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Introduction

The lepton flavor violating (LFV) BY — eF7r%, uFr% decays;
® forbidden at the tree-level in the standard model (SM).
® such decays can occur via neutrino mixing through loop and box diagrams.
® predicted to occur in “beyond SM theories” with B of order of 1072, [arXiv:1801.02895]

® So, observation of such decay would indicate new physics.
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Figure 1: Feynman Diagram of Bg — u+77

® An upper limit of B.F at 90% confidence level (CL) is obtained by LHCb Experiment :

BY — et BY — ur
LHCb — 3.4 x10~°
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https://cds.cern.ch/record/2674782/files/LHCb-PAPER-2019-016.pdf

KEKB and Belle detector

KEKB : 8 GeV electrons collide with 3.5 GeV positrons,

at a center-of-mass energy 10.58 GeV.
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1 /'K; detection
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® Belle detector is placed around the interaction point
of 2 beams which consists of six sub-detectors

® The integrated luminosity :
ete= — Y (58) — BB (121 fb1)
~ (16.6 & 2.7) x 10% B, mesons.

® Collected ~ 1 ab™! data at different resonances

and off-resonances.
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Search for BY — (7% Decay at Belle

(Preliminary, paper to be submitted)



Analysis Overview

-
Data Sample: IA
"
® 20M signal MC (B, B;, B! B*, B! B,) events ! 5
generated at Y (5S5) resonance. H T
* For Background Study : B’ A =
groun udy : 2) . v,
Data Sample : 121fb~ ! o
Generic MC : bsbs, non-bsbs, uds, charm e o5 pe
Name Process — Y(,SS) T
bsbs BU decays &
non-bsbs B, q meson decays ',"
charm continuum eTe~ — cc o Y
uds continuum eTe~ — ua, dd, s5 d & o0
® Because of missing informations from 7 daughter I- H
neutrinos in the decay mode a full reconstruction of y
BY (signal-side) is difficult. K°
® So the EE semi-leptonic tagging method is used to “
tag BYBY events using Bs — Ds{(X)v decay ® Particles in one event are separated to two sides:
mode. Signal side and Tag side.

]
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Signal-side:
® B, meson is reconstructed with one non-7
lepton (e, ;1) and another 7-lepton.

7 decay B.F (%)

uv,v, | 17.39 +0.04

etv.r, | 17.8240.04
total 35.21

£1: primary lepton, £2: lepton from 7 decay

Event Selection:
Charged tracks are selected using tracking selection cuts

and PID information.

£3: lepton from Bg — D fv decay

Tag-side:
® D, meson and a charged lepton are combined to
form a B meson.

D, decay B.F (%)
DT — ¢(— KTK )n+ 2.2440.08
DF - K*0(— KTz )KT | 2.61+0.09
DI — 7T 0.65 + 0.13
DF - KIKT 1.40 + 0.05

DF — ¢pT
¢— KTK™, pt — 7t a® 8.475%
Total 15.30
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Selections
P > 1.9 GeV/c, pt > ph, p3
Mp. € [1.96,1.98] GeV/c?
Meez | ¢ [3-05,3.12] GeV (Bs — pr(uvw))

and ¢ [3.01,3.12] GeV (Bs — et(evv))

Events/(0.00375 GeV/c?)

1.9 1.921.941.961.98

Decay
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p] after initial selections

Events/(0.055 GeV/c)
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- signal MC is scaled to the data lumilosity with assumed B ~ 103
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Background Suppression

L.Nayak (IITH)

Multivariate Analysis is performed to suppress the
background.

Equal amount of signal and background samples
are used for training.

Method: FastBDT

The classifier is trained with 27 discriminating
featured variables to separate the signal from the
background.

These variables do not have any significant
correlation with the signal extraction variable pj.

The classifier output OfastgpT ranges from zero,
where background events peak, to one, where the
signal events peak

8-9% of events have multiple signal candidates.

Candidtaes with the highest FastBDT output is
retained.

Search for B‘j —Fr
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BDT response cut

Optimized cuts: 0.90(Bs — e7), 0.94(Bs — ut)
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p; after final selections

g 3.5; g o
> - a)B_ - et |mwmss > qgf
()] 3, BsBi () it
G _f ) =F S 16-
Te) 25; — signal o 1 4}
o) E o data Lo ‘E
< 2 -+ oS 1.2F
e S 1
g 1.5; g 08;
g i |= -+ <1>J 0.6
I F i 0.4F
05% @_.—l_,_m 0-25
0 L P TR R N T | Gw

2 22 24 26 238 3

P, (GeV/c)

i
L.Nayak (IITH) Search for BO — ¢F 7 : Decay December 14, 2022 1013



Estimation of B(UL)

° B _ (Nobs_Nebxkpg)
- (2><NBS X €sig) '
where Nyps = the number of the observed events
Nebxpg = the number of the expected data events in

the signal region

esig = signal efficiency

fs = 0.201 £ 0.031

Results:

Systematic Uncertainties (%):

Source Bs e 1t Bs—pu 1T
Np, = number of Bs mesons in the data Eg — D;"E*w tag 15.0 15.0
FastBDT correction 3.3 3.7
PID 4.3 35
® T(55) — B§*>Bg*) decay branching fraction Tracking 0.7 0.7
T — v, Uy BF 0.2 0.2
® Since the uncertainty in f; is significant, we also Number of Bg 16.1 16.1
give the upper limit on fs x B(Bs — £~ 71). Total 22.7 22.6
Esig (%) Nskg Nobs B fs x B
(x107%)  (x107%)
Bs —we 1T 0.0312 £ 0.0071  0.68 4+ 0.69 3 < 14.1 < 5.5
Bs — pu~7T  0.030340.0068 0.77 £ 0.78 1 <73 <29

First limit on the Bs — e7 decay. (preliminary result)
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Summary

® Searched for Bs — £7 using T(5S5) Belle data with semi-leptonic tagging method.

® No signal observed and obtained upper limits are
B(Bs — er) < 1.4 x 1073 and B(Bs — ut) < 7.3 x 10~% at 90% CL.

® First measurement on Bs — et decay.

i
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