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Introduction

“Lepton flavor violation (LFV) in charged leptons

= negligibly small probability in the Standard Model (SM) even
Including neutrino oscillations:

2 B(t>uy) <O(1054)

Observation of LFV is a clear signature of New Physics (NP)

Many extensions of the SM predict LFV decays.
These branching fractions could be enhanced as high as
current experimental sensitivity. (~10-8)

= Tau lepton = The heaviest charged lepton
« Expected strong coupling to NP
 Many possible LFV decay modes
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These make us to expect Br(t—=uy)~0(108-9).

Even if u—=>ey has very small BF, some model predicts that t=>puy can
have sufficiently large BF to observe it experimentally. 3
ex.) SU(3)2 symmetry in SUSY model: arXiv:1204.0688v1 [hep-ph]



New Physics and t LFV

If NP is found, as a next step, we like to know

what mechanism induces NP.
NUHM JHEP06(2008)079
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Various LFV searches are important because they can
distinguish NP models even if one LFV decay has been
observed. =21t is a strong advantage that T has many kinds
of LFV decays.
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Search for Tt LFV at Belle
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KEKB/Belle

B-factory: E at CM = Y(4S)
e*(3.5 GeV) e (8 GeV)
o(t1)~0.9nb, o(bb)~1.1nb

A B-factory is also a t-factory!

Peak luminosity: 2.1x10%* cm?st

World highest luminosity!
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Belle Detector:

Y (48) T11fb
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Good track reconstruction
and particle identifications

=

Lepton efficiency:90%
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Y (39):3.0fb 1 /—/
oy LY (28) 1 245D

Fake rate : O(0.1) % for e

" © 0ff-resonance: - | O(1)% for p
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_ 871b T _ ~9x108 1t at Belle
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analysis method

€6 >T'T"  Br-85%
L—1 prong + missing
(tag side)
L, uy (signal side)
Fully reconstructed

Signal extraction: M, —A E'plane

\/(EW B pW
CM
AE = Eﬂ —EM

Blind analysis = Blind signal region

beam

Estimate number of BG in the signal region

using sideband data and MC
25th/July/2012 NUFAC

.65 17 175 1.8 1.85

M,, (GeV/c?)



Signal and BG topology for t—=>puy

signal event SM tt event+ISR or beam BG: up event with ISR

t=>puvyv in signal side or beam BG
1L
S, fake y > 1L fake yISR yp
QY \Y
S/O,G y x-'v /
e » < e e e >
// f
S
\\ S‘/b,@g
T
\ Vv H
¥
3 or 4 neutrinos: muon-veto in
missing momentum tag side

helps to reject.
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Result for t=>uy search

545 fb* Belle data sample

94 events are found while
(88.4+7.4) BG events are
expected in 56 region and

the detection eff. Is 6.1%.

Upper Limits are evaluated
by2d UEML fit on M-AE plane.

Expected UL: 7.8x10-8
@90%CL

Obtained UL: 4.5x10%
@90%CL

PLB 666, 16 (2008)
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UEML=Unbinned Extended Maximum Likelihood fit
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Result for t—=> 3leptons search

— . — — — — T
% 02l (a)t—eee - - % 02t b)T—=upu ,‘i 0.2+ (O)T—epup -
= o I =

< ok R ::ﬁéﬁ::.":: R < <

. -1 SERESESEERE L EN AR o

Daf N
. . = R 0.2
No event is found in o4f i emete _ ik _ e
the Slgnal region. 17 18 1 L7 175 18 I8 17 175 18 185
m__ (GeV/cT) m,,, (GeVie %) m, (Gev/ch)
> 0 o - S e rsenn - s F DT
Almost BG free 3 02 g 02 - g o2
= = 0 <
= = =

« Expected # of BG: s
0.01-0.21 o)
- Because of good B

ob ..H./.Aﬁg'::;.‘. :
L YeogEs. )

ook ] 02f H
lepton 1D o T R o

W | e L e

AR S 175 18 181 165 1.7 171'18 185

m,, . (GeV/e ) m,,, (GeVie ) m _ (GeVic )

