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Introduction

Lepton flavor violation (LFV) in charged lepton
=negligibly small probability in the Standard Model (SM)
even including neutrino oscillations y

- Br(t—ly) <O(10-%)

- Br(t—3leptons) <O(10-14)
(PRLO5 41802(2005), EPJC8 513(1999)) T

u (or e)
\Y% v, (0rve)

Many extensions of the SM predict LFV decays with

enhanced branching fractions that could be accessible

at current experimental sensitivities

=0Observation of LFV Is a clear signature of New Physics (NP)

Tau lepton :

- The heaviest charged lepton

- Many possible LFV decay modes
=>ldeal place to search for LFV



LFV Iin SUSY

SUSY is the most popular candidate y
among new physics models

Induce naturally LFV at one loop
due to slepton mixing T

t—ly mode has the largest branching fraction X
In SUSY-Seesaw (or SUSY-GUT) models

=

When sleptons are much heavier than weak scale

LFV mediated by Higgs (h/HIA)<+ 2
neutral Higgs boson (h/H/A) 3

Higgs coupling Is proportional to mass
= puorss (KK, n,f,(980)...) are favored 720

Model independent searches for
various LFV modes are very important 4



Analysis

B-factories
Analysis method
Signature of signal and background



B-factories
B-factoies : E at CM = Y(4S)

e*(3.5 (3.1) GeV) e(8 (9) GeV) for KEKB (PEP II)
o(t1)~0.9nb,c(bb)~1.1nb

- A B-factory is also a t-factory!

Good track reconstruction Lepton ID ~ (80-90)%
and particle identification Fake ID ~ O(0.1-1)%

BABAR Detector
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Analysis method

ete —»1'T
‘ clear environment Signal Extraction
2 2
I\/Iinv= \/Esignal o psignal
CM CM
AE = Esignal o Ebeam
Signal MC
€ T = 02signal region . 9N

\ < [(blind region) .

4_/

generic 1-prong E~ 0 Ge\*
decay
Blind analysis |
=Blind signal region 165 17 1.75|1.8 1.85
Estimate number of BG My, (GeVie)
using sideband data and MC Ivi:v ~ T Mass !




Slgnature of signal and background

7 Like two narrow jets Many charged tracks
' v iIs included in only tag

and
@ side !
e+

@n— T+
f
Genefic Tt T— Two-photon é‘f
Y

e+ v

v are Included In

@ signal and tag side Electrons are incjuded

In signal and tag side



Recent Results

| +
| + pseudoscalar meson

| + Vector meson
| + hh’ (=K=* or = %)



T—y,ey (PLB666,16(2008)) Kaa)
Ly,ey ( ( ) B

Data: 492M 1 pairs
Br(t—puy)<4.5x10%8 at 90%C.L.
Br(t—ey)<1.2x107 at 90%C.L.

T—y,ey (PRL104,021802(2010))

T—ly

Data: 482M t pairs (including Y(2,3S) data)

Use Neural network for event selection

Decay modes
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Br(t—ey)<3.3x108 at 90%C.L. Sty
Many remaining BG events from e*e—t*ty [
sensitivity Is limited by the background

# Br(t—y)<4.4x10-8 at 90%C.L.
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Previous results
(6.5-16)x10-3@Belle 401fb-"
Update with 901fb-! @Belle

W
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(=]

® of events / 0.3 GeV?/c’
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D

Signal side
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- pseudoscalar meson
- Ny, ttrd

* N’ —n(—yy)nn, py
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To improve sensitivity, we changed
event selection mode by mode

For example un(—yy): Neural Net
increase higher eff in x1.5
while keep low BG (<1)

11



one observed
event in data

—en(—yy)

M, (GeV Ity

Hn(=>vy) 8.2%
un(=>nnn’)  6.9%
un(comb.)

en(=vy) 7.0%
en(=nnn’)  6.3%
en(comb.)

