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</ { Goal: Test of KM Model ]

BELLE

CKM matrix Wolfenstein parametrization
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KEKB Collider

BELLE

Asymmetric ete- collider.
- Two separate rings

8.0GeV e- (HER) &
3.5GeV e* (LER) [py=0.425] O
&
« Ey: 10.58GeV (at Y (4S) ) 555\00
- Design Luminosity: 103 cm2s1. &Qz &
+ Beam size: 6,~3um V&
0,=100um =
- #11mrad crossing angle i
-8
=
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KEKB Performance ]

World Highest Luminosity Machine.
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Belle Detector ]

Silicon Vertex Detector (SVD)
« o~55um for 1GeV/c@90°

Central Drift Chamber (

* 0,/p~0.35%@1GeV/c

* Oggiax~/ 7o
Aerogel Cerenkov
Counter ( )

*n=1.01-1.03

Time of Flight
counter ( )

* Oror~95ps

)

K/nt 3.5 GeV/c

Electromagnetic

Calorimeter (ECL) — 1

«Csl: 0g/E~1.8%@1Ge\
K, and Muon detector (
- RPC 14layers:

u eff. >90%; ~2% fake|rate
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/> {Time-dependent CP Asymmetry in B? — (Cé)KO]
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Mixing-induced CP violation.

- -

> fop

mixing mixing

_ T(B°—=JhyKO)-T'(BO—JAyKO)

A(A)=—— :
[(BO—J/yKO)+T(B'—JyKO)

= —E&f sin2¢4sin(AmAt)
+1 (ccK))

g CP eigenvalue | (K

cc KO: Theoretically & Experimentally clean
-~Single weak phase
.signal of Jhp (—=1*1-)

“Golden” mode for CPV measurement.
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Measurement Principle ]

w* Jip
;v w

:go | Reconstruction
(?Elge((a:tri)/n rezéssgce Bl | \KO
e )) I . |
positron?)-‘ o o = B XY i)_[_)o _
(8.5GeV) lBNl\\
| K+
sin2¢,=+0.7 : By=0.425 e ﬂ;lf
o ggeJIwKS Bg*JhPKs AZ~200um Flavor-tagging
= (BO—JApK| ) (BO—J/pK, ) Vertexing (B or BY)
0O
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{ CP Eigenstates Reconstruction ]

Use ~all low-background ccK® modes!

Bep — JAY Ks(—ntn~ & n0n0) R
P(2S)(—=FF & Jhprtn) Ks
Xe1(—JApy) Ks
N(—K*Kn? & KsK* ) Ks _

J/’Ip K|_ } §f= +1
Jhp K? (—=Kgn’) (81% &, = +1)

[full angular analysis]

>~ &r=-1
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Reconstruction: JAp Kqg
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{ Charmonium+Kg(K™) modes ]
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290 candidates

ity=84%
_ Ppurity y

C K i) . sumo
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Reconstruction: J/iyp K|

Exp

Only direction for K .. BELLE
1. Reconstruct JAp (— I*17).

2. Search for K, candidate
in KLM and/or ECL.

3. Compute K| energy
assuming B—=J/y K.

4. Cut on a likelihood based
on kinematical/event
shape variables. B

*  Major background :
other B—JAhp X decays.

m Separated using pg”
(B momentum in CMS). .
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JAp K, : Real Data ]

M.Yokoyama (U. 10kyo)
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= [ Vertex Reconstruction ]
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CP-side: Leptons from JAy

Resolution function based on

Constraint to B decay event-by-event vertex error

point profile. :J/ K dat main + tai
2| ata — *

3(2¢p)~75um (rms) 107 W Bs e

Tagging-side: [charm effect]

>10
Secondary tracks, poor g
tracks are rejected. S, L 7

Iteration (discard worst ;
track) 0 3} e

0(Zi5g)~140um (rms)
Require IAzl<2mm (=10rtp).
Efficiency: ~88%

—

tail~3%

10 5 0 5 10
At'-At (ps)

typical o,=1.49ps
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Flavor Tagging

I+ Y () -
4% d V
W+ W_
20 b (,.\)c s
d
W
D*-

L— 1 ¢
§ high-p I*(primary), med-p |- (secondary)
§ strangeness: K+,A (b—c — s)
§ slow n- (BO—D*-X, D*-—D0")
§ high-p «tt (BO—=D-71%)

