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J KEKB and Belle

d SuperKEKB and Belle Il

1 7 physics at Belle, Belle Il
v' LFV in 7-decays
v' Rare 7 decays (r—>t¢fvv, t>fvvy)
v' CP violation in 7 decays (7— K°zv)
v’ 7 mass measurement
v' 7 lifetime measurement

J Summary
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The KEKB Collider
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Belle detector

« Asymmetric energy collider
(8 GeV e x 3.5 GeV eY)

* Vs = My us) (r(ns), n=1,2,3,5)
* Lorentz boost: By =0.425

* Finite angle beam crossing
(22mrad)

Peak luminosity (WR!) :
2.1x1034 cm s

=2x design value

First physics run on June 2, 1999
Last physics run on June 30, 2010

Loeak = 2.1x10%/cm?/s

[£ dt=1.04 ap?
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Data at KEKB/Belle
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SuperKEKB Luminosity profile

70

60

Goal of Belle 11/SuperKEKB

50 ab?

50
40
30

Integrated luminosity

(ab?)

20
10

e
A
o
w
n
=]

N

Assumes full operation funding profile

Assumes adequate
staffing of SuperKEKB

Physics run will
start in. 2018

Peak luminosity

(cm2s1)0

2

17 2018 2019 2020 2021

2022 2023 2024

2025



Belle Il Detector

Belle Il is built on basis of Belle

KL and muon detector:
Resistive Plate Counter (barrel)
intillator + WLSF + MPPC (end-caps)

J Main structure and o

magnet are reused EM Calorimeter: =
Csl(Tl), waveform sa ‘\\\\ \\\\\

A

Pure Csl + waveform \\\@

O ECL and KLM are
mostly reused

ification

— )agation counter (barrel
electrons (7GeV) e e — Prox. focusing Aerogel RICH (fwd)
o ~ kR &

drif chamber, BeryIIi_um beam pipe
2cm diameter

PID, partially KLM | A
are upg raded Vertex Detector ///// '
2 layers DEPFET + 4/Jaye E

O All electronics is replaced

L Vertex detector,

fpositrons (4GeV)

He(50%):C2Hs(50%), small cellgiss
long lever arm, fast electronics .




Detector improvements

O Smaller beam pipe radius allows to place the innermost PXD layer closer to
the Interaction point (r = 1.4cm)
* Significantly improves the vertex resolution along z direction.

O Pixel part of the vertex detector, larger SVD and CDC
* Improve vertex and timing resolution, better flavor tagging, increases K efficiency.

O PID: TOP and ARICH
» Better K/mt separation covering the whole range momentum.

O ECL and KLM
* Less material in front of ECL;
* Improvements in ECL and KLM to compensate for a larger beam background.

O Improved hermeticity.

O Improved trigger and DAQ.



Physics at B factory

Accelerator
“‘B-Factory”, KEKB @, KEK

‘ o) Ba”» B
Y4s) - u
— Y )
“on resonance” production
ete - r(4S) - B.°B.°, B*B"
o(ete — BI§) ~ 1.1 nb (~10° BB pairs)

"continuum” production

ofe*e > cc)~ 1.3 nb (~1.3x10° X_Y, pairs)

r*7” production
ofete - 7*77)~0.9 nb (~0.9x10° 7 *7 " pairs)

Running at Y'(nS), e.g. )"(55)—»(3555)

O(e'¢ —>Hadrons)(nb)

Belle [ Ldt ~ 1020 fb?
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i .'.“. *'..:'h‘.’ w.bll\ ¥ ; M T
0
944 946 10.00 10.02 10,34 10,37 10.54 10.58 10.62
Mass (GeV/¢)

BB threshould

Belle Il [Ldt ~ 50 ab! => ~5 x 10%° T pairs

~ 50 x the Belle data sample

=> B-factory is also 7 factory! cComplement/Cooperative with z/ Charm factory



Introduction

 After discovery of CP-violation in B-decays by Belle and BaBar in 2001
(Nobel prize in physics for Kobayashi and Maskawa in 2008) and
Higgs boson by CMS and ATLAS in 2012 (Nobel prize in physics for Higgs in 2013)
experimental grounds of the Standard model are complete.

O The Standard Model describes known processes quite well.
SM is a valid effective theory at the current E-scale.

O However, there are indications that the Standard Model is not complete:

. neutrino oscillations, baryon asymmetry, dark mater;

. too many parameters, hierarchy problem.

O There should be something beyond the Standard Model — New Physics (NP).

