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Introduction

Belle detector has collected the t-pair data -
with the highest statistics in the world.

At the present, about 800fb! of data has
collected. It corresponds to 7.0x108 t-pairs!

t hadronic decay from e*e"—=1*t~ process

IS very clean. K" -
T hadronic decay is good for studying low v V
41: K*o B
energy QCD phenomena. snat-side | /K
T %
By using t=>K*Kv and t=>n+X, et /[ e
we can test VMD and CVC with high accuracy. A/A\/ﬁ tag-side
(using My, Mo and M__o distributions) I* v/ \
G

Ve

We report on Br(t=>K*%Kv), Br(t=>n+X),
My., and I'y,, measurement. 2






Event selection (t—=>K*%Kv)

Data set : 5 x 108 t—pairs(545fb1)

m select 1-3 prong event (divided by thrust vector)

(3 prong side=signal side/ 1 prong side=tag side)
Select t=KKnv for signal event(K-I1D,n-1D)

K*0 is reconstructed from only charged K and .
Correct charge assignments(strangeness conservation)
Require t=>evv/uvv events for tag-side(35%)

(suppress qq events: gq process contains many K*0)

Select t-pair events
e M <1.8GeV/c?

signal-side

e tdecay including v(Ppmiss; COSOpiss)
® others (Pyxqx,COSO(K*0-K)M etc.)

We estimate the number of signal events

from Kt mass distribution.

<decay modes of K*0>
Kn ~100%
Ktrn- 2/3
KOr0 1/3

T

signal—side

e+

Opposite charge

A

LT

\
\
|

e
tag—side

Many particles
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M, after all selection

3500 |- II
! b —+ data
3000 BG [ ] tBG m Ndata=5.10 x 104
I components | [] uds We obtained a large
2800 |- f number of data events.
= +  Clear K*0 signal
] * . m eff;=2.15%
= 2000 [- IS present!
- \ reasonably good
e t
3 1600 by
. resonant BG mode
1000 I t>K*%Kn®v/qq(negligible)
500 - ‘_.-' Br(t—=>K*%%Kzn%) has not been
~ ™ measured yet.~> We measure it!
0 il PRI NP BPER RS EPEPE R
0.6 0.7 0.8 0.9 1.1 12 1.3
M(K, ) Ge\7/cz\ 80% of all BG
We distinguish non-resonant t=>KKnv non-resonant BG mode/

mode from resonant t=>K*%Kv mode —

_ _ 1> KKrnnv/Knrennlv/mnrnnlv/KKKnzrOv
(signal) by making K*° peak or not.
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Resonant BG mode(t—~>K*%Kn0v) "

AY) #0
v K

K v
signal-side o oé'y
t=>K*%Kn% Br has not been measured yet. s "
= Measure the Br and evaluate the contamination for t=>K*%v. = 7 °
“.E+ tag-side
Selection criteria are almost same as those of 1=>K*°Kv mode. 1+‘7 o
e require Ny=2 for signal side , Mn® region B
i - 0 0 0
1,30[_ fwﬁ 7 — function: BW(K*°Kn%v+K*°KvBG)+ Landau
_ e P o# of signal(K*°KnOv)
sol NixoKKe9=129.24+25.1
= [ signal efficiency=0.54% Belle preliminary
g [ : Br(t=>K*%n%)=(2.394+0.46) X 10>
> 60F — fit result (x wov)=( (stat.
o K*°Kv BG > This is the first measurement!
H N BRI T continuum BG
49._ — @ peakinog BG component : K*%Ky
: NyK™ KMC=113.7+10.0
23: %, This uncertainty mainly comes from
! ", Br(t—=K*%Kv) and statistics of K*°KvMC.
i '“'“I — @ continuum BG component
Vs o7 0E 5T

1.2 Ngeoeontinum=482 6+8.2

This uncertainty comes from the 8
2
M(K,m) GeVi/e shape of continuum BG.



