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Lepton Flavor Violation (LFV)

O Standard Model (SM) exactly forbids LFV.
Q SM + v mixing includes LFV.

But, extremely small ! W AI\]\J’Y
Am —4 -52
Br(r—>ﬂ7/)06[mwj~10 ’ ~10 Tmu
V’C VH

(PLB67,303 (1977)/EPJ C8.513(1999))  |mpossible to observe it!

O Many New Physics (NP) models include LFV process naturally.
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O Tau lepton has many possible LFV decay modes. 7
Q - Wide window to probe New Physics effects.

More than 40 decays are allowed.
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LFV In Higgs mediated model

When sleptons are much heavier than weak scale

‘ T=>un may be enhanced.
LFV will be proceed via neutral Higgs (h/H/A)

) Br(t—un):Br(t—3pu):Br (t—py)
K S =84:1:15
___________ N (PRD66,057301(2002) )
T > tan 3 \6 100 GeV\?

BR(7— 177)=(0.84X 10" r><[ .’ ><[ |

m 4

Recently, detailed estimations for t=>up® (p®=n,n’.n°) ? ,
and t->phh’ (h=r,K) are shown in JHEP06,079(2008), JHEP10,104(2007) *
N
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Signature of NP models
Ratios of LFV decay Brs in each NP model

SUSY+GUT Higgs Little Higgs | non-universal
(SUSY+Seesaw) mediated 7’ boson
[z‘ — L ~2 X 10_3 ~01 04~23 ~20
T uy
[r — jree ~1 X102 ~1 X102 0.3~1.6 ~20
T uy
Br(t—puy) <107 <1010 <1010 <10
prediction

enhanced mode T—>|Ly <
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Various LFV mode searches helpy

to discriminate models.
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B-factories
Q A B-factory is also a t-factory!
O o(t7)~0.9nb, c(bb)~1.1nb
O Detectors

-F/B asymmetric -high momentum particle ID capability
Belle Detector

R Aerogel Cherenkov cnt.

BABAR Detector

S(135sTolen0id < 1n=1.015~1.030 M Muonadron Detect or
Magnet Coil —
CsI(TI) eV et W cecronprownpetecor  MINT N e
16X, B cherenkov Detect or
TOF conter B vacking chamber

Ml support Tube

. Vertex Detecto
i en ' lDrlft Chamber L s :

B GeV ¢ g
lce]l +He/C,H,

-
e

Si vix. det.,
3 lyr. DSSD

p /'K, detection
14/15 Iyr. RPC+Fe

O Accumulated data:
>7.5x108 t-pairs at Belle, >5.1x108 t-pairs a\BaBar

= Br~0O(10-3) sensitivity!
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Analy3|s method

e'e” -1t clear environment
L Signal (3u) S|gnal Extraction
One charged 2
(tag) +missing inv = \/E signal P signal
CM CM
A E E signal E beam
02— | Signal MC
signal region
—~~ (blind region) ‘-
Signal siae '
J T (D00 .
+ 4’ 4 ~ ~ . e« o o
et 1 e IR
« tag side
-0.2—

Blind analysis
=Blind signal region |

BG estimation: sideband data
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Signature of signal and background

Signal faMe  dg
(LFV) (uds, charm)
e- e+
Tt ,
7 Like two t”_arf(OWJ_e;‘lS | Many charged tracks
@5 v present in tag side only and v
@n— T+ Adf
SM o /o Two-photon / ff
A
. /
e_

.
) / , - |

v's present in tag _
@ and signal side Electrons are included

DISCRETEOS In signal and tag side



Results (t—ly) , Sgna
Final state: 1-prong decays and photon oD THY
=) Major remaining BG from e*e—t*ty aale -
sensitivity: limited by BG %‘_m 7;.,{. s
Belle(PLB666,16(2008)) g TRy \
Data: 535fb" b LR
Br(t—uy)<4.5x108 at 90%C.L. ., /signalregion
Br(t—ey)<1.2x107 at 90%C.L. e CZ)f
BaBar(PRL 95, 041802 (2005)) oy IEER i
Data: 232fb-! LR
Br(t—py)<6.8x108 at 90%C.L. h PO
Br(t—ey)<1.1x107 at 90%C.L. o
-1 -0.5 0 wi
\H___&#é:ﬁ’
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Final state: 1 -prong dec: —
t—e/pt+(n,n 1) U Mme=ay)
BaBar(PRL98, 061803 (2007)) ' e

Results (r ) signa

e data

Data:339fb" 'T'
Expected BG : (0.0-1.3) events AR N D
N,..: 0-1 event - "~ signal re7lc)n
Br(t—un,un’,un®)<(11-20)x10-8 N N | '
Br(t—emn,en’,en®)<(14-26)x10 —05 0 4
Belle(PLB648, 341 (2007)) 5210'2- I—“rm(—”/}’/
Data:401fb" ol il
Expected BG : (0.0-0.6) events N I - .
Nops - 0-1 event |j
Br(t—un,un’,un’)<(6.5-13)x10-8 -04-  signal -
Br(t—en,en’,en?)<(8.0-16)x10® ¢ data .fEf;:‘l