LHC — New Physics beyond SM at High Energy scale
B-, charm-, 7- factories — search for NP using indirect probes
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Topics of 7 physics at Belle

7 lepton
—the heaviest lepton = 1.78 GeV (expect strong coupling to NP)

— the only lepton able to decay to meson(s) = various decays allowed

— belonging to the third generation

O New physics search in 7 decays

= 7 LFV (t—> Ly, t—> 6, r—> €hh’, ..)
" raredecays (r—>tCllvv,t>tlnv,t>Lvvy, 1> nrv,..)
= 7 CPV (71— KCzv..)

O SM precise measurement

=  BF measurement of hadronic decays

= evaluation of the spectrum of the hadronic current

= 2nd class current search (r— nnv, ...)

"= measurement of |V,]|

O 7 property measurement

" 7 mass measurement _ _

n lifetime measurement } Lepton universality
T li

= 7 EDM measurement CPV

= 7 Michel parameter measurement Lorentz structure of 7 decays

11



LFV in 7-decays

12



NP search with 7 (LFV)

O Lepton flavor is conserved in the SM

[ If we take into account neutrino mass and neutrino oscillations W (\J\j\’v
Br(z— uy) = O (107*°) and Br(z— uuu) = O (10™%)
(Pham, XY. Eur. Phys. J. C8 (1999) 513) T ﬂ M
V‘[ \}ILI

L Unobservable with current experiments!
O LFV is a clear signature of the New Physics

1 Many extensions of the SM predict LFV decays and their
BF may be enhanced to as high as O (1078), which is

within current experimental sensitivity
S-,
-~ v Ko ;S;:< s Ks (Ko)
L \al G ; a-’
SR _
T_ [« L U T —e T T— . M

SUSY Higgs-mediation LFV R-parity violation
13



NP search with = (LFV) (2)

O 7 is the heaviest lepton: many possible LFV decay modes.

L Ratios of BFs of 7 LFV decays allow to discriminate NP models —
need to measure LFV in as many modes as possible!

SUSY+GUT Higgs . - . -

B(t — ppp)

B(1T — pee)
B(t — py)

B {.T — .r'-f""}""}max

JHEP 0705, 013 (2007); PLB 547, 252 (2002)
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Reconstruction of 7- decays
4 o(e*e™> 777)=(0.919+0.003)nb = 0,, at Vs=10.58 GeV — B-factory is z-factory!

1 Due to Belle (Il) hermeticity and clean environment we can reconstruct the
whole event

L Divide event into two hemispheres by thrust

Q Signal variables for neutrinoless LFV decays:

_ 2
m \/E5|g psig . .
AE ECM ECM mﬂ#!‘ﬁ_ﬂ m‘.’ 1
sig beam 3o ellipse: blinded region

1 Sidebands are used
to evaluate
expected background




Backgrounds

O Many backgrounds, but we have ways to reduce them

two photon

e f = leptons, quarks
® Bkg for t— euu

e Bkg for t— uuu, ™ euu

#

/ e

/

4
‘ N\

* Neutrinos on both sides Radiative Bhabha
* Missing energy on signal side a9
b e+ /‘/"‘ e

e+ 7q z e e+ | e
q

" Bkg f-or.r.—> HUH * Bkg for t— eee '/’/e+
* Multiplicity ‘/‘/\‘ «  Multiplicity ;

16



T—>Cy

Predictions for Belle Il are based on Belle analyses.

Q Phys. Let. B666, 16 (2008) 5
L 535 fb~' sample, 4.77+108 t*t” events 3
U +30 blinded
O +20 for signal counting
Q B(r— uy) < 4.5+10°8 @90%CL
O B(r— e y) <12.0x107® @90%CL
E= AE-AEO)
M = 3.0%(M_-M_9)
a=46°

@) TOUY y 7

0.1

# of events/20MeV

'Y [
k74 B |

. ” .

17 17s T I8 T s
My, (GeVic?)

e

L]

04 02 0 0.2
Esina+Mcosa (GeVy



7—> 688

O 782 fb~" sample, 7.19x108 ¢*7~ events
O Phys.Let.B687,139 (2010)
O No events found in signal region

O B <(1.5-2.7)x10"8 @90%CL

mm—m

0.2140.15
pf,u*p,- 7.6 0.134+0.06 7.4 2.1
e~utuy~ 6.1 0.104+0.04 95 2.7
p"ete~ 9.3 0.044+0.04 7.8 1.8
p ey~ 101 0.0240.02 7.6 1.7
e ute” 115  0.01+001 7.7 1.5

