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Some B-factory physics milestones
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>100 unique CPV results ~350 papers published after shutdown, 30 in 2018

Exotic hadrons

1st dark searches

Excess in

Time rev. 
asym.

Charged exotic 
hadrons

Babar and Belle achievements
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Kobayashi, Maskawa

Nobel prize in 2008

Successful experimental program

Established CP violation in B system 

and remarkable consistency of the 

CKM mechanism of the SM

Victoria Subatomic 
Physics and Accelerator 

Research Centre

VISPA

BaBar detector and dataset

ÅExperiment collected ᷿ fl: ; 550 ?b# A between 1999 and 2008, mostly on 

ɭ4D resonance at 10.58 GeV

ÅAsymmetric beam energies: CM is boosted.
Good acceptance for final states with ISR 
off ! # beam

ÅSpecial run in 2007-08 with single photon
trigger had ᷿ fl: ; = 53 ?b# A; essential

for searches with invisible final states

6 August 2019 Kowalewski ςLP2019 4
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Å Tension betweeninclusiveandexclusive

determinations via semileptonic B

decays: ~3sfor both |V cb| and|V ub|

Å Xclndecaysarea cleartest of the SM

LeptonFlavourUniversality(LFU): NP

(charged Higgs in 2 Higgs-doublet

model or Leptoquarks)can affect the

BR and | Vcb|

Hot topics (1):

Inclusive and exclusive Vxb determinations
3

New physics or theoretical issue ?

INCLUSIVE

EXCLUSIVE

CKMfitter Group (J. Charleset al.), Eur. Phys. J. C41, 

1-131 (2005) [hep-ph/0406184]; updated results and 

plots available at: http://ckmfitter.in2p3.fr

http://ckmfitter.in2p3.fr/


Hot topics (2):

Lepton Flavour Universality (LFU) in B decays
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ὦO ὧὰ’
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Theoretical

prediction

Ὑὢ
ꜞὄᴼὢ†’

ꜞὄᴼὢЉ’
ὙὈᶻ

ꜞὄᴼὈᶻ†’

ꜞὄᴼὈᶻЉ’

HFLAV

https://hflav.web.cern.ch/


New Physics: how-to
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(|V ub|, |V cb|, ...) (rare 

decays...)
(LFV tdecays...)

Precision

Searches



Belle II physics program

Unitarity triangle (UT)

6

UT angles 

B Ÿ J/ɣK0, K0 0́ɔ, Kˊ

UT sides 

B Ÿ D(*)lɜ, ˊlɜ, Űɜ, ɛɜ

Rare B decays

B Ÿ K(*)ɜɜ, Xsɔ, Xsll, ɔɔ

Charm Physics

D Ÿ lɜ, mixing, CPV, lifetimes

LFV tau decays

Ű Ÿ 3l, lɔ

Dark Sector



SuperKEKB
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27/07/2025
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SuperKEKB

Å Asymmetric energy 

Ὡ τ 'Å6 Ὡ χ 'Å6
collider, at Y(4S) mass

Å Situated at KEK (Tsukuba, 

Japan), upgrade of  KEKB

factor 1.5factor 20

Å Radiation damage

Å Occupancy in inner detectors 

Å Fake tracks

2.8

2.0

Synchrotron radiation

Radiative Bhabha

Touschek 

Beam-gas 2-photon-processes

Higher machine induced and luminosity backgrounds
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The Belle II Detector
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Impact parameters resolution: 15mm

Particle ID and separation

ÅK/p: e~86%@5% fake (0.5 ï4.5 GeV/c)

Åm/p:e~90%@3%fake (0.2 ï5.0 GeV/c)

Åe/p:e~98%@0.5% fake (0.2 ï5.0 GeV/c)
mID

K ID

e ID
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Luminosity and current dataset

Lint ~ 575 ÆÂ> Babar dataset

L = τȢχ ρπ ÃÍ (ÚRun 1 

record

20242022

2021

2020

2019

LS1
detector 

rejuvenated 

(including PXD 

replacement)

Run 1 Run 2

85% taken at Y(4S) peak ðBB pairs

10% taken 60 MeV below Y(4S) ðcontinuum (qq, ll, 2g)

