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| ntroduction

o Search for New physics in T decay.
Status of LFV T decay search.

CLEOQO result
PDG2004
( ) St <53 Today’s
ar T
> U/L @ e~3% _ report.
2=, 3l
T Uy £
:
-
1107
» Efficiency ¢ 0 50 100 150
Luminosity (fb )

» BG level
In MSSM, Br of LFV decay may have O(10-'~109).
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KEKB & Belle detector

/KLM TOF
ACC
I | Bl /EFC 17°
L ek = 13.9x10%/cm?/se® 3 3 //"/
t’fé JLdt = 287.85 fb? \ ; { ot
u.” 3.5 GeV
Cross section @/ s =10.58GeV E} | \\ =
T*j‘ :0.9nb u-1D T
BB :1.0nb eff. =87.5% eff. =92.4%

KEKB ist Factory!!! fake=14% fake=0.25%

QI26/2004 parch for | EV in tat decav at Ralle 2



Analysis method at Belle.

e Modes 0.5 | Blind region
- T €y, 1, 3 -
_ 0 ’ g
T217%In.In S 4106
— T2 Py, P, AT zy 025 1
. :< +5c
 Blind analysis B | +106
Invariant mass :
M, = / E2 - PP . Evaluation # of signal event
Energy difference: - Low BG level
AE = EGM - M > Counting signal candidates
using elliptical region
Blindregion: -0.5<AE<0.5(GeV), -HighBG leve
-6 <M, <50 > Likelihood fit.
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Motivation -t 1x7%In,In -

In MSSM at large tanf, T =2 un may have alarge branching
ratio by Higgs mediated process.

u M. Sher, Phys.Rev.D66 05731(2002)
; S K.SBabu PRL,89,241802 (2002)
A A. Dedes, et.al. PLB 549,2442 (2002)
"""""" n

. L) 4
. _ w 10 B (LanB} (100
Br (1 — un)= 0.84 10 x(*208| (199

Comparison Tt = 3| mode.

T -eo- U T -~ U R S
h _— 5 h ho 2
< < Ly a. (mgm,)

'S H b. color factor

Br(t=>un) : Br(z=>3u) : Br(t>uy) =8:1.5:1 C. phase space

N

Using our data of 140M tt, we can put constraint on tanf3 and m,
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Selection criteria (t>17% In,In’)

e Signal event reconstruction e
signa side (e&u + 70, m, n’') > vy
7 . n=>vy
tag side (1 trk + n, + missing.) > e
Br(t=>1 prong) = 84 % N = 7N
T+
» BG suppression _ / N
¢ > 44— ¢
For QED BG. / )
— NOT p(e) (for 1-1prong) 1
— 5<EM, <10.GeV /
For g and T+t~ BG - H
— nmlvetoforn's y V y css(w/o &/lD)
_ Eff. BG process(w/o e/ulD
0-5 < cost, < 0.95 eff.(tt) =3.8x 10°,
— My, < 1777 GeV/c? eff.(uds) =3.0x 107.
— missing momentum towards tag side. eff.(np) =3.4x10°%,
— pmiss VS. mmiSSZ 2_D cut. eff(ee) =3.0x 107,
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L signal MC
DATA
TT generic

° TCO, n, n’ mass peak A other MC

Mass distribution (ulD; 1.3<M_<2.1; with Blind)

data57ev. MC:48.1+4.0  data109ev. MC:100+5.9 data: 77ev. MC:81.6 £ 8.4

.|- 1 _
20 | 15 b
1M F

y gl ]

number of entries

10 5 :-':Iﬁ_ 5 0 1o 5 S“f 5 T 0.8 - {sz}
m. —m m.—m
3 < (My, = M) <3 5< (My, = M) <3 0.907<m_.<0.982
o) o .
" 7 (3o region)
¢, ~5.2 MeV/c? c,, ~12 MeV/c? s ~ 14 MeV/c2
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1—enn—yy N&P=0.15+0.15

AEVSM. . :1217%In,In
BG estimation
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Open blind.

NexP |s calculated from the side band events

with assuming aflat distribution.

Mode Subdecay eff. € (%) NEP
T e n 1= =y 2.7 L1 £ 0015
n— wta w° 6.8 0.23 4+ 0.23
T I e i 8.0 3.1 £ 1.0
T 7.2 0.60 £ 0.42
T~ e | a? = Yy 4.7 .0 L,,u
T~ = umat | 7=y 6.4 2.7 £ 0.7
T —=eny |y oarrTy 8.5 0.16 £0.16
T —u | aw Ay 8.4 1.4+£0.6
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AEVSM. . :1217%In,In

t—enn—yy N&P=0.15+0.15
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BG estimation

NexP s calculated from the side band events
with assuming aflat distribution.