03 (T e 1% 02 (TR
2 5 S
of 4 — ":/,;:;: -
R
L= Tl B S
ol .ff/;l;@.} E
02 (i i
D2F 0 seeaiaeillles
0.4f il
1.7 1.8 ) 1.7 1.75 1.8 1. 35
m_ . | GeV/c) m, {Ge\"f-.’: )
0 (e)T—ep 0 ' :é a2 {dit—pee )
. o
i =
4 N ™
ot 5 o
Ny
0.2 0.2
.-
1.7 1.75 L8 I.SS_’ 1.65 1.7 1.75 1.8 I.SS_’
m_ {(GeV/¢) m__ (GeV/&)
[0y 1D
03 (o) T—sc Pl % 03 T —pce ’
o
o} or
02 02
0.4 :
1.7 L75 1.8 I.SS_’ 1.5 1.7 L75 L8 1.B5 .
T T
m_, 1 GeV/c) m,  (GeV/c)
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L 854 fb™' sample

U Phys. Let. B719, 346 (2013)

O 14 decay modes:

° h’ h' = ni’ K*
77— € h*h'" (8 modes)

AE (GeV)

AE [Ge\)

* 7> €"h h'" (6 modes) (LNV)

0 B<(2.0-8.6)%10™® @90%CL

Mode s (%) Npe Toyst (Y0) Nobs Sgp B (10-¥)
T =t 5.83 0.63 +0.23 5.7 0 1.87 2.1
T = ptrr 6.55 0.33+£0.16 5.6 1 4.01 3.0
T e wtn 5.45 0.55 + 0.23 5.7 0 1.94 2.3
T etnn 6.56 0.37 £0.19 5.5 0 2.10 2.0
s KTK- 2.85 0.51 £ 0.19 6.1 0 1.97 14
T s utK K- 2.08 0.25 4+ 0.13 6.2 0 2.21 17
— e K+tK- 4.29 0.17 4+ 0.10 6.7 0 2.29 3.4
= = et K- K- 164 0.06 + 0.06 6.5 0 230 3.3
= s patK- 2.72 0.72 +0.28 6.2 1 3.65 8.6
T~ e wtK- 3.97 0.18 £ 0.13 6.4 0 2.27 3.7
= Ktr— 2.62 0.64 +0.23 5.7 0 1.86 15
7~ s e Kta 4.07 0.55 + 0.31 6.2 0 1.97 3.1
T =t Kr 2.55 0.56 + 0.21 6.1 0 1.93 48
~ = etK—n 4.00 0.46 £ 0.21 6.2 0 2.03 3.2

M, .. (GeV/ich)
- - - B
02 - @T—enm |
..... e R E———
a $ = ) SUTI
olly e
L LI s
' L
0F e v
0.4 iy
18 19
M, (GeVv/c’)

AE (GeV)

(b) Ty’
I |
. SEELEE ]
.. A - o
:%f*fi...!.!l
SRR RSN
_ »
=l
18
M, (GeVic’)
L (b)Toe'rr
:.'::::"':J::: .....
lemelltii
Lt
i
o
L |
1.7 1.8 1.9
M. (Gev/c’)
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Extension to Belle II .

O - ly

. . AN +
®BG situation e N e
~ T
T — lvv +gamma sources _ '
waveform sampling of y calorimeter
/ Shaper output
- . ‘:B . Shaper output f[f:ﬂ__ﬁuﬁ}
[SR : beam background ~ 9 : 1 for Belle case Z\ signal (+=1us) E
__,-; :F;'.I L ot :> .....-'}I .\ub t
ISR events, T — ly « luminosity ot Signal charge 2MHz, 18bits digitizer
. . . 1 1
beam BG & luminosity vAan=100n gtoT converter waveform fit to get energy
9 - (MQT3I004) and timing (i.e. Dgital
. 1 Signal Processing) by
.EffICIEnCY Digitized by TDG FPGA

* In Belle analysis, e._,, ~3%, e,,, ~5%
« This difference comes from BhaBha veto by trigger
= 17 events have similar structure to BhaBha ee — ee(y) (back-to-back)
Oee—ee(y)/ Orr ™ 5000
» In BelleIl, more clever algorithm will be considered:
« 2D(r-¢) recognition of veto -> 3D(r- 6-¢)
» position dependent energy threshold

20



Future prospects at Belle |l

Belle Il will collect N_. > 101°

* Branching ratio sensitivitv vs. Integrated luminosity

-7 8y; OC}/\/E

* Irreducible background; e*e™ > 777y
— 7> 008, 8X0;,  C %_
* Negligible background by particle ID and mass restriction

e Important for background reduction (S/N improvement)

