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General

t is the one of the six fundamental leptons.
t lepton is the heaviest lepton, it may decay
into both leptons and hadrons:

PDG-2006 lists more than 200 different t
decays.

We can study all interactions allowed in the
Standard Model and search for effects of New
Physics.

T is a very clean laboratory with no hadrons
in the initial and only a few in the final state.
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t Lepton Factory

Group

Luminosity,fb-1
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B-factory is also a t-

ractory producing

0.9x10° v+t pairs per each fbl.
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Tau Decay g

d, =cosO.d +sinf, s

Universal W Couplings

_ 1 1
By =Br(t" = v I'v)) = -~ = 20%
2+ N, 5
B, = (17.82 = 0.05)%
B, =(17.33 = 0.05)%
F(T_ —Vv_+ Hadrons) |
R, = — ) _ N,
't — v, e‘ve)
1-B,-B,
> Ag=— =3.639 = 0.011
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Lepton Universality
.

. 2m5
F(T g zv‘rvg) = 19sz_; f(mr’mlﬁ)rEW

G S ’ — f . (m,_ ,m
r = ( T—€V_Ve ) _ (m‘u ) (I—M)B(‘U . eVTVe) cor( ul e)

G . mr Tr fCOI’ (mr’ me)
r T fs B(t,evw), % | mt . MeV Comments
T , ’
0.9405 [305.6%6.0 [17.93%0.26 [1784.1 =37 |PDG,1992
+ + + 0.009 .
+0.0249 + 0.0185 |+ 0.0136 +0:0095 2.4 0
0.9999 291.0+1.5 |17.83+0.08 | 1777.0 =32 | PDG, 1996
+ 0.0069 + 0.0052 + 0.0045 + 0.0008 -0.010
1.0020 290.6 +1.1 | 17.84+0.06 | 1776.99 g2¢ | PDG, 2004
+(.0051 + 0.0038 + 0.0034 | = 0.0008 +0.40
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Tau mass (Belle)
.

® The most precise value of the tau mass was —
obtained by BES collaboration, by scanning the P.
cross section of t+t-near the threshold.

At Belle, we can reach the same level accuracy by
the different method. The systematlc IS Bell
different. ( € e)

Mmin2 - 1\/IX2 + 2( E—; _ EX )( EX - PX )7/) 3500

B Pseudo-mass method

m Data: 414fb-"

B Mode:t23nv & 2000

B Beam energy calibration by
reconstructed-B and uu.

500

MT=177661i013(Stat)1035(sys) MeV/C2 0/177 173 174 175 176 177 178 179
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Mass (Belle systematics)

.
B Beam energy and tracking system 0.26 MeV
B Edge parameterization 0.18 MeV
B Limited MC statistics 0.14 MeV
B Fitrange 0.04 MeV
B Momentum resolution 0.02 MeV
B Model of t—=3mv 0.02 MeV
B Background 0.01 MeV
Total: 0.35 MeV
Group m, MeV

0.29
PDG,2004 1776.99 x °¢

BES,1996 | 1776.96 =5, =.'>| scan threshold

KEDR,2006 [1776.80 %432 * 0.15 | scan threshold

Belle, 2006 | 1776.61*0.13* 0.35 | pseudo mass

2007/02/08 KEK Topical Conference



2007/02/08

Mttt ans Mt at Belle
e

CPT test by Mt* vs. Mt

Mt*-Mt=0.05%£0.23+0.14 MeV

90% CL

Group Nt*t, 103 |Mt* - Mt |/Mt
OPAL,2000 160 <3.0x 1073
Belle,2006 370k <2.8 x 10+

Improve previous OPAL results

by one order of magnitude.
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Lifetime t_
.

