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Introduction

Observed neutrino oscillations signal violation of lepton flavor in
the neutral leptonic sector.

= What about LFV in the charged leptons?

LFV violation in the charged leptons is highly suppressed in the SM
even after the inclusion of neutrino masses:

= Neutrino masses are expected to be much smaller compared to the
electroweak scale, M, = 80.4 GeV.

= Searches of LFV in the SM is beyond experimental reach: w=

W:l:
2 ag2 2 NS 5 s
B(T—>t’7)oc[ — "’) ~ 107 ~ 1074 ey
M, A4

Observation of LFV in the charged lepton is a clear signal for NP
beyond SM:

= Many extensions of the SM such as supersymmetry, little Higgs
models, extra dimensions predict enhanced LFV.

= LFVin 1 decays can be as high as 0(10%)
« Within the reach of current experiments such as Belle Il
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BB
Introduction

Searches for charged LFV is currently dominated by BaBar and
Belle experiments.

= Most of the results are in T decays
* Heaviest lepton: less GIM suppression compared to muon.
» Strong coupling to NP contributions.
* Many possible LFV decays
T LFV violation decays studied so far: 48 channels in total
= T->3/
= T VO (V0 =% K, K*, w, ¢)
 T=>/hh’(h=mn K)
= 1->A W Ah
= Ty
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Belle at KEK

B - Factory

« Electron-positron collider (operated during
1999 — 2010)
« Asymmetric E: 8 GeV (e’) and 3.5 GeV (e*)
= Mainly operated at the Y(4S) resonance
(10.58 GeV)

« Total accumulated luminosity: 1023 fb-1
= T cross section ~0.9nb
= About 9 x 108 1T events at Belle
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Lepton ID efficiency ~ 90%
Belle Detector Fake rate ~0.1% (electrons), ~1% (muons)

. = Aerogel Cherenkov cnt.
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Luminosity at the B factories

(fb™')
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>1ab™!
On resonance:
Y(5S): 121 fb!
Y(4S): 711 b’
Y(3S):3fb!
Y(2S): 25 fb "
Y(1S): 6 !
Off reson./scan:

~100 fb!

~ 550 fb™*
On resonance:
Y (4S): 433 b’
Y(3S): 30 b
Y(2S):14 b’
Off resonance:
~54 fb!
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T— I I* I : Analysis Strategy
Blind analysis: optimization of event selection is based on MC
samples | | .
= Signal and background MC events from T+ T- signal side r |
decays are generated by KORALB/TAUOLA. /
T+ T events are divided into two hemispheres: e 2« o
= Signal 1: Look for T decaying to 3 leptons 'c+>
= Tag T1: one charged track, any number of y and v /
Major backgrounds: )
- v.y tagside
\s
e+ e-
" qf Y
74
Two Photon 1—/] .
qq \'

Radiative Bhabha
22/06/16
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T— I IF I : Analysis Strategy

On the signal side

Extract signal from the two
dimensional plane of AE and 3 |
invariant mass:

AFE = ECM ECM
beam

M3y \/ ~P3)

Estimate background from the data
sideband regions.

(e)r—>e uu’: B

AE (GeV)
-
w2
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T— I IF I Results
Based on Belle data set: 782 fb1

No events observed in the signal region

for all the 6 modes studied
Very good lepton ID
= Almost no background
= Expected background events:
0.01 - 0.21

Br<(1.5-2.7) x 108 @ 90% C.L.

(Phys. Lett. B 687, 139 (2010))

Similar results from LHCb.

Mode £(%) Ngc Oy (%)  Nops B (x1078)
T~ e ete 6.0 021+£0.15 08 0 <27
T - putu 7.6 013006 74 0 <21
T e pntp 6.1 0.10+004 95 0 <27
T~ —>puete 03 004+004 78 0 <18
T setpp 10.1 0024002 76 0 <17
T~ > ptee 115 001+001 77 0 <15
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T —/ h h’ at Belle

Based on Belle data set: 854 fb1
Similar analysis strategy:

Removes 75% of the generic tt

background with

= Signal side selection: a lepton (e or g) and two h (T, K)

» Tag side selection: a charged track (either
a hadron or lepton), any number of y and v
Major backgrounds: y hh’ : continuum and

—

(GeVic

p" _r

generic TT decays, e hh’: two photon processes.