Open blind.
Mode Subdecay eff. € (%) NET® ebe
T e n 1= =y 2.7 0.15 £ 0.15 ()
n— T R 6.8 .23 £0.23 (0
T T Y 8.0 3.1 1.0 1
T 7.2 0.60 £ 0.42 ]
T~ e | a? = Yy 4.7 U.0 EUU 0
T~ = umat | 7=y 6.4 2.7 £ 0.7 3
T —=eny |y oarrTy 8.5 0.16 £0.16 | _L
T —u | aw Ay 8.4 1.4 £0.6 (

Systematic uncertainties
- elD:1%, ulD: 2%, track: 2%, n° veto 5.5%

Beam BG:2.3% Trigger:1.4%
- BG estimation: If N&P<1, assume NP=Q.
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Result

Br is obtained from

0 sO: signal events B, : B of sub-decay
B = >cB. N g . efficiency
(e By N.,) N..: # of t pairs(140M tr)

o Upper limit evaluation (POisson Limit Estimator program)

— Feldman-Cousins method J. Conrad et a., PRD 012002 (2003)
Systematic uncertainty: using the Gaussian error. o
Mode Subdecay mode||U.L. of B @ 90% C.L. Pre|lmlnal’y
T — e n |n—=yy 3.9 %1077 )
n— wtral 5.6 x 1077
T = e -ombined 2.3 x 10~ :
T_ f _rl,l cormbinec _T 10-70 times
T = {1 | =YY 2.4 = 10 > _ o
np — w ool 54 % 10~ tlghter limit
T — p 1 |combined 1.3 < 107 from PDG2004
™ = e 7l |l = ey 1.9 %< 107
T = - | = ey 4.3 %1077 )
T e n | =7y 10 x 107 :
T =pu | =ty 4.1 x 1077 } First search!!
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Discussion -t = un - (1)

Comparison with CLEO result
CLEO Belle
. Statistics 47fbt X33 154fp
e Signal efficiency
n -y 7.2%xB, > 8.0%xB,
n = ntand notuse X 1.7 7.2 xB,
« Observed events 0 —— > 1

Keeping BG level [ow.

Upper limit : B (t>un) < 9.6 x10°

N\

B (toun) < 1.3x10’@ 90% C.L.
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Discussion -t = un - (2)

Constraint on tanf3 vs m,

100

’reliminary

LEP excluded
100 150 200 250

m, (GeV/ cg)

* CDF result : measurement (pp—>A/¢pbb-> bbbb) PRL 86,4472 (2002)
 LEPresult : LEP Higgs Working Group,
http://lephiggs.web.cern/L EPHIGGS/ paper/Note2001-04
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Status of LFV search in Belle

® Bdle

O CLEO
A\ Babar

(x107)

U.L of Br

QI26/2004
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Summary
e Searchfor LFV 1 decay using 154fb L.
B(t>I7%In,In") <1.3~10x10"7 @ 90%C.L..
- 10-70 times tighter bounds.
- First searchesint—2>en’, un’.
 From Béelle,
Set U.L. for 20 LFV modes.
B <O(107) @90%C.L.
First searchesin 2> An~, An-

(x10°)

Upper limit

Near Future:

0 al) 100 150

« Thanksto KEKB successful operation, Luminosity (")
now we have data of 287 fb.

We will obtain the data of >100fb-1/year.
— Update and Search other modes. Stay Tuned !l
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Backup dlide

QI26/2004
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Summary table of LFV search in Belle

Preliminary result

B < O(10™/) are obtained

Mode [Ldt U.L.of B Mode [Ldt UL. of B
7T~ > e nl PASC T | v — e 87 f6—' | 3 8% 107"
7= = g wl 4.3 x 10~° T — Y 30 210~
7 —=+en |164fb71 |23 %1077 || 7+ e ete 3.5 x 1077
T N 1.3 210" T e U pT 2.0 x 1077
T~ = e n 10x10~7 || 7= > etpy—p— | 87 fb-1 | 20 x 1077
T = u 4.1 x 10~ T S e e’ 1.9 x 10~ °
T — P 87fb~! | 3.0x10°7 (| 7= = pte e 2.0 x 107
r— = pr® | 154/ | 6.5x 1077 | [ 7T s pmptp | R 2.0 x 1077

' = An— || 154f671 | 1.3 x10°° 7= =3 oK, 18f61 | 29 x10~°
E_’.’:___—_}_“_‘LET____E 0.7 x 1077 T = p K \‘\ DT w107
» \New result in this summer. Published results

First search results.

