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Irteprated Friminosity (pb_‘r)

KEKB/Belle

B-factory: E at CM = Y(4S)
e*t(3.5 GeV) e (8 GeV)
o(11):0(bb)=0.9:1.1

—>B-factory is also a t-factory!

Belle finished data taking on Jun.30,2010.
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Electromagnetic Calorimeter Aerogel Cherenkov Counter

K7 separation

Y, 19 reconstruction

et~ , K _identification = \
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TOF Counter = e
K7 separation | v N ‘

20 66\! = \ | K/Muon Detector
: 73 < S < \ K., 1 detection
| S :
| * 7| Central Drift Chamber

Silicon Vertex Detector R Apmsk iiEnin

B vertex K7 separation

Good track reconstruction
and particle identification

Lepton ID eff.~ (80-90)%
Fake rate ~ (0.1-3)%

We can analyze ~9x108 rr sample
at Belle.
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¢ Tau rare decays

»Some of tau decays allowed by SM are
expected to be very small.

—->B-factory’s sensitivity can reach to
observe some of them.

We study

>0 00 v

=l 0

using Belle’s full data sample. ( £ =e, p)
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@ Physics motivation
Intermediate processes of t»>nf * £ v

(r (-
(c)
v

Pablo.Roig et. al, PRD 88, 033007 (2013)

Recent progress of the hadron physics enables us to calc. the contributions
of the detailed processes for this decay. = Good test for hadron physics
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Theoretical prediction
Theoretical prediction of BF for t=n € * £ v

BR (1~ =w mvrete”) = (1.7753) - 107°
BR(t~ = 7 vptp™) € [3-1077,1-107°]

Pablo.Roig et. al, PRD 88, 033007 (2013)

These modes have been never searched for and
0O(102) is reachable sensitivity at B-factory.
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Signal topology/Expected BG
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Signal extraction

» To avoid any bias, we perform blind analysis.
» We set different signal box for e and n modes.

Exp VS MG
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(1.05<M<1.8 GeV/c2) (Rxy<0.15 cm) e
BR of the signal is assumed Rxy: the distance of uu vertex
to be 1.7x107. from interaction point.
By subtracting BG MC in the signal box,
9

signal yield will be evaluated.



Distributions in sideband region
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Opening the signal boxes
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Results

Signal MC 165 + 6 166 + 6 205+ 8 206 + 8
BG MC 458 + 22 455 + 21 937 + 44 933 + 44
Observed 676 689 1001 967
In both case,
BR(z»reev)=(2.33 + 0.19 + 0.19)x10°> the biggest
contribution for
BR(t=>muuv)<5.5x10¢ @90%CL Belle preliminary the systematics
comes from
First observation for t=>neev BG estimation.

Theoretical prediction (Pablo.Roig et. al, PRD 88, 033007 (2013))
BR (7 w7 vrete”) = (1.7J_r(1]:§) - 107°
BR(t~ = 7 vyptpT) € [3-1077,1-1077]

2018/JULY/7 ICHEP2018 SEOUL KOREA 12




=0 00 vy

»t> 80 £+ 0 ""vvis also a rare decay which can
be established by B-factory measurement.

+1.5+0.440.1 _s CLEO
~11-04-03 =10 Result

Br(z—uete vyvy) <32x1075 @90% CL  with 3.6fb!

Br(t—eete vve) = (27

Theoretical prediction:  JHEP 1604, 185(2016)

- > e ete Vv, (4.21+£0.01) x 107>

5 et utuTi,v, (1.247 + 0.001) X 107
T o ptetev,v, (1.984 + 0.004) x 107>
T > ppt v, (1.1831 + 0.001) x 1077
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1 Expectation and BG study

> MC studies almost finished.

Detection Efficiency |1.76 % 1.20% 3.56% 1.67%

Main Background(s) eviVeY, ervT UV VY, 11r7r°1rt°vT mrrovT 7T1I+TE_V1-

arl (= ete y)v;

Expected number 1300 430 8 4

of signals at Belle
Purity of signal  |47% 50% 37% 16%
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i1 Expectation and BG study
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Lorentz structure on t decay

-In general, an interaction relating to t leptonic
decay can be expressed as:

Vg

4G
== D ghEOM v )] im0y (0]
2 N=S,V,T

i,j=L,R
f=e oru

v'In the SM, only g}, is non-zero (=1).
- Non-zero g{‘]’- indicates the existence of New Physics,
model-independently!

v’ Experimentally, only bilinear combinations of g;; appear
in the observables,
I.e., Michel parameters.

