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Motivation to Belle Il

B factories (Belle / BaBar) collected 1.5 ab™ Integrated Luminosity in Belle + BaBar

— Asymmetric energy : 3.5/ 8.0 GeV zz %_K'l:KBlJfP'lEP"l'Deci;ve Jil‘é%i'm‘;ilii;‘;’fdé“imigml | E
Many discoveries in the Standard Model s - TR T N "-‘3'7 :
— CKM mechanism of CP violation giz: 3 Obmmd ;} /Z(lz;gf's“;n‘”ﬁg?%
Next generation: Search for New Physics f - _ o Egﬁfg;:%j:;:z;ﬂ*“m_f
via precision measurements %, so0 [ Dot Ohyglationin B> Z DCPl 8K —
Advantages of a new B-Factory T _Obmmgfspml — E
— Clean event topology CE T g
 Full reconstruction/flavor tagging T A A e e e
 Neutral particles in final state Lorentz boost
— Rich and clear Tau decays 7'/3213(' e
— Sensitive to NP mass ranges _
complemental with LHCb ¢ (8GeY)
=> Sensitive to Lepton Flavor Violation
New Accelerator / Detector : SuperKEKB and Belle I -~
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SuperKEKB / Belle Il =

7 P——
Nano-beam 5mm O
scheme | . Belle I

—L_.-. i )
ew IR

-‘

" New beam pipe
& bellows

[l

Low emittance
- FOCUS On Sma” B*y X 20 positronzttoinject

e+ 3.6 A

S
I35

54

Add / modify RF systems
e

KEKB is upgraded
to SuperKEKB !

* 40 times higher luminosity

for higher beam current

Positron source

Damping ring

New positron target /
capture section

— Increase in current : x 2

Riae &,
=> Integrated 50 ab™ s

Low emittance gun

Low emittance

=> 4.6 X 1010 T paIrS Wl” be CO”eCted electrons to inject
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Belle Il detector

Electromagnetic Calorimeter (ECL)

waveform sampling electronioesss. |
Csl (T1) (barrel), Pure Cs| (end-caps)

Electron (7GeV)

Vertex detectors

2 pixel layers (DEP
-Si o/ lave
4 double-sided s ///////

// 7

(. .

Tracking detector
Central Drift Chamber (CDC)
He(50%):C2H6(50%), small cells,

\Iong lever arm, fast electronics )

KL and muon detector A

»ResistivesPlate Chamber (barrel outer layers)
ntills /LS Eiber + SiPM
arrel |
rrel layers) )

Positron (4GeV)

ticle identication

Time Of Propagation counter
(barrel)

" Aerogel Ring Imaging CHerenkov
detector (forward end-cap) Y,
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History of Belle Il

KEKB Stopped (2010) 2004 LOI
Phase 1 (2016)

— SuperKEKB commissioning
before collision

Phase 2 (2018) : Beam collision

— SuperKEKB +Belle Il commissioning

— Belle Il (w/o VXD) Roll-In (2017)
+ BEAST Il (BG monitor)

KEKB stop (2010)

lUpgrade

Phase 1 (2016)

Phase 2 (2018)

« Phase 3 (2019-) : Physics run
— Full Belle Il (w/ VXD)
— Search for new physics!

Phase 3 (2019)

New

Physics?
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May 2016: TOP £2#

.?’-'.
’ P . .

» o

' Apr 2017
“ Belle roll-in |
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First Collision at Phase Il run

First collision at 26/04/2018
* 3 months operation until 18th July
 Almost full detector worked well

Belle IT

Integrated Luminosity : ~500 pb (e

KEKB J§

- 4
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Rediscoveries in Phase Il samples
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First plots

Integrated Luminosity : ~5pb-!