UTCO(_)'Y'Y) 4.2%

AE (GeV)

1—IP? (2)

(d)

—pn(—7y)

0.63£0.37
0.23*£0.23 8.6
2.3
0.66+0.38 8.2
0.69+0.40 8.1
4.4
064032 2.7

NoO excess

D
Belle

After event selectiof

Expected # of BG

(0.0-1.4)events
* 1 event en(—yy)

* 0 events others
Br(t-IP%<(2.2-4.4)x10-®
@90%C.L.(preliminary)

Improve x( 2 1 -4, 4 from prev

un’ (> nan) 8.1% 0.00*016

un’ (=p%) 6.2% 0.59+041 6.6
un’ (comb.) 3.8
en’ (=nnn) 7.3% 0.63%0.45 9.4
en’ (= p%) 75% 0.29+029 6.8
en’ (comb.) 3.6
en’(yy) 47% 089040 2.2



1—IP9(3) B
Constraint on new physics parameters
from t—un results

new result
| Toun
80 [ excluded regian ! B8<3.8x108
29 K —
c f previous (401fb"'),8<6.5x108
8, = \

new result with 901fb-!, 38<2.3x108

4 6
20 . , 100 (tan ,Bj )
Br(zr —» =1.2x10"" | O 10, IF=1
(T ,1177) | 32 | [on (GeV)j 60 | 32 |

100 125 150 175 200
M.].Herrero et al,

JHEP06(2008)079 m 70 (GeVic)
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—IVO (1) B

Belle

Previous results

- Belle:543fb1 Br<(6.3-18)x10-8 ‘ Update with 854 b
- BaBar:(384-451)fbl Br<(2.6-19)x103 of data@Belle

* lepton (e or p)

Signal side » Vector meson (p,d,m,K*0,K*0)
\%/) =final state h*h-(h=n/K)
N\, (+70 for o only)
\\ g _{ﬂ} p candidate i) (b) & candidate
§ 300 = TR LE 40
e+ % E‘Egmi%uum MC E ag
2200 2
A~ % 5 20
v(missing) N, Fro p i,
%\ D :
1-prong decay 0.6 0.8 1 1 1.02 1.04 1.06

M_(GeVic?) M, (GeVic®)

By detailed BG study,
we apply the event selection mode by mode



—IVO (2) B

For example, we apply event selections as

—+-Data
) HVO mOdeS - i ézﬂ}f{;um MC (@) K_)MV
Dominant BG 600 1 In continuum
K-uv in continuum events . - S events
> apply K-veto to p-track 1 L(K/x) P4
as L(K/r) < 0.6 | ( E )

 ep, eK*0, eK*0 modes n-like _ K like
BG from t=—hn%(—yy)v, with y
y—€e conversion
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*0 +
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region btw. e and K
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(3)

D

D

K*0

7.2
3.4
7.0

§oo[ @ | Fop  O)Tow After event selections
R Ve ity Y Expected # of BG
o 1(0.1-1.5) events
1 . No excess between
data and expected BG
M, . (GeV/c
o edevent pg, ik, p
S oz - * 0 events others
TR Br(t—IV0) < (1.2-8.4)x108
SRR @90%C.L.
_':-."-:'35 . = Improve up to x 5.7 from
“cevic) ” v revious results
d)-
76%  0.29+0.15 eKO  44%  0.39+0.14
wp® 7.1%  1.48+0.35 1.2 WK?O  34%  053%0.20
ed  42%  0.47+0.19 3.1 eK  44%  0.08%0.08
wd  32%  0.06%0.06 8.4 WK 3.6%  0.45+0.17
e® 29%  0.30+0.14 4.8 wo  24%  0.72+0.18

4.7



t—lhh’ (1) B

lhh’ modes: 14 modes are investigated (h,h’=n* and K¥)
 lepton flavor violation (t—I"'h*h’") 8 modes
 |epton number violation (t—I*h"h’") 6 modes