Suppress dominant backgrounds by either
cuttingon M2_.__=E?
Pmiss and IVlzmiss
» forehh’,pmm p KK:
-1.5 GeV2 < M? .. < 1.5 GeV? (hadronic tag)
-1.0 GeV?2< M? ... < 2.5 GeV? (leptonic tag)

= for p mK: larger residual background
Pmmiss > -8.0 x M?_... -0.5 and p,,;cc > 8.0 x M2 ... -0.5
(hadronic tag)
Pmiss > -9-0 x M?
(leptonic tag)

miss miss

miss
+ 0.4 and p, ;. > 1.8 x M?_,..-0.4

miss
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In the signal region: 1 event in p* " mand p- t* K (consistent
with expected background). 0 events in other modes.
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T —e h h’ Results
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* Br<(2.0-8.6) x 10 @ 90% C.L. (Phys. Lett. B 719, 346 (2013))
* Signal selection efficiency: 2.55% — 6.56%
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T—>IV0(V0=P0, K*O’ l_(*alw5¢)

Based on Belle data set: 854 fb1

Similar analysis strategy as in 31 and | h h’ channels
= Reconstruct p° from mm and ¢ from K+ K-, w from mm n® , K?from K* mand K™

from K-

= Charged K and m are identified based on PID. K (m) ID efﬂmency is 80% (88%) with

mid-ID rate of ~ 10 — 12%.
Major backgrounds:
= uV0:continuum and generic TT decays,
= e VO two photon processes and
inelastic V° photoproduction (e*te— e*e V9)

Extract signal from the IV? invariant mass

and AE distributions

AE (GeV)
=)
'
r

=3
~N
I

1 eventin p¢, i K%and
u- K°(consistent with bkg) _,

0 event in other modes.

18
2
M, (GeV/ch)
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AE (GeV)

(@) ep .

1.7 1.8
Mg (GEVICY)

«0.2

(b) 1—>o¢

0,4
1.7 18
M,, (GeV/c?)
«0
0.2 (e) teK
o i
02 | REIELINE
. Lot
04 |
. I. I 1
1.7 1.8
Mgz (GEV/CY)

Bipul Bhuyan | 2nd International Conference on CLFV 2016

(c) ten .
éaz— o
e Y R
0 .--.D.-- .
E.I A - ool
02 F
be. .l il e
04 oo % v
..... ...... P
06 F..% . .
2. * e -l
1.8 1.8
2
M,,, (GeVic’)

* Br<(1.2-8.4)x10% @
90% C.L. (Phys. Lett. B
699, 251 (2011))

* Signal selection
efficiency: 2.38% —
7.58%
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T—ly

Existing published result is based on Belle data set: 535 fb-! (Phys. Lett. B
666 (2008)
Similar analysis strategy as in 31 and | h h’ channels

= |dentify signal side lepton based on PID, tracking detector and ECL.
+ M ID efficiency is 90% with pion fake rate probability of 0.8%
+ e ID efficiency: 95% with pion fake rate: 0.07%

= Charged track in the tag side is required to be not a u (e) for the p (e) channel.

Dominant backgrounds:

= uy: 7T events with T>u vv or T2 nv (with m misiD) 6
+ ISR photon or beam BG.

T

= e y: radiative Bhabha and T* Ty § il
S |

Apply selection cuts on p,,.. and m?_._. N
distribution to remove 1T background o

Bipul Bhuyan | 2nd International Conference on CLFV 2016 22/06/16
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Observed 94 (23) events in the
5 o (30) regions.

Expected: 88.4 + 7.4 (15 + 3.1)

Observed 55 (13) events in the
5 o (30) regions.
Expected: 42.8 + 3.7 (8.1 £ 1.6)
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T — M Y : Updated Analysis

* Full data sample from Belle:
980 fb1.

* ~6.5% signal selection
efficiency

 Expected background: 115 + 11

* About a factor of 1.5 increase
in sensitivity.
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T—A h, A h (h =TI, K) Allowed within GUT framework

Based on 906 fb-! of data from Belle r A K r A K
4 decay modes studied B 0 -1 0 B O 1 O
» T>Ah(B-L C?nse_rving) L 1 0 0 L 1 0 O
= 1 -> A h(B-L Violating) . BL -1 1 0 B-L -1 1 0O
Select three hadrons on the signal B-L Conserving B-L Violating
- | |

side, require A vertex, reconstruct A from a proton and an
Dominant backgrounds:
= 17> mK, v with K, mis-ID as A : Rejected by K, veto using M_,
= qq background having A and . Reject by vetoing proton on the tag side.