5% taken around 10.75 GeV - spectroscopy

L = υȢρ ρπ ÃÍ (Ú
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Unique capabilities of

e+e-  B factories

Å Beam energy constraint

Å Clean experimental environment: high B, D, K,             

tlepton reconstruction efficiency

Å Long lived particles (e.g. KS), p
0sand photonswell 

reconstructed

Å ""produced in quantum correlated state: high flavour

tagging effective efficiency (37% vs 5%@LHCb)

Å The full reconstruction of  one B (Btag) constraints the  

4-momentum of  the other B (Bsig)

Å Reconstruction of  channels with missing energy

ὴ ὴ   ὴ  ὴ
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Unique capabilities of

e+e-  B factories

Stringent kinematic 

constraints

mB with B energy 

replaced by half  of  the 

collision energy

Difference between expected 

and observed B energy

Continuum ἌἌ

Use of  event shape variables

Signal

BB background

Continuum

ὓ ίȾτ ὴz

ὴᶻå 0.3 GeV/cὴzå 5 GeV/c

* c.m. quantities



Reconstruction of events with missing energy:

Full Event Interpretation (FEI)
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Belle algorithm: NIM A 654, 432-440 (2011)

Belle II FEI: Comput Softw Big Sci 3, 6 (2019)

(%) (%)The FEI uses a multivariate technique 

to reconstruct the B-tag side 

(semileptonic or hadronic) through 

O(103) decay modes in a Y(4S) decay.
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Tagging efficiency (evaluated on Belle MC) @10% purity

FEI output > 0.001

FEI output > 0.1

Signal

BB background

Continuum

-  'Å6

-  'Å6

https://www.sciencedirect.com/science/article/abs/pii/S0168900211011193
https://www.sciencedirect.com/science/article/abs/pii/S0168900211011193
https://www.sciencedirect.com/science/article/abs/pii/S0168900211011193
https://doi.org/10.1007/s41781-019-0021-8
https://doi.org/10.1007/s41781-019-0021-8
https://doi.org/10.1007/s41781-019-0021-8


Recent results from Belle / Belle II

Å Semileptonicand rare B decays: LFU test, |Vxb|, leptonic, EWP 

Å CP asymmetries in D decays

Å Dark sector searches

Å Tau sector: LFV searches

Å Quarkonium 
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See 17th morning session for focused talk on CKM measurements

Results shown here are based on Belle data, Lint ~ 711fb-1, 

and Run1 Belle II data, Lint~420fb-1 (or a fraction of  it)

https://indico.cern.ch/event/1457095/contributions/6455367/


Å 2D ML fit to BDTs to extract the signal and normalization yields 

simultaneously in 4 channels: ὈὩȟὈ‘ȟὈz ὩȟὈz ‘

Å BDTs are built with variables discriminating "ᴼὈᶻ†’ȟ
      "ᴼὈᶻЉ’ȟ"ᴼὈz Љz’ and backgrounds (BB, continuum)

Test of lepton flavour universality: 
R(D) and R(D*)
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arXiv:2504.11220(2025)

Semileptonic tag

Consistent with SM 

within 1.7s

Most discriminating variable 

is the residual energy in the 

calorimeter Ὁ  
this measurement

ὙὈᶻ ϳꜞὄᴼὈᶻ†’ ꜞὄᴼὈᶻЉ’

https://arxiv.org/pdf/2504.11220


|Vub| determination from inclusive 
ὄᴼὢЉ’
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Hadronic tag

Preliminary

Å First Belle II measurement

Å Kinematic variables to suppress main 

bkg. ὄᴼὢЉ’ : lepton energy in Bsig 

rest frame ὉЉ, hadronic system invariant 

mass ὓ , momentum transfer ή

BLNP: Phys. Rev. D 72, 073006

DGE: JHEP 01, 097 (2006)

GGOU: JHEP 10, 058 (2007)

|V ub| is obtained from the branching 

fraction using the GGOU prediction for 

the partial decay rate:

Competitive with other 

measurements of |Vub|

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.073006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.073006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.073006
https://iopscience.iop.org/article/10.1088/1126-6708/2006/01/097
https://iopscience.iop.org/article/10.1088/1126-6708/2007/10/058


Measurethe spectral moments (moments of leptonic

invariantmass,q2) in order to simultaneouslydeterminethe

nonperturbativeelementsand|V cb|

|Vcb| determination: leptonic mass 
squared moments in ὄᴼὢЉ’ 
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ή ὴ ὴ
leptonic mass squared