Belle Il is working nicely
=> Good Tracking, Clustering, PID
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First plots

Rediscoveries in Phase Il samples

« Integrated Luminosity : ~bpb-!
« Belle Il is working nicely

=> Good Tracking, Clustering, PID

B mass

B‘»>D(K7:,K3rr,Knn”,KK,KSnO)Tﬁ
B*->D(Kr, K3n)p*

B*->D (K, K3m)r*

B%->D, (Kr, K3m, Knn®)w™
B°>D (K, K3m)p®
BO->D*(Kma)r
B%->D*(Knn)p®
B->Jhp(e'e’, utn) K
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hadronic B* tag

Full event reconstruction for B tag

hadronic B/ B" tag

Events / bin width [c2/GeV]

Pull

B R B AR AR AR R B o e e M MRE B ey
= Belle Il preliminary fdf,C:[).Sfb‘l N - %' — Belle Il preliminary /dfﬁ:[)_{;ﬂ;‘l .
14Dj -] o L _
C '+' Prr1 > 0.2 N & — Prrr > 0.2 —
120 — o ¢ ]
100 = . Background = '5 L -
80— — = gl —
C \ £ _ -
60— = o) - ]
C —i—+ - ~ 40? =
40 A — g — 2 - = N
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my, [GeV/c?]

e« ~571(389+182) fully reconstructed B mesons

* Improvement of a factor of ~O(3.6) in overall efficiency
=> Advanced analysis method covering more decay channels

— The Full Event Interpretation arXiv:1807.08680

My [GeV/c?]
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T pair candidates with t->3nv

e T pair are also extracted in the beam commissioning data

-200 =150 -100 =50 0 50 100 150 200

Hits in KM

I
UHH
100




T - 3ntv in Belle 11 early data

% 1000 — -
o . Belle Il 2018 (Preliminary) —4— Data
L i i —
- . e MC total (stat @ sys)
800 T f Ldt = 291 pb” 4 ]
i T tsig_hs‘—tv
600 | o vy — Other N
B A
400 i other |
200 | N
0 .
Q b IR I L U e E
s 1 :
g 05 1 I 11 "|-“--|“"|“"|“"r_f
2.5 3 3.5

e Data has good agreement with MC after selection cuts
* Performance of the subsystems is enough as expected
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Events

Data / MC

T mass in Belle Il early data

Mmin distribution @ 291 pb-1: Measured in T -> 3nv
*0F Belle 11 2018 (Preliminary) —}— Data 1 M, = \/ M3 + 2(Ep,m — E3p)(Esy — Psy)
500 F J'Ldt=291 pb” ' k ]
400 |- . 1 Distribution of the pseudomass
L T " 1 is fitted to a empirical edge curve
200 |- R
- ] cj‘f § | Bel;e n §
1005 E 601 + 2018 (Preliminary)
ok - o u 7
1.5 Frmm e P e d e T T E >0 4 Data
1f 2 4o _ 4
05 E_"I""I""I""I" "'I'"'I'"':""I'"""'I"'"I""I""I"'"""I""I""I""I'"'"'I' 'I | #'I 1 T E L%) E fL dt - 291 pb
0 05 1 15 2 25 3 35 305_
M i, [GeV] 20
. 10F-
* Tau mass from Belle early data is g
0_ | | | | | |

consistent to previous results
m_=(1776.4 * 4.8 (stat)) MeV/c2

Pull

17 172 174 176 178 18 182 184

M., (GeV/c?)
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Phase lll started for physics!

— x1033|_'10-' T T T T T R 160
_>.-—-J-. —— ..Wa — ] L |
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3, We are here!
- -
i L
a l —

A A L i 1 i I i i A Il i I |-n
ohgmes 1/1/2021 1/1/2023 1/1/2025 1/1/2027
1/1/2019

Restarted at 25th March
with Full Belle Il / SuperKEKB
* Peak Lumi. :4 x 1033 cm2s!
* Int. Lumi: 3 fb?

=> Increasing Luminosity |



Channels to cLFV in Belle Ii

* A number of studies for charged Lepton Flavor Violation
is carried out using (almost) full Belle data samples of 1ab

— b — lls : LFV in B decays
— T physics : tau decays from tau pair productions

* Both are very rare decay search and possible to investigate
in B factory experiment thanks to clean signature

— More statistics in Belle Il will bring us to prediction in NP
* Review based on Belle results to prospect to Belle Il



Flavor anomaly in b — sll

g I A

e b — sy followedbyy — [l
— Added a box diagram
— Rare decay in the SM

— Sensitive to Supersymmetry
2HDM, Fourth generation, ...

=> Nice place to look for new physics



proceeding to LHCb

|+|- rest frame

e

* Forward-backward Asymmetry to parent B

dAyp(q®)  N(q* Oper > 0p,-) — N(q*; Oppr < Op-)

dg>  N(q% Ope+ > 0pe-) + N(q?; Ops+ < Ope-)

e Measured Wilson coefficients

A 2
dArs(@®) _ o e(a) [Re(og)pl . i_;,c?pz]
dg? q

e A deviation => Hints to New Physics?