- mis-an7-r-p - p w0
e \ T /W . m
fy
\ ____A——-v/ 20 D

o 70 Sy
e 1\ o |} reject!
Ty ipi ut

o Ueth__+ sh 4l
0 0.5 1

P(p/n) for the hadronic tag-track

Skl
€3

Bipul Bhuyan | 2nd International Conference on CLFV 2016 22/06/16 19



T—Ah,Ah(h=mK)

No events seen in the signal region.

<04 F - — 204 F - — ;0-4 — — §0-4 - - — —
é (o) 7" =>An~ .| & (b)Y "M . | & ()T —=AK~ | € | (d) 7T AK
Yoo L . Woo k- g 1902 e wo0.2 -
0—.12’55&@55512
-o.z-:'::::;:ff: v
Rl A ST
1.7 1.8
M, (Gev/c?) M., (Gev/c) M. (GeV/c?) M. (GeV/c?)
Mode e (%) Npc Osyst (%) Nobs Soo B (107%)
T— — ATm™ 4.80 0.21 +0.15 8.2 0 2.26 2.8
T — {\71" 4.39 0.31 =0.18 8.2 0 2.17 3.0
T — AK~ 4.11 0.31+=0.14 8.6 0 2.17 3.1
T~ — AK™ 3.16 0.42+0.19 8.6 0 2.08 4.2
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90% C_L. upper imits for LFV t decays

Summary of tau LFV searches at B-factories.
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48 decay modes studied — Updated Belle results on | y to be

released soon.
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Belle Il at SuperKEKB

« KEKB is being upgraded to the SuperKEKB Collider
» Target: achieve 40 times more luminosity than KEKB
= Higher luminosity -> higher background -> the Belle detector needs to be upgraded.

Belle becomes Belle |l

« Belle Il will collect about 10'" T leptons compared to 10° presently
available.

70
’:\ E :;\ 102:11IIIIIIIIIIIIIIITI!IIII!IIIIIIIIIIIIIIIIIIIII1II
£ 60 NPyl 9 8 - Belle Il Projection (Viay 2015) 1
> . [ Goal: 50ab £ - i
2 SF e > 5 b e oo
£ 40F 8 "~ —e—Belle (Il) [ab™}]
3, Data taking will start in 2018 g Mo |
8 £
g 20 10
Q o
S 10
- | | | . |
0
x10%° 8
3 -
g2
cun [
224
g Eaf !
SE Hb
s4F ' | | | 5015 2016 2017 2018 2019 2020 2031 2022 2023 2024
02016 2018 2020/, o - 2022 2024 Year
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SuperKEKB nanobeams

At SuperKEKB, we increase the luminosity based on
“Nano-Beam” scheme (originally proposed for SuperB by P. Raimondi)

* I’ \
o e
er, ‘[3_” R,

To get 40x luminosity of Belle

Oy

. " Luminosity Gain . .
— Vertical B function at IP: 5.9 -> 0.27/0.30 mm (x20) Reduce beam size to a few 100 atomic layers!
— Beam current: 1.7/1.4 > 3.6/2.6 A (x2)

-2 L=2x10%*-> 8x10% cm%s? (x40)

KEKB

Parameter

LER HER
beam energy Eb 35 8

| beamenergy

By 0.28

0 i 415 mrad
£x 18 | 24 3.2 4.6 nm
K 088 | 066 0.37 0.40 %

Bx'/By" 1200/5.9 32027 | 25030 | mm
Io 1,64 119 36 26 A

& 129 %0 | o881 | 00807

ox*/oy" 100/2 10/0.059 um

% 2.1 x 1034 8 x 1036 cm-2s-
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KEKB upgrade - SuperKEKB(nano-beam)

Feb 2016: First turns at SuperKEKB

Bellell Two separate focusing
| Newir Quads/each 2 beams
closer to IP;
Superconducting /
permanent magnets

lllllll

4GeVe+\

\‘ & bellows -
‘ “\ ‘ h .I 1/7
{/;r/

\'—ur”/

More RF/modify RF
Replace long dipoles with / Y
) systems.
shorter ones in HER

e U e
H Low emittance gui I Low emittance posntrons

Redesign the HER arcs to
reduce the emittance

New beam pip

s
W [SR Channed]
[Beam Channel)

New positron target /

June 2016: (LER Beam current 850 mA, capture section

HER Beam current 770 mA)