Fit to data @K*°Kv analysis

Br(t=>K*%Kv) P1 0.2522E+07 + 0.1748E+05
estimation e ammr o 01850 Previous measurement
3500 P4 0.2091E-01 + 0.1513E-02 of Br(t—=>K*%Kv)
Function : BW .o + BG functlgﬁ |\/| - ARGUS f’
3000 [ K*0K — + | (1995) |
L data Neo*K=38228+ 196 . n |
o yego | — fit result Br(t—~K*°Kv)=(1.78+£0.01)x108 ! |
{ o ool e/ | | ]
s | BG shape (stat.) R Ry
C|>) i MK*O:(895491018)M9V/C2 0 Lmza 7777 ’ #‘, W+1
45 2000 |- (stat,) : HO;\Ib O‘Bht Of ! lz; celsl 2151,'2
1t ['x;=(48.86+0.50)MeV/c? ADIEEE et al
M
1500 |- . (stat.) M ALEPH
Belle preliminary g b Km (1998)
&
=
1000 L PDG2006 an
Br(r>K*%Kv)=(2.1+0.4)x103 & |
M, xo=(896.00£0.25)MeV/c? N
500 |- — + 2
[ko=(50.3+0.6)MeV/c "W UL
T IR . ‘ R.Barate et al. EPJ C1 65
L= L -7 L0 L0 L0 ! T B R
%06 07 08 0.9 1 1.1 1.2 1.3

------------------------------------------------ M(K, ) GeV/c2 Charged K* has already analyzed
' This BG shape is explained before. (K,m) via T decay at Belle.

' Of course K*%Kn0v component is included. |
| (contamination from K*%Kn%v is negligible:~0.2%) | D.Epifanov, PLB 654 (2007) 65-73



Systematic error

Luminosity 1.4 1.4 Br(t=>K*Kv)=
: : (1.78%+0.01£0.10) x 103
T-palir cross section 0.3 0.3 (stat)  (syst)
Track finding efficiency 3.0+0.3 3.0+0.3 Br(1=>K*Kn0v)=
Trigger efficiency 0.7 0.1 (2.39+0.46+0.26) X 10
(stat.) (syst.)
Lepton-1D 2.9 2.9 Myxg=
Kaon-1D/fake 2.6 3.8 (895.49+0.18=*0.30) MeV/c?
MC statistics 0.2 0.5 (stat)  (syst)
. _ I'yxg=
0 efficienc 1.7 ~ KO
o CTIEIEntY (48.86-0.50+0.69) MeV/c?
BG estimation 1.3 9.0 (stat.) (syst.)

@PDG2006

Br(t—>K*°Kv)=(2.1%0.4)x10-3
Mo =(896.000.25)MeV/c?
[o=(50.3%£0.6)MeV/c?

BG estimation 0.22 0.68

Momentum calibration 0.2 0.09 ¢doesn't yet include the systematic

R IXT) MY:E] o for the BW function model. 9



Br(t=>K*Kv) , K*(892)° mass & width

PDG average

This is the first measurement of M,., and I', ., via t decay.

M o(Mev/c) 8« <— our resultl| | r . ivev/e
Br(1=>K*0Kv) H " . o(MeVI) g <— our result!
—i— ——
—i— ° i
|—.—| 4
~8-~<—our result! - T o | —
—i— P
—8—— —y—
. ALEPH —— ———
—— b—.—|
Zr ——
—p—
——
¢ ARGUS ———i —e—
o , —
—i— ——
L ! ! [x 1.:]'_3:' .I—.—l ——
1 15 2 25 3 ——— ®
891 893 895 897 899 38 43 48 53 58

sk W [ (Mev/od) e (MeV/c2)

Surestic 1.78+0.01£0.10 ¢ result 895.49+0.18+0.30 48.86+0.50+0.69
PDG2006 2.11+0.4

PDG2006 896.00+0.25 50.3+0.6
ALEPH (1998)  0.13+0.48 :

Most precise before  895.41+0.32%0-3 ., 50.8+0.8%+0.9
ARGUS (1995) 2.0+0.5+0.4 :

Belle preliminary

Most precise before

Myxo: from D*=>K~n*u*v with 18k events measured by FOCUS(at Fermi lab)