(Babar)

ZD Decay length

E I:I-IE-":IIII|IIIIIIIIIIIIIIIIIIIIIIII|IIII|IIII|IIII|IIII_
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JE—— a:iir[;._lg'l_P]II-E 2004 + B4B4R 2004, praliminary 7
g BaBiR - f L=20000=083 8 :
2 el preliminary = 0181} PDG 2004 3
5 eData 3 - F BR{T — eu) = 0.1784 + 0.0004 3
é— 0L -TT ] Q1B M,.= 177690 +020 -0 26 MeVics o
2 Qg : ;
= -l 0178k 3
10 Ebb E s .
N E D178} { E
0.177F . 3
e 5 .+ SM: eyt coupling ratios =1 3
-4000  -3000 -2000 -1000 0 1000 2000 3(;(&):)(“1;1](:0() D'l?ﬁl'll”ﬁﬁi .igl&. Eg:.h..z.lgi..l.gl:.z. Iﬁi .1:!!.4..2.5.5. Ij'gllﬁl 5;?
T (&)
7. =289.4 £ 0.91 £0.90 {s
Group N_, 10° T, fS 0Tsys, 70
DELPHI,2004 150 2909 14 £1.0 0.34
PDG,2006 - 290.6 1.0 0.28
Babar,2004 79000 289.40+0.91+0.90 0.31
| Most precise! )
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Tau LegtonI Elecro Dipole Moment (EDM)

d_ limits (1071 ccm) T violating
observable
DELPHI (-3.7<d.<3.7)
YY—>TT
L3 (-11.4 <d < 11.4)
ELLE ~22<Re(dt)<.45 Phys.Lett.B551(2003) 16
BEL —— _25<im(dr)<0.008 o otBl00)
TTY
OPAL I (-3.7<d,<3.7) B-factory exp.
improve one order of
| L 1 | I | magnitude.
-10 0 10
parameter Group Re, 95%CL Im, 95%CL Comm.
EDM(d.),10-**ecm | Belle, 27M |-0.22-0.45 -0.250-0.008 ¥, P
WDM(d W),10-16ecm | ALEPH,300k | <0.50 <1.1 ¥, P
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High statistic study of t— w=n’v and CVC
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New data on v—rnn’v. from Belle
__ I

From 64M t+t- pairs, Belle selects 5.5M -+ n-nv_ events!

45 —
® Belle ] 6 7 e Belle ]
10 | ALEPH . i ALEPH
GoS Fit ] I CLEO
(Pgz70) * Praaso) * Piazoo)) ] 35 7 GoS Fit R
1 R E 30
o i : o~ I
E 7 EZ5 i
al, | :
10 " e | skl o177 20 |
T 15 |
10" ’
: 10 |
| 5 ) i
3 o s o o e L o 0w 0 o 0 & § & 0 o f & | & f§ o 0§ o
10 0 0.5 1 15 2 25 3 0.3 0.35 0.4 0.45 0.52 0.55 0.6 0.65 0.7 0.75 0.% )
(Mnno)z (GeVIcz)z (M‘m‘to) (GeVic?)

Bgeje = (25.15+0.04 £ 0.31)% By = (25.471£0.097 + 0.085)%
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t>n v, and a,=(g,-2)/2
.

B Hadronic vaccuum polarization term plays an important
role in the theoretical calculation of the muon anomalous
magnetic moment. a ,=(g,-2)/2

B The dominant part of h.v.p. term can be evaluated from the
27t spectral function measured with e*e-and t —data.

B Recent data indicate that there is a systematic difference in
the 2 system between e*e-reaction and t —decays.

= <
<%V(I3 r—»—/';%n

JU
JU
T

Y °
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K(S) v (

= (§) =« spectral function

o 2OF =
T 4m S

7 o -fine structure constant

S —M -
_T Y
3 ME:"‘ T—— ' ¢ Inx
1-

A= }B'ﬁ B, =J1—4m;, /s

N Y

_ : .
m B . 5 or
v {__5') = L 1= 1+
6x WV, [ Se B (L m. )L m,
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(g.-2)/2: Theory vs Experiment
m