. . 1.8 1.9
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signal

Results (t—3l)

data

inv

Belle(PLB660,154(2008))

Final state: 3-charged tracks
= good resolution of M.
BalBar(ERngg, 251803(2007))

and AE

s

L T

signal

e data

[T — e ete 1T < U e e . = o= o) 7 —eee = (f) T~ —>u'ele”
0.2 . S 7] =) B 3
L '@ LT 1 49 7 P4 SE
0.2 - -«* - o TN .
oal - . . : _.:. N - :
[ L . S . = : -
0.6 a 1 Y : il L= e ] = R - L !
i _- T I_ T =_ T T 11 ,:—-}—... (dY 77 —> " ete” o
Fu.z—t — L ete . IT —e " u ] = L = 2
o . . ® 1 = s £
Z ool -_ ﬁ _— 4 ee - % | ;ﬁ’;}??i,}' % ol /(“-:
— | " [ 1= - m | e B e s
i) - . =" = // o
- - - il — N ) et
< 02r . . T.%2 -~ ] B EEEEEFEE Ty 25 - o
0.4 W, = . i
Faet . L - E‘-‘:’Q'f:- ' . il & SIHI .
0.6 e L. L Bt S TET N tesote s 1.8s 1.75 1.e  18s
T ' ' ] e () 77— e T = s (b)Y 77 —> pe g e
D.E—t — e Ut .. o T —> ] 3 , . )
| - 1. — u__:{} — o 4 d
0.0f . Ij L 4 Y ef T = [ )
[fes " . pa [ Eo=sias e e
-0.2 _'-: 'l-: & - _.%‘17.' . ] 0.2 \“—_'/ —.1 A _/
-y . . - e —o. E Hk
-0.4F . i E L R . —o. i
!a- - + F ii- -
L - - _b" bl | T = e
0-8F- | *an | Looet” (2 (Nae r ! il o -

-0.4 -0.2 0.0 02

-0.4 -0.2 0.0 LD.Z I
AM (GeVich

Data 339fb-1, 0-2 ev. observed

Br(t—3leptons) <(3.7-8.0)x10-8
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Mg, (GeV./ c*)

Data 543fb1, 0 ev. observed

Br(t—3leptons) <(2.0-4.1)x10-8

Tou'ee :

currently the most

stringent UL on t LFV decay

10



Results (t—>If,) 0

Final state: lepton + neutral meson
=Small BG due to mass restriction of meson

Belle meson T
® 1 If (980) -

data: 671fb-! (First search) 3§02 —D'ngar}gl y Cufo(9§30)
Expected BG: 0.1 events % . Lo

from qq for uf,(980)
two-photon for ef,(980) o
Nops O events ot e
=Br(t—f,(980))xBr(f,(980)—n*r") -0.2 =
<(3.2-3.4)x108 »

-4+ Data
10000 — T ufs :
77 MC | o
8000 [ continuum MC
6000 f0(98 ) ’m '7 1 ,8
4000 Mﬂm (Gev/CZ)
2000 \ --5;1 #

# of events/0.1 GeV/c?

e Submitted to PLB, arXive:O810.3159[hep-e_x]
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Results (t—1VY) ¢

Final state: lepton + neutral meson

=Small BG due to mass restriction of meson

meson T
BaBar o “BABAR BABAR

Te¢  Tpreliminary T We " prelminary
® (V0 (Preliminary) P TRNNE FETI Wt

data: 451fb- . TR e

Expected BG: 0.6-2.8 events e BaBax < u.r BaBar
Nobs 0-6 events 4,':",,,,_-,_:__,' £ B .
=Br(t—1tVvY)<(0.8-18)x108 USRI LR PR
sf v —eK' BABAR C 1 —=-uK. BABAR

2f prellmlnar'_i,.r : prellmlnar;-,.r

A E(GeY)

Belle(pLB664,35(2008)) M _El{ o N
data:543fb-" S g T ey RGO
Br(x—£V0)<(5.9-10)x108 - R Bpféﬁfn‘ﬁ <k Bpféfi:‘n‘ﬁ

Dec. 11-16 2008 DISCRETEO8



Ivity
# of photons resolution BG sensitivity O:very good
Ty 1 A X 108 A: good
T=un 9 A O 108 X :not so good
T U 0 O O 108
QO photon makes resolution of M
reconstructed tau mass worse. " Inv
O Narrow signal area effectively rejects T HHR
BG's. \
O Reconstruction of eta helps reject = T2un
BG’s and makes resolution notso . TLY \
bad. : AN
Currently. we obtain similar result. 1.7 1.85

g
In the future, analysis for t=>uuu has advantage. .,



Current ULs for tau LFV decays

~ [BaBar ______ |Belle ______|CLEO _

Br(x10-8) Lum(fb'!) Br(x108) Lum(fo-!) Br(x10-)

t>ule+ty  6.8/11 252
1> [+PO 11-16 339
>u/etKs 4.0/3.3 469
=2++" 3.7-8.0 376
t=>l+h+h’ 7.0-48 221
1> [+V0 0.8-18 451
~>u/eto  10/11 384
t>h+A/A 5.8-15 237