Br<g#5-2.7)x10° mm
eete”

at 90%CL. 0.21%0.15

uwutus 7.6 0.13=%0.06 7.4 2.1
—>most sensitive results e 6.1 0.10+0.04 95 2.7

ue‘e- 9.3 0.04£0.04 7.8 1.8
Phys.Lett.B 687,139 (2010) ety 101  0.02%0.02 7.6 1.7
25th/July/2012 eute” 11.5  0.01%+0.01 7.7 1.5




Upper limits for t LFV searched for at

Belle
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Reach upper limits around 108 ~100x more sensitive than CLEO

Update using full data samples will be finalized soon!
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Prospects for T LFV search at
Belle Il D

<O
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. SuperKEKB/Belle Il

Nikko e+ 3.6A(LER)

HER RF(Superconducting

Tsukuba IR

N
KL and muon detector:
Resistive Plate Counter (barrel)

LER Wiggler & Chicane

EM Calorimeter:
Csl(Tl), waveform samp
Pure Csl + waveform samyg

‘millatorj,u)){VLSF + MPPC (end-caps)

.
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electron (7GeV)
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Aerogel RICH (fwd)

}

4

Fuj \
Injection Point

HER RF(ARES) & Wiggler 2cm diameter

Beryllium beam pipe

LER RF(ARES) LER Wiggler

vVertex Detector / /

2 layers DEPFET + 4 laye;

A

KEKB
Vertical B function: 5.9 mm — 0.27/0.30 mm (x20)

superKEKB

Beam current: 1.71.4A — 3.6/2.6 A (x2)

- L =2x10%*cm3s1— 8x10% cm2s1(x40)

25th/July/2012

positron (4GeV)

~ - ~g
Central Drift Cham ber _

He(50%):C2Hs(50%), Small ce

lever arm, fast electronics

\

SVD: 4 DSSD lyrs = 2 DEPFET lyrs + 4 DSSD lyrs
CDC: small cell, long lever arm

ACC+TOF = TOP+A-RICH

ECL: waveform sampling, pure Csl for end-caps
KLM: RPC = Scintillator +SiPM (end-caps)
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Expected luminosity on SuperKEB

Integrated luminosity
(ab?)
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Future prospect on tau LFV

o Belle-Il will collect

~10!1 tau leptons. (=50ab1)

O
UL of BR
O
-
@)

m Recent improvement
of the analysis

(BG understanding, 10
Intelligent selection)
- Improve achievable sensitivity

® o ouy
A :

LRt

; ‘ - 0O
B(t> uup)~0(1010%) at 50ab? j j |
m Improvement of BG reduction is i A O

important. ) | | v

Signal resolution

A

S VS /X B N
Luminosity (13b )
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e @5ab, 50ab .
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1—=>uy BG components
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0.2

0.4

M,, (GeV/c?)

25th/July/2012

NUFACT2012

unapplied effective
selection remains &
ulD inefficiency will
decrease

—>possible to reduce

upper half ellipse will
be main signal-search
field @ Belle II

particlelD works

well but remains.
almost all
kinematical selection
applied.

—>hard to reject
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> upu@50abt
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x70

AE

0.2

02 K

~50ab! 0.4 R
but 70 events
does not distribute
flatly because main
BG comes from
T2V

- still clean!!

In t=>unr search,

t=>nnnv IS also main

(tt MC) Murr
T2V
distribution
in T2 unm
selection
a 5ab1.
since n-fake
rate in ulD
IS 2%, this
corresponds

BG. We have already to 5x2500abr

known the effective
NUFACT2012

rejection.
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Polarized beam and t decay

25th/July/2012 NUFACT2012
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T wvv/tt=>mty

%‘est frame 1L
7

ALY

hel. of T~ =1

T-rest
cos6,

cosﬂu T-rest

CcOsO Tt-rest
LL-

hel. of T~ =-1

1 05 0 05 1

c:os@Tc [ Torest Correlation is weaker
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Theoretical calc. for t—=>puy

* Most generic form for int. Lagrangian

4G _
L=— = imAgra ' PruF

y 2

ITas

tm Apro* " PruF, +Hej.