D
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7 =0.013 + 0.020

ARGUS 0.030+0.121

CLEO -0.015+0.087
SLD -0.130+0.493
L3 0.270+0.140
OPAL 1 0.027+0.055
DELPHI -0.005+0.052
ALEPH 0.012+0.026

B T F R P

&, = 0.985 + 0.03

ARGUS 1.017+0.039
CLEO 1.290+0.282
SLD _ 0.930+0.108
L3 1.032+0.031
OPAL 1.020+0.133
DELPHI 0.997+0.029
ALEPH 0.992+0.011

co b e B L
085 09 0985 1 105 1

8TH JULY 2017

I T T R
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CLEO 0.747+0.012
SLD 0.720+0.095
ARGUS _ 0.731+0.031
L3 0.762+0.035
OPAL © 0.781:0.033
DELPHI 0.775+0.030
ALEPH 0.742+0.015
nes 07 o aa ams na

§6=0.746 + 0.021

nas

CLEO 0.745+0.028
SLD 0.880+0.273
ARGUS 0.630+0.090
L3 0.700:0.110
OPAL 0.650£0.157
DELPHI 0.779:0.075
ALEPH 0.776+0.051

NI I W v |
06 065 07 075 08

085 09 095

1

Experimental results

p =0.745+ 0.008 > ¢ can be extracted from t hadronic

decays: &,

> The accuracy of them in PDG are

around a few percent.

> The results have been obtained

more than 20 years ago.

» 7. and ¢k have not been measured

yet.

We update/firstly measure

them using the world-
largest t data sample.

ICHEP2018 SEOUL KOREA
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Result for
@ MP measurement using t—= £ yvv

Item ot ot ol Evaluated by
TI ik n €k
» Using 711fb-1, Michel
Relative normalizations 3.8 0.69 0.13 0.04 MC
parameters 7, €K are
1 1 1 Absolut lizati 1.0 0.01 0.03 0.001 MC
extracted via radiative  Aesetenomatiztions
tau |epton|c decay_ Formulation of PDFs 25 024 067 022 MC
Input of branching ratio 3.8 0.05 025 0.01 PDG value
p g
Contour of likelihood
F|t I‘eSUlt for- T_)U'YVV Effect of cluster overlap inECL 2.2 0.46 0.02 0.06 Data
| Detector resolution 0.74 0.20 0.22 0.02 MC
Ny Exp/MC corrections 19 014 009 010 Data
}' E, selection 091 022 -— — Data
[ Total 6.8 093 0.77 0.25

t>eyvv has no sensitivity for 7.

n is obtained only from t=>puyvv.

S s e ¢k is averaged from results for t=>puyvv and

;_ .............. ‘ .................. , .................. * .................. , .................. ......... T_)eyvv. PTEP 2018 023C01
First measurement!

I 7=13+15408

£k = 0.5+ 0.4 + 0.2

Sl




Status for
@ MP measurement using t= £ vv

» Systematic uncertainties

Source A(p),% A1), % A(£,E),% A(£,£0),%

Physical corrections

ISR+O () 0.10 0.30 0.20 0.15

T — bvvy 0.03 0.10 0.09 0.08

T — pv7y 0.06 0.16 0.1 0.02

Background 0.20 0.60 0.20 0.20
Apparatus corrections

Resolution & brems. 0.10 0.33 0.11 0.19

0 (Eveam ) 0.07 0.25 0.03 0.15

Normalization

AN 0.11 0.50 0.17 0.13

without Data/MC corr. 0.29 0.95 0.38 0.38

trigger eff. corr. ~ 1 ~ 2 ~ 3 ~ 3

Now, we are working on more-understanding of the trigger
efficiency; Aiming to the accuracy of the sub-percent level.

D
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Summary

» Belle studies Lorentz structure of tau decay and
rare tau decays:
-1=>7nd £ v firstly has been searched for.

> First observation of t—=>reev has been achieved and the
upper limit of BF for t=>ruuv is set:

» BR(t=>neev)=(2.33 £ 0.19 £ 0.19)x10>
> BR(t=rmuuv)<5.5x10° @90CL Belle preliminary
-1t £ £ 2 vv analysis is on-going.
» First observation of 1= £ eevv is expected.
- Michel parameters via = £ yvv have been firstly measured.
>N =13+154+0.8,¢éck=05+04+0.2 PTEP 2018 023C01

- Michel parameters via 1= £ vv is on-going.
> Aiming sub-percent accuracy

D
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l Systematic uncertainties for
o>l v

N

Luminosity 1.4% 1.4%
T CroSS Sec. 0.3% 0.3%
Tracking 1.4% 1.4%
PID 3.2% 3.2%
Trigger 0.5% 0.7%
Signal detection eff. 0.4% 0.3%
BG estimation 13.3% 20.5%
Total 14% 21%
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