Contribution a, 1010
Experiment 11659208.0+6.3
QED 11658471.8+0.016
Electroweak 15.4+0.1+0.2
Hadronic 693.1 + 5.6 (ete)
Theory 11659180.3+5.6
Exp.-Theory 27.7£8.4(3.3 o)

ICHEP-2006 (M. Davier et al.)
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Muon anomalous magnetic moment (a )

BNL E821 (2004):
g, = (11 659 208.0 + 5 8) x10-10

T T | T T T T
DEHZ 03 (e e based) e e

180.9+8

DEHZ 03 (t-based)
195.6+6.8

HMNT 03
176.3+7.4 ——V

179.4+£9.3 — slished

TY 04 (e*p_ based)
180.6 + 5.9.(

blished

DEHZ 04 (e"e -based)
182.8+7.2 e

1

BNL-E821 04

| | %Exp.

208+ 5.8 -

[]
L | Il Il 1 1 | Il 1 1 Il 1 1 L 1 1 | Il ! [ Il 1 1 L | I 1 L 1 ‘ L

140 150 160 170 180 190 200 210

a, — 11659000 (10719
ICHEP-2006(M.Davier et al.): au(exp)-au(th) is

a,=(g-2),/2

3.30

(K.Hagiwara et al.,hep-ph/0611102,claim even 3.40!)

A hint to New Physics beyond the SM!?
2007/02/08
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the t data
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Relative difference between ¢ and ete - data:

(IF J°[ee] — IF J°[1) / IF J°[x]

0.3

0.2

0.1
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No correction for p*—p% mass (~ 2.3 £ 0.8 MeV) and width (~ 3 MeV) splitting applied
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Davier, hep-ex/0312064

Jegerlehner, hep-ph/0312372
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Relative difference between <t data

(ALEPH,CLEO and Belle )
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® M_2<0.8GeVs

consistent each
other.

2 2
® Marn > 0.8 GeV ;

Belle-CLEO consistent,

ALEPH is higher.

g 2. : :
is dozmnated in the

lower Mrt  region.
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a_ (2x) from Belle T data

-

For 0.25GeV? =m’_ <=m’ ,Diffrence between v and e*e” exist in rhis mass region.

Isospin breaking correction is necessary.
= p-w interference effects

5 inthe phasespace m . =m , (-1.8+2.3)x10-10
= inthe width m . =m, i Ref Phys.Lett.B513,361(2001)

au(2ﬂ:) =4572+1.5, +2.3,, + 2,3SU(2) <1010

B Most precise on structure function (SF) measurement
m Consistent with previous t data.

c.f. SU(2):SU(2) breaking correction error
® T (ALEPH,CLEO)

a,(2m) =464.0x2.2,. =23, =23,
@ce  (CMD2) Ref. Eur.Phys.C27,497(2003)
a,(2m) =440.8+4.9=x1.6_,

SF: structure function error, BR: Br error
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Decay with Kaons
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Decays with Kaons.

B Cabibbo suppressed.
B Strange spectral functions
B Decays with One Kaon: Experiment

) Mme, |VUS|

Mode B, % (PDG-06) | Best Nev/Group B factory
Kv. 0.691 +£0.023 2032/ALEPH -
KOy, 0.452+0.027 923/ALEPH Babar
KOrt-v_ 0.90+0.04 937/ALEPH Belle
Kt 0.452+0.027 3500/CLEO Babar
K'nOnlv, 0.058+0.023 131/ALEPH
KOt-t0v_ 0.38+0.04 299/ALEPH
Kot ndv, 0.079+0.012 488/CLEO

2007/02/08
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Decays with Three Kaons

.
Mode Br, PDG-06 | Best, N_/Group | B factory
K'K*K" mtlv_ <0.21% 1.7x10%/TPC -
K'K*Kv, <3.7x10~ 2.9x10%/CLEO Observed
K-K*K v, <4.8x10° 6.8x10%/CLEO -

Group N_, 10° Nev Br(¢K-v,), 10
Belle 358 551+33 | 4.05+0.25+0.26
Babar 306 274+16 | 3.48 £0.20+0.26

First observation

2007/02/08 KEK Topical Conference



First t Decays with Three Kaons
.

