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T Physics at Belle 11
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 Belle — Bellell
e PXD+SVD vertex detectors = better vertex  s»
resolution -
* petter PID system
* dedicated low multiplicity triggers —
significantly improved trigger efficiency and
enable new measurements




T Reconstruction at Belle 11
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T Physics at Belle 11

Precision measurements
® T Mass [PRD 108,032006(2023)], new measurement in progress
e T lifetime, internal review

e L-e lepton flavor university test, [UHEP 08, 205(2024)]
* Branching fractions and spectral functions of hadronic decays, many in progress
e |Vus| inclusive/exclusive measurements, in progress

New physics
* Lepton flavor violation: many publications, many in progress
e CP violation, in progress



Search for CPV in T—n-Ksv(=0n0) decays
preliminary

* no CPV in the charged lepton sectors in SM
* T decays involving a Ks in the final state exhibit a non-zero decay-rate asymmetry
originate from CP violation in the neutral kaon sector
e Search for CPV in T-=11"Ksv(=010) decays i = ;,_ 6
&)

I'(tt -7t K2p,) —T(1t~ = 7~ KJv,)

vV .
I'(rt > 7t K,)+T'(t— —» 7~ KJv,) - %ﬁ

Acp =
RO
e SM predicts Acp~(0.33+0.01)%

e any significant deviation from the SM expectation could indicate the new physics
* previous measurements

Belle Babar
PRL 107, 131801 (2011) PRD 85, 031102(R) (2012)
No significant CPV Acp =(-0.36+0.23(stat)+0.11(syst))%

2.80 deviation from SM



Search for CPV in T—n-Ksv(=0n0) decays

preliminary

Analysis strategy | ™

* (3x1)-prong topology: leptonic tag \KS signal side

* two-steps BDT to suppress qqbar and tau backgrounds ¢ Y . <

* >98% of signal purity tag side \\
i
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Search for CPV in T—n-Ksv(=0n0) decays

preliminary

e results

Belle Il (preliminary) E ,

[ dt =361.65 fb~!
Electron tag - } k .

1
Muon tag - . *

]
Combined - SM E : @
re4 Belle ll

1
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Asymmetry [%]

ABellell — (.71 4-0.26(stat) +0.06(syst) & 0.15(unf)

Measurement statistically limited, consistent with SM expectation within 1.24c

e future measurement with larger data samples will improve both statistical and
systematic precision



Precision measurement of T hadronic decays

* Precision measurements of T hadronic decays BF and spectral
functions (SF) provide important input for |Vus| and apltlad
* Measurements of [Vys|
* Discrepancies between CKM unitarity prediction and 1
decays
* inclusive determination 3.70 lower
* exclusive determination 2.00 lower
e the first |Vus| measurement via inclusive T decay is in

progress

had
) a/l

e T—21,41 as independent inputs via conserved vector

current relations
e Systematics are challenging
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Precision measurement of T hadronic decays
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Search for LFV In T decays

* The branching fractions of LFV 1T decays are extremely small (<10-°9) in SM
* SM extensions

* supersymmetric models, supersymmetric models with a see-saw

mechanism, grand unified theories, the Littlest Higgs models......

* predicate LFV T decay rates at 10-10-10-8
e Search for LFV T decays

e radiative decays: T Ly

e |eptonic decays: T—Lalplp,

e semileptonic decays: T—£(Po,S0,Vo), Po=11%, n, n’, So=f0(980), Vo=p0,

* 90% CL upper limits on T LFV decays
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Search for LFV In T decays

* radiative decay T-—py

* Belle, Babar, CLEO all made search for this Channel  O(Bprea) Model
T~ = pu~y 10710 SUSY Higgs 1]
decay 10—10 Littlest Higgs [
e most stringent upper limit at 90% C.L. by 107°  SM + seesaw
10~? Non-universal Z’ 4l
Belle with 988 fb-1uHEP 10 (2021) 19] 10—8 SUSY SO(10) [8]
— — —8 T — 4y 10~8 Littlest Higgs !
B(T — M 7) < 4.2 x10 108 Leptoquark 7]
108 type-III seesaw (&
e TN

* pest limit at 90% by Belle with 401 fb-1 jrLB
648, 341 (2007)]

B(t — en) < 9.2 x 1078
B(t — un) < 6.5 x 1078
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Search for LFV In T——py decays

preliminary
* Make the search with 428 fb-1 data
* 1x1 prong topology, tag: T-—e-vv, v, mov
e Fit to 2D plane (Moc, AE)
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AE[GeV ]

AE [GeV ]

Search for LFV in T—fn decays

Make the search with 428 fb-1 data
1x1 prong topology, tag: T-— v, m-mov

B(t— — e n) < 921 x 1078
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Search for LFV in T—fKs decays

JHEPOS8 (2025) 092
* Belle 980fb-1 + Belle |l 428 fb-1 data
e 1x1 prong topology, tag: T-— 1V, 0V, £v
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 Belle Il 428 fb-1 data
* Inclusive tag reconstruction

Search for LFV in t—ef? decays

JHEP12 (2025) 169
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Summary

Belle II 1s also a t-factory, a unique
e Search for CPV in T—n-Ksv(>0n0)

Acp = (0.71£0.26£0.06£0.15), 1.206 from SM
e Search for LFV in t—y, #n, £Ks eff

» Precision measurements of BF and SF of hadronic decays

Many results will come in the future.
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