[yxg: from K-p—=>K-n*n measured by LASS(at SLAC)
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t=>Knv,nn'nv,Knnv v

signal-si { K
We analyzed t—->n+X decay with 4.5x108 t-pair data(485fb1). bl |
e 1 is reconstructed from only vy. et/
e We estimate the signal yield from the M, distribution. ,/+ cag-side
N\
| explain here t=>Knv, nnnv, Krnv estimation. r “;
fit function: Crystal ball(signal)+second-order polynomial(BG) ’
a N = T0 =1200
I K 2 0
> 20 | M KT]V > 60 M KTEOT]V = 1000 |- T n\/‘
= P = vy = M
L 200 |- © sp o YY |
R | 3 T o f | ¢ data
2 | # | £ %0 * * 2 .0 ; { — Fit result
’ ! 30 p o BG shape
100 |
ﬂﬁ#&mh*ﬁ! 20 + 400 @Enhﬂhﬁﬁf‘ :
M 200

EI:I h --"'-. -\"\--.__ ) + : -."‘--.,_-.-
387+43events " F270:£33event IWﬂ 5959+33ev:‘r?~'|
0 1 i) L1 L0 T o [ I [ [

0.4 0. 5 0. E 0.7 0.4 0.5 0.6 0.7 0.4 0.5 0.6 0.7
M., GeVic’ M., GeV/c® M, GeV/c’

Main BG components for t=>Knv is 1=>Knnv,nnnv,ee—>qq.
By evaluating the number of n, Br(t=Knv) is measured.

But the signal n peak is contaminated by Knnv, nnnv.
Simultaneously, their BRs are evaluated.



Result for t=n+X Belle

prelimj
We obtain precise results in each t decay mode including n. nary

Modes Our Br(x10-3) CLEO’s Br(x10-3) Error ratio
S(CLEO)/S(BeIIe)

T>Knv 0.158+0.005*=0.009 0.26=%=0.05=%0.05

1=>Knnv 0.046+0.011+0.004 0.177=%£0.056*x0.071 7.5
t=>7nnv 1.35+0.03+0.08 1.7+£0.2+0.2 3.3
T>Kmnv 0.044+0.007x=0.002 0.100%0.035%*0.011 5.3
T>K*nv 0.130%+0.013+=0.011 0.290=*£0.080%x=0.042 5.3

[naeaiee lieemefeae |
bt Ml el ntechelilelelelolhh
5K Knv  <4.5X10° @90% CL
1>Kamfnv  <2.5X10° @90% CL
T>Knnv <3.0X10® @90% CL
TNV <7.4X10°% @90% CL

High statistics enable us to reliably
estimate BG contributions for each
mode using data.

14



Result for t=n+X Belle

. . Dreliminary
We can compare our result and theoretical predictions of each Br.

Our Br(x10-3) Theoretical predictions of Br(x10-3)

1=>Knv 0.158+0.005+0.009 0.12(Pich) , 0.22(Li)

t=>Knnv  0.046+0.011+0.004 0.088(Pich)

=>nnnv 1.35%+0.03+0.08 3(Pich) , 1.9(Li) , 1.3%0.2(Eidelman)
t>Kanv  0.044+0.007%0.002 0.011(Pich)

t>K*nv  0.130+0.013+0.011 0.1(Lee)

_Modes | Upper it

a a a a ». a
W @, \J W W W J W
T>KKnv <4.5X10°% @90% CL 3.1X10°7(Pich)

1>Kamfnv  <2.5X10° @90% CL ——
T>Knnv <3.0X10% @90% CL 1.6X10-°(Pich)
oy <7.4X10°  @90% CL  1.1X10-°(Pich)

A.Pich, PLB 196 (1987) 561 Our results show that theory predicts these BRs
B.A.Li, PRD 55 (1997) 1436

s.L.Eidelman. pLB 257 1y 437 tO better than an order of magnitude. o



Check for CVC

t=>7nn’nv MC generations designed based on c(efe =>ntn ™)
measured more than 10 years ago, assuming CVC.

