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Integrated Luminosity (/fb)
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SVD2 Installed Summer 2003

The outermost (4th) layer was built with this grant.



Y New data set since last result (140 + 113 fb)

SVD upgrade: better L.P. resolution

_ _ impact parameter resolution (z):
(also higher efficiency for K vertexing)

B B} —
::*-—140 4 SVD2 Cosmic |l
§= Ei 26.3B32.9/p 1
= -4
£120 (¥ v SVDI1 Cosmic
= ! 42 2@44 3/p pum
2% 80 [—i¥
C 14
é’g g 60 4 !r
R F R Wy
”ugc‘a-t L ".‘. - - =
g R 40 [— LA
ooooo L5 .“1‘:‘*
: _‘*1*"“—"*:_:;—_—:—*—_ |
20 [
- ~40 um @ 1GeV/c
1 MRad — > 20 MRad R R T e e
3 layers — 4 layers pseudo momentum {(GeV./c)
23°< 9 <139° —» 17°<6<150°
R,=2cm — 15cm 152 M BB pairs with SVYD1

123 M BB pairs with SVYD2




Initial goals for B Factories

Exploring CKM picture or alternative origins for CP violation
for quark sector

v, |
* ad’tb . _*2 =2 =1 p
Vi o [ e 2~ -p) +’e
YAV i AR V. B
caVeb B° - B? mixing
L(b - utv)

0O adT(b—>ctyy Y

p=-argV,;y=argV,; a=z-y-p
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i26, (phase of V3 V,,)

A;cos(Am At) + S;sin(Am At)

Y 2Im A
AJ" — D] J‘ = 2
14 |A° 14 [A°
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Ay = (E) ( /) = €% ¢  (no penguin)

p/ A(B'— f)
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D '
Iy Measurement of sin(2¢ )

BELLE

B°-B° oscillation:

_ M A (Ve (Va Ve (VaVe)  b— .
- e % - - ) ) 29 T
IRAAAS o .
ViaVin Ve Vea W
.~ (VaVi) Tree:
IR AIUA . —d
| M e
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Entries/ps

+1)"’( NqE_:—1+NqE_=+1)

1 Ngg

(N

0.5 |

low quality tags

PO IS S S (NS S S (S T S S S ST S T

0.5 * high quality tags

140 b ':
sin(2¢,) = 0.728 +0.056 +0.023
A| =1.007 £0.041 +0.023
= 0 =(233%3))

close to BaBar 210 fb':
5ill{3¢!1:} =0.722 +0.040 +0.023

A| = 0.950 £0.031 +0.013

¢, =(23.5+1.6)° (Belle+Babar)
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Belle Results on Time-dependent CP Violation in b—s

OK"|

K'K'Ks
f,(980)Ks
nN’Ks
wKs

0
Ksnt

KsKsKsﬂ_q

T

| 0.751+0.64

0.06+0.3310.09 p

+0.17
d

0.49+0.18" )

-0.4710.4110.08

0.6510.181+0.04

+0.13

| -0.16

0.30+0.59+0.11

-1.26+0.68+0.18

Average
b—s penguin

0.39+0.11

sin2,(WA)

0.72610.037

-1.5

-0.9

-0.3

0.3

1.5

'>) Measurement of sin(Ztl)i) summary

w

t'%. g z J (b, Tr...
5

2.9 difference

= more statistics
needed
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BELLE

M;, A

M, A,

= o __ =)

T

..if no penguin. But there is a penguin contribution,

i

(Véd VfE) (Vuz,VLd

tf} fb Vu,ri
—VitVia/ Vi Via)
—VaVia/ ( .‘,Mfd)
M
‘ Mf‘e—ifﬁz
iy

e

Sﬂﬂ = Sin(z‘j}ﬁ)

and it “breaks” these simple equalities
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') Measurement of sm(2¢2)

Tree: )
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Previously......

