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FLAV 06

 Title : Precise measurements and searches for forbidden decays of B mesons and
tau leptons
* Pls: Justine Serrano (CPPM), Akimasa Ishikawa (KEK)
* Both are experimentalists working on Belle Il while joint effort with theorists
is central to this project: Exp + Pheno + Lattice QCD
» Topics: Flavor physics at Belle |l

* Focusing on precise measurements of lepton flavor universality (LFU) and
search for forbidden decays via lepton flavor violation (LFV)

* Other flavor physics studies pursued at previous program and newly covered
analyses such as precise measurements of CPV included
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e Search for new physics exploiting the Belle and Belle Il data, following two paths:

* Precision measurements to test the agreement with Standard Model predictions
(CP violation, CKM matrix, lepton flavor universality tests)

e Search for forbidden decays (lepton flavor violating decays)

Belle Il Online luminosity Exp: 7-35 - All runs
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* Belle Il analyses still based on Run1 data:
363 fb-1 at Y(4S)

61 fb-1 below/above —

i ) useful for tau
e Can be combined with Belle dataset:

analyses!

711 fb-1 at Y(4S) /
269 fb-1 below/above



World best limit, using Belle Il data only
BR(t = 3n) < 1.9 108 at 90% CL
Published in JHEPO9 (2024) 06

T LFV decays: T - 3u

Golden channel for LFV searches (competition with LHC)

Traditional T reconstruction at B factory is using a tagging of
the non-signal T

We set up a new untagged method, only reconstructing the
signal side and using properties of the Rest of Events to lower
background

First application: search for t - 3u

1!

Simulated signal events

Signal Side

TagSide


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

T LFV decays: Tt — ell’ and t - |Ks

The untagged method was also applied to T = ell’ (I=e,u) with Belle Il data

* More difficult because of non-simulated low multiplicity background, had to
derive a data-driven selection

 Signal obtained from fit of the reconstructed t mass for the 5 modes
* Preliminary results shown at winter conferences, should be on arXiv soon
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We also searched for t - IKs with Belle + Belle Il data osaf TTHE recnguar o

Data [rde = 428 b2
* Untagged method less powerful than traditional methods -
* First tanalysis combining Belle and Belle Il data, best limits! = I~ = =78
 Submitted to JHEP, https://arxiv.org/abs/2504.15745 T S g
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https://arxiv.org/abs/2504.15745

T LFV decays: T = la

Search for decays to a lepton + undetected spin-0 particles (axion like), with Belle data

Mass range 0 <m_ < 1.6 GeV

New method to determine the T direction, will be used in Belle Il
World best limits obtained
Submitted to JHEP, https://arxiv.org/pdf/2503.22195
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https://arxiv.org/pdf/2503.22195

B lepton flavor violating decays

* Search for B - K*tl with Belle + Belle Il data
e Use hadronic tagging with Full event interpretation
* T mass reconstructed from rest of event and tagged
4 final states: same/opposite sign, e/
First search at a B factory
Submitted to JHEP, https://arxiv.org/pdf/2505.08418
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https://arxiv.org/pdf/2505.08418

o

CP violation in B decays : B® - p+p-

* Precision measurement of unitarity triangle allows 15 [

to test the presence of new physics | \§
1.0 \

& Amy & Amg

* ¢, is the least well known angle, can be measured
using B® = p+p- decay o5
* Belle Il data are used to measure the branching

fraction, longitudinal polarization and CP violation
parameters
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.092001

CP violation in B decays : B® 5K %

In SM, the y are predominantly left-handed

Can be different in case of BSM contribution, leading to mixing-induced CP violation

Measure time-dependent CP asymmetries with Belle I

Results consistent with SM, improved precision compare to Belle and Babar

(K, reconstruction, SVD acceptance)
Published in PRL, Phys. Rev. Lett. 134, 011802 (2024)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.011802

Hadronic B decays

Branching fraction measurements of B - D(*)KK(*) and B
— DDs with Belle Il data

* Only 40% of total B width is known, the unmeasured

. . . . [l 0 4
decays are simulated with Pythia fragmentation BB~ — DK Ks) = (1824016 £0.08) x 10°7,
model B(B" - D'K K%)= (0.82+£0.12+0.05) x 10 *,

. . o . B(B~ — DK~ Kg) = (1.474+0.27 £ 0.10) x 10~

. Impr.ovmg jche simulation is crucial for better B B(B® - D*+K-KY) — (0.91 + 0.19 4 0.05) x 104
tagging efficiency B(B~ — D°K~K*%) = (7.19 4+ 0.45 + 0.33) x 1074,

. . gLl wly A

Improve measurement on 12 decays (first observation for | B(5" Dﬂh K*) = (7.56 £ 0.45 £ 0.38) x 10

* () 4

3 channels) B(B~ — DK K*) = (11.93+ 1. l4:t[}95}><1(]
BB 5 D*"K K**) = (13.12+1.21+0.71) x 10 *

Also performed a mass and helicity analysis for B - DKK
channels

Published in JHEP08(2024)206
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https://link.springer.com/article/10.1007/JHEP08(2024)206

Other ongoing studies

* Lepton flavor violating decays:
ll ®  Search for t - py and B - pte/ ptu

* Lepton flavor universality tests and related measurements
 Measurement of R(D*)
* Measurement of BR(B = tv) with semileptonic tagging
e Search for B - tt with hadronic tagging

=

* Others:

* tdecays with polarized e- beam

* Phenomenological analyses of B semileptonic decays
Time dependent CP violation in B - KsKs

Hadronic t decays

BF and CP violationin b - sy

oo

12



Summary and conclusion

 Achievements:
* 4 publications : T = 3u, B® - p+p-, B >K %, B - D(*)KK(*)
* 3 submitted

e Collaborations:
 Visit of Tejhas Kapoor at KEK
* Visit of Akimasa Ishikawa at CPPM
* S. Hashimoto organized Belle Il physics week with other Belle Il colleagues
* +online meetings

* Plan for next fiscal year:
* Finalize ongoing studies on t = uy, B = pte/ pty, BR(B = tv) and others

* Develop a phenomenological collaboration regarding the impact of the different LFV
channels and of their correlations with LFU