E

% 0 - MMO */ data : Mmon The distributions for
ﬁ - .\)ﬂﬁfﬁ the observed data
L O
w0 E mny I\/IC ! and MC agree well.
" / \ﬂk |
3 G
o g ; %, Belle preliminary
g = X
F'FFE Pt o DR 1 1.2 ?'Fﬁ 1 1.2 e 1& 18
Mo (B4 % W o B %)

CVC

>
et+e- - hadrons t~ - hadrons + v

16



Check for CVC

t=>7nn’nv MC generations designed based on c(efe =>ntn ™)
measured more than 10 years ago, assuming CVC.

v E 2
E 0 - MMO / data Mmon The distributions for
ﬁ - '\)ﬁ*ﬁ; the observed data
Rt E O
w0 E mny I\/IC ! and MC agree well.
- Belle preliminary
0 B
f#;‘ pd R DR 1 1.4 E’#& 1 1.2 e 1& 18
Mo (B4 % W o B %)
CVC

>
et+e- - hadrons P 1~ > hadrons + v

Check in high accuracy
Now, we can compare t—>hadrons+v and ete~ ->hadrons
with high accuracy to check CVC. 17




S umma ry Belle preliminary

We perform a high-precision study of t=>K*°Kv and t=>n+X
modes based on 5.0x10° and 4.5x10° t-pairs, respectively.

For t=K*°Kv_mode Previous experiment(ARGUS 1995)
2 Br(t=>K*°Kv)=(1.78+0.01+0.10) X103 Br(=>K™Kv)=(2.0+0.5+0.4) X107, Ny;;=47.1

@ We improve statistical error by a factor of 45, as well as systematic error by a factor of
3.6.

® \We obtain 38,228 signal events, 800 times more than in any previously published
result.

® 80% of BG components are evaluated by using data samples.
® We measure 1=>K*Knlv : Br(t=K*Kn0)=(2.39+£0.46+:0.26) X 10>
> This is the first measurement!
@ We also measure M., and Ty
® M, .,=(895.49+0.18+0.30)MeV/c?, I'\.;=(48.86*+0.50*+0.69)MeV/c?
® We improve the uncertainty by a factor of 1.7 for My, and 2.7 for 'y«
® This is the first measurement of M., and I'y«, via t decay.

> Previous experiment(FOCUS 2005)
For t=n+X modes Myso= (895.410.32+0-35_ , YMeV/c?

@ We improve the uncertainty of t=>Knv by a factor of 7.0.  Previous experiment(LASS 1988)
Other t»>n+X modes are improved 3.3~7.5 times. o = (50820 850.9)MeV/c”
@ We check CVC to high accuracy through the precise measurements of t=>nnlnv.
» There is good agreement between data and CVC.

18



Back up

19



BW function

We use Jackson’s BW function.

(M)

BW ~ 2 p 1212 22
(MK* -M ) +MK* I (M)

3
F(M):F*( P J I:\AAK* (17 =070 case)

P
o MM MMM, -MIM-M, +MOM-M, -M,)
2M
Py~ = \/(MK* +M” +MK)(MK* +M” _MK)(MK* -Mﬂ' +MK)(MK* 'Mn 'MK)
Kr =

2M,.

J.D.Jackson Nuovo Cim.34 1644(1964)

20



spectral function

The spectral function v(s) is defined as follows,

327°M? dI’

v(s) =
GE IVud |2 (Mi _MKKﬂ)Z(Mi +2MKK7T) dMKKﬂ

We can obtain spectral function v(s) from M, distribution.

21



Previous measurements
_

(1.78+£0.01+0.10) X 103  (2.0+0.5+0.4) X103 (2.1+0.48) X 103

# of 1t 5x108 4 x10° 2 X10°
#of signal 38228 47.1 52
|Belle(ourresult) _|Most precise before
Mxg 895.49+0.18+0.30 895.41+0.32+0:35  ,-(FOCUS 2005)
[kxo 48.86*x0.50*=0.69 50.8+=0.80.9(LASS 1988)
Systematic error BG estimation Momentum calibration
for My« 0.22MeV 0.30MeV
Systematic error BG estimation BG estimation etc.

for I'yxg 0.68MeV 0.9MeV

22
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Log scale
ol of M, distribution
: (K*%K selection)
102:- £t i !
. \
N
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K*(892)° mass & width

