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Motivation for CLFV RS O «

A Charged Leptoflavor violating(CLFY_ decays are suppressed in the
Standard Model (SM), and their branching fractions (BFs) are tiny

[
(D A O
Vi Ve H(e)
S 5 A3 12 —53 —49
B(r — ly) = EIZU”U""”_?,| <107 ~ 10

A Even with neutrino oscillations taken into account
B(T — f"}) < 0(10'45)

A The BFs are unreachable in current experiments

A Possible observation @LFY RSOl &@a gAff o065 |
Physics (NP)!



Motivation for CLFV R S O &

A ManyCLFY RSOl é&a | NBF NBfl G§SR 2 b
SUSY Higgs mediated
L ! \Q\\? ut
T —Q—H T ‘Q‘,*’ U
V. W
A Their Branch FractionBFskare predicted by many NP models
Model Reference Ty T HHUH
SM+ v oscillations EPJ C8 (1999) 513 10-40 1014
SM+ heavy Maj vr PRD 66 (2002) 034008 109 10-10
Non-universal Z' PLB 547 (2002) 252 109 108
SUSY SO(10) PRD 68 (2003) 033012 108 10-10
MSUGRA+seesaw PRD 66 (2002) 115013 107 109
SUSY Higgs PLB 566 (2003) 217 10-10 107

A Many of the BFs are large thangOft ), whichis in the reach of
Belle Il experiment.



Motivation for CLFV RS O
I

A The ratios of the BFs of differeBLFVY R S
NP models varies

SUSY+GUT Higgs

(SUSY+Seesaw) e Little Higgs | non-universal Z’

1 : -:rl .

JHEP 0705, 013 (2007); PLB 547, 252 (2002)

A ThemoreCLFY RSOl @& I NX bettef BSEANPA I | § ¢
models are examined

A Almost all decay modes were studied using Bediea, no significant
signals are observed, and more studies with big data samples from
Belle llare urgently expected.
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Motivation for CPV._ decays

1 CP violation (CPV) has never been observed in |lepdoays

It is strongly suppressed in the SA? < 10712 ), and possible
observation of large CPV in lepton sector will be evidence of NP

Many NP models predicts large CPV in lepton sector, for example
A minimumsupersymmetric standard modgHEP12,021;RMP80,577
A multi-Higgsdoubletmodels[PRL37,657;NPB426,355]

o fSLIi2y LINPOYARSA | dzyAljdzS 2 LILJ
IS the only lepton decaying to hadrons, so that the associated strong
phases allow us to visualize CPYadronic. RS OI & &

Decays have been suggested to meastiry:

A T’ [PRD50,4544

A 0"’ [PLB398,407]

A 3’ [PRD52,1614]

A K*“ 00 [Z. PhysG62,413PRD78, 113008; PRD91, 073006

v



Belle llat SuperKEKB

0. Tl O02 NAfactories N5 | f
U SuperKEKBNd Belle |l
U Belle Il early data
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Belle Detector BaBar detector

157 EMC

Aerogel Cherenkov cnt.

SC solenoid - z aai 6580 CsI(TI)
ST - _ 1=1.015~1.030 DIRC solencid™ :
CsTl) — oy
16X, g

TOF conter —

A
Central Drift Chamber
~ jall cell +He/C,H,

Si vix. det./ _ n/K, detection neutral 5 layers, double sided
3 lyr. DSSD ~ 14/15 lyr. RPC+Fe hadrons) strips

Vs=10.58 GeV

(17 >1ab™
1200 Om resonance ;

| risek 1218 a(ere- —>Y(4s)) =1.05 nb
1000 - My 1

| ;333 250 G'(E"'B' —>T T) =0.92 nb
w O reson.scan:
.l o . LIk ANAR FYR . L3
o O eacmare:s in the same order of magnitude!
- Yo R .
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SuperKEKRA)

A Super B factory
O{ dzLISNJ _ FI O 2

£+ 4 GeV36A|

T

é- 7 GeV 2.6 AI R
neneamene SUperKEKB _

&m l Ly 574
T fP? 5
T— « A Integratediuminosity

e emere - expected: 50 ald (x50 of

New IR

c(ete- —>Y(4s)) =1.05 nb
olete- —>11)=0.92 nb

A

Lowemitaneposivons r& that of previous B factories)
LG g ’ ) New positron target /
3 capture section
‘u.ﬂ'/ 4 _
- 4.6x1010 t pairs
@ KE K :::1 ieeﬁcw‘lttanu.- electrons -

Tsukuba, Japan
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SuperKEKAHAI)

beam beam-beam
. o Lorentz current parameter
= Target luminosity is & = 8x10% cm%s’ factor ;
(x40 w.r.t. BELLE) y o \LE /R 8:;;':::_";" “Nano-beams”: vertical beam
o - s _: _\ 2y2 _—L x =
= Achievable in the nano-beam scheme L= D I+ o | B. R PR size is 50nm at the IP.
(P. Raimondi for SuperB) Bl v ) Frx Sy
> double beam currents beam aspect vertical beta-function

» squeeze beams @ IP by 1/20 ratio at the IP at the IP
¢ KEKB .
arameters units
- HER LER HER KEKB -
8 4 7 GeV