DEte CtO r U pg ra d e — Critical issues at

— 5 [rm?2
eHigher eventrate < L=8 x10°/em’/sec
¢ higher rate trigger, DAQ and computing o Higher background
* e radiation damage and occupancies
eImprove performance o fake hits and pile-up noise in the ECL
e try better PID options .
o low p p identification for b - spp efficiency BELLE =4
e hermeticity - missing E “reconstruction”

Csl(Tl) 16X,
-» new read out +
pure Csl {endcap)

——— Aerogel Cherenkov counter
TOF counter
“TOP” + Aerogel RICH

p/K, detection

\»0 — ;-. , 9
14/15 lyr. RPC+Fe X5 / ‘
-> scintillator (endcap) e i)
/

-

BELLE'" -?_' \;'- 2 ‘_ .'”-.’.

CDC: Tracking + dE/dx
- small cell + He/C,H,

» remove inner lyrs.
New DAQand %\ N \1
computing %% Sivtx. det. 4 lyr. DSSD

systems %\% - 2 DEPFET pixel lyrs.
‘R‘“\\\H‘: 4 lyr. DSSD




Schedule

3 phases in commissioning— operation :

®"  Phase I: without Belle Il detector, Phase Il: Belle Il rolled in, no SVD, Phase lll: Full detector on
JFY2010  JFY2011  JFY2012  JFY2013  JFY2014  JFY2015  JFY2016  JFY2017

KEKB
operation

= .
| Now (June 2016)

Phase 2 commissioning:

® Low beta* tuning

® Collision tuning

® Start physics data taking

Dismantle KEKB >

First day of removing m

agnets

Startup and
conditioning

Phase 1 commissioning:
® Low emittance beam
tuning

® Vacuum scrubbing

- -

Phase 1 beam tuning

starts (Feb 1, 2016)

Bipul Bhuyan | 2nd International Conference on CLFV 2016

1 A

I
I | Phase 3:
I
I

@ Install VXD to complete Belle Il
® Continue physics data taking

AN

Phase 1 Phase 2, 3

SuperKEKB
operg;cion

Install QCS and
Belle Il

-

22/06/16
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10 years
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Prospects of LFV at Belle Il
« Belle Il will collect about 10'" T leptons compared to 10° presently
available.

« Sensitivity depends on the background
= 1->3 leptons mode is still very clean at Belle Il
= For 1>y y better understanding and control of the background will be

necessary. Eé A
510 ¢ ®
CLEO
-
- ) ® Touy
A B ToUN
e e . -7 | A ToUMU
* Sensitivity improves as 1/ fLdt for decays without bkg 10
* Sensitivity improves as1/ [fLar for decays with bkg PY
Belle ]
-8 O
10 A o
A O
10 - Bellell
07 107 10t 10

Luminosity (ab")

SEH i,
€3
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Belle Il Collaboration

23 countries,
98 institutions,

615 collaborators as of June 2016.




Summary

B-factories are also 1 factories. Produced O(10°) tau pairs so far.

= Studied 48 LFV decay modes at Belle, x100 increase in sensitivity
compared to CLEO.

= No signal event is seen in any of the modes. Set 90% CL upper limits in
O(108).

The prospect to search for CLFV at Belle Il looks brighter
= The full range of T LFV is only accessible at Belle II.

= Accelerator upgrade is finished, beam was turned on in Feb 2016.
Detector up gradation is continuing.

« With higher luminosity, expect higher background for modes like ly: efficient
background reduction will be key.

» Sensitivity for modes like 3 leptons will pretty much scale with the
luminosity.

= Start of full Physics run: 2018, reach 50 ab! by 2023 — 2024.
 Sensitivity reach for CLFV up to O(10° - 109)

Bipul Bhuyan | 2nd International Conference on CLFV 2016 22/06/16
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Central Drift Chamber (CDC)

Wire configuration
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Commissioning the Machine

During phases 1 and 2 a commissioning detector will be used — BEAST Il
(Beam Exorcisms for A Stable ExperimenT).

Will be used to measure beam backgrounds, before Belle Il is rolled in and
fully installed.

|
Phase 1: 2 MicroTPCs in ‘

8 positions used to
measure neutron
backgrounds, and PIN diodes
used to measure ionising
particle backgrounds.

Every other PIN diode
coated in gold paint, to allow
for separation of charged
particle and x-ray
contributions. Slide from M. Barrett
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