Consequently,
A #0,A; =0 pin uybehaves similarly to « in v

A =0,A; #0 pin uy behaves oppositely to = in v

ex) SUSY SU(5) GUT Phys.Rev. D63 (2001) 113003
A #0,A; =0
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cOosO T-rest
I_L_
o

-0.5

-1 -0.5 0
CcOS BTH_T-rest

A #0,A, =0

. TouY/Tnty
t-rest frame

These plots include h==*1.

&
n
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IJ'_
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T-rest
cosﬂu_

Comparison

cOoSO T-rest
u-

| -1
05 0 0.5 1 -1

T-rest
cosen .

A #0,A, =0

-0.5 0 0.5 1 -1

T-Test
cos@u_

-1 -0.5 0 0.5 1

T-rest
cosﬂTt .

A =0A; #0

coS eTH_’l:-rest
T2 v/t 2ty

» Only h=1 case is shown.

- We can expect only left-handed interaction case.

25th/July/2012
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Discussion for the advantage of the polarized beam

1. Anyway, for the right-handed interaction, drastic advantage is
not expected.

2. How to reconstruct t (or helicity) direction.

. Yes, we can know the tau direction in the signal events. But, in the BG events,
since y comes from ISR, reconstructed t is completely different from original .

3. Beam polarization is not equal to the tau polarization. (But,
similar)

. In the forward region, more h=1 taus will be found than h=-1 taus. (i.e., 100%
tau polarization cannot be expected and beam polarization may be not 100%.)

4. 'Reconstruction for tag-side decay can not be expected.
« 1—>7uvis contaminated by t—=p(=>7n®)v with 7° missing and t—=>Kv with
misidentification of K by .
More real MC study Is necessary.—> Taking the detector effect into

account, real reconstruction of T and evaluation of the gain from
polarized beam should be considered.
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SuperB LFV limits A.Lusiani — Pisa

| SuperB T = puy and T — ey sensitivity I

¢ extrapolate from final BABAR result expected upper limit

» use BABAR efficiency and background estimates for 20 signal box
» assume 35% improved inv. mass resolution from more precise track-photon vertexing
» assume 20% larger photon efficiency
» scale from BABAR analysis luminosity to 75ab~1 for SuperB
¢ 7 — uy expected 90% CL upper limit: 2.4-1079, eff 7.32%, bkg 335ev
¢ 7 — ey expected 90% CL upper limit: 3.0-1072, eff 3.90%, bkg 18 ev

¢ for specific LFV models, polarization can improve S/N ratio

T — uvv vs. T — v sample

0.8

pion candidate cos(helicity)
pion candidate cos(helicity)

50 -0.85
0 _1 i y 1 u1 --

0

02 0 02 04 06 08 1

02 o 0.2 04 0.6 0.8 _1 6 0. i _ o
muon candidate cos(helicity) muon candidate cos(helicity)
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SuperB LFV limits

A.Lusiani — Pisa

Expected 90% CL upper limits for

T — 3¢ at SuperB@75ab~*

¢ re-optimizing BABAR T — 3¢ analysis for SuperB luminosity

¢ extrapolations lie between 1/£ and 1/ V£ improvement

Channel | Eff (%) BKG uL(10~19)
e'ee* | 5.2+05 1.7 +0.6 5.1
efe u” | 23+0.2 | 0.16+0.05 7.5
e"e'u” | 86+0.9 0.3+0.1 2.4
utuet | 42+04 3.8+1.3 8.3
utute | 65+06 | 08+0.3 3.4
e pt | 41+04 | 33+10 8.1

105t 90% C.L.

Upper Limit in units of 10

=
o
w

é

10?

10

+ o+ o+ o+
t.t+m+

T o oo

+
=T
+

+

+

— ® D D DD |

-CI
g=

SuperB

107
Luminosity (ab ™
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t=>uy search with Belle’s full
data sample

25th/July/2012 NUFACT2012
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New search for t=>puy

data: 980fb!

* not only Y(4S) but also Y(1S), Y(2S), Y(3S), Y(5S)
strategy Is changed as discussed

 Selection criteria is quit different from the previous.