Belle T—>¢Kv TV

80;

: 200
60; ;
40 100
LA N R -; &:|1\|||||>\|||1\||
Bss 4ot iz i ik igs % 1 101 102 103 104 1
M(K,K) GeVic2 M(K,K) GeVic?
MK+K- MK+K-

B Both groups observe tT™2>¢Kv_

First Observation of the Decay with ¢ meson.
2007/02/08 KEK Topical Conference 24



Hi-statistic Study of t>K_ n—v_ at belle
. Belle

B Data: 351fb! Fit of EXP K ™ spectrum

PDGO04 average
Belle o

[ ] Signal
[] KK,
0 Ksmto
B KK

B 3

10

R , CLEO-96

ALEPH-98

&
® | '-% 10¢
=

ALEPH-99 (K, ) —eo——

10

OPAL-00, |
o Mé,.(K;;W ), %45 " 7 M,N:,(KS;)Z, Govic?
M,.. spectrum is dominated by K*(892),K*(800)i.e.x and K*,(1430).
Mode Br, % Br(PDG-06), %
KOgv, Belle: 0.395+0.002+0.014 0.45+0.02
Kmthv, Babar:0.439+0.003+0.021 0.452+0.027

This decay is interesting for the CPV searches in the tau lepton decay.
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Search For Lepton Flavor Violation
In Tau Decays

2007/02/08 KEK Topical Conference
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Lepton Flavor Violation
.
= Clean processes to Look for Beyond the SM

B LFV is not forbidden by SM gauge symmetry

B Neutrino oscillation indicates Lepton Flavor is
violated in the Neutral Lepton sector.
B Flavor Violation is the Charged Lepton Sector?

® In SM, LFV is suppressed due to a tiny neutrino
masses.

2
m

w

Y
9 \ 2 )
BR « (Amv ) ~10™* -107°* W '\Vy
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Charged Lepton Flavor Violation
.
B LFV is expected to occur in the loops of the new
physics processes at TeV scale such as SUSY,
Extra-D etc.

y =23l In
=2ly | 'sz ) .

Ko *

. e iy L(s)
i) 1{e) |<
" )

(my Dy

SUSY+ Seesaw, Left-Right etc.

B Correlation between t -LFV and u-LFV( us—> ey, u— lll)
B Predicted Br(t->u-vy) reach 10-8-10-7

—) | 44 different modes are studied!.

KEK Topical Conference 28
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General event selection

v' 1* (signal) — LFV
of exclusive decay mode
& t* (tag) — single track
with (n y) + missing
Single prong mode occupies >80% of decay.

Simple but strong constraints does not exist
due to neutrino missing .

v' BG’ s: Tt, continuum, uu, ee, vy, BB

v'  signal evaluation: miny - AE
Miny ~Mtay & AE=E-Epeam~0
v"  Blind analysis

AE (GeV)

Evaluation of upper limit s 1s 1

M. (GeV/c?)

inv (

v For small numbers of events in signal-region,
event-counting is done with Feldman-Cousins method.
v For fairly large amounts of events ( a few 10’s ) in signal-region,
maximum likelihood fit is applied and upper-limit is evaluated with
toy-MC.
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New result on T—ny (Belle)

v'signal extraction:

Unbinned Extended Maximum Likelihood fit v analysis: same with previous one,
[ but with tighter requirements

L signal remaining events:

L
O 94ev./(535/b)
: L signal detection eff: 6.7%
% -0.1 Tes \ signal region: 20 ellipse
Ej/ 02 . \ signal extraction: UEML fit:
< = s=—3.9, b=13.9
0.3 (allow negative s and its prob. 25%)
‘ ‘ . s(90% CL) = 2.0 ev
-0.4k22 i hlinded region. S| |V Br<4.5x1078 at 90%C.L.
1.6 1.7 1.75 1.8 1.85
Muy (GeV/c?) no signal events are found. i
§ preliminary i
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t—ny (Belle) cont.