QI26/2004

In total, we set U.L. in 20 mode.
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Result: t > 1 n% In, I’ Preliminary NOP/Ne@
T—SeT T—3eN,—>NAn T—en.—>YY T—en N —nn
Dev./0.0fgég [ 0ev./0.240.2| [ 0ev./0.2+0.2 | |7 Tlev./0.240.2
E ] o
N oo y
05 [IU——. | . . . L i. j
B .
e =47% e = 5% anle = 6,8% * «lg = 8.500
16 H. 'I.TI:G!‘UIIF]I.E 1% 1 ';Jtrl [GEI"Ir'E!].H 1.6 -‘.’E-II-":G!‘JJ&I.I 15 1.6 ;"i'll.l::I [Gev::g 1.9
B (t=>en%< 1.9x10/ B (t2>en)< 2.3 x 107 B (t=>en’)< 10x107
T—UT _ T— U, 1 —> T T—=UNL 7Y T—UN =N
| Bey 2.740.7) V[ T0ev./0.6£0.4 | |7 lev./3.1+1.0[ [ Oev./1.440.6
s . ' [ ]
= 0 « * e . d ¢ . . i e
Loy 25 L . ’ ' 1 * : :-' Al . [ ]
0.5 I-;t .................. .: - o ¢ 4 - * L L]
E — 64% . 2l € = 800_/0 s = 7‘2(}/6 ........ - c = 8__4:0/6 ...............
] Mi-.I.il EG!IWE;.B 1.8 .65 1.7 -_.q-:.”!ﬂ_e“l!é: 185 L& Hi-TI..I‘GE\IT&I.E 1.5 LG }IF:!.I"II [Gt“IE!].-E
B (t=>un%< 4.3x10°7 B (t=>un)< 1.3 x 10/ B (t=>un’)< 4.1x10
QI26/2004 parch for | EV in tatl decav at Ralle
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yjnal efficiency and BG - electron modes -

data Ot Auds [Oecc

T—eT T—€1],1|— TN T—ennN—7v7Y T—en I’ —=an
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a2 E a (= '
[ | s i ——— ol
3
L v r v Tt rr N N M s .—. .——————
o4 075 n
L& LT 1.8 1.8 1.7 L.E 1.8 L7 LR 1.9 16 LT LE 18
M, (Gevily M, (GeVi M, (GeVid M, (GeVid)

=

- :, ¥l
Q
=ﬂ'l"III i
A e}
,
%ﬂ
L-:'rl

| 025 0.z

'Y | . | ! :

W5 e e - i ’

1] = » y |-

i -
ol | 0ys 0.8
(&5 LT 1.5 1.5 1.7 1.E 1 & 1.7 L.K 1% 1.5 LY (¥ ] 1.4
. [Gevi M, (GeVi) M, GV M, (GeV)

s10e band
MC: 0.7+0.7 0.0+0.7 0.0+0.7 0.8+0.3
data: 0 1 1 1

o 0 *8a 0.23+0.23 0.15+0.15 0.16 + 0.16
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l efficiency and BG - muon mode -

t—}mr T—UN,N—ANN T—UN N =YY
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Systematic uncertainty

* Related sensitivity

InTotal : 4.5~8.7%

Mode e 1, e, o, o, e~ m", pw, e 1, [T
=y |23 | pg=oav | =23 |2 |72y [ o9y | =y
Track recon. 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
1] TeCOIL. 2.0 4.2 2.0 4.2 2.2 2.2 4.0 4.0
7 veto 5.5 5.5 5.5 5.5
e 11D 1.0} 1.0} — — L.0h — 1.0 —
o 112 - — 2.0 2.0 - 2.0 - 2.0
Trigger 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
Beam BG 2.3 2.1 2.3 2.1 2.3 2.3 2.3 2.2
Louami 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
B 0.7 1.8 0.7 1.8 — 3.4 3.4
MC stat. 1.4 1.7 L.1 1.6 .9 .8 1.2 1.1
MC models )2 o .o .o (h.2 o (b .o
Total 7.2 6.1 7.3 .3 4.5 4.8 8.6 8.7
 Related BG

— Using statistical error as systematic error. (30~45%)
— If bO < 1, we set b0=0 in order to obtain conservative limit.

QI26/2004
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2.1 Selection criteria ( 1-3 prong + n/n’)

elu nn
— 1-3prong + n>2 A
E >01GeV, barrel and endcap ot
p,,>0.06GeV/c barrel. Y 0 m
Py >0.1GeV/c endcap. Y
net charge=0. +
dz, < lcm, dr, < lcm T /
> to reject junk track. e > / 44— 7
signal side: ¥ T~ usingthrust axis,
u(e)-1D > 0.9 + 2trk(+-). / divide 2 hemisphere
— Missing momentum towards tag side. ¢~ 1
— Priss VS My 2-D cut. Vv

— 05« cosem, <092

- 35<M,<30 for tag side,

My, < 1777 GeV/c?
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2.2 Selection criteria (1-1 prong + n%n)

— 1-1prong+n,>2

ep
. . 0 /n
signal side: y \\
uwe-1D>0.9+2y. v
P,e>0-7GeV/c, Ey > 0.22GeV
fo

+
— mOvetoforn's y T
— NOT p(e) T

— My, < 1777 GeV/c?
Kinematical cut. )

— Missing momentum towards tag side. T A
Priss VS M2 2-D cut. v
— 0.5<cosh,,,, <0.92

— -50<M, <30
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