JHEP02(2019)177
PhysRevD.107.072002(2023)

JHEP10(2022)068

Hadronic tag
Total decayrate expressedasexpansionof non-perturbative

matrixelements(heavyquarkexpansion,HQE)

6 τρȢφω πȢφσɇρπNovel approach to determine VcbŸ

Competitive with world averageὠ τςȢρω πȢχψɇρπ

https://link.springer.com/article/10.1007/JHEP02(2019)177
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.072002
https://link.springer.com/article/10.1007/JHEP10(2022)068


Leptonic B decays: ὄᴼ†’ 
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Hadronic tagÅ Leptonicdecaysarehelicitysuppressed

Å Sensitiveto NewPhysics(e.g. chargedHiggs)

Å Reconstructsignalin 1-prongtdecaymodes

Å 2D ML fits toὉ andὓ in fourtdecay

categoriessimultaneously

Submitted to PRD, arXiv: 2502.04885 (2025)

Despite the smaller dataset, the stat. uncertainty is comparable to the previous 

experiments due to the improved tagging and an optimized selection

3.0sfrom background-

only hypothesis

https://arxiv.org/abs/2502.04885


Rare decays:  " ᴼ+ʉʉ
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Å Novel approach at Belle II: inclusive tagging 

(total eff. ~8%)

Å Fit to invariant masses of  neutrinos (q2) and 

classifier exploiting topology of  the signal

PhysRevD.109.112006 (2024)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006


Rare decays:  " ᴼ+ʉʉ
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Å Novel approach at Belle II: inclusive tagging 

(total eff. ~8%)

Å Fit to invariant masses of  neutrinos (q2) and 

classifier exploiting topology of  the signal

PhysRevD.109.112006 (2024)

Checked with hadronic tag and combined 

with 10% increase in precision

3.5s

Tension with SM at 2.7s

ὄὄ ᴼὑ ’Ӷ’
ςȢσ πȢυÓÔÁÔȢ

Ȣ ÓÙÓÔρπ

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006


CP asymmetries in D decays

21

in charm

2019

Å CP violation smaller in charmthan in beauty sector

Å CPV in charm only observed by LHCb in 2019

Å Belle / Belle II studied CP asymmetries in ὈᴼὑὑȟὈᴼ““ȟὈᴼ“““

Ὀ ᴼὑὑ

PRD 111, 012015 (2025), arXiv:2504.15881

ACP= (Ĭ 0.6 ± 1.1 ± 0.1) %

Worldõs best determination, 

combining Belle and Belle II 

measurements

NEW: Use of Charm Flavour Tagger (CFT) 

Ὀ ᴼ““

ACP= (Ĭ 1.8 ± 0.9 ± 0.1) %

30% (stat.) improvementw.r.t to 

Belle with only half  statistics

arXiv:2506.07879

Ὀ ᴼ“““

preliminary

ACP = (0.29 ± 0.27 ± 0.13)%

34% (stat.) improvementw.r.t 

to worldõs best (BaBar)

https://www.annualreviews.org/content/journals/10.1146/annurev-nucl-102419-124613
https://doi.org/10.1103/PhysRevLett.122.211803
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.012015
https://arxiv.org/abs/2504.15881
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.107.112010
https://arxiv.org/pdf/2506.07879


Dark sector searches
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Special triggers for 

low-multiplicity 

events: single track, 

muon, photon

submitted to JHEP, arXiv :2507.01249 (2025)

Å Search for ALPin the MeV-GeV scale: ὄᴼὑᶻὥ O ‎‎using Belle dataset (711fb-1)

“ – –

Å Four kaon modes included (K0,+ K*0,+)

Å Fit to di-photon invariant mass

Å Limitson the coupling Ὣ improved by 

a factor 2 from BaBar

https://arxiv.org/abs/2507.01249
https://arxiv.org/abs/2507.01249
https://arxiv.org/abs/2507.01249
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LFV in t sector

†O ‘‘‘

Obtained most stringent limit 1.9 x 10Ĭ8

JHEP09(2024)062

1 event observed 

inside the SR

Belle II is also a t-lepton factory !

