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1. Introduction

W
® Weak current: AN 3

classified into 2 types by PG (-1)’

15t class current

PG(-1)" =+1 J®=0-(m)1" (o)L @)~

2"d class current

PG(-D)’ =—1 1*

Suppressed by
Isospin symmetry

SUNCORRICHES

No Second class current (SCQ)
has been observed in any weak
Interaction yet.
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TNV typlcal SCC
PG(-1)’ =

’; (IurréntiJL
< 10! , 3<1.4x10
= M2 ey, @95%CL
T 10_2 - °°"ARGUS ™~ ’77/? QY C‘—EO
e CLED PRL76,
~ 10=3 - ALEPH /7
XQ o ° 4119(1996)

i 104 CLEO---° —

25 B novel scalar cLEo

g k9] 10 _ a,(980)—>mn

Q9 only p=7n

|£ 95-)- 10_6 S . .....................................................................................
PRD78S, TR U POV POV TR FOUR TV TOURE TR OO0
033006 198c 1995 2005
(2008)

Predicted BF: depend on 1t} dynamics
typical~0(107)

With a 6.2x108 t-pair data sample,
1271V is searched for.
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2. KEKB/Belle

SCCRF(HER) ___

Ares RF
cavity

8 (e)x3.5(e") Ge_ B e* source

22 mrad
crossing

o(tt):0(bb)=1.1:0.9 (nb)
A B-factory is also at Y(45)

a T-factory!
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Peak Luminosity

2.1X1034Cm™2s™
Integrated Lum.  «

Integrated Lum.

>950fb1
17/Jun/2009
World
record! 0

1998/1/1  2000/1/1  2002/1/1  2004/1/1 2006/1/1 2008/1/1 2010/1/1

Belle Detector

= . Aerogel Cherenkov cnt.
SC solenoid T g ) <5 g n=1.015~1.030
1.5T e ' el I S

CsI(TD
16X,

TOF conter

] GeV & :% T~ C_gn‘tral Drift Chamber
; U msmall cell +He/C,H,

Si vix. det.
3 lyr. DSSD

n /'K, detection
14/15 lyr. RPC+Fe

Good tracking and particle identification
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3. Event Selection

n is reconstructed from nn’. # of ns > # of the signal

> Y
7 Y = Very simple selection criteria:
S 3n+m° --- lepton
© %‘ TCO U /K—ID, 71:0:105<MW<165 MeV/c?, lepton-1D
gf o\ 1N missing: detector acceptance
IS . Mig<m, [ Mg,q<m
8
m
+
AN
g
< ..
I & In addition,
c < M, <1.2 GeV/c* is required
§ oy v 4r<1.2 GeV/C” IS requiread.
~ n=01

lepton EPS-HEP2009



4, Effect of M, <1.2 GeV/c?
M37t

1400 +

1200 - wjo M, _<1.2

I~ W
(D
<
~
__ 0N
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04
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it |
800 ! | el
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-
-

W/ My,<1.2 GeV/c?

200 |
|

I
—ﬂ
0 0
0.50 0.52 0.54 0.56 0.58 0.60 0.50 0.52 0.54 0.56 0.58 0.60
1bin=2 MeV/c2

succeed in reducing combinatorial BG(mainly t=>nranly,
T2TINTV)

N, fit=51+60
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5. Eta sighal extraction

In this analysis, BF is evaluated from # of n
and n is reconstructed from wrn°.

D

<o

Fit result

Nnﬁt =749.2167.3

M, =548.920.5 (MeV)
v2IN, =62.6/48

’

0.6

S,‘“ —I— data| ] TKnv
g 600 0 q [ t=nn’nv
S 400} [1 =K*nv
5 200 »
L g
LS 0 _ A BG Hist: accumulated
+

0.5 0.52 0.54 0.56 0.58

M, (GeV/c?)

Our measurement anit =749.2+67.3
mode BF(PLB672,209(2009)) Nmmv =313.2x7.2
TNy (1'35i°'°3i0'07)"103{NKW ~42 4+2 3
KNy (L58+005+0.09x10% | Ny, =127.0%3.6
KMy (1342012200910 N =75.7+117
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BG curve fixed

(2"d polynomial)
with sideband data
Signal shape

(triple gaussian)
decided by MC dist.