: Minv Signal MC by Belle simulation
. TZHUM
. \ S/N can improve, if E, resolution improves.
s | g . .
MU ++ Less material before EM calorimeter.
N T_}H(‘ N, S ?? Gamma energy resolution in high beam BG.
\ _,JF' ||I
'E'.'i'i..pI el L N R i

16 17 18 1.9 (GeV/c)

21



& ' 107 E
o0 * ° E
30 oo - ==
= : : = B
- °® o Topy £
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a -
° o A I
) Belle y o ‘E . t:*e' o
10 S 10°%- |« ecenr
s O (o] = e*e*p’ ¢
- oty 1
A O . e
. et ptpt
e L
710 | Belle Il A 1040 Lo o - S=
| | 1 10 10
\_3‘ N 5 m B L Luminosity {ab")
10 10 10 10
Luminosity (ab ) The no-background regime improves as oc %
If there are background events,
Model Reference TPy T Hpp the improvementis o }/
SM+ v oscillations EPJ C8 (1999) 513 1040 1014 Y L
SM+ heavy Maj vr PRD 66 (2002) 034008 10-9 10-10 (bk )
T DHY g
MNon-universal Z' PLB 547 (2002) 252 10 108 ..
(2002) expected limit O(10-)
SUSY SO(10) FRD 68 (2003) 033012 108 10-10
mSUGRA+seesaw  PRD 66 (2002) 115013 107 109 T >ppp (no bkg)m
SUSY Higgs PLB 566 (2003) 217 1010 107 expected limit O(10°7)

The full range of 7 LVF is only accessible at Belle Il




90% C.L. upper limits for LFV T decays

Summary and prospects

O Belle (1) can study a whole spectrum of decays!

O Even with much higher beam background, the sensitivity is comparable to
that of Belle, scaled by luminosity (B. Moore BELLE2-THESIS-2017-002)
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Conclusions

Tau lepton is a good probe for NP searches like LFV
B factories produced a huge data sample O(10°) tau pairs

BELLE:
e 48 LFV decay modes have been investigated
* 90% C.L. Upper Limits have been set in O(108)

e 7— u y/ey will be updated with the full data set

BELLE II:
e machine upgrade is finished and detector upgrade is ongoing smoothly
e detector improvement will play a key role in background elimination and

reduction of systematic effects (beam BG, signal resolution)

e start of full physics 2018, reach 50 ab! by 2023-2024
e LFV will be probed up to O(10° - 10-19)



Rare 7 decays
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Measurement of 5-body decay: T — lllvv

OIn the Standard Model, B is o(a?)-suppressed awiv: 150s.01522 y 45 B
B(1~ > e ete vi) = (4.21+0.01) x 10~° < l
B(r™ = e~ u* pvi) = (1.247 + 0.001) x 107 !

Theory | pe - |, ~e*e-v7) = (1.984 + 0.004) X 10-5 - )
B(t~ - p~utpvi) = (1.183 + 0.001) x 1077 v
® theory predicts existence of sterile neutrinos enhances BR: Vot
B(1™ —» e U vi) UP t0 ~107> phys revDss, 011501
O CLEO Il experiment partially measured e

B(t™ — e etevi) = (2711534431) x 1073 L£=3.60 fb!

Exp.
- sy etaT i =5 0 Phys. Rev. Lett. Te, 2637
B(t W eTe vi) < 3.2x 107 (90% C.L.) ¥ N”=(3.28 |O.05)><106

O We started to measure the BR of T — lllvv
® Generator of T-decay (TAUOLA) is renewed based on up-to-date theoretical calculation:
® largest background for T — eeevv comes from radiative decay v — eviy (y — ee)
® sum of cosine is a good signature for the separation: € = ECDSE?EE:J- = cost;,;, + costy,;, + cosby,;,

Jo - . signal Decay mode The number

7“ e / (BR of CLEQ is assumed) of events

e S—
R o — TT-pair BGs ttsefete v, v, About 1400
S t*>utete vy, About280

t¥yety*u~v,v,  About2
With -curred nt study | T2 3ututucvey, About2
S/(N+S) ~ 50%, £~1.8% are achieved

gL aad
B8 2581 25982 258 PBBM 209G 2506 DROT 2OOE ZOE 3
Generic MC simulation (~3ab™! )
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Summary

OBelle experiment collected 1ab™?! ee collision data
OTo proceed further tests of the SM, upgrade project of Belle Il is

on going where it is planned to collect 50 times larger statistics.