MHtD{MEWCE! ~§+«  OUR RESULT
= 05 FOCUS
& i 98 OMEG
@~ 88 LASS
—— 86 OMEG
—— 86 OMEG
»-—.—u 80 OMEG
iy i 78 HBC
$ , 78 ASPK
p—tif—i 77 DBC
p—i—e 75 HBC
—f— 75 HBC
—@§— 74 RVUE(K-p~>K:rn)
== 74 RVUE(K'n->K*np)
& 1 74 HBC(K*p—~>K+nA)
A= 73 HBC(K*p—>Knrnp)
4 i 73 HBC
o i 72 DBC
n—i—q 71 HBC
= 71 HBC
—_§— 70 DBC
& i 69 HBC
[ " i 67HBC
] | 1 |
891 893 895 897 899

PDG average

[ (Mev/c?
(0! | 8+ OUR RESULT

—&— 05 FOCUS
p—ip—— 98 OMEG
=@= 88 LASS
. i 83 HBC
—@— 80 OMEG
» i 78 HBC
78 ASPK
—e— 77 DBC
——— 75HBC
—#— 75 HBC
—@— 74 RVUE
——#— 75 RVUE
& i 73 HBC
- 4 72 DBC
| # i 71 HBC
'—l—' 71 HBC
& i 70 DBC
l—l—l 69 HBC
8 i 67 HBC

38

43 48 33 28
24



K*0Kv and K*Ov

We assign opposite charge
between h1 and h3.
(strangeness conservation)

|

By assuming this selection,
we can suppress 1>K*Ony

U component.

25



procedure of K*%Kv analysis

B K*OKv analysis
B Selection

WBG estimation
n—>K mis-1D component
OKv,pmv etc.
gq component (include peaking component)

K*Kn% component (peaking BG)
Br(K*%Kn%v)
Systematic error

B Systematic study
B Measure Br(t—=>K*Kv)
B M, .o, [+ StUY

26



Event selection (K*°Kv)

7000
CM + T+
6000 p (K*+h1) ++ ++++
=4~ data - -
4000 Signal N
] I L
B 99 -
200} [JJj Bhabha
2photon _-r
1000 -
° R e

16000 CM

CcOS -
ta000} 'e K*-h1 — -
1 —_
> —I— data -
10000 .

Signal -

=1 O - B

6000 - qq | | i ;..-...é
so0o} [l Bhabha _ L~
2000 2photon ,_a—ﬁ"_‘-:_l_

05 08 0.8% 6.5 5:1.)




BG components for K*OKv

SENEENE

misidentify w as K the others

~209%0

We estimate these from MC samples measure
components from data Br(t=>K"%Kn%)

28



data distribution =
_ \i‘,t K*O

signal

side K
e+ ‘C_/ e
KID<0.2 | , KID>0.8 R
=1—fakeratePA™A(n—K)0-2 ‘ —fakerateP ™A (1—K)%8 for BG
= Kmlr |

1.13% uncertainty

(
fakeratePATA(r—K)0-8

T— fakeratePATA(1—K)T:
)x\

a kind of efficiency — = )ao:

We use this shape for

KrnrennOv/rrrnn’v components. %s 08 i T2
By using fakerate, We can estimate
Fake rate is measured by using hadronic sample and so on. contribution of mis P-ID mode(r—K)

fakeratePATA(r—K) : fakerate for miss identify © as K for KKr selection.



BG from KKrnrfv, KKKnmOv

We estimated these BG contaminations with MC samples.
v, OKv, KKnnfv(ex.K*0) modes

We estimate these BG contaminations individually by using Br.
Uncertainty for K*0 signal yield is due to the uncertainty of Br.

Br(t—=>¢Kv)=(4.05%+0.25+0.26) X 10>  (our result)
Br(t—=>¢nv)=(6.07%+0.71)10° (our result)
Br(t=>KKnnov)=(6.1%+2.0) x 10> (PDG2006)

Mode dmv dKv KKnrOv(ex.K*0)
Uncertainty for K*° signal yield | 0.047% | <0.01% 0.12%

mKKnv(ex.K*9) mode

We estimate this contamination by fitting to M, . distribution of data.
This mode gives 0.24% uncertainty of K*0 signal yield because of the uncertainty
of KKnvMC shape.