1

Events / 0.25
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- 075 05 025 0 025 05 075 1 -1 0?5 4}5 025 0 02 05 075 1
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[ e —

L= . © I R = R = « R = % I
e [TT

* 74 J—
B - K'l"l PRL 103:171801,2009
1

- AN AN AR AN L | I T B A
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q%(GeVA/c?)
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T

DEE 5. 225 5.25 5275 53
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B — K*l*l sensitivity in Belle Il

Rich channels to probe not only LFV but LUV
=> Still difficult to measure the branching ratio preciously

Belle Il provides more precision measurements

PRL 103:171801,2009

R(K*) = 0.83 = 0.17 = 0.08
R(K) = 1.03 = 0.19 £0.06

Observables Belle 0.71ab™! Belle IT 5ab™! Belle IT 50 ab~!
Ry ([1.0,6.0] GeV?) 28% 11% 3.6%
Ry (> 14.4GeV?) 30% 12% 3.6%
Ri- ([1.0,6.0] GeV?) 26% 10% 3.2%
Ry (> 14.4 GeV?) 24% 9.2% 2.8%
Rx. ([1.0,6.0] GeV?) 32% 12% 4.0%
Rx. (> 14.4CeV?) 28% 11% 3.4%
CLFV at Belle Il 19



Events/ 0,003 Gewic?

M, [ Gevic?)
"‘H [
= xsF Bl & decays
2Ok Bl 5 —chammiess
= M I o7 continuum
o -
£ 15
i
=
L

—
=

LN

22

LFV K*I* 1~ decays

i

—
=]

M

LN

1]

[Belle, arXiv :1807.03267]

e

X B B decays
5 Bl 5 —chamiess
aoF B o7 continuum
154

Moaode

£ J.H'i;rs_ig P\TE[ETEL B UL
(%) (1077)

B Ky te
B K*'y—et

B" = K*"u*eT (combined)

88 —15737 52 1.2
9.3 04073 74 16
9.0 —1.18755 80 18

54 522 523 L2 535 526 527 L2B 5.9

M, ( Gevic’)

571 522 523 L 535 526 527 LB 5!?'3

Belle opened world best constraints
of the LFV K*I*1~ modes
B(B° - K*ute™) < 1.2x 1077
B(B° - K*°u et) < 1.6 x 1077
B(B° = K*9uTeT) <« 1.8 x 1077

Belle Il can reach 90% of UL at
O(102) with 50 ab!

CLFV at Belle Il
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Search for tau LFV

* Lepton Flavor Violation (LFV) is highly suppressed in the
Standard Model (SM) even if neutrino oscillation is taken

— Br < 0(10~%) => Experimentally unreachable

 Many extensions to SM predict to enhance LFV to be
observable in current experiment facilities: Br ~ O(108)

=> Observation of LFV is an clear signature of the New Physics (NP)!
* Tau lepton - the heaviest charged lepton coupling to the NP
=> Many possible LFV decay modes related to the NP models
Standard Model SUSY | Higgs mediated
\WY f\J‘jJY 5{- AIJM‘Y Q\\V/< 'u+
Q 2

’Cﬂu T v* u T ,'/ U

CLFV at Belle I 21




Predicted BF in various models

* Various models predict BF fort — uy and v — uuu

e

SM+ v mixing EPJ C8 (1999) 513 <104 --

SM + heavy Maj vy PRD 66 (2002) 034008 107 10-10
Non-universal Z’ PLB 547 (2002) 252 107 108
SUSY SO(10) PRD 68 (2003) 033012 108 1010
mSUGRA+seesaw  PRD 66 (2002) 115013 10”7 102
SUSY Higgs PLB 566 (2003) 217 10-10 10”7

Numbers correspond to the most optimistic case

Super B factory will reach a possible region to 7 LFV!

