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Introduction

Lepton Flavor Violating (LFV) T decay
Observation of LFV is a clear signature of New Physics!

SUSY
MSSM+Seesaw

Higgs-mediated

R-parity Violation

7y B(r=pee)<ixi0s
(B(T—puy) <0 (10 ) @(fc—>3u) <1X10_9~10
B(r—pmdm/n’ ) <1x10-9
----------- (b)(’C"’u/Y) < 10 -7 @(T—bu’n ) <3X1O -9
B(r—un) <107 CB(T—'MO) <5x10°.
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CLEO B-factory @&(LFV)
We reach the level of New Physics predictions



KEKB and Belle

KEKB:
e+(3.5 GeV) e-( 8GeV) Belle Detector

Aerogel Cherenkov cnt.
SC solenoid IR S : n=1.015~1.030

Peak Luminosity 15T

1.7x103* cm2 s CsI(T1) =

16X, SR P e
\ .&':_ T ; ‘ g » F,.fggaf”
=World record!!! TOF conter ——_ S . o

5 GV &g - == . ‘*. Central Drift Chamber

' Small cell +He/C,H,

& . . % l'l' L -
3 lyr. DSSD \ 14/15 Iyr. RPC+Fe

Integrated luminosity
>700fb-"1 collected

Si vix. det 'K, detection

6(17)~0.9nb,5(bb)~1.1nb

A B-factory is also a t-factory!
=6.3x108 t-pairs

Good track reconstruction
and particle identification



Analysis method

Procedure for a LFV @_\
. . . W
T decay analysis Signal side _
T o
1.Select events with low multiplicity et e
= Signal (charged tracks and y from LFV) y «~
and Tag (generic 1-prong decay) sidé . At
2. Reduce background events Tag side (o aponss (15%)
using PID, kinematical information 3 o s _ o
3.Calculate M., and AE O Signal region.
inv = _ © o1+ (Blind region)
=We perform blind analysis J EE
4. Estimate signal efficiency and %g | fie
# of backgrounds in signal region L~ '[ . TR
from sidebands and MC 2'80'2 [ BRI
5.0pen the blind region T

=0Observe LFV or set upper limits Lél M.



Results shown last summer signal

e data

T—uy,ey 0.1;— 8
Data: 535fb-" o
Br(t—uy)<4.5x108 at 90%C.L. 300
Br(t—e7)<1.2x10-" at 90%C.L. =1

(hep-ex/0705.0650 submitted to PLB)

1—e/utpseudoscalar meson (n,n’,n0) e n
Data:401fb- ST s
Br(t—In,In’,In%)<(6.5-16)x10¢ at 90%C.L. _ My (GeV/c?) /
(PLB648, 341 (2007)) 302

=Upper limits for LFV t decays are °

approaching the O(10-8) level N )
-0.2 ¢ e -
We proceed now to the updated B
searches of T
1—3 leptons and 1—I1V'(=0 ,w) 0BEL




T—3 leptons (1)

i +
Predicted to have large branching fraction v < M
L . QL
in Higgs mediated LFV models QO V)
We consider 6 modes: 1-—ee’e, T .- o

W, eptu, weten, e and pteter
Previous results at Belle (PLB 598, 103 (2004))

Br<(1.9-3.5)x107 at 90%C.L. (87.1fo"")
(Br<(1.1-3.3)x107 at 90%C.L. (BaBar 91.5fb™"))

We update the analysis of t—3 leptons modes using

535fb-1 of data

- luminosity is increased by a factor of 6.1 from previous analysis

- optimize event selections for each mode separately taking
account of different background compositions



1—3 leptons (2)

S S|

N
AN
e+
A/
v(missing)
ee eeee
1-prong decay Bhabha(uu)_ e utl( * )
. T — [T TANT) e e'e i e e nL'e e
Slgnal toPOlOgy Mode e ptp | et
Dominant TT Bhabha eepLpL T
_ Background | continuum eeee T continuum
Event selection T T g
For all modes For each mode
-5.29 <EM < 9.5 GeV - electron-veto on the tag-side
- 0.90< |Vpustl < 0.97 (e-e+e- and e-pu+y-)
- Mg < M, —y-conversion veto
-0.0< cos etag A s <0.98 (e-et+e- and p-ete-)

B mZmiss and Pmiss
(e-ete-, p—l+uU-, e-utu-, u-ete-)



t—3 leptons (3)

Efficiency : 6.0 — 12.5% =
—->the same or better than &

In the previous analysis S
Expected BG : 0.0-0.4 events |

We observe no events in the signal region-02

Mode Upper limits

T — uptuT [ < 3.4 x107° o

T- — e efe” | <3.6x10°° 1.65 1.7 1.75 1.8 1.2352
T — p ete” | < 2.8 x107° - M (GeV/e
T — e puTpuT | <43 x107° @O'Z T—’MHH

T- — pute e | < 2.1 x107° 2017 S

T~ —etpup | <24 x10°%| (Preliminary) .
These results are improved by a factor 01k e
of 4.7-6.8 the best previous values ol
=The most stringent upper limits Y

among LFV 1 decays T S eV



First search!!