30



BG from qg

Check with gqg enriched data

qqMC is not good agreement in low multiplicity region. gq enriched selection
(ex.t—=>¢pKv analysis: scale factor ~2)
m Change criteria in tag side s H MKn
N o<1 N, g =2 I +
Lépton tag R NO lepton tag l + ?_a)t;*oKv
Mtag<1.86eV/cz Miag>1.8GeV/C? | anp k- + uds
Signal selection
’ : . #{HI}. Hﬁjf *l'
_ B M., - ft i ++_J,+
_ | H Kn . L #*++
ST — fuy
{I. {{ Rk | I l\l. = R .H:t""- i
P *1* %5 \&/} 1.12 1.38
| -,ﬂ**-* g side band region
We compared MC results(uds, ) with data by choosing enriched qg samples.
We estimate the scale factor for in side band region and K*° peak region individually.

<scale facxtor>
®m Side band : data/udsMC=1.34+0.03

1
m K*0 peak : (data-K*9KMC)/udsMC=2.02+0.26 3



Check with gqg enriched data

BG from

ole

ggMC is not good agreement in low multiplicity region.
(ex.t—=>¢pKv analysis: scale factor ~2)

m Change criteria in tag side

10

N 29 <1
Lepton tag
M;,y<1.8GeV/c?

Signal selection

: I . MKn |
_ { {}H { uds
) Ht‘

X — A.'JH —T8

gq enriched selection
K*0 peak : My .
2.02%0.26
N, 2922 - + Dpata
No lepton tag 1> K*0Ky
Mtag>1.8GEV/C2 200 UdS
| —
At \
/ HE Yy,
.- i | I l\ Foats LA H-:t""- L
1.38

b5 "'\&/} 1.12

Side band : 1.34+0.03

We estimate the contamination due to uds component with these scale factors.
Cross-feed for K*Kv : N .06, =29£ 15

Uncertainty for K*0 signal yield is due to the
statistical error of qq events at K*Kv selection.

Mode

gq(side band)

qq(K*° peak)

Uncertainty for K*°
signal yield

0.040%

0.046%




COSO, _ng

We checked MC samples, and found hadrons in signal side make hadron shower mainly in ACC.

=K Y
L

y A pa_rt_ of the_z hadron shower charged track Hadrons in signal side
Is misidentified as . |
— l \
™~ gamma O OO ECL

ACC

charged ChC

track

COSO, _cng .

v
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Event selection (K*9Kn0v)

Apply almost same requirements as those of t=>K*°Kv mode.

L CM ++’ -+ Data(545fll)'1)5'3°“|_‘ CM -
3000} p K*0 - [] K*O0KnOv Cc0osO K*0_K
' + (Br=1x 10+ -
2 e N K*OKV &000
| ;oo Other 1BG ~+ Data(545fb 1) -
EU{JDI_- + q I:l K*0K 7t0v 3
_ . I Uos 4000 (Br=1x 10 %3
i 1 : P K*O0Ky
10{]..:1.-_ " Other 1tBG :-
: - m EUDU- - UdS - E
: eale #:2 'E:_T-.-"" I it PSP —ﬂ
a5 . > 3 B EE—Y 8. 0.6 0.7 0.8 0.9 1
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Estimation of BG components(K*°Knv)

t

1
T
+++ +++

~} Data(545f
K*0Ky
Other ttBG

] uds

H

(S}

A= |

E oS A - W v B B b B 0

1.2

Wik (GeV/c2)

_1)

K*OKv component (peaking BG)
We estimate this component from K*°Ky
MC samples.

Uncertainty for signal yield
K*9Kv MC statistics:6.0%
Error of Br(t=K*%Kv) :5.6% (our result)
Error of correction factor for MC:3.2%

Total 5.8%

B Continuum BG component
— We estimate this component by fitting

Landau function to data(M, dist.)
e Y=A*exp{{-(X-C)/B}-exp{-(X-C)/B}}
< A,B and C are set as free parameter

(A:scale, B:width, C:center value)

— Uncertainty for signal yield
» Uncertainty of BG shape:1.7%
- Total systematic error from BG estimation

IS 9.0%0.