N, *9=190.9+68.6
(2.80 w/o
systematics)



6. Systematic uncertainties and BF

BELLE
Total systematic
: 0 nBG(nn’nv) 10.3 Track
uncertainty: 17.6% nBG(KmY) 1.4 finding
nBG(K*nv) 7.4 leptonID 2.3
rllln=1§(;.91§868.6,8=4.4%, nBG(qq) 1.7 7/KID 0.9
1O X . 0
Signal shape 1.0 T recon -
n BG shape 10.8 Br(n=>nnn’) 1.3
@ et Ji Luminosity 1.4 trigger s
PR . Cross 03 MC stat. 0.32
28 N T section nn dynamics 1.3
g = g@r—wvv@n—ﬁn@ﬂo_ﬂy Total 17.6
Large contribution: error of measurement for B(t=>nnnv)
significance (incl_ SYSt.)=2.4G BG shape determination in the fit
/7/'
(B(’C—)RT]V)=(4.4i 1.6+ 0.8)X10'5 nt> Ours:B<7.9x10> @95%CL

CLEO:B<1.4x10*@95%CL
@<7.3X1O_5 @90%CL prellmlnary PRL 76, 4119(1996)
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7. T mass distribution

D

<o

Mnn(z |V|4n) distribution of signal region(542<M, < 556MeV)

600

400

200

ol

150

100
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: —+ f
e +
5 F = non-etaBG  t2munnly,
= = determined =~ TV
P 5 I N ? by eta-side band
S L1 | L1 | ‘ L | ‘ L1 | | = |
0.6 1.0 1.4 1.8
M, (GeV/c?)
— subtracted
TSR SUSRUURERUU oY J +data
= LT i i | eta BG
- o T Y [ = T2y
— :h|= _ : e
- a a T
[ ; ; | ;
[ | | | | | | | | | | | | | | | | | | | | | | | | |
0.6 0.8 1 1.2 1.4 1.6 1.8
P
EPS-HEP2009 Mm](GeV/c )



8. rénn’(958)v search

12>1n'v is also a SCC decay.
) =3 "(')=0"

n’ is reconstructed from mmn
and mn is from yy.

n=0,1 V

2009/7/17 lepton

100

50_

TETET]

(GeV/c?)

I ' region
- 670fb™ TS 1bin=5MeV
' 1 1 | 1 1 | i 1 L | i i |
0.92 0.94 0.96 0.9 1
Fit result:N,_ =—2.87+2446 . double
n : .
Gaussian
£=2.9%, N_=6.2x108 .
+linear

B=(—0.4797_, .. #0.26)x107

B<6.1x10" 6@ 90%CL preliminary

BaBar: B<7.2x10°
PRD77, 112002 (2008)
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9. t=>hh’h”v analysis (h=m,K) I

BELLE

Good stage to study CKM |Vus|, With a 666fb* data sample,
m,, hadron form factors t=>hh’h”v mode are analyzed:

Selection:

3hadrons — lepton

Rejection: Ks°, hard y. m°in signal side
11-like: missing, total P, Total E
n/K-1D: optimized for FOM

<
a

N_.: evaluated from efficiency
of letponic tag

Especially, M4~ brings us
some important information
for these topics.

1=>hh’h"v process becomes BG
for each other due to mis-PID.
—>Simultaneous evaluation is the best way.
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10. BF’s for t=>hh’h”v (h=m,K)
Simultaneous BF evaluation:
j\_;'r_.i'?'-"if? — {(.-'_lff (i:?\_rji"i?f B im_rdl;_.?rf’.'ﬁ'ﬂﬁ)

N,;™e : Number of true signal event for 1-th mode
N®¢ : Number of reconstructed event for i-th mode

N, 0BG Number of estimated background for i-th
mode from non-3prong decay
Efficiency migration matrix € (%)

<o

AJTec _\TDther /NTee (07
rec\true TPV 1=2>Knnv 12KKnv | 12KKKv — - - - —
TNV 23 7.6 2.3 0.73 T =T T T Vr 8.86 ~ 1“_ 10.6
t>Kny 13 17 48 23 T KraTaes (7.94 2107 121
KKy | 4.1x102 0.47 13 6.0 T —= K K77 v |1.08 x 107 6.66
KKKy | 5.0x104 | 1.4 x10? 0.28 9.4 77 — K "KTK v,|3.16 x 10° 5.41