CLFV at Belle Il 22



Predicted BF in various models

e Ratio of Tau LFV decay BF provides discrimination of NP models

(M.Blanke, et al., JHEP 0705, 013(2007), CYue, et al.,PLB547, 252 (2002))

SUSY+GUT Higgs Little Higgs | non-universal
(SUSY+Seesaw) mediated Z’ boson

H”””) ~2X103  0.06~0.1 0.4~23

T >y

(T ” ”ee) ~1%X102  ~1X%X102 0.3~1.6 ~16
T - py

Br(t = uy) <107 <1010 <1010 <10°

Favorite modes T — uy < > T = uuu

* Itisimportant to search for various kinds of T LFV
=> Almost all decay modes were studied using the Belle data

CLFV at Belle Il 23



Search for tau LFV in B factory

* Various interesting channels studied in B factories
=> Pick up two modes in this talk

— T > {41 m) Possible to access in early Belle Il

— 17> YK, Ah

— 17— {Vy(— hh")

— 1 ¢P° (> yy)

— 17> fhh'

- T4y » Sensitive to many NP models but

More serious in BG in Belle |l

* Rare decay search :

=> Understand backgrounds and reduce as much as possible
* Review Belle results proceeding to Belle Il

CLFV at Belle Il
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Analysis procedure

ete”™ — 777 : No missing in signal side S:'ﬁii;ﬁ
° ° +
I_. Signal side: pup K
- Fully reconstructed
-, Tag side: 1 prong + missing ¢ Generict decay
-Br~85% Y
Signal extraction: m,,,, — AE plane '(%5\0.2_msi'gnal MC
2
<

_ _ g2 _.2
Myup J Efup — Pupp ~ My

_ cM
— AE = Eﬁ% ~Eyeam ~0 L A LA

= 4+ + o+ = m o8 2/t

Number of Background is estimated o] | Sidebandregion”

using sideband data and MC IR
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Signal and backgrounds

LFV Signal

signal side H K
%u

v.y tagside

® Neutrino(s) in tag side
® Particle ID
® Mass of mesons

Major BG differs between
LFV decay channels

SM tt

2photon process

f = leptons, quarks

® Neutrinos in both sides
® Missing energy in signal side

qq

\Ly
e+ q e_
pet—
¥aq
‘</\ ® Many tracks

CLFV at Belle Il 26




Belle result :
T - 4L

Phys.Lett.B687,139 (2010)
Data: 782fb!

No event s are found
in the signal region.

Almost BG free !

— Expected # of BG:
0.01-0.21

AE (GeV)

AE (GeV)

=> Emphasize the low
background compared #u'u” 76

to LHCb

Br <

~ 108 at 90%CL

0.2r

_0.27‘:‘:2: AP D AU

b

04l

1.

WToeee

0.2r

04F
17 18
m_, (GeV/c)
‘ (d) TJ—)LI_C-LCL A

TR L85
m,, . (GeV/c)

AE (GeV)

AE (GeV)

02l (b) T

-0.2¢ SRS

0.2t

17 175 18 185

my ., (GeVlic )

GRS

L7175 18 185
m,, (GeVic?)

AE (GeV)

AE (GeV)

020

Belle result (2010)

0.2r

ST

02F

17 175 18 185

0.2r

T opee

S04p

165 17 175 18 185

m, (Ge\-";"cz)

mm

e ete”

e"utu- 6.1
u-ete” 9.3
u-etu” 10.1
e"ute” 11.5

CLFV at Belle Il

0.21+0.15

0.13+0.06 7.4
0.10+0.04 9.5
0.04+0.04 7.8
0.02+0.02 7.6
0.01£0.01 7.7

2.1
2.7
1.8
1.7
1.5
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Belleresult: T — uy, ey

Phys. Lett. B 666, 16 (2008)

Blinding box approach evaluating BG
out side the signal region

* Search with 545 fb!
— MainBG: Tt - uvv +ISRy
— miss/missing tracks
e T uy:Br<4.5x10% (90%CL)
e T—oey:Br<1.2x108(90%CL)

n 4
R e € €
T .0 T
\ ! \

| generic 1-’;?@;19 \
v decay ]

CLFV at Belle I

Belle result (2008)

TAWy

My (GeVic?)

