 2022)



The Belle/Belle II Detector
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Status of Belle II data taking
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Run1
03.2019 - 06.2022 LS1

06.2022-02.2024

Run2
02.2024-07.2024

Ø Run1 from spring 2019 (424 fb-1
recorded)

Ø LS1 mo:vated by the installa:on of the 2-
layer PXD
✓ Replacement of beam-pipe

✓ Replacement the photomul:pliers of the TOP 

✓ Improved CDC gas distribu:on and monitoring 
system 

✓ DAQ upgrade …

Ø Resumed data-taking at early 2024:
✓ So far: > 100 fb-1 collected 

✓ ~90% data taking efficiency

Ø Current issue:  Sudden beam loss leading 
to large dose in the interac:on region: -
✓ PXD was turned off as a precau:onary measure 
✓ Preven:ng reaching higher currents 

✓ Opera:ng stably at 4.5x10-34 cm-2 s-1



Belle and Belle II physics program
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Primarily a B factory 
But not only B physics

- Also tau, charm factories 
- Clean place to do

spectroscopy and search 
for new physics BSM……

Varies type of analyses: 
- Life time, time-

dependent measurement 
- Missing energy and 

missing mass

Snowmass White Paper 
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Recent Highlights:
• Lepton Flavor 
Universality Violation
• Radiative and 
Electroweak Penguin
decays of B mesons
• ……

Belle and Belle II physics program

Snowmass White Paper 



Test of Lepton Flavor Universality
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LFUV AND B Anomalies 

Ø Lepton Flavor Viola/ng (LFV) decays: 

✓ Forbidden in the Standard Model w/o neutrino-oscilla/on 

✓ Can occur via ν mixing but are highly suppressed (
!"#

!$
# ) 

§ well beyond any experimental sensi/vity

Ø Recent measurements of b-hadron decays have provided experimental 
indica/ons of the lepton flavor universality viola/on (LFUV) - devia/ons from: 

✓ μ/e universality in b→ sll neutral-current transi/ons 

✓ τ/μ (and τ/e) universality in b → clν charged-current transi/ons 

Ø LFUV is oHen accompanied by lepton flavor viola/on (LFV) in theore/cal 
models (PRL 114 (2015), 091801)

Ø The observa/on of LFUV or LFV in the charged sector would be a clear sign of 
physics beyond the Standard Model! LFUV experimental bounds can be 
intepreted as constraints on New Physics
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How can we observe LFUV
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R(D) and R(D*) combined average:
• 3.31 σ tension with the SM prediction 
considering the correlation

Test of LFU with inclusive semitauonic B decay
Moriond 2024 - HFLAV



Measurement of R(!"/$)
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Phys. Rev. Lett.132.211804 (2024)

Phys. Rev. Lett.131.051804 (2023)



Measurement of R(!"/$)
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This measurement is sta/s/cally and theore/cally 
dis/nct from R(D(*)), and is poten/ally more precise.



Measurement of R(!"/$)
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Measurement of R(!"/$)

Ø Signal determined from 2D 
distribution of %&' vs ()*++

,

Ø Data-driven Xℓ- modelling and 
reweighting using (X
distribution in %&' > 1.4 ./0
sideband region 

Ø Systematics dominated by data-
driven corrections to 
background and signal 
modelling
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Measurement of R(!"/$)
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Phys. Rev. Lett.132.211804 (2024)
189 fb-1 collected at 2019 and 2021

Consistent with SM predic<ons!



Using ! to test Lepton Flavor Universality 

17Gianluca @ ICHEP



Test of LFU in leptonic ! decays at Belle II: 1x1 event topology 
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Test of LFU in leptonic ! decays at Belle II: results
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Radia%ve and Electroweak Penguin decays of B mesons



Radiative and Electroweak Penguin decays of B mesons
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PRL 120 (2018), 181802; JHEP 10 (2015),184; JHEP 09 (2017), 40



!" → $"%&% decays
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EWP

Box

Double-charged current



B-tagging algorithm
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!" → $"%&% signal extrac-on
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ITA

HTA



Evidence for !" → $"%&% decays
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Phys. Rev. D 109, 112006 (2024)

Ø First evidence for the decay !" → $"%'% (3.5 s)
Ø BF is 2.7s away from SM prediction. 
Ø New Inclusive method established



First measurement of B->K*(892)! at Belle II
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B->K*(892)!: Analysis
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B->K*(892)! : Results
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Paper in preparation improved 



Exclusive measurement of B→ρ! at Belle and Belle II
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B→ρ! : Analysis
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arXiv:2407.08984, submi5ed to PRD



B→ρ! : Results
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arXiv:2407.08984, submitted to PRD

World best precision is achieved
Independent NP search from " → #∗!



Search for B→!! at Belle and Belle II
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B→ !! : Results
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arXiv:2405.19734, Accepted by PRD



Summary
Ø Test of Lepton Flavour Universality 

✓ Lepton Flavour Universality Viola5on provides powerful tools for explora5on of physics beyond 
standard model 

✓ Experimentally challenging analyses, many channels tried 
✓ Common effort with theory to improve the interpreta5on of the results and the SM 

expecta5ons 
Ø Reported the EWP analyses in Belle and Belle II

✓ Some studies use Belle + Belle II data to achieve the current best precision 
✓ No evidence for new physics so far

Ø Many world-leading results
✓ First inclusive R(X) at Belle II 
✓ 3.5s evidence for !+ → "+##̅
✓ World best precision for ! → $%, ! → %% by Belle + Belle II
✓ Most of them are unique to Belle / Belle II for the final states with neutral par5cles or missing 

energy
Ø Many new results, and more analyses ongoing, just scratching the surface
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Thank you for your attention

35



36



37



38



39


