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e Operated from 1999 to 2010.

e Asymmetric e™ (3.5 GeV) - ¢~ (8 GeV)
collider.

e Collected total of 1 ab™"! of data.

e Collected 711 fb~ ! at Y(4S5)
resonance.
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Asymmetric et (4 GeV) - e~ (7 GeV)
collider.

 Recorded 531 fb™! of data: equivalent to
BaBar and 1/2 of Belle dataset.

e Run | dataat Y(4S5) resonance: 365 fo~!
* Run Il started February 2024.

e Aims to collect many-ab"1 of data!
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SuperKEKB goal instantaneous luminosity: ZLg.je1f = 6 X 10 ecm=2s71 Lhee = 2.11 X 10 cm™2s7!)
(record luminosity achieved by SuperKEKB in Dec. 2024: 5.1 x 10%* cm™2s7!)
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[ Topology of T pairs Production and Relevant Numerology}

The thrust vector ¢ maximizes
the thrust value 7 and 1s used
as an approximation for the
direction of T momentum:
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o(ete” - Y(4S)) = 1.05 nb
glete" > 1t77t7) =092nb
Belle: 900M t pairs (1 ab!)

Belle II: 400M t pairs (0.4 ab™!)
(run 1, till 2022)
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Measurement of the z-lepton mass with the Belle II experiment

PHYSICAL REVIEW D 108, 032006 (2023)

® Fundamental physics parameter measurement
® Signal channel: ¥ > t¥rtn v,
® Tagside: 7 — evy, uwvv, mtv, n¥nlv

® The pseudomass M, . has a threshold at m,

DD
190 fb-1, 175M t pairs

o

Belle II

+_+
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(€ =2.3%, purity 90%)
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Mmin = \/M?%n + 2 (? - E3TL’) (ESTL' - pSn) <My

PDG Average (2022)
1776.86 + 0.12
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KEDR (2007)
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Test of light-lepton universality in 7 decays

<
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08 (2024) 205

362 fb-!, 333M 1 pairs

® Test the W couplings strength to the three generation leptons A
® Signal channel:t - evv, uvv /t(thrust vector) 0
® Tag side: T » mnm®v (n=1,2) (nt® peaking at p mass) _tag side i

(€ = 9.6%, purity 94%) ) w+ 2 <:

® Results: R, = ~ L% _ 9675 + 0.0007 + 0.0036

B(t—eVevy)
()-f'
2 2 ) ~
Jul = R, LWE/M) _ (9974 + 0.0019, where Ve« _ T \
el f(my/mz) Wong \ R
f(z) =1-8z+8z°—2*—122%Inx P i w- . Signalside
Y .-S. Tsai, Decay correlations of heavy leptons in et +e~ — 1T + 1~ (.’_/H_ ;- L Vr

Phys.Rev.D 4 (1971) 2821, Phys.Rev.D 13 (1976) 771 (erratum)

D
o

Belle II

Belle II’s 1s 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

RM = 0.9726 G = Je
CLEO (1997) '

CLEO (1997)

0.9777 =£0.0063 = 0.0087

BaBar (2010)
0.9796 = 0.0016 = 0.0036

HFLAV fit (2021)
0.9762 + 0.0028

Belle Il (2024)
0.9675 = 0.0007 = 0.0036

1.0026 = 0.0055

BaBar (2010)
1.0036 +=0.0020

HFLAV fit (2021)
1.0019 = 0.0014

Belle 1l (2024)
0.9974 + 0.0019
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Search for lepton-flavor-violating T decays into a lepton

06 (2023) 118

Al
b
i
L

- V0 (¢ = e, )

and a vector meson using the full Belle data sample

980 fb-! M '
® 980 fb! Belle data , 905M 1 pairs

Signal: £ = e,uand V° = p°, ¢, w, K*°, and K*°
One- and three-prong tags used: T — evv, uvv, tinn’v(n = 0,1,2), n*n
10 upper limits are set at 90% C.L. (8 of these are most precise to date)

T+

+ Y,

Mode e (V) Npa Osyst (%0)  Nobs  Bops (X107%)
7= = pTp? 778 0.95+0.20(stat.) 4-0.15(syst.) 4.6 0 < 1.7
7= —eTp? 849  0.80+0.27(stat.) £0.04(syst.) 4.4 1 < 2.2
= = uT¢ 559  0.47£0.15(stat.) £0.05(syst.) 4.8 0 < 2.3
5 s eT¢p  6.45 0.3840.21(stat.) £0.00(syst.) 4.5 0 < 2.0
T = pTw 327 0.3240.23(stat.) 40.19(syst.) 4.8 0 < 3.9
7+ s etw 541  0.7440.43(stat.) £0.06(syst.) 4.5 0 < 2.4
7 = uFK* 452 0.844:0.25(stat.) 40.31(syst.) 4.3 0 < 2.9
7 = eFK*Y 6.94  0.5440.21(stat.) 40.16(syst.) 4.1 0 < 1.9
7= = K 458  0.5840.17(stat.) +0.12(syst.) 4.3 1 < 4.3
7 5 K 745  0.2540.11(stat.) +0.02(syst.) 4.1 0 < 1.7
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T > uuu — 2 —— 09(2024) 062
® Inclusive tagging using all the rest information for 7>
the tag side (€ = 20.4%) QB%
® | cvent observed with 0.7 expected background 42 fb'1
B(t » pupp) < 1.9 X 107° @90% CL 389M T pairs
T — {K(S) L =e,u) =£=== (submitted to)
® Tagside: 7 — evv, uvv, m~v D
(6 ~10.2%) S
® No significant excess above expected background. e

B(t - eK?) < 0.8 x 1078 @90% CL 980 fb-! + 428 fb-!
B(t » uK?) < 1.2 x 107°% @90% CL 1.3B 7 pairs

Belle I1)




Search for the baryon number and lepton number violating
decays 7~ — Ax~ and 7~ — Az~ at Belle 11

PHYSICAL REVIEW D 110, 112003 (2024)

T~ > (A/AN)T™
® Baryon and Lepton numbers are violated, but

|A(B — L)| = 2,0 (allowed in some models)
® Tag side:r — evv, uvv, n¥v, t¥nlv

(e =9.5%/9.9% for T~ - (A/A)m™)
AE = E(Ar) —+/s/2

® No events observed while expecting 1.0/0.5
background events for 7~ — (A/A)m™

N sig

B(r” > Ar™) = eualo BN — pa-) | 364 b7, 334M 1 pairs

i = B(t~ - An™) < 4.7 x 1078 @90% CL

B(t~ » An™) < 4.3 x 1078 @90% CL
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a1 Summary of Searches for LFV, LNV and BNV at Belle / Belle || | (s

Belle II
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BEFIE Belle II é 5 [— e o |
= i Projected by SuperKEKB/Belle 11
o 4}
Performed precision measurement of t-lepton mass i
Reported a stringent test of lepton universality in t decays )

I l
n >
< > é
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S

Jan 2024 Jan 2029 Jan 2034 Jan 2039

Projected peak and integrated luminosity circa Dec. 2024

Integrated luminosity (delivered) [ab™]

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 1s acciderslotal,
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.
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Total integrated Daily luminosity [fb~1]

Belle Il Online luminosity

Exp: 7-35 - All runs
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