# of events
AN
|

1 :—‘/Mﬂ [ ] [ ~ \\0 o ¢
5 1 LINCL
— N

UEML Fit result: s=-3.9, b=13.9
(allow negative s and its prob. 25%)
s(90% CL) = 2.0 ev

Br<4.5x10-8 at 909%C.L

KEK Topical Conference
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Event display -
(T —»uy candidate) BELLE i ticeicto..
tag-side: m to detector gap " N\

low energy vy
radiative uu event (?)

T Zzzz2 R

=

T Lk

ot
3
H

o
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New result on T—ey (Belle)

1.65 1.7 175 1.8 1.5
MC'Y (GeV/cz)

# of events
B W
M

w
LI L

2007/02/08

(535/1b)

v'analysis: same with previous one,
but with tighter requirements

L remaining events:
Sev./20 vs 20ev./50
signal detection eff: 3%

signal region: 20 ellipse
{ signal extraction: UEML fit:

e s=—0.14, b=5.14
(allow negative s and its prob. 48%)

s(90% CL) = 3.34 ev
Br<1.2x1077 at 90%CL

preliminary i

KEK Topical Conference
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Status of LFV Studies-I (t —ly, lll)

.
T Belle Babar CLEO
mode | Br, 107 | Lum. fbt | Br, 107 | Lum. fb | Br,107 | Lum,fb
LY <045 | 535 | <0.68 232 <11 13.8
ey <1.2 535 <1.1 232 <27 4.68

uw-etu- | <20 | 87.1 <1.3 91.5 <15 4.79

u-ee’ <19 | 871 <2.7 91.5 <17 4.79

W u—Wu+ <2.0 87.1 <1.9 91.5 <19 4.79

e-u—ut <3.3 87.1 <2.0 91.5 <18 4.79

u+e-e- <2.0 87.1 <1.1 91.5 <15 4.79

e-e-e+ <3.5 87.1 <2.0 91.5 <29 4.79
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Status of LFV Studies-II (t— |+Hadron)

.

T Belle Babar CLEO
mode Br, 107 | Lum. fo-' | Br, 107 | Lum. fo'' | Br,107 | Lum,fb!
e K0, | <056 | 281 9.1 13.9
wKOY | <049 | 281 9.5 13.9
Vil o <12 | 401 <1.1 339 40 4.68

W <0.65 | 401 <1.5 339 96 4.68

un’ <1.3 | 401 <1.4 339 - -

eV <0.8 | 401 <1.3 339 40 4.68

en <0.92 | 401 <1.6 339 96 4.68

en’ <1.6 | 401 <2.4 339 - -

2007/02/08
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t2>In
EE

302l = un(—>7)
L
<

B Data: 401fb-! (Belle)
B t2>In; n2yy, whrd

B Br(t>un)<0.65x10-7 -

1.6 17 1.8 1.9

m Br(1->en)<0.92x107

T =>en(—>yy)

(GeV)

® Efficiency x Br(n); 4.1%, 2.9%
® Low background

B Background: <1 event
® t>un: alittle t=>nadv A

AE
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Status of LFV Studies-III (== e"h*h™)

.

T Belle Babar CLEO
mode Br, 107 | Lum. fo' | Br, 107 | Lum. fo'* | Br,107 | Lum,fb!
et <7.3 158 <1.2 221 <22 4.79

et <2.0 158 <2.7 221 <19 4.79
e ntK- <7.2 158 <3.2 221 <64 4.79
e K+ <1.6 158 <1.7 221 <38 4.79
etm K- | <1.9 158 <1.8 221 <21 4.79
e K+tK- <3.0 158 <1.4 221 <60 4.79
etK-K- | <3.1 158 <1.5 221 <38 4.79

2007/02/08

KEK Topical Conference
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Status of LFV Studies-1IV (t— 1'V9)