Blind analysis is performed.
# of signal is evaluated by UEML.

25th/July/2012 NUFACT2012 27



Remaining events and eff.

Blind region Signal MC

. . S0.015-
- After applying all selections, %
105 events are found and the 0.0050-
detection efficiency is 6.5%. oF
For the blinded region, -0.005;
10.2+2.2 BG events are 0.01" |
expected. 015 . IR .|
In total, 115.2+11.4 events are % . T ..
expected. >BG level reduced “*%F ¢« T S o
by 33% while efficiency is e 791'31 31{"32

similar to the previous i (GeVIc?)

analysis. = The expected upper limit is B(t=wy)<5.3x108@90%CL.

The blind region has not been opend yet.
25th/July/2012 NUFACT2012 28




t=>uuup from LHCD

Paul Seyfert’s talk at FPCP2012

e 7.9x10%° 1 produced
(mainly comes from D .—1v)

Preliminary

/(8.75 MeV/c*)

is

Even

» ttag is impossible. B X

0
m(uu’) (MeVic?)

21 % of the signal Cp
0.14 % of the background |

. B(T-uup) < 6.3x108@90%CL

=2 Next year, another 1.5fb-! data will be
accumulated.

25th/July/2012 NUFACT2012 29
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Summary
o @Belle ]

« Around 1000fb data sample accumulated
~ 10° 1 sample

« 48 1 LFV decays have been searched for.

« ULs for almost all modes reach O(10-9).
« This corresponds to 100x sensitive result than CLEO’s.
« t—=>uy/ey search with Belle’s full data sample is on-going.

o ‘@Belle Il

« x50 larger data sample is expected ~ 10! t sample
* Byo(1=>py)~0(1079), Byo(t=>pppt)~0O(1010)
 1—>uy (most BG-rich) t=>uup (most BG-clean)

tBG:diffcult to reject, lower in AE

uBG:possible to reject, higher in AE

in higher AE region, BG-clean region will be found.

we do not expect BG rejection by polarized beam so much.
25th/Julv/2012 NUEACT2012 30
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expected UL

=
m

107

."-]—10 L1011

Estimation for t=>puup

T

oc1/+/L
ocl/L

1 10

Luminosity (abt)

25th/July/2012
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Expected UL is
obtained by taking
average of Poisson
weight, i.e.,

Sg0 = ngo(N ")
n=0

x P(n, N;ép
where
e—V
n!

Vn

P(n,v)=

The error comes
from varying Ngg®*P
with £ 10.
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AE [GeV)

AE (GeV)

Result for t=0hh’

02| @townr, $0:[ wrowar | I the signal region

g g .. ofhL levent: in utnn~ and untK-
o B D .
gt no events: in other modes

= no significant excess/Expected # of BG: 0.06-0.72

Mode e (%) Ngo Osyst (0) Nobs so0 B {10_3"]
M (Gevich) U Mleewd T —p mim [583 063+£023 53 0 187 21
7= — prrn~ [6.55 0.33+0.16 5.3 1 402 39
o2f @vowkKK | Fool @vownK | L emrtr [545 0554023 54 0 104 23
R A et R TS r t1as T~ —etnr [656 037+£018 54 0 210 20
0 il A 0. Sk b _ -
on e e T~ —p K*K—|285 051+018 59 0 197 44
PO e T oo oomie T = ptTKTKT|298 0254013 59 0 221 47
S oo T~ —e KtK—[420 017+£010 60 0 228 34
s 18 17 s 77— e K K464 006£006 60 0 238 3.3
Muc (GeVIE) Mo (SVIEY = m7 K| 272 072 £027 5.6 1 365 86
.. 7 —ewtK |397 018+013 57 0 227 3.7
Set upper limits at 90%CL: r— —uKtr|262 064+023 56 0 18 45
Br(t=2£0hh’)< (2.0-8.6)x108 + —e K*z [407 055+£031 57 0 197 3.1
N S| (e e ifity e i e r— —ptK-n|255 056+021 56 0 193 48
(preliminary) 7 —c K m [400 046+021 57 0 202 32




1—00@BaBar

Update analysis from 376fb™" —477fb!