Belle(preliminary) BaBar PDGO6 PDGO8 includes
BaBar’ It.
B(t->nnmv) (x102) 8.4220.00+0.24 8.83+0.01%0.13 9.02+0.08 b
B(t2>Knmv) (x103) 3.28+0.02+0.12 2.73+0.02+0.09 3.33+0.35
B(t2>KKnv) (x203) 1.53+0.01+0.05 1.35+0.01+0.04 1.53+0.10
B(t2>KKKv) (x105) 2.62+0.23+0.22 1.58+0.13+0.12 <3.7
PRL100,011801(2008)
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11. Unfolded mass dist. for hh’h”

+ Unfolded data

1 Systematic
error

o
o

dN /N (10MeVic?)
e [=]
[=]
a8

)
-t
2

mﬁ E 0.03[— M .:F.'E
3 s Knr 4
i = / WA
1‘.; % 0.02 : ',E[

11_ 0.01|—

oos|- 7

TAUOLA | & | ‘a_,:

0.6 0.8 1 1.2 14 16 1.8 0.8 1 1.2 1.4 1.6 1.8
; (@) M(riirt) [GeVic?®] (b) M(Knx) [GeVic?]
unfolding _ _ _
= [/ = M
Response matrix S o.oar MKKn ’J ."‘ﬁ.’ = ooer T KKK 4
= f 1Y =
= 0.03f- [ 7 \ = 0.06 ++ 5
= \ = + H
= T ! o — - t L,
X ool [ Ay ool & <O
1] L\ ' o Sl
0.01- J_I'IJ 4 4, ‘._ o.02— L +4
- Obsewed S A o e
':'I‘"""'u"..".’ﬁ'....-..u. P | I | _-..- " TR PR " L " Lo | I
e spectrum 13 1.3 1.4 1.5 1.6 1.7 1.8 1.5 1.55 1.6 1.65 1.7 1.75 1.8
(©) M{KKr) [GeVic?] () M{KKK) [GeV/c2]

preliminary

*First result for the unfolded distributions.
eDifferent from TAUOLA

*Useful for the determination of [Vus|, ms

*And the discussion of the hadron form factors.

A\
A_l Obtained by

SingularValue
Decomposition
technique
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12. Summary 5

With a 6.2x108 t-pair data sample accumulated by Belle

1. T_)TCT]V Succeed in reducing BG effectively 7)) TQTCT]I(95 8)\/

*B<7.3x10° @90%CL Also SCC decay.
% B<6.1x10°@90%CL

o Possible indication of _
a signal for SCC (2.40) e Zero-consistent
B=(4.4%£1.6*0.8)x10> preliminary B=(-0.47+7_3 45+0.26)x10~

preliminary

e BaBar: B<7.2x10°®
= a=daln i A preliminary

Simultaneously measured:

B(t2>nnnv)=(8.42=*+0.00F0.24)x107

Unfolded distributions for M, .,

ofirst report of the unfolded mass distributions
edifferent from the models implemented in TAUOLA
B(t>Knnv)=(3.28+0.021+0.12)x103  simportant for a precise determination of [Vus|, m,

B(1~>KKnv)=(1.58+0.01%0.05)x103 and the discussion of the hadron form factors.

B(t2>KKKv) =(2.62*0.23%*0.23)x1075
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backup

-rjr:fr_v,',} < 14 x107%  CL=95% mode
—— -3
A [g] ( 1.77£0.24) x 10 o
-rjr:fr_:rrﬂ?rﬂv,r (1.5 £05 ) x 10—4 ki kg
nK v, [e] (27 +06)x1074 T>Knv
nK*(892) v, (2.9 +0.9 )x10~4 =Ky
K= 7%, 1 - (18 +0.9 )x 1074 T
nKor v, (22 £07 )x 1074 Pl
nrT 17~ > 0 neutrals v < 3 x1073  CL=00% T>Knnv
nr— —4
nmwoTT Vs (23 £05 )x 10
nay(1260)" v, — na~ pou. < 39 «10~4  CL=00%
T V- < 11 «10~4  CL=05%
nnmT ?TDIJ'T < 2.0 «10~4  CL=05%
1>Knv
T>K'nv

2009/7/17

EPS-HEP2009

D

<o

BF(PLB672,209(2009))
(1.35%+0.03£0.07)x103
(1.58+0.05%0.09)x10*
(1.34%+0.12£0.09)x10*
<7.4x10°

<3.0x10°

>y 313.2+7.2

42.4=%+2.3
127.0Xx3.6
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