OB-factory is also t-factory. Belle experiment collected
N..~2 x 107 data.

Orare decay of T opens many possibilities to search for the New
Physics
® Measurement of LFV decays: 7 = ly, 7 — U, 7 — IX
® measurement of other rare decays:

* 1 — lvvy: deviation of BR b.t.w exp/theorv, new Michel Parameters 7, £k

« 7 — lllvv: o(a?) suppressed, clean environment of the test of the lepton universality
» 1 — llmv : useful test of chiral perturbation theory
» 1 — nuv : 2nd-current violating decay

27



CP violation in 7 decays

e CP violation is so far observed only in the B and K systems
* NO CPV has been observed in the lepton sector
e The discovery of CPV in the tau sector would be a clean signature of NP
® One can search for CPV of several new physics model
MSSM : T. Ibrahim and P. Nath 2008
MHDM : Y. Grossman, 1994, S. Weinberg 1976

e One of the most promising CP channelsis 7° — KJz'v,

e SM CP asymmetry from K.-K;, mixing is expect to be (O(103)
(Biggi, Sanda PLB 625 47 (2005))



CP violation in

Multi Higgs Doublet Model(MHDM) (Grossman, NPB, 426,(1994))

New kind of CP viclation could be observed in the
difference of angular distribution in T —Kstr'v decays

(Kuhn, Mirekes, PLB 398 (1997)) G

V2

Lwp = sinfl. (" (1 + 5)7) (53yu(ns + mpys )u)

T —Kzrmv channel consist of two form
factors: vector ( Fv(Q) ) and scalar (Fs(Q7))
Ju = (Ks(p1)w(p2)|57uu|0)
= (p1 — p2)' T, F(Q%) + QuFs(Q7)

MNew scalar boson changes the SM scalar
form factor (Fs(Q9)) to the new one (F's(Q3))

Fs(Q%) = F§(Q) = Fs(Q*) + —Fu(Q*)

T

29



Analysis Methods

* Differential Decay width of 7= — Kg:rr_yT

dr(—) , s -
- = |4 — *)(3cos”th — 1)(3cos® 3 — -
d()2d cos fid cos 3 [4((2) B(Q")(Bcos™ ¢ —1)(3cos™ B 1'}] |F]

+m.|Fs|* — C(Q%) cos feos y(Re(FF&(ns)))

A(Q?), B(@?), C(Q?) : known function
B : direction of Ks in Kstt rest frame \
b : direction of T in Ksm rest frame

B : direction of Ksmt system in T rest frame — correlated with

* CP observable that proportional to cospcosi,

AP L(Q%) = / (Eﬂ;;:} cos 5 eos — dzlfj cos f cos L) / f (ﬂ;i_j + dft;f::—j )

x (cos feos ), - — {cosfeos)r+ g dQ?*d cos d cos U

® This is not the total rate asymmetry. (different from BABAR)

30



Results

Belle PRrL107, 131801 (2011)

g 0.15 g 0.03

699 fb! data sample used < { ~ VK 1 @] % _[ — v (b)
+ 0_+ 0.y —- data 0.02/{ # data
162K 77 —> Ksjz' Vv, % MC with Im{n_=0.1) | g

0.05 = 0.01- +
N e e
O ""l"'"—.————+—— 0: ’ s

A, = (1.8+2.1+1.4) x 10°3 . o ome [N
for 0.89 < M, < 1.11 GeV

0.1 -0.02}-
i —— [
_0‘15'...1. PR PWETVS DPULFUI U B WP 1] Sy .0'03‘.1‘..;.A1..A1 ......

08 1 12 14 16 0.8 1 12 14 16

e CP phase extraction (7,) W (GeV/c?) W (GeV/c?)

e | Im(7,)] <(0.012-0.026) @ 90 % C.L
Limit depends on the parametrization
of form factor

e Application to 3HDM - mX/

m_m,

M, (GeVic?)
g 8 8 & 3

< 150

ne = ) X'Z meZ NS 100

\ )

M2 Nd= 50_// |
‘Im(X*Z)‘SOiS—H2 % 10 20 30 40 50 60 70 80 90 10
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Summary

e CPviolationin7™ — Kgyz'_vr decay has been studied using 699 fb-1 and resulted
in no evidence at O (1073)

A, = (1.8+2.1+1.4) x 10°3

e This give a stringent limit on the CPV parameter 7, and MHDM
M.
(1GeV)?

77 — mrmS
s ™ 2
M2,

X'Z  |Im(X"Z)|<0.15
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M_, 7- lifetime

M _,t- lifetime are fundamental parameters of Standard
Model.