†O ὩЉЉ

Preliminary

most stringent limits to date

inclusive tagging

!ÔÓ ρπȢυψ 'Å6ȡ ʎ ʎͯ ρͯ ÎÂ O

https://link.springer.com/article/10.1007/JHEP09(2024)062
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Quarkonium

PRL 130, 091902 (2023)

In 2021, SuperKEKB 

ran above Y(4S) 

resonance

ÅMeasurement of  cross-section peak, 

consistent with Y(10753) state

Å First observation of ‫ǵὦὐ(1ὖ) signal 

at 10.745 GeV

Measurement of  the energy dependence   

of  the ὩὩO ὄὄȟὄὄzȟὄzὄz cross sections

ὄὄ

ὄὄz
ὄzὄz

9τ3 )32

JHEP10(2024)114

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.091902
https://link.springer.com/article/10.1007/JHEP10(2024)114
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Run II and improvements

PXD2

Expected improvement

as first hit gets closer to

interaction point

LS1 (2022-2024): 
- detector improvements, mainly installation 

of  full two-layer pixel detector (PXD2)

- accelerator improvements, e.g. non-linear 

collimators to combat beam background

(+40%)

Significantly improved B-tagging 

for incoming Run1+Run2 analyses
PXD2
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Run II and luminosity projections

Run 2 (2024 ð) 
Å back to operations at τ
ρπ ὧά ί , but... sudden beam loss 

has happened frequently that can lead to 

very large dose in the detector

Å Two such losses led to damage of  2% of  

PXD gates ɸ turned off  PXD as a 

precautionary measureuntil beam losses 

mitigated

Å Black stains found inside beam pipe 

flanges, probably caused by vacseal 

residual(high vacuum sealant)

Å Weõll resume collisions in Nov 2025 and 

plan to exceed ρπ ὧά ί by LS2
Upgrade proposal

arXiv:2406.19421

LS1

LS2

https://arxiv.org/pdf/2406.19421


Belle II upgrade during LS2

Vertex resolution

Current VXD: ~23um

New VTX: ~14um

Residual of B decay vertex

ὄŸ ὐ/‪ὑS

TOP
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See July 22nd afternoon 

session for focused talk 

on Belle II upgrade 

program 

https://indico.cern.ch/event/1457095/contributions/6455366/
https://indico.cern.ch/event/1457095/contributions/6455366/


Conclusions

9
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Belle II experiment has collected a sample thatexceeds the size of  

BaBarõs and is more than half the size of Belleõs.

Belle II is not only a high luminosity Belle Experiment. With the use 

of novel analyses techniques we have already achieved results that 

compete with previous measurements and some results that are 

exclusive to us.

After LS1, we resumed collisions in March 

2024 (Run 2)and in few years Belle II will get 

the sensitivity to shed light on the anomalies 

in the Standard Model



Thanks!
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Backup
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- 31: exclusive inclusive B decays

- 32: RD systematics

- 33-34: R(X)

- 35-36: Vub from B-> pilnu and B->rholnu

- 37: Vub from B->Xulnu systematics

- 38-39: B-> Ktautau

- 40: g-2

- 41-46: CP asymmetries B->pi0pi0, B->rhorho, Isospin sum rule

- 47: tau physics summary

- 48-49: Vcb from spectral moments

- 50-51: B->D*lnu angular asymmetries

- 52-53: charm lifetimes

- 54: tau mass

- 55: Belle II projections



Exclusive and inclusive B decays
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ϳὨὄὨή ᶿ ὠ ὊὊή (LQCD, LCSR)

ὄὊὄᴼ8Љʉθ ὠ  ρ ρȾά Ễ (OPE)



ὙὈᶻ systematics
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Å 2D ML fit to extract the signal and 

normalization for electon and muon modes 

simultaneously, in bins of  ὴ and ὓ

Test of lepton flavour universality: 
inclusive ὄᴼὢЉ’
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PhysRevLett.132.211804(2024)

ὙὢȾ ꜞὄᴼὢ†’Ⱦ ꜞὄᴼὢὰ’
Hadronic tagged 

analysis

ὴ

ὴ

Å Consistent with SM and ὙὈᶻ  anomalies

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.211804


ὙὢȾ ꜞὄᴼὢ†’Ⱦ ꜞὄᴼὢὰ’
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