i

B . 1 .
ezl Belle 152 M BB L BABAR 227M BB

with 372132 BY%—n*n~events  with 467133 B%—n*n— events
Sm =-1.00+£0.21+£0.07 sz =—-0.30+0.17/+0.03

A =+0.5810.15+£0.07 A _=+4+0.09+0.15+0.04
PRL 93, 021601 (2004) hep-ex/0501071

3.2c difference
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Event Selection

« B%n*rn” selection
Pion Identification using aerogel and dE/dx

£(7)=290% p(K - 7)=11%

Kinematical Selection

5271<M,, <5.287GeV /c?

| AE |< 0.064GeV AE =
corresponding to £3c \/(ECMS) —(pSMs)?

beam

CMS CMS
E Ebeam

Flavor Tagging

(: flavor charge q=+1tagged as a B"
' q=—1 tagged as a B°

r: dilution factor
0<rl 14




Event Selection (continuum suppression)

Event shape

”'ﬁijh'-.'f I 1| ."i ; .-". ) BVE

nts

e'e” —>0qd,(g=u,d,s,c)
B flight direction

Jjet - like

jet-like" 7 events

"]”,f'l — ata— MC
¢ff - === continuum

0.14 -

0.12 -

%o'bfz'b.4'b.é'ofé'1
cosBB

ﬁ _
LR = =B5
ﬁBB ‘|‘£q<i

(Likelihood Ratio)
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BO—n*n~signals from 275M BBbar events

Events/(0.02GeV)
S
o

(LR>0.86) (LR<0.86)
| (a)
? | Total S 34001 ©®
P <350 i
e S300|
£ TEE5e
E L%200
i 150 |
?5’ ~| 100}

......... 50}
v 01 0P 03 04 0% 06 OF OB 09 1 [ .
R 2% 2. S T

r (flavor tag quality) 002 0 02 04

el ."'://“'«‘ A R
-02 0 02 04
AE (GeV)

2,820 candidates containing (666 £ 43) ntn-

signal events




Unbinned CP fit results

| R>0.86

200 = q:+1 R Total E O-0<rso.5
- U T 2.5 n
v A K B + ——
o _ 0 pmmrrr e T TTIUT
Lo o - contingum ? -
(Q\ D r |
Fi E 2.5 E
= = —1—
! o o S E——
C 00 - % 1
s g=—1 — Total 0.5<r<1.0
Lﬁ ) ' < s
(qe]
""" K x .
100 S\ contingum
I o 25 -
1 -
0 \ \ \

1st error statistical,
2nd systematic




Background subtracted fit projection for all events

I 0 - =Y
% . DB tagged B? tagged
'>__ AE-Mbc 2D fits
| i to individual
LOO ] )
+l:’ : time intervals
S
0
1 L
L
O
<
|
=
+
K L
-1 B \ \ \
5 0 5
At (ps)
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New experimental situation

E 15 Ly »)
</ >

BELLE

. Belle275M

BN

~2.3c difference between
Belle and BABAR

\

0.5
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Significance calculation with Feldman-Cousins method

1 -

(=4 i . .
: Large CP Violation,
<Etio.75 - ‘ J ‘
. E (A,S)=(0,0)
5
E 1-C.L.=5.62x10°%, 5.4
0.25 |
0| (A,S)=(0,—0.62)
0.25 | 1-C.L.=5.13x10>, 4.0
05 Large Direct CP
E 5 violation, confirmation
o of the previous Belle
1L 5 » results

[ N I B R R [ [ R B
-1 075 -05 025 O 025 05 075 1

T : S
both statistical and systematic i
errors are taken into account. C.L. = Confidence Level 20



Consistency checks with Time-integrated fits

A =+052+0.14

consistent with time-dependent fit

LR>0.86 & 0.5<r<1.0
< 60 g S 60—
>  Btagged >  B°tagged
O 50* O] 507
S : N ; nr: 69+11
S 40 S 40 Kr: 439
90 - n i
% 30 - % 30 - cont: 38+1
> i S i
W 20" W 20+
10.. 10.:’ Jr N A JrJr J,.Jf.
B N % + +1-I IT'I' -|-+I'|' +
O A O ) . L . N B | .
0 0 0.2 0.4 AE (GeV)
AE (GeV)