Precise measurement of M_, 7- lifetime and Br(z — evy)
can serve for test of lepton universality.

33



Measurement of the 7 mass
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Pseudomass method

Ivlmin < Mr
Ivlminz = sz + 2( E’C_ Ex )( Ex_ Px )

E.=E,..: beam energy, run dependence
is corrected

E, : hadron system energy
P, : hadron system momentum
M, : mass of the hadron system

(=1
(=1

100

50

Q

Fit result

=
-
-

=
-
o

L7 L77 L78 L7m9

MC input mass

Las

L7 17z 174

We take edge position P, as an estimator of the T mass.
The shift op, = P,— M_ was taken from the Monte Carlo.

8P, ~ 1.0 MeV.

We apply this correction to obtain the T mass from the fit of the data

L76

L7
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™ B N L L L L
O . ]
4000 - —
N T Belle Datd:
D - T ]
Real Data P AR L T :
-3 S iy ]
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L] 2000 :— ++ —
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1500 |- ++++++ 5
E 2 +++++*+++ + E
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P,=1777.77 £ 0.13 MeV
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M,*—M,”=0.05£0.23 MeV

Mmm(Gev)

Mass difference between t" and T

Fitting separately pseudomass distributions for t*

and t can give the value of mass difference

Mt+ — Mt— = 0.05%0.23(stat.)£0.14(sys.) MeV

Combining statistical and systematic errors:

Mt+ — Mt—=0.05%+0.27 MeV

Upper limit:

|Mt+ - Mt—| /Mt < 2.8 10 @ 90% CL

PDG (2006):

(Mt+—-Mt-) / Mt <3.0-103, CL=90%

AM = 0.0 £+ 3.0 (stat.) MeV
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Summary

Analyzing the pseudomass spectrum for decay t - 3mt v, with the Belle detector
at KEK we obtained the following results:

M, =1776.77 + 0.25(stat.) £ 0.62(sys.) MeV

M_ — M_=-0.12 £ 0.45(stat.) = 0.15(sys.) MeV
IM+—M_|/M_<5.01-10* @ 90% CL

Belle |IAM,|/M_ = 3.76 - 10
Bellell (10abY) |AM_|/M._ = 2.07 - 10"
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Measurement of the 7 lifetime from Belle
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e \We consider etfe > 17t — 31tV 37TV
events

e |n CM frame:

Analysis method

Flight directions of t* and t~ are back-to-back;
Energy of each tau-lepton is \/E/Z;

Assuming neutrino mass to be zero, the angle between 1 flight direction
and momentum of the corresponding 3nt-hadronic system (P, ) is
determined as:

* * 2 2 * * 2 2
2E.E,-m;-m,  2E E, —m -m,

cosf” = T = , \/(E:Z e )Px*

The unit vector in the direction ,(q* - ﬁ:)z XPy+yP,+ZP;= ‘Iﬂ*‘cosé’f
of the positive tau-leptoncanbe | .. . . . ... ... . .
obtained as a solution of the 1 (Pz '”+)= X'P, +Y'Py, +2'P,, = -|P;|cosd,
following system of equations: ( *)2 ( 2 (A2 ()

v < T ol e -1

)

n

L\t
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Analysis method (cont.)

e We perform Lorentz boost of t-lepton 4-momenta from CM to
Laboratory frame.

e tdecay vertices (V, and V,) are determined as the
3D-points of intersections of the pions triplets momenta.

e For the T production point of each t-lepton we take the points
(V,, and V,,) which are the points of the closest approach
of the two crossing lines defined by t decay

vertices and flight directions.

reconstructed Ct1 = 1 ’Ctz — 2

(Br),
A

No information about the beam spot position is needed in this approach

41



Resolution function
is obtained by the fit

of the (ct

rec

MC distribution

- ct

true)

Lifetime resolution

standard MC (SVDI1+5VD2) with ct=87.11 pm

Enriss 1215404

5— Vgadf 708 ¢ 7
¥ P 0.2632E+05 £ 4674
ﬂ 10tk 0470ED £ 0AG20E D5
" F £ 0384SEO02Z+  04587ED4
Y 4 £1532E01+  0U015EDZ
= s D337+ 07377EDL
[_ﬁ P& 030294+  01705E01
10’
v2/NDF = 0.971
1025—
o b |
1 I i
|} L O
ol 005 ons 0ars n fnns nns s 0.1
(ct reconstructed — ct true) {cm)
2
Fitting functi = p,R = p,-(1-25 (x=p.)
itting function res(x)= p,-R(X, p,,..., Pg) = P, -(1-2.5-x)-exp| — —

1/2
O =pP;+ p4-‘X— pz‘ T p5-\x— p2‘+ p6°‘x_ P>

3/2
7

p; are free parameters.