Current upper limits
* Belle Br<(4.4-16)x10° @ 671fb""
« BaBar Br<(7-48)x10-% @ 221fb-’

update with 854fb-!
@Belle

Basically same signature
as t~IV9(-~hh’) modes while
BGs are increased due to no
meson reconstructions
Apply similar event selections
» to IVO selections and additional
tighter cuts




t—lhh’ (2) N2
f; data (854 fbo) [OTeg
] tautau MC

] uKn MC

Belle

For unK modes

main remaining BG events from t->nanv
decays with missID it as K and pu
=>shift to bigger mass than tau mass

due to n -K mass assignment

Assign it mass in BG and uKn

Events,/0.05

=> M__>1.52 GeV M.
To reduce tt and continuum BG [  @cxrvimedoics (0 s win nadonicag,
* pmK modes GO ERHEH T Il R B A
2 : g |titiiiiiaBasiiiiiii s B S
= M%iss VS. Ppiss COMMECHION Ut &« miiiiidigiiniin] fa | lofet
R I IR S
, 2 e 2 - o
* ehh’, unm and uKK modes RE: R 2
2 0 ] 0 I}
M miss cut ’ ME?“S{GEWCE}ETH ’ MQ?m{GeWcz}z



t—lhh’ (3) A

{% 2| @T-umT gu.z - (b) T___”L??F-ET%-:
R w . b .
= e “ ;&f‘_f@“ levent : U+TT—TT— and M—TC—I—K-
o, MR no events: others
._ -l . . gn
e e = no significance excess
: 1.7 1.8
M. (Gevich) M. (GeVieh between data and BG
gu.sﬂ_ - {d]l'r"—:',LLJ':I':(':I{::. gg_z L ()T K - L. - = - -
E TR g S Mode c (%} i'\f'rBG Osyst {%] f\'r.:.bs 500 B (10_3’]
o e o i T Lt [5.83 063023 53 0 187 21
oy o Ly | 7T st | 655 0.33+£0.16 5.3 1 4.02 39
B . - e -
T oo T~ — e wtr | 545 055+023 54 0 194 23
175 18 17 18 T~ —etrn [6.56 037+018 54 0 210 20
M, (GEVIET) M, (GeVicT) T
~ —pu KTK=[285 051 +£0.18 5.9 0 197 44
. . _ ) + - 1 — A=
Set upper Ilmlts as T — U ;E_'_?, 298 0.25+£0.13 5.9 0 2.21 4.7
, g 7 — e KTKT|420 017£010 6.0 0 228 34
Br(T__’_lhh )< (2-0'8-4))(1 0 7~ —etK K| 464 006006 6.0 0 238 3.3
(preliminary) — s pntK-|272 0724027 56 1 365 86
Improve UL from our prev. 7 —e ntK~|397 018+0.13 5.7 0 227 3.7
T —p K+tn— 262 064+023 5.6 0 186 4.5
results by factors of 1.8 7~ — e Ktn | 407 055+031 5.7 0 197 31
on the average 7= — ptK-7n~| 255 0.56+021 5.6 0 1.93 48
7~ — et K n | 4.00 046+021 5.7 0 202 32




Upper Limits on LFV t Decay

‘ Upper limits @ FPCP2010
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New Upper Limits on LFV 1t Decay
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Reach upper limits around 108
Improve by factor ~100 from CLEO

Belle and BaBar are updating using full data samples
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Future Prospects



LFV Sensitivity for future prospects
Belle I - Super B-factory:(10~50) ab-1

LFV sensitivity x N a
10
— o
depends on background level & = oo
" 12ly, = 107 A

~
S

- Sensitivity currently limited
due to background
from Tttty events

scale as ~1/\L = Br~O(10-@9) 10

108

" 12> 3leptons, I+meson Luminosity (ab”)
Negligible background at 1ab

due to good particle identification

and mass restriction to select meson

scale as ~1/L = Br~0(10-19) 23



Summary
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Summary

Lepton flavor violation is a good signature of NP.

g>] \We have searched for LFV t decays using
< a large data sample obtained by B-factories
No LFV signals are observed yet
= Set limits of branching fraction around O(10-8)
* Improve sensitivity by factor ~100 from CLEO

= rejected BG effectively while keeping high efficiencies
due to detailed BG studies and new approach of event selections

2

We are updating final results including LFV
and hadronic tau decays using full data samples

Sensitivities of LFV search will reach O(10°-19)
at Belle I /Super B with 50 ab! 25