10, l®
Belle Previously (PLB 640, 138 (2006))
Br (t—l¢) <(7.3-7.7)x10" @ 154 b
= Update using 543 fb-
- ¢(—K*K) mode (Eff. 3.1%)
Improve by a factor of 4.9 for uo
and 9.6 for e modes
—o(—ntrn’) mode (Eff. 2.5%)

Mode |Expected BG Nobs Upper limit

@90%C.L.
—ud 0.11*£0.08 |1 1.5x107
t—e¢ [0.11%£0.08 |0 0.8x10-7
T—uw [0.20+0.28 |0 1.0x107
t—ew [0.00x=0.07 |1 1.9x10-7

(Preliminary)

# of events

-0.05;

@data []signal

[l qqgbar

[ ]
1.751.76 1.771.781.79 1.8 1.8

M,,(GeV/c?)

1



Summary for LFV t Decays

V’BeHe

BaBar

MMMQMFF“”Q' MfoM :3.:5_ 1
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Summary

We update searches for lepton flavor violating

T decays using > 500 fb-! of data at Belle.
= Improved analysis

= Increased luminosity
Br(t—3 leptons)<(2.1-4.3)x10-3@90%C.L.

—improved by factors of 5-7 the best previous values
—the most stringent upper limits among LFV 1 decays

Br(t—lo, o) < (0.8-1.9)x10-" @90%C.L.
—l¢: improved by factors of 4.9 and 9.6
—lw: first search
We provide the highest sensitivities to New Physics
via lepton flavor violating T decays



Backup
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i
[:Imi:*s L=

Hadromc tag

m?2

=

miss

Leptonlc tag

and p, s Cut

- Requirement on correlation

2
between m< s and p.

(e-ete-, p-uty-, e-ptu-
and p-e+e- modes)

Apply different cuts by
hadronic tag (1v)
leptonic tag (2v)



T — 3 leptons

1.65

1.7 175 18 1.85
Meee (GeV/C7)

(b) 77 = "

1.7

1.65 17 1.75”.1.8 1.85 1.65 1.7' 1.75 1.8 1.85
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Summary for t—3leptons

Mode e (%) bo s | Total Sys. (%) | s90 | Upper limit B
T — e ete 6.00 | 0.40x0.28 | O 9.8 2.1 3.6x10—8
T — puptpT | 764 | 0.0+55° | O 7.4 25| 3.4x10~°%
T~ — e putp~ | 6.08 | 0.0£51% |0 9.5 25| 43x10-®
T —p-ete” | 920 | 0.0£52° |0 7.8 25 28x10—*%
T~ —etp—p~ | 108 | 0.0+55° |0 7.6 25| 24x10~°®
T — pute e | 125 0.0£%19 [0 7.7 2.5 2.1x10~8

0.0




t—3lepton from Belle using 87.1fb"
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Mode e ete” FLM;L+LLM e ppT ©n e e et pne e
Eff. 9.2 9.0 9.2 94 9.2 9.5
#(BG) <0.2 0.1+£0.1 0.1==0.1 0.210.2 <0.3 <0.2

#(0Obs) 1 0 0 0 0 0
UL [ <35x107 <20x10 7 <20x10 7 <1.9x10 ' <20x10 ' <2.0x10 '

(Final eff = eff. X 1-prong sel.(85%) ~ 7.7%)




Mode

pp

1—3lepton from BaBar using 91.5fb""

_|_

- - .:'" ": & -
TR
S L

AE (GeV)

o 0z ,
AM (GeVic)

T AM (GeVie)

0 02 .04

e e e
Eff. 6.51+0.5% 7.310.2%
#(BG) | 0314009  1.51+0.11
#(Obs) 0 1
UL | <19x1077 <20x10 "
Mode e pnete”
Eff. 6.610.4% 7.710.3%
#(BG) | 0394008  0.62+0.10
#(Obs) 1 1
UL | <33x1077 <27x10 "
Mode etp po pe e
Eff. 9.6+0.5% 11.60.4%
#(BG) | 0214007  0.37+0.08
#(Obs) 1 1
UL | <13x1077 <1.1x10 "




t—lepton + Vector meson

>
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Event Display of observed data in t—uo

Exp 39 Run 204 Farm 0 Ewvent 492373

Eher O3.00 Eler 000 ‘Wed Sep 2% 0E8z156216 2004
B EI I E TrglD 0 Detyer O Magll 0 BField 150 DspVer 250
Ptot(g 6.5 Etotfgrm] 2.2 5WD-M DCODC—M C KLM- a




Event display of observed data in t—>ew

Exp 15 Run 1382 Farm 0 Ewent 339221
Eher 0.00 Eler 0.00 Sot Dec 22 07251209 2001

BELLE TrglD  QDatver 0 Magll 0 BFeld 150 Dspver 750
Ptotlg 7.3 Etot{gm] 1.3 SVD-M 0CDC—M O KLM-W_0





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