Direct CP Violation is evident!
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Interpretation: ¢, constraint using isospin

M. Gronau and D. London, PRL 65, 3381 (1990)

Amplitude for

— —0

A" (A ) |B (B )—>rn'm
Enn A””(A ) B[:'(E“'_)—)?Z'[}JZ'“

B (B ) rn'n'(n x")

The cleanest
method to
extract ¢,

We use the HFAG summer 2004 values for the
branching ratios of B®—n*n—, n°z% B*—n*n®and direct
CP asymmetry of BO—nr0r0.

We use the statistical treatment of
J. Charles et al., hep-ph/0406184
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BY — %70 branching ratio and asymmetry

Belle measurement with 275M BB pairs

0_0 +0.4+0.2 —6
==y Br(z 7 )=(235,3)x10 hep-ex/0408101

<o .
BELLE ACP (72.0”0) _ +O-44i8'_23 +0.17 submitted to PRL

BABAR measurement with 227M BB pairs

Br(z°z°) = (1.1740.32£0.10)x10°  hep-exi0412037
A (7°7°) = +0.12+0.56£0.06  Submitted OPRL

—J-JH/

‘ First Acp(B°—7%) measurements in summer 2004.
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Interpretation : ¢, constraint with isospin

. Belle

using HFAG
summer 2004

1 J. Charles et al.,
| hep-ph/0406184

____________________________________________________________________________________________________________

60 80 100 120 140 160 180

¢, (degrees)
95.4% confidence interval

0" < ¢, <19° and 71° < ¢, <180°
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Summary of new Belle B? »r*n— CP results

* The fit yields

1st error statistical,
2nd systematic

o Large direct CP violation with 4.0c significance is

observed
* The results confirm the previous Belle results.

* |sospin analysis gives at 95.4% C.L.
0°<¢,<19° & (1 <¢, <180
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Outlook

- C.L.

assuming the current measured values

|
0.8 |
[ _ Current
0.6 i ~0.5ab!
_ i ~2ab?!
o4 Y ~8abl
02 | | ~32abl
\\ / | \\\// \\// |
0 NN N

0O 20 40 60 80 100120 140160180
¢, (degrees)

Takes Super-B factories to really pin down the ¢, value.
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Future prospect

Integrated Luminosity (/ab)

Int

o0

e e ho M w ) ok ok
= e = tn = n = o
TTTTT T T T T I I I TTT71]

4]

2%

Projection of KEKB Luminosity

L

pe

= 1.4x10%%cm2?s1
L. = 350fbt (Feb.8, 2005)

Integrated Luminosity (logged)

ntegra Lasminasity

0

=]
=]

1/1/00 11
1 |

Leax (CM™s™) 1.4x1034

5x1034
330 fb? ~1 ab1

i 1 i i
/01 1/1/02 1/1/03 171704 1/1/05

world records !

~1010 BB/year !!
& similar number
of ttt

Major upgrade of
KEKB & Belle detector
(>1yr shutdown)

Crab
cavities

2010
Year

N
=
N
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BELLE

8

1/N-dN/d(At)
5

1
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o
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Raw asymmetry

5
n

g 8

A
8

=]
T

+ g =+1
+ g5 =-1

Poor flavor tag -I-_|_

_|_ Good flavor ts

Mi

sin2¢, result : 274M BB Pairs

preliminary

J/y KO only

sin2¢, = 0.666 + 0.046
A =0.023 +0.031

Before upgrade (152M BB)

sin2¢, = 0.696 + 0.061
A =0.011+0.043

After upgrade (122M BB)

sin2¢, = 0.629 + 0.069
A =0.035=*0.044




B | excluded area has CL < 0.05 |
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