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(                                                                    )SuperKEKB goal instantaneous luminosity:
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Topology of  pairs Production and Relevant Numerology

81%: final states with 
one charged particle

14%: final states with 
three charged particles

±±
±

±
±

±±
other decays

→ Υ = 1.05→ = 0.92
Belle:     900M τ pairs (1 ab-1)
Belle II: 400M τ pairs (0.4 ab-1)

(run 1, till 2022)
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The thrust vector    maximizes
the thrust value T and is used
as an approximation for the
direction of  momentum:  
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 Fundamental physics parameter measurement
 Signal channel: ± → ±
 Tag side: → ̅, ̅, ± , ±

( = 2.3%, purity 90%)
 The pseudomass Mmin has a threshold at = M + 2 − ∗ ∗ − ∗ <

Belle II result:  = 1777.09 ± 0.08 ± 0.11 MeV/c
(most precise measurement to date) 

190 fb  , -1 175M τ pairs
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08 (2024) 205
362 fb  , -1 333M τ pairs

(the verƟcal lines show the SM predicƟons)

̂ (thrust vector)

 Belle II’s is the most precise measurement to date, very 
 relevant for the muon g-2 results interpretation, see, e.g., 

Giacomo Cacciapaglia, Corentin Cot, Francesco Sannino, 
“Naturalness of lepton non-universality and muon g-2”, 
Physics Letters B 825 (2022) 136864

 Test the W couplings strength to the three generation leptons
 Signal channel: → ̅, ̅
 Tag side: → (n=1,2) (        peaking at  mass) 

( = 9.6%, purity 94%)
 Results: R = ℬ( → )ℬ( → ) = 0.9675 ± 0.0007 ± 0.0036

= ( / )( / ) = 0.9974 ± 0.0019,  where 
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06 (2023) 118

980 fb  , -1 905M τ pairs

Search for lepton-flavor-violating τ decays into a lepton 
and a vector meson using the full Belle data sample → (             )ℓ = ,

 980 fb-1 Belle data
 Signal: ℓ = , and = , , , ∗ , ∗
 One- and three-prong tags used: → ̅, ̅, ± ( = 0,1,2),                     ± ∓ ±
 10 upper limits are set at 90% C.L. (8 of these are most precise to date)
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→
 Inclusive tagging using all the rest information for 

the tag side ( = 20.4%)
 1 event observed with 0.7 expected backgroundℬ → < 1.9 × 10 @90% CL

-424 fb 1

389M τ pairs

09 (2024) 062

→ (ℓ = , )
 Tag side: → ̅, ̅, ±

( ~10.2%)
 No significant excess above expected background.ℬ → < 0.8 × 10 @90% CLℬ → < 1.2 × 10 @90% CL

980 fb-1 + 428 fb-1

1.3B τ pairs

(submitted to)
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ℬ → < 4.7 × 10 @90% CLℬ → ̅ < 4.3 × 10 @90% CL

364 fb  , -1 334M τ pairs

→ ( ⁄ )
 Baryon and Lepton numbers are violated, butΔ − = 2, 0 (allowed in some models)
 Tag side: → ̅, ̅, ± , ±

( = 9.5%/9.9% for → ( ⁄ ̅) )

 No events observed while expecting 1.0/0.5
background events for → ( ⁄ ̅)
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Summary of Searches for LFV,  LNV and BNV at Belle / Belle II

arXiv.2203.14919

Belle/Belle II 
(up to 2024)

(to be) published 
ongoing analyses 
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Concluding Remarks

Performed precision measurement of -lepton mass

Reported a stringent test of lepton universality in  decays

Shared new exciting results from searches for LFV,  LNV and BNV

Where does it take us?
 In the SM, conservation of lepton and baryon numbers is accidental,
 such processes are either forbidden or are predicted at below 10    level.

  Various models of New Physics predict the rates in the range already
  being probed by Belle II - and with more statistics we will do even better.

-50

Projected peak and integrated luminosity circa Dec. 2024
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Dec. 25, 2024 / SuperKEKB Control Room: Instantaneous Luminosity Record!
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