Improve lepton ID eff. [ roTae ] T o wee] T ow ]
- W 66%>77% £ ﬂ ﬁ LT Ij
- e:89%>91% St W fe ETFEE ¥
>Better BG rejection = k. L fc o4 P b
BG : two-photon Bhabhaf ~ * 5 "Mt . DML TN

noevents in signal - ﬂ I o n R ﬁ

region for allmodes o - . 1 P Tl e-o 7]
B (18.3.3)X10°8 e B e

Improved by a factor Channel | Efficiency (%) Nigd Exp. UL | Nobs UL

of 2-3 from previous etemet 8.6+0.2 |012+0.02|34x107%| 0 |29x107°
€+€_,u+ 8.8+ 0.5 0.644+0.19 | 3.7 x 107° 2.2 x 107°
results

0

etetu™ 126 £0.7 | 0344012 |22x107 [ 0 1.8 830~°
T 6.4+04 0544014 | 46 x107° | 0 |3.2x107"

Tt 102+0.6 |0.034+0.02|28x10=°| 0 |2.6x107°
T 6.6 £ 0.6 0444017 | 40x107° | 0 |3.3x10~°

+
-+

=|a|a
t‘:‘:




Frequently asked guestion

‘Why t—=>ey UL's are different between Belle and
BaBar?

- EXxpected upper limits are same while observed
upper limits are different.

TABLE I. Means and resolutions of mig and A E distributions for the signal MC events, the numbers of observed (obs) and expected
(exp) events inside the 2o signal ellipse, the signal efficiencies (&), and the 90% C.L. upper limits (UL).

(mge) ar{mgc) (AE) a(AE) 2 signal ellipse £ UL ( % 107%)

Decay modes (MeV /c7) (MeV/c?) (MeV) MeV) obs exp (%) obs exp

TT— e~y 17773 86 —~21.4 421 0 1.6 £ 0.4 3903 3.3 0.8

TS — u=y 17774 8.3 —18.3 422 2 3607 6l £0.5 4.4 8.2
BaBar’s paper: PRL 104, 021802
(2010)

BaBar observes smaller number of the event than expected.

expected: 1.6 +- 0.4}
observed: 0 this makes observed UL smaller.
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Predicted BF for t=uy In various models

=

' » Various models predict BF for t—=>py.

reference téuy 'celvll»llvl
SM + heavy Maj vy PRD 66(2002)034008 10-9 10-10
Non-universal Z’ PLB 547(2002)252 109 108
SUSY SO(10) PRD 68(2003)033012 108 10-10
MSUGRA+seesaw PRD 66(2002)115013 10-7 10
SUSY Higgs PLB 566(2003)217 10-10 1077

These numbers are the most optimistic case.
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Predicted BF In various
models

Ratios of LFV decay BFs make us distinguish
between NP models.

SUSY+GUT Higgs Little Higgs | non-universal
(SUSY+Seesaw) mediated 7’ boson
T—> ,u,u,uj ~2x103 0.06~0.1 0.4~2.3 ~16
T py
T—> e ~1x 1072 ~1x 1072 0.3~1.6 ~16
Ty
Br(t—puy) <10” <1010 <1010 <107
@Max
Favourite modes ¢,y < > T>pup

Thus, it is important to search for various kinds of t LFV.
- We have performed 48 analyses for t LFV with the Belle data sample.
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Conclusions

~ SuperKEKB fully funded

Approved by Japanese government in December 2010 and by
Japanese Diet (parliament) in March 2011

= Belle Il detector 50% funded by Japanese government
» Funding in other countries requested or already approved
= MoU signed with German and Slovenian funding agencies

= Exciting and Rich program of Physics for Belle Il

= Complementary approach to High Energy Colliders, LHCDb
= Look forward to friendly competition from LHCb and SuperB
= Construction well underway.

= First collisions in 2015

= Not too late to join!

Next Open Collaboration meeting — July 22-25 Bad Aibling, Germany
http://indico.mppmu.mpg.de/indico/conferenceDisplay.py?confld=1636
http://belle2.kek.jp/
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Integrated luminosity
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