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Belle Experiment

Belle accumulated ~1 ab™! of data.
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Search for LFV at Belle

@ Considering the observation of neutrino oscillations, charged o0

lepton flavor violation (LFV) is allowed, but at an

exceedingly small rate: BR( ¥ - u#y)~10"%i

Model (SM).

@ LFV can be studied by precisely measuring the beyond SM

parameters involving LFV phenomena.

@ Low background and full event reconstructions make Belle
an ideal place to search for LFV.
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Recent LFV searches at Belle

& Search for B’ - £t (£=e, p) with the semi-leptonic
tagging method JHEP 08 2023, 178 (2023)

# Search for the lepton flavor violating decays B" - K*'1*£7
at Belle PRL 130, 261802 (2023)

# Search for lepton flavor violating decays of Y(1S)
JHEP 05 2022, 095 (2022)
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https://link.aps.org/abstract/PRL/v130/e261802
https://dx.doi.org/10.1007/JHEP05(2022)095
https://link.springer.com/article/10.1007/JHEP08(2023)178
https://arxiv.org/abs/2301.10989

Search for B* — & <*

121fb~" T(59) sample
@ Beyond SM models containing Z' and leptoquarks

predict the enhancements in the decay rate of A .
B ¢ 17, !
: L v,
. . 0 ey Bso(sig) { ™ v
@ The branching fraction of B° —¢* t* can be as large !
-5 + Re -
as 10, Mod. Phys. Lett. A 33 (2018) 1850019 L L
@ Previous bound by LHCb:
B(BY — pF7F) < 3.4 x 1075 PRL 123 (2019) 211801 | %~ ¥ B! g
| |
) ' i Ds-(- . . .
@ There is no available bound on B’ —»e*t* decay. = = v “
KU

Semi-leptonic Tag
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https://doi.org/10.1142/S0217732318500190
https://doi.org/10.1103/PhysRevLett.123.211801

Search for B* — & <*
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Search for B* — & <*

We extract signal yield from momentum of primary lepton in c.m. frame (p’)).
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We provide the first result on B’ —»e* 7 decays.

JHEP 08 2023, 178 (2023) Search for CLFV at Belle 7


https://link.springer.com/article/10.1007/JHEP08(2023)178

Search for B*- K* T &

711fb~! Y (45) sample
@ Models with vector leptoquark (U,) provide

interesting lower bounds on b—stu transition.
B(B — K7p) > 0.7 1077 PRD 104,055017 (2021) a8 -

@ Tag side B meson is fully reconstructed in the
hadronic decay modes.

@ Signal yield is extracted by fitting the recoil mass of
the system containing K* and the primary lepton. we

@ Signal modes are categorized into two categories:
OSM . = /e and signal B have opposite charge

, X=e U, i
SS . = p/eand signal B have the same charge
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https://doi.org/10.1103/PhysRevD.104.055017

Search for B*- K* v ¢

Normalized

0.22

e
[N

0.18
0.16
0.14
0.12

o
=

0.08
0.06
0.04
0.02

o

SRR RN LA RN R |""|""|'6S"'|"'E
= —— B'>D, (oD (MC) I
;: -------- B*—K*t*u (MC) E
= —e— B'SD7r* (data) E
RS a3
E--- ||-|-|-|-|||-|||||||:|$|:-|-||||-?-||||'-’-'1|||-|¢-||||||||||E
0 01 02 03 04 05 06 07 08 09 1

BDT(BB)

@ Dominant background for:
OS , mode comes from B*—>X"D"decays

SSu . mode comes from B*— (p/ e)*D%v decays
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@ Two BDT classifiers have been trained to suppress bb

backgrounds and gg backgrounds.
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Search for B*- K* v ¢
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Search for B*- K* v ¢

Upper limit at 90% CL
Experiment
B(B*"-»K't'uw) BB-K'tu’) BB'-K't'e) B(B'-K'Te)

x10° x107 x10°? x10°

BaBar <2.8 <4.5 <1.5 <4.3
PRD 86, 012004 (2012)
LHCb <3.9 - - -
JHEP 06 (2020) 129

Belle <0.6 <2.5 <1.5 <1.5

PRL 130, 261802 (2023)

Our results are most stringent results to date.
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https://doi.org/10.1103/PhysRevD.86.012004
https://doi.org/10.1007/JHEP06(2020)129
https://link.aps.org/abstract/PRL/v130/e261802

Search for Y (1S)-=>€€7/y€*8

. ) 25fb~ " T(29) sample
@ Obtained results on Y(1S)—¢*¢,* decays put
constraints on LFV via vector, dielectric, and @
| T
tensor operators. PRD 94, 074023 (2016) e v\
_ (Y(2s)

@ Three-body 7(1S)—-y¥¢*€7 decays prove the *__~/ e
: b2 : : X("'_“ — g

LFV operators which are inaccessible in two- \ QES_.D o

body decays. PRD 94, 074023 (2016)
> () \C_‘iz}
@ To avoid the QED backgrounds, we use 2(1S)
states with di-pion tagging.
, _ ¢ ,¢ = combinations of e, u, T
@ We extract the signal for 7(1S)—e*u* and =
Y(1S)—¢ 1" decays by fitting AM =M___ -M

TITEep ep
and M (mrirf), respectively.

recoil
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.94.074023
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.94.074023
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Our results are most stringent results to date.

JHEP 05 2022, 095 (2022)
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https://dx.doi.org/10.1007/JHEP05(2022)095

Search for Y (1S)->y€€,

2)4;
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We have searched for the first time. JHEP 05 2022, 095 (2022)
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https://dx.doi.org/10.1007/JHEP05(2022)095

Summary

@ B’ — ¢ 77 search: we reconstruct the tag side using semi-leptonic decays, and
we provide the first result on B’ —»e*t* decays.

@ B"—-K* t*¢*search: we use hadronic tagging method, and obtained results
are most stringent to date. For B*—K* t*u decay, the obtained UL is one
order of magnitude less than the corresponding previous result.

@ V(1S)=¢6+07] y€ =€ search: we use di-pion tagging with 7(2S) data
sample. All results are most stringent to date.
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