35



Br(tau—=>K*KpiOnu)

Branching ratio of t=>K*°Kn% mode has not been measured yet.

Mode Br measurement
1=K*K =0 neutralsv @ | (3.2+0.8%+1.2) X103 CLEO
1>K*OKv @ (2.1£0.4) x 103 PDG2006 Ave.
DO—-@ (1.1£1.5)x 103
1>K*0K =1 neutrals v This value has too large uncertainty.
We can’t use this value for K*°Kr°v Br.




NEFEWE

|ldea of the systematics for M., and I'y«,

How to evaluate systematics for M., and I'y«,
m The systematics from detector mass/momentum calibration is the most
biggest one.
— We use ¢ and K, mass peak and resolution.
¢ and K, mass spectrum have already studied at Belle.
— t=>¢Kv Inami-san

— 1=K v D.A.Epifanov

M, =497.648 Mo =896.00  M,=1019.460
o o MeV/c?

] 0.25226+07 +
P2 0.895%
P3 D.4886

P 0.2091E<0

I&‘ windt 226 F 168

1748E+ N F
Pt 05,9 = 1443 1835t
10 M P2 4977z 0.2073EM 5506 M i i % g
Ks| e 02 04TE9E-04 K*0 || s 80¢
P4 7.8 = 14.06 i ~
P5 + 01097203 G | 7] 3
e 025 02297E03 & 60k
10'2 PT + 17.24 | e}
P = 8609 g
:E E
£ 40}
(o] o
|I o ;
20
10 :
\
_»‘,:f_ \ e e b ey s
e i =L CEQQ 1 1.01 1.02 1.03 1.04 1.05
0.7 .8 0.g 1 1. 2 1.3 M(K’K) GEVICZ

0.46 047 048 049 0.5 051 0.52 0.53
M_(Ky). GeV/ic’



Systematics for M.,

Estimation for My,
m Check the difference between data and PDG2006 value of M, and M.

Ms Myxo Mq)
2 + + +
Data(MeV/c?) | 497.729+0.015 <\ ot 895.49+0.18 | 1019.6+0.2 N —x02 .
PDG2006(MeV/c?) | 497.648+0.022 896.00+0.25 | 1019.460+0.019 &~

For My~, the systematics from detector resolution is 0.2MeV/c?.

M, xo=(895.49+0.18+0.2) MeV/c?

@PDG2006

M, «,=(896.00%+0.25)MeV/c?
@FOCUS collaboration(2005)

My« o= (895.41+0.32%935  ,.)MeV/c?

Most precise one is obtained from D*—>K~n*u*v with 18k events measured by FOCUS
Collaboration at Fermi lab. 38



Systematics for I'y«,

Estimation for I'y«,
m  Check the resolution of M, and M.
o,and oy, are almost same? - check the consistency at the same experiment.

— 0ks=(2.93%+0.13) MeV/c?
- 6,=(1.2%+0.3) MeV/c?

m [ Is very wide(—50MeV). So we expect that oy, can be ignored.

(We don't consider K*? mass resolution when we fit to M, distribution of data.)
m  Can we ignore oy«p? = (Fyxg?+0oy?)Y? ~ Tywg ?
(Tyxp’ oy 2)Y?=48.95 <— A0.09 —> T'yxy =48.86+0.50

For I'y«g, the systematics from detector resolution is 0.09MeV.

Tyo=(48.86+0.50+0.09) MeV

@PDG2006
[x=(50.3%£0.6)MeV

@FOCUS collaboration(2005)
[xo = (47.79%£0.86%132 | ;. )MeV



current status

BaBar Preliminary for tau06

@ TnTMV BABAR
preliminary

o

« Integrated luminosity of 220 fb~! was analyzed.

Even{s/0.003 GeV/c?
2

* Br(nn'mmv)=(1.84£0.09£0.13) X 10* —__§ =
¢ Br(mn’v)<12X107 "

........
e,
.....
.
teerran,,
..........
RRL T,

IR RN R =2 LAY IR LR AR RN LR

BaBar studied another second-class-

n—.l.;;l;;;l;;;l;;;[...I...I...—
0.48 05 0.52 0.54 0.56 0.58 0.6 0.62

current mode and set upper limit. Mass (GeVic?




