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m CKM matrix

Vud Vus Vub 1— A? A @‘3(p T 7’77)
Ve Ves Ve | = —A 1— A AN
Via Vis Vi AX3(1 — p —in) >AN? 1

| Irreducible complex phase = CP violation |

= Unitarity Triangle
m Unitary cond. describes
triangle in complex plane.

VudVyp + VeaVap + ViaVy, = 0

m Measurement of UT
<—> Test of CKM picture

<
Vea Ve
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C P Violation In e

<O

BY-BY System

m Decay into C'P eigenstate B - fop
m Interference between decays \ pd
with and without mixing BY
® Asymmetry in time-dependent decay rate
Acp(t) = I‘(§0 — fep) — T'(B® — fcp) A, = |>\fcplz —1
“r I'(B° — fcp) + T'(B° — fcpr) Arop|” +1

. 2ImA¢.p
= Ayp., cos(Amgt) + Sp.p sin(Amgt)  Sfer = Pyl + 1

®m In the Standard Model, for b — ceés transition,

AfCP = 0, Sgop = —&repSin2¢,
(&+.» - CP eigenvalue of fcp)

Acp(t) = —&¢.p5in 2¢; sin(Amgt)
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Principle of
Measurement

u —
B 8] //lv M
| |
electron : : YTE
M<— o *VU _ T[_
positron 37 o= IinO o
(3.5GeV) IBO |
l \\\_\K-F
By=0.425 L
|<—)| IJ'
AZ~200um
Event reconstruction ,
(C' P eigenstates) Flavor tagging
Vertex reconstruction Maximum likelihood fit

(At ~ Az/B~c) — sin 2¢,
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KEKB Accelerator

| TSUKUBA |
IR

=8 GeV e~ (HER) +
3.5 GeV et (LER)

m Ecpys = 10.58 GeV
at Y (4.5)

] (57)T = 0.425
m 3 km circumference

m =11 mrad crossing
angle
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Luminosity

Offline+Online Luminosity (pb™) (/day) 2003/01/29 23.26 [ 85 X ]—06 B E
e pairs recorded
L S | before the

summer 2002.

300
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50

Offline+Online Luminosity (pb‘l) (/day)

Lypcax = 8.26 X 1033

— all data, — onresonance, —  off resonance, energy scan
x 10 T T T T T T T T T T T T T T T T T T T T T T T T T T

T e /cm? /s

Int. lum. = 89.6 fb~*!

I ntegrated Luminosity (pb ™)

(~ 90% on Y (4.5)
E—— | ~_ 10" off peak)

1 1

0 L
5/13/1999 5/4/2000 4/26/2001 4/18/2002 4/10/2003
Bellelog total : 104628 pb™ Date

Bt & is e fH 254 2003 43 H 4 H —p6



Belle Detector

ACC

SC Solenoid =& _
N > Aerogel Cherenkov

- o=
F
5 I L 5
# Y M
1 ] y B N
r 1 ~
’3 "
{ "

ECL
Csl(TI) 16 X,

.....

2| A el
\__ Small cell + He/CyHg

N ¥

TOF 9

Scintillator b N\
SVD % = KLM

3-layer DSSD 14/15-layer RPC+-Fe
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Performance of
Detectors

= Vertexing

B Impact parameter resolution:
55 um for 1 GeV/c norm. trk.

m Tracking
(op/Pt)” =
(0.29/8)* + (0.20p)* (%)
= EM calorimetry
Wop/E~1.8% @ E=1 GeV

m et efficiency >90%
(~0.3% fake at p>1 GeV/c)

m K/m separation
BdE/dx (o0 = 6.9%)
B TOF (o0 = 95 ps)
® Aerogel Cherenkov

Efficiency ~ 90%,
Fake rate ~ 6% up to 3.5 GeV/c

m K; and p* detection

m T efficiency >90%
(<2% fake at p>1 GeV/c)
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Event |
Reconstruction

Selection based on M, = \/(ECms )2 — (p%*®)? and

beam
— cms cms ( / ) cms ( / )

AE = EZ EFC> (other than J ¢KL or pE* (J szL
I I I I | I I I I | I I I I | I I I I 500 i E : | I I | ]
i 1330 events 1
600 ———Sum - N § Purity = 63 % .
i I K () | 400 [~ m : 7]
= I K (T070) | ) I § ]
- P Kg & i : O J/WK_ (834 events) ]
% sol T Xa ks | g 300 - O JWK XBG, K detected —
= ; 7 N B JW¥ XBG, other i

N | 4
5 r— = JPK § i + B combinatorial BG i
- - h
I = i -
200 - 1996 events 4 £ i ]
2
Purity = 93% 100 ]
O i g k. = M, PR CX " = 1 O i .
5.200 5.225 5.250 5.275 5.300 0.0 05 1.0 15 20
Beam Constrained Mass (Gev/cz) pgems (GeVic)
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vertex |
Reconstruction

= |P(Interaction Point)-constrained vertex fit
|

IP profile 4 / Y

p— \ >T ~Sum

L.,

~3mm >|
m C' P-eigenstate side
Leptons from 2, or primary K /= tracks from 7.

m Associated side
Remaining tracks except for poorly reconstructed tracks and
K s daughters
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At Distribution

flavor (1)
m Theoretical dist.: P(At) = e_lf:;/OTBO [1 — g€ ¢sin 2¢y sin(AmdAt)]
m Diluted by wrong tag: [1 — g€ (1 — 2w)sin 2¢4 sin(AmdAt)]
m Smeared by resolution: P(At) = [T dtP(t)R(At — t)