.
T Belle Babar CLEO
mode | Br, 107 | Lum. fo'' | Br, 107 | Lum. fb-* | Br,107 | Lum,fb"’
ep! <6.4 | 158 - - <20 | 4.79
e K#(892)° | <3.0 158 - - <51 4.79
eK+(892)0 | <4.0 158 - - <74 4.79
e <7.4 158 - - <69 4.79
upY <2.0 158 . i <63 4.79
W K#(892)Y | <3.9 158 - - <75 4.79
wWK*(892)0 | <4.0 158 - . <75 4.79
wo <7.7 158 - . <70 4.79

2007/02/08

KEK Topical Conference
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Status of LFV Studies-V (t—I"*Baryon)

A
T Belle Babar CLEO
mode Br, 107 | Lum. fb-* | Br, 107 | Lum. fb-' | Br,107 | Lum,fb-"
EY <3.0 158 - - <35 4.7
prt! <65 | 158 . . <150 4.7
At <1.4 158 | <0.59 237 - -
AT <0.72 158 <0.58 237 - -
AK- : : <072 | 237 : :
AK- - . <1.5 237 i i

2007/02/08
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Future prospect -1
E—

0-5

Shaded boxes— Super-B with 5 -10 ab-! = 0(104.10)
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Progress of LFV Studies- t»p vy

B

Group Date | Lum, fb' | N_, 106 B0,
MARK II 1982 0.017 0.048 5.5x104
ARGUS 1992 0.387 0.374 3.4x10~
DELPHI 1995 0.070 0.081 6.2x107
CLEO 2000 13.8 12.6 1.1x10°
Belle 2004 86.3 78.5 3.1x10
Babar 2005 232.2 207 6.8x108
Belle 2006 535 477 4.5x108
Babar&Belle | 2006 767.2 684 1.6x108

Combining results. S.Banerjee at Tau2006>

4 order of magnitude improvement by 25 years.

2007/02/08
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Implications of LFV Studies for SUSY

Bt — uy
/ MSSM with Seesaw
B(t — py) ~7x 107" (taﬂ5>2 <1 TeV/&)“‘

60

60 Msusy 20

v PRD 60, 055008 (1999). 0
B topunm
v Higgs mediated in MSSM

6 4
_- [tanf3 100 GeV/c?

— ~ 84 x 107" [ —=
VS ) Y TTEREY

(M. Sher, 2002)

LEP: e'e” —h°z°, h°A°, ffy, bbbb, bbr*z-
CDF: Pp — bbgp — bbbb

2007/02/08 KEK Topical Conference

_ Excluded Region by BaBar
232fp°"

0 0.5 1 1.5 2

LEP excluded
100

150 200
m, (GeV/cz)

250
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Future prospect for LFV searches

2007/02/08

Accessible B.R.

10
® TNy
m TUn
A ToUup
10 B factories
Belle, BaBar)
10 - - 2018
mEUGRA+Seazaw ‘ ‘
SUSY+S0O(10 ]
10
SM+seesaw A m Sensitivity
SUSY+Higgs Super BMactory achieves 10
1g 0 area by Super-B
—3 2 1
10 10 10 1 10 factory

Luminosity (ab1)

Based on MC simulation assuming the current
level of efficiency and background.
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Conclusions
S

B B-factories (Belle & Babar) has recorded 10°t —decays which are now
under analysis.

B Big advantage in statistical accuracy and searches for rare modes.
B | epton universality holds. New measurements on M_ t_
B Upper limiton |[M_, - M__|/Mt is 2.8x10*at 90%C. L

(10 times improvement of the previous results.)
B Precise |Fr|2 is measured in 2x decay. Problems with CVC still exist
B Clean laboratory for studies of light mesons.

First observation of t decay including ¢ — meson is made.

Br(t—¢ Kv) = (4.0 £0.25 . 0.26) x 105

B Sensitivity of LFV searches better than 10-.
The most stringent limitis Br(t—p uvy)<4.5x 108
® Exploring possible parameter space of New Phys.
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