I=e,u, P%=n,n’,n0, VO=pO0,K*O,K*0,¢, h=r K

include KA/KA
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4512 535
7-12 401
4.8/5.6 282
2.0-4.1 535
20-160 158
5.9-13 543
8.0/18 543
7.2-14* 154

*Belle result does not \

110/270
370-960
95/91

150-290
190-820
200-750



Other processes with LFV (Y(ns))

CLEO (PRL 101,201601(2008)) b t
Y _
O Y(ns) decay(n=12,3) b "
O 1s:1.1fb"1,2s:1.3fb-1,3s:1.4fb"

b ‘ P
I Br(1s>p1)<6.0x10 =1°0l (a)
I Br(2s>put)<14.4x10-62

|
N
s

!
102 |

S

~ 01 \ =
O Br(3s>ur)<20.3x10° & T
C ]
(950/0CL) () T -
47 . _
L= Lon + z(;N(ﬂF#T](/?Y“/)],Lﬁ 1 E_?TIGNAL . *t e
: o- |
® A>1.3/0.98/0.98 TeV W/ oy =1 aa =

Recently, BaBar reported the result: 0.87 0.92 0.97 1.02

Br(3s->e/ 1) <5.0/4.1x10% at 90%CL X =P,/ Epean
QWG6(arXiv:0812.1021 [hep-ex] ) 15



N+~ A~ 2 T aVa¥al
Ootner proce

d
oY _
B) b >\Awm<“
Mediated by non-SM Higgs

BaBar (PRD 77, 091104(R) (2008),
PRL99,201801(2007))

O Br(B°>et)<2.8x10

O Br(B’>ur)<2.2x10

O Br(B>Krtu)<7.7x10
First séarch (90%CL)

Br(D® > e p) <8.1x107 @ 90% C.L. w/ 122fb""
PRL93,191801(2004)
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Lepton momentum (GeV/c)
16

Entries / 0.025 GeV/cEntries / 0.025 GeV/c



New Physics constraints on t LFV deca

100 .
Although NP models usually depend on i ’
many parameters, in order to illustrate 80
the sensitivity of our results, we show %
examples based on the following formulae: ® 60

40

MSSM with seesaw 20

—30x107° x tan 2>< M susy h O
Br(zr — uy)=3.0x10 ( . j (—lTer 0 1 2 3 4

Mg gy (TeV/c?)

(PRD60, 055008(1998)) 100
. . 80
Higgs-mediated model
Q. 50
2 -6 % §/
B , (tan B Mo | = 40 e = \L
Br(t=>pn) =8.4x10 x£—60 j XK—IOO GCVJ - o e i

R CDF excluded at 95%% C.L.
(p—>77, 310 pb™") _

P ) DY excluded ot 95%% C.L.
(¢ —=> bb, 77, 260—325 pb™")

(PRD 66 (2002) 057301) 2©

o LEP Ie>~<cﬂuclled | ) |
80 1700 120 140 160 180 200C
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Future prospects for t LFV decay

LFV sensitivity

j}depends on remaining background level

- 124y,
scales as ~1/\L
Sensitivity is currently limited due to background
from Tttty events

- 12> 3leptons, t+meson
scale as ~1/L

Negligible background at 1ab-’
= a few BG events at 10 ab™’ /
Because of
- Good particle identification \ fﬁ _,-,
- Mass restriction to select meson . —&>
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Super B-factory

e
Super B-factory:(10~50) ab-' 3,4 5
Expected sensitivity 5 e B ooy
t—ly Br~O(1089) 2 | Lot

t—8L, I+meson Br~O(10-9-10) tiGRA s

Current UL@Belle SUSF}SW
Br(t—pup) <3.2x10-8@543fb"’ 107
U SUSYHéﬁggS |
éSthsee.saii SL,I er Bf N
Br(t—pup)<3x10-10@50ab-" I IS O i -
Expected UL @ LHC 30fb e L{Jmmost(ab )

Br(t—upp)< 3.8x10° (W-source) er—ppp

<3.4x10°" (z-source)  10x better sensitivity than @LHC
(from P.Rezvicev’s talk@HQLO8) |

Provide valuable information for |
understanding of New Physics

R
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46 modes fLFV decays with 10° t’s
are investigated at Belle and BaBar.
No LFV signal in any modes

set upper limits on branching factions: O(10-8)
(Br(t—uy)<4.5x108, Br(t—pup)<3.2x10-8 etc.)
 Improved sensitivity: x100 from CLEO
= Effective BG rejection because of detailed BG study

* Reach some NP predictions
ex. in MSSM with seesaw: excluded high tan 3 and small M

(exclude:tan f>29 @ M

susy

=2 TeV/c?)

susy

Other processes: B%—e/u t, B=>Krpu, Y(ns)=>u t s\
o

At Super B-factories with 50 ab!_Very interesting regions
LFV sensitivity reach O(10-9-10) “for many NP scenarios
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