1.65 1.7 1.75 1.8

1.85
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Background reduction

- Simulation —BGx0

at Belle II 104§—in Belle Il —BGx1 E
103 i_ selected_’ 4_selec:ted _i

* Timing information helps to reduce 10 s e
y from beam BG o Balab'™

— 16 % inefficiency in T = uy 1 ]

?u | \I] R 1 | I N N N SR T L |E

: : : ~100 50 0 50 100

* Event shape information provides ECL cluster hit timing [ns?]
good separation of ISR- from signal S

& —1.62 FE— % :-. ------- :z:g with goodGamma E

§-1.64__§m AE vs. Minv 5-: ' ------- BGx1

R Simulation in Belle Il 10°E ] BOx1 with goodGamma | 2
?;—1-685555 e T e ) 3 Simulation -
s fhnoodogos. AN inBellell
R e ! 5o =NeCnll = % i s
= -1.74 - :a,’ D-'_fi:.-;E‘i = aNSIEpgs H 7
—1.78;— D .‘Dn - 103% E
1oz | | o 0070402 030405060708 091.0
o ’ 2 . vaxco:soerfExsinu[(GeV/g)éE]i Energy of gamma [GeV]
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Expectation of LFV search at Belle li

Belle Il will reach the New Physics

Models in first several years

* Sensitivity depends on BG level

=> [mprove achievable
sensitivity

With final statistics at 50ab!

* B(t — uy)~0(107) and
B(t - pupu)~0(107)

= 1F
E 101 F
]
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109F
1011 F
1013
1015}

10-17F

10-19
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105 F

o ‘ ™1
- . ~
- veY AR
il i’ XN
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C v .

A 4 ].'. — {*"‘f ‘..'. ° [ ] -
== o [ — 3e e " = w
- MEG
- = uN —eN ¢ - VDb y
= & T Uy @MEGH
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* Slopes depend on background

CLFV at Belle Il

Year
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90% C.L. upper limits for LFV t decays

Upper limits at (Super) B factories

Current estimation with Belle Il final statistics

=> Many decay modes are reachable in Belle Il !

10°

10°

10”7

—
<
©

—
1
N
o

[ 0 0] 0 ]
by IP IS \V Il Ihh Ah ]
[
3 n® EmE m_n 3
— m | | ] || =
= = aE -
= v =
- v Vv v v :
Vy v v v vy
v v
— v Vv —
- v I vy 5
— v Y v?Y M 1y v .
| v _
C e .
| o e o °® ¢ °° a
S ® Lo .® o o0 ° ° .'.0 3
— ™ ° ° ° =
— .. ° '. [ ] .. L 2P ® -
— ® (] o ® -
- ) -
1N I I T T 1 (I I I O O
==UV%

SRR MQ%% 33 'vo'z'zo'x'r l:xx " v xxox‘“’!‘”lz kv v <I<<l<

+ +
“’3-@101031@1‘”30)1 0z vz 1“’10303111@ ke lznziéléxfw“’q’iwimig e
v'z'v's'o 10.310310)1@1011‘4& BR'e\\

The Belle Il Physics Book arXiv:1808.10567

CLFV at Belle I

: ~102 lower

= CLEO

v BaBar
Belle
LHCb

e Belle ll

31



Summary

B factory is open for both B and t physics in new physics search
— Studies with B/t pairs are carried out in Belle and BaBar
— No significant result has been found yet

Belle Il started full operation at March 2019!

— Belle Il detector is confirmed in Phase Il run of 2018

LFV in B decays into dileptons is nice to look for new physics

— Search for B » K*1I* 1™ in Belle opened best constraints
Many of Tt LFV channels are reachable in early years of Belle Il

— Improved Upper limit of Branching fraction by O(10-%)

More details are in “The Belle Il Physics Book” arXiv:1808.10567



https://arxiv.org/abs/1808.10567

Backup



= ‘ 'v Belle detector
7 KEKB B-Factory =

ARES copper
cavities (HER)

l‘ "'-
‘/ -
.= tu

t-factory at Belle

TLFV search using full Belle data

 KEKB: asymmetric e+(3.5 GeV) e-(8 GeV)
— Peak luminosity: 2.1x103* cm2s?

= TRISTAN

=> World highest peak luminosity L

- ofr)~ 03 nt i g R

~
— o(bb)~1.1nb
Electromagnetic Calorimeter Aerogel Cherenkov Counter

=> pure Tt can be collected L —

K7 separation

et~ K_identification =

e Belle Detector:

TOF Counter
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Theoretical predictions

* MSSM cannot make T — uy according to recent results
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=> These models are possible to search by T — uy in Belle Il
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T pairs selection in Belle Il data

T pairs are collected by tagging method
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Upper Limits of Tau LFV
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= Belle + CLEO = LHCb

= ATLAS 4 BaBar

Belle best upper limits in most of the channels
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