Experimental ct distribution

—_
o
3

5_ Entries 1148360
B ndf 1507 0 153

| . 2 1 380.0 & 2213

° f d b . 0.8653E-02+  0.1604E-04

t Was Itte Y' T 3 0117SE03+  0.1343E-04

Lo P4 04159E-02+  0.1780E-04

F ( X) P e—t/ P2 R (X t) P P dt + E PS5 01302E014+  0Q23IED3

= —_ ( 13 02819+  0.2145E02

1 11310000 N 7 F7 01919+ 0T9TED

+AﬂR(x, P P )+Bkg .. (X)

P, ..., P,—are free parameters,\w:;—
. Aqq is fixed at MIC predictiqn g
Bkg .z, »5(x) is fixed from M%\z .

v2/Ndf = 143 / 153 1
*  From the fit we obtain the value "
of the t-lepton lifetime estimator 2
PZ = 86'53 i 0'16(Stat') Mm -4-0.(:)_6 I |0.|04| I I-o.lcal I Iol I Io.tlnl I Io.:)atl I Io.!)al I Io.i)sl I IO.l

ct reconstructed (€M)
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The result of the analysis

~ 18.3 T T T T T
&
F——e—F 289.0+2.8+4.0 CLEO ':2 18.2 | ]
|> Y
et 280.2+1.7+12 OPAL 14, "be ]
. ' * Bell
" [ elle
o1 290.1+15+1.1 ALEPH & |
= 1sr )
e 2032420415 L3 : :
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Summary

The method of t-lepton lifetime measurement at Belle is presented.

Using 711 fb! of the Belle data we measured 7-lepton lifetime.
The result is

1 =290.17 £ 0.53 (stat.) = 0.33 (syst.) fs

ct= 86.991+0.16 (stat.) £ 0.10 (syst.) um

The first measurement of the lifetime difference between 7* and 7-

is performed. The upper limit on the relative lifetime difference

between positive and negative 7-leptons is
b —7 |/t <7.0x103at 90% CL

Belle |AT|/T = 0.215 %
Bellell (10 ab?!) |At]/t = 0.128 %
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Summary

( Belle, being an e*e™ B-factory experiment, is a 7 -factory experiment at the
same time.

L With nearly 10° 7*7~ sample, Belle has obtained most stringent
upper limits in most of the t LFV decays, with 90% UL of O(1078).

L With ~50-10° £ * 7~ events expected in the upgraded Belle Il experiment,
these searches will be greatly improved (90% C.L. UL of O(107) ).

L For very clean modes (e.g. 7— €4 ), the upper limit is expected to
improve linearly with luminosity. And it will be a very powerful probe for
new physics beyond the SM (90% C.L. UL of O(1019) ).

O Rare 7 decays.

O CPV search in 7 decay having K.° has been performed:

Belle’s result give a stringent limit on the CPV parameter 7, and MHDM
(BaBar’s result is 2.8 away from SM prediction).

O Precise measurement of M_, - lifetime and Br(z— evv) can serve for test
of lepton universality. The accuracy of M_, 7- lifetime measurement is
expected to improve by a factor ~2 at Belle II.
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Lepton Flavor Violation in tau decay

In the Standard Model, LFV is highly suppressed. W AJJ"FY
Impossible to access; Br < 0(10%)
Many extensions of the SM predict LFV decays. T ﬂ u
Their branching fractions are enhanced as high \'/' > '\'}'

T H

as current experimental sensitivity

= Observation of LFV is a clear signature of New Physics (NP)
Tau lepton : the heaviest charged lepton

- Opens many possible LFV decay modes which depend on NP

models
' S“
A " Ks (Ko
v Y £ TS -":<E!' )
- \aP — 10 H ’
X (\f\vru &“2\"'.4' H K ':-:’V"’
& - T : . U
T_ [ . L U T W -

SUSY Higgs-mediation LFV R-parity violation
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Lepton Flavor Violation in tau decay

> 2
SUSY is the most popular candidate (577 T ’
among new physics models T /X\Q
naturally induce LFV at one-loop| T [ e or
due to slepton mixing Y0

121y mode has the largest branching fraction
in SUSY-Seesaw (or SUSY-GUT) models

When sleptons are much heavier than weak scale

Higgs
LFV associated with a (h/H/A) < M S
neutral Higgs boson (h/H/A) / HS
Higgs coupling is proportional to mass T [ \X\ \ eor

= or ss (1, N" and so on) are favored
and B.R. is enhanced more than that of T2 Y.