35 ‘ '
0.425 0.28
half crossing angle I 41.5 mrad
18 24 32 46 am
0.88 0.66 0.37 0.40 %
*By* 1200/5.9 32/0.27 25/0.30 mm
.64 1.19 3.6 2.6 A
129 % 0088 0.0807 SuperKEKB
100/2 10/0.059 um
2.1x10 L 8x10% J cm s

A Higher backgroundRadiativeBhabha Touschekbeamgasscattering, etc.)
A Higher trigger rates (High performance DAQ, computing)
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All subdetectors are
upgraded from Belle,

Belle |l detector

KL and muon detector: J

Resistive Plate Counter (barrel)
cintillator + WLSF + MPPC (end-caps)

EM Calorimeter: 3 L e e
[CSI(TI), waveform sampli /////‘ .

Pure Csl + waveform samp

icle Identification
-of-Propagation counter (barrel)

electron (7GeV) OX. f cus ag Aerogel RICH (fwd)

p
Beryllium beam pipe
\Zcm diameter

Vertex Detector
k2 layers DEPFET + 4 |3

positron (4GeV)

Central Drift Cham -
He(50%):C2Hs(50%),

lever arm, fast electronics

: “l
A ¢
N :
,.
ll )
Lbiabal Ll VoHanoimiin 7 -

A Improved IP and secondary vertex resolution

expect for ECL crystals andA Better K/ separation and flavor tagging
a part of Barrel KLM A Higher Ks, ? and slow pion reconstruction efficiency

12



United
Kingdom
Ireland

Belle 1l Collaboration

9
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~900colleagues108institutions, 25 countries/regions
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Belle Il Schedule

“C Goal of Belle I1/SuperKEKB

50f

duf— 3 months

(ab™)

Integrated luminosity
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17 zn?’ 2019

Phase Il
(Partial Belle ll)

2020 2021 '2'-:122‘013 2024 2025
Calendar Year

Phase Il
(Full Belle Il)

Phase:lcommissioning of the
main ring; installation of outer
detectors; vacuum scrubbing
and beanbackgroundstudies

Phase Il start of the collisions,
detector commissioning
without vertex detectophysics
runs on Y(4S) [April 2018
July 2018]

Phase Ili full detector operation
at the beginning of 2019
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First collisions on Phase ||

Most of the Belle Il

] [ A m
detector 24000] A P
subsystems are % b saen 208 |
working well. We 5 800 '+ : Praliminary
have signals e

+ A |
x s My ot et P8 bt ph b
involving photons AR it gy

and charged tracks.

S
2

: K. — nrn
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&450450‘470 48049 05 0510520530540455
mia'x) (GeVic?)

— X1lo'3 v | B | 1 1 v 1
2 1.5 |- Belle I 0*0 Ldt=~5pb” .
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g ' ,E>015GeV

- -
8- 10} : : -
= - —+ Data ) ' j
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8 i n ~'/ :)\'M’Mm'ﬂj
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. T — // ]
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m,, (GeVic* )!

A Phase II: from 26/04/2018 to 18/07/2018
A Total integrated luminosity: 500 "H



Atipical _ pair candidate

0 _ o =~ _Alppgh A

Hits in KLM




E 1':"}[] [— T T T T T —]
E | Belle Il 2018 (Preliminary) —+— Data
— rrern MG total (stat & sys)  —
BOO - fLﬂl _ 201 pb” v ﬂ: 5 sy's) _
- w0 Tmm T‘E-'EI —= Amv

o | 5ET T
s ' : |I5Iii |
= ﬂlE :_' |. 1 | ||

0 2.2 3

3.5
M, [GeV]

AData agrees well with MC after event selection
APerformance of subsystems is good enough as expected
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Evenis

Data F MC

YI aa

Mmin distribution @ 291 pb-1:

B0 Belle if 2018 (Preliminary) —— Data E
(A MC total (stat @ &

500 Jlnt =201 pb” ' l: il E

L™ — Eaty -

400 %y — Ol -

a5
M, [GeV]

* Tau mass from Belle early data is
consistent to previous results

m, = (1776.4 x 4.8 (stat)) MeV/c2

Ay . Stf

Measured in T-> 3nv

5 . . :
Mfrrr'n = \/M'I:r + Eififrf:fJJJ M ﬁ'h;”ﬂ_’-:: - ‘Fj_?-rr"I

Distribution of the pseudomass
is fitted to a empirical edge curve

Events /| 5.0 MeVic? )

Pull

]
=2

10F

60
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30f

20}

[=
TTT

= S m
T T

Belle I .
2018 (Preliminary}
+ Data

det:E!EH o’

7 172 174 176 178 18 162 184
M, (GelVic®)
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CLFV decays at Belle Il



Analysis strategy

A Key to searching for rare decays:
Understand backgrounds and reduce them as much as possil
A Search for various decay modes:

— 17— P Simple

- 1= K, Ah

— 7 - £Vy(— hh") Difficulty of
— 75 £P° (> ) background reduction

— 17— fhh'

- T4y Hard

A Analyze the modes from simple ones to hard ones
A Provide feedback to next analyses of similar final states
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Analysis procedure
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