8 6 -4 -2 0 2 4 6 8 -8 6 -4 2 0 2 4 6 8-8 6 -4 2 0 2 4 & s
At (ps) At (ps) At (ps)
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Flavor Tagging

= Following informations are used:

= High p (primary) lepton, low p (secondary)
epton

m Strangeness (K, A from b — ¢ — s chain)
m Fast 7, slow 7
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Wrong Tag Fraction ===

m Determined from B°-B° mixing fit.
BB - D wt, D*«t, D* pT,and D* £Tv

1. =
o 057 I
Z‘” Oy — 0.8 —
T 05 —0.6:— B
5 & =
Y 04t
~ _ [
L O\ﬁf‘/‘H‘ w 02} ﬂ
Z -0.5¢ + :
| O-T‘I2l3l4l5l6
L 0.5y -|- Flavor Tag Region
Z o 3 -
05 + + Efficiency > 99.5%
' ' ' ' € ve = 28.8 + 0.5%
0 5 10 At(ps)o 5 10 AP effective
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Resolution

m Obtained from lifetime fit with 78 fb~! data.

entries / 0.8ps
5

10 7

10 |

w
T T T 17T

N . > Data

B’ — D nt,D* nt,D* pT,
J/YKg, and J/pK*°

B? lifetime
1.551 + 0.018(stat) ps
PDG2002:

1.542 4 0.016 ps

Time resolution (rms)
~ 1.43 ps
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1/NdN/d(At)

Result

= Unbinned maximum likelihood fit is performed.

O
N

o

I
T

.O{o

_+_

+ &, =+1
O qu =-1

N

Raw Asymmetry
o

O
)

o
~
I L]

At (ps) R At (ps)
m Using 78 fb~" data sample, we obtain
| sin2¢;, = 0.719 £ 0.074(stat) & 0.035(syst) |
® Dominant systematics: Vertexing, Flavor tagging
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Comparison with 7

Other Experiments =

0.93+0.91
CDF | | | 0.79+0.43
(2000) | |
BaBar H 0.741+0.067+0.034
(Jul 2002)
Belle H 0.719+0.074+0.035
(Jul 2002)
Average H 0.734%£0.054
0.5 (I) Oi5 ZIL 1|5 2

SN2,
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Constraints on

ol

®m Normalized UT
Vud f;b 1 %d‘/;;)
Vcd cﬂ;) VCd cﬂ;)
Vertices: (0,0), (1,0), (p,7m)

® Independent measurements
of angles and sides of UT
are consistent.

m KM mechanism is most
probably the dominant
source of C P violation at
EW scale.
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C P Violation in

b — sss
A < In the Standard Model,
b o
BO Ssss = —& 4,510 201
d 2 KS As?s =~ 0

m These decay modes are potentially sensitive to
new C P-violating phases from physics beyond
the SM.

= A significant deviation from b — c¢s modes
—> evidence of a new physics
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Reconstruction of =
b — sss modes

B° > 'Ky B° — ¢Ks B’ - KtTK—Kg
(0’ — wrwn, py) (¢ — KTK™) (KTK~ # ¢)
7op B - kS | NV o o} BT IKKS
< 0} < Lt 2 ¢
% 50¢ ?D) 10t % 30k
g 40} S st | S
S a| S of H H| S
& 20| g 5 10}
& 10} Z 2 (AN O
N JL TR T AT o
52 522 524 526 528 5.3 52 522 524 526 528 5.3 5.2 522 524 526 528 5.3
M, (GeV/c) M, (GeV/c) M, (GeV/c)
299 events 53 events 191 events
Purity = 0.49 + 0.05 Purity = 0.671007  Purity = 0.50129%
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C P Fit Result for M=
b — ssSs

BELLE

B’ - 'Ky B’ — ¢Kg B - KTK~Kg
(&7 = —1) (&7 = —1) (€r ~ +1)
1} BY o 'K 1} BY o KL 1} BY o KKK
§ 0.5: L g 0_5: T g 0.5: +
| E S,
-05 ¢ -05 ¢ -0.5 R
&, 187 + &7
8 6 4 2 0 2 4 6 8 8 6 4 2 0 2 4 6 8 8 6 4 2 0 2 4 6 8
At (ps) At (ps) At (ps)
Snkg = Soks = —SKKKs =
+0.71+0.371 000 —0.73+0.64 £0.22 4 0.49 4+ 0.43 +0.117932
Apks = Apks = ArkKKs =

+0.26 £0.22£0.03 —0.56£0.41£0.16 _ 9404 0.33 +0.1079 90

sin 2¢; = 0.719 + 0.074 + 0.035 (foven = 1.04 + 0.19 + 0.06)—T
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Future Prospect

> IS~ o e
L NN Nt
Q oo NG
£ N R B . o
S
<
a . Y7 . pw2007-200x
N\ [(SuperKEKB)

O 3 T
: . | | |
o
S .
t10 """"""""""""""""
w
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3 4
10 . | -
Integrated luminosity (fb”")
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Summary

m C' P violation parameter sin 2¢, IS precisely
measured based on 85 x 10° BB pairs using
b — ccs transitions:
[ sin 2¢p; = 0.719 4 0.074(stat) + 0.035(syst)}
Phys. Rev. D 66, 071102(R) (2002)

m Time-dependent C'P violations in b — sss
transitions are measured.

= 2.10 deviation is observed for B — ¢ K.

m Precise test of SM Is becoming possible.
m Unitarity Triangle, b — c¢s < b — sSs
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