To distinguish which model is favored,

all of decay modes are important.
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SUSY

e LFV through slepton mixing

2 )

v ~Y ¥ o~ Mze Mg

£ L o~ . SH

T LM T Lo x LU 2
T VARV mz; ms;

— Independent parameter from pn—2ey

e SUSY seesaw (J.Hisano et. al.,PRD 60 (1999) 055008)

- (tan 3" | TeV/c? :
— L7 Et{] ].{] f I
s =30 107 (102)' (L)

Mmsusy
— Achievable BR, if tanp~60, m,,~1TeV/c?

— Suppressed, if slepton is heavier than weak scale
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SUSY Higgs

Higgs-mediated MSSM
| T2 3|1 (A.Brignole, A.Rossi, PLB 566 (2003) 217)

a0 ma 13

B(r — 3p) ~ 1077 (

| T=2 U1 (M.Sher, PRD 66 (2002) 057301)

tan 3 100 GeV /¢?
Blr — pun) =84 x 107
(7= ) ( 60 ) ( o )

— Accessible if, large tanp and small Higgs mass

MSSM seesaw (E.Arganda, arXiv:0803.2039v1)
— Br of t2un, un’, uK*K=; 0(107)

tan ;:) (100 Gek",ﬁ“fsjr (|5£:|.-:~.L|E 1+ (50452

|
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Measurement of BR of T — llmv

Oclean environment for the study of low hadronic interactions
® notable BG for  — Ul (due to mis-ID of 7 — p)
@ Chiral perturbation theory (yPT) predicts B(t — mllv)~107> = 107%,,. v s 05

Phys. D B8, 035007 = -

LES LR i i i =g F= u + I
i 1461 = 1075 1, 60Kh = 17 COLING X I0F = (07 = 1077
theoretical -V 2 0F EE [—1x 1077, 1% 1077 [—4 % 107" 4= 1079
. . 9 x0T 1.0 = 1077 [=3 107% 2= 1075 [=2= 1077, 6= 1077) ANV
calculation Vi 116 = 10" .30 = 0T (43 1077, & = 1079 [ 1 e B [ | RYAVAVAVAY '

AA 2.0 % 1078 1433 % )8 [1 2 0%, 9= 1008 [ 1077, 6= 1078
V—A 2x 0~ Sx 1N Lo [
Total 1710 = 108 1.938 = 10~" (L7 = e [3= 1077, 1 = 1077

central value B error of B

Osearch for long-lived sterile neutrino
® sterile neutrinos could have long lifetime 7;~1077 s e pss oo

® vertex allows us to see decay point offvix.
® resonance of my could be observed from m—pu*
( BaBar experiment searched for /I but did not for mu Phys. Rev. Lett. 114, 171801

OWe just started to measure BR

® we newly implemented dedicated generator for t — v decay
® major BG for t — eemv comes from 1 — nn°(— yy)v where y generates ee-pairs
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Measurement of BR of decays via 2nd class

current Na T2 T i o e g ocon o 7
OG-parity: G = Ce'™ A —
® [sospin symmetry of the strong force ~ ; R B = ——
GILL)=C()'|L,-I) = ()LL) < b bsen pan e ———

L Teseni unrk

Ex.Gln*) = —|n*) ,Gln™)=—|n"), Gln) =|n)
® G-conservation exactly holdsinmg, - 0 & Q43 =Q, =0
® The current which violates G-parity is called “2nd-class” current
T — nmv proceed through jF¢ = 0%~ (scalar) or 1™~ (vector)
® estimated BR: various models predicts B~107>

OMeasurement of BR of 7 - n(— nnr®)mv decay by Belle s60m1)

® continuous background mainly comes from v — rrrn®v decay and extrapolated
from side band region

® around m, = 548 (MeV), peaking BG is separately evaluated

- four 7 decays including n were considered: t — an%nv, T —» K*nv, 7 = Knv, T - nfi(—= nan)v

Eur. Phys. [. C 74 (2014) 2946

- number of events for corresponding peak is evaluated by Gaussians = - eessesams e ftted curve for exp.
Nyps. = 190.0 + 68.6 events < (a) " :
B<73x107° 2 _ M
« Dominant error comes from stat. error and B(t — mnnv) | " pesking BG
® 50 times statistics of Belle T will reach the theoretical = " combinatorial BG
expectation! 0.53

A (Ge i)

AT
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