Events/ 1.0

Events / 5 MeV

Events /1.0
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My~ M) /oy,
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-

-20 -10 0 10 20

My -Mp /o,

5 0.50 0.55 0.60 0.65

Knv (CLEO)

Phys. Rev. Lett. 76, 4119-4123 (1996)

TABLE 1. Summary of signals, backgrounds, detection effi-
ciencies, and branching fractions. All errors are statistical.
Koy i 7YY
n signal A /e 0l
qq 8208 by .2 im0 4| P4 i il 1A
7 7'y 3208 % 8 i IR0 3009
Cross-feed eff (%) i35 0 1t {0 1 D80
Eff (%) 7.6 = 0.1 39 = 0.1 3.5 0.1
B0 2.6 + 0.6 25+13 0

Integrated luminosity of 3.5 fb=! was

analyzed.

Totally, 50 events were observed.

They assume branching ratio of Knnyv,
~ 10-% from theory

Br(Knv) = (2.6%0.5%+0.4) x 10

Br(rnv) < 1.4x10 M



t=>Knv,Knnv,ntnnv selection

Data set : 485fb!

tag side tit—>Ivv; 1 track
esignal side t: t=> Kyyv; 1 tracks

105<Myy<165MeV/c? e-
eother requirements
ot veto T tag
*missing momentum I+ 7
Main BG:
with N Vv

1=>Knnv,tn'nv,ee—=>qq
w/o n t=>KKL 7O (KL= n0qY)
1>l

We estimate the number of signal events from n mass distribution.



Kstnv

Combinations / 10 MeV/c

m= 0.54498
s= 0.01211
a= 1.03784
n= 2.00501
p0=-2.23376+ 0.58784-0.57646

60—

ns=160.82748+18.45241-17.4672!
nb=388.07190+23.83812-23.0526}
chi2= 24.807 /27

M(yy) GeVic?

Calculate with peaking BGs

B2 o5 06 oz

K*

12K v, K*nv

(=3
<

Combinations / 2

30

107

m= 0.89242
g= 0.05154
s= 0.00733

ns=120.59116+16.32195-15.6405}
nb=78.94609+14.64057-13.58734

chi2= 18.688/18

0.9 1

11

M(Ksm) Gevic?

— Cross-feed among t=>K. v, t=2>3nnv in K, sideband, t>K. v
— Contribution of qq and 2> K nnnv

— Errors from efficiency and
cross-feed rate are included
as statistical error.

3ntnv

(K, sideband)

K nn'nv

K. nv

7N

— KKnv

qq with n
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Event selection
T2K,(=2r )y

3-1 topology
Signal side
— Ny=2
— 0.45<M__<0.55
e Vertex const. fit
— 0.5<r<30 cm for K, vertex

— Electron veto for hadrons
e Remove Bhabha BG with shower

— Ey>0.3 for eta daughters
Tag side

— Lepton tag

— Ny<<3

tag side
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Knnv and tmnv analysis
m Strongly suppressed and not observed yet.

Knnv 1.1x10°
mnv 1.9x 1079 <1.1x10*

m Event Selection
— 1-1 topology, n—yy
— Signal-side
- N=4
e K/t ID for track

"1 n0 veto for vy, ©
 Pr° selection in "t rest frame” for Knnv /

- E,>0.1(0.3) GeV for Knnv (nnnv) r—
— Lepton tag / l
Vv

m Efficiency
— 0.19 % for Knnv, 0.22 % for tnnv

by H.Kaj1
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Extraction of n yield

—~ 16 —_
Data : 485 fb! © ©
2 4 K Vv > 60
O mv | s
10 ® -
E - ¢ E a0
o 8 o -
= Z 30
6 -
. E 20 ;
o £ 10 [
O.48<MW'(1)<O.SSGeV/c2 - + =
. 0 | | | I | il 1l | Ll 0
(n mass region) 03 04 05 06 07 08 03 04 05 06 07 08
M. -, GeV/c? M. -, GeV/c?

m Crystal ball function is fitted to M_"® distribution
— The shape is fixed with the result of previous analysis
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