Use inclusive tlavor-specific properties
and their correlations.
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/> [ Flavor Tagging Method ]
BELLE
2-stage multi-dimensional likelihood
[ Information of charged tracks ] Q, P*, Prics, PId, ...
F S— — | — -
| | Look-up table
i T K A Lepton| v (MC)
i“IE@Q&:! evel LH l _________ * Flavor information

“Event-level” LH

Look-up table q... +1: B%like

! —1: BO-like
[ Flavor information ] r (O=r<1)...quality of tagging
— to categorize events

M.Yokoyama (U. Tokyo) Lo Thaile. Mar. 6 2002\ SIX F-INtervals=six categories)



Wrong-tagging Probability

]

Flavor-specific decays+tagging
BO—D®)-r+/p*, D*[*v
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Am4 Measurements

]

............
0 2 4

Hadronic

0.521+0.01772%1

~0.014

29.1fb

IAt] (ps)

-_0.014

Preliminary

4 modes: 0.

(P
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[ 8 10 1E:
Proper decay tidbe(ps)
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D*n partial
.505+0.017

014t

- Dilepton (5.9fb)
'0.463+0.008+0.(

)16

G2001: 0_47910_001'3)366'566'566 g

AZ (um)



' Unbinned Maximum Likelihood Fit]

Probability Density Function (PDF)
L = [(1- £, )P, (Af )R(At - Af YdAL + £, B,

R: resolution function bkg probability
oA/ | . (AE, M,,.) 2D-fit
P, (At) = > [1-&,q(1 =2w)sin2¢, sin(AmAr)]
AL/ Ty
P, f Lf +(1=£)0(AL )R,y (At — AF YdAP

sidet:N; =
A puin

Fr rameter: <in? Nl W SECONERSRESE
ee parameter: s (l)1_0 VY Jhy Kg/K# data " Mo TGeV,/c™
bc
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Fit Result |

- 1137 events

4+ q&=+1

PRL 87, 091802 (2001)

Full-paper submitted to PRD
hep-ex/0202027

E B a ; x
& A
z
0.00 -
8 -4 0
At (ps)
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{ Comparison to Other Measurements ]
BELLE

OPAL
(1998)
ALEPH
(2000)
CDF
(2001 prel.)
BaBar
(2001)

Belle
(2001)

1.8
. 3.20"25+0.5

0.82
: 0.84" " 10.16
| 0.91+0-36

-0.37
0.5910.14+0.05

K 3 0.99+0.14+0.06

Average

0.80+0.10

-0.5
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(indirect constraint: 0.70+0.10)
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{ Systematic Error Estimation ]

Source Error
Vertexing algorithm 0.04
Flavor tagging 0.03
K, background 0.02

Resolution function 0.02
Background shape 0.01
Lifetime&mixing 0.01
Total

M.Yokoyama (U. Tokyo) La Thuile, Mar. 6 2002




E [ B Lifetime with Hadronic Decays 1

.

Good understanding of |1 HTH

B = D! )+.ﬂ:‘/p‘ :
L 7863 ev. J/WKS/KO o
fz} 12047 evJ/wK‘ o |
Oat = ™8| | vix&resolution is crucial. 3
pdf(AD)=Pg®Rgg+ e+ o0 5
Rsig=Raef® Rnp® Ryin (PDG2001 )_

Tgo: 1.554+0.030+0.019 ps 1.54010.0245_
Tg,: 1.695+£0.026+0.015 ps (1.655+0.027 :
TB+/TB() 1.091+0.023+0. 014 1.074+0. 028 AT

M.Yokoyama (U. Tokyo)
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{ Summary and Prospects ]

KEKB/Belle operations are going very well.
sin2¢,=0.99+0.14+0.06 (>60) | (29.1fb"")

Established CP violation in B meson system.

BELLE

Lifetime/Amd measurements with 29fb-
Am=0. 521+. 14 ps' (Hadronic)

Am,=0489e8.012 9011 hs1 (D'ly)

Am=0. +0.01 7+O 020 ps! (D'x partial)
~Mmost precise measurements.

Precise knowledge of vertex/resolution/flavor-tagging.

Il

Step towards precise sin2¢, measurement

Other time dep. CP measurements also coming soon!
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