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Introduction

Time-dependent CP violation: Quantum interference
between B%-B9 mixing and B0 decay to CP eigenstate

_ P(BYAt) — fop) — P(BY(At) — fop) d — b
Acp = R0 0 t
P(BY(At) = fop) + P(BY(At) — fop)
= § SinAmAt + A cosAmt "} W
mixing induced CPV direct CPV
where § = - £,sin2 ¢, b r d

E r: CP eigenvalue

Am: B-B mass difference — b—ces tree diagram
At: B-B decay time difference B'~jiY K’ “Golden mode” C
N Vo Vo Unitary triangle | TCPV,noDCPV goiaq i | B 1B
o r C

number of events

)
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S =-Ersin2(;

A~ 0 (No direct CPV)

Introduction

AS = sin2 @ °ff = sin2 ¢ 157
slightly shifts due to other
SM b-decay diagram contribution

AS
B’— 1 'K’ 0.01+0.01
B> K’ 0.02+0.01
B’— 1) K% 0.13+0.08
B> p’K’s  -0.08 %%
B’ Kos? 0.07 3:03

J. Zupan, hep-ph/0707.1323

AS
B'-K*KK’s 0.03 ¥
B'- K'sKVsK’s 0.02 109
B2 Ksmt’m? 0.03 3

Hai-Yang Cheng, hep-ph/0702252
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— b—sqq penguin dominated modes

S = -Essin2 @1 dextra CP phase

= "Ef Sin2(b1eff




Experimental apparatus

CP-side B reconstruction
- momentum

- invariant mass
Central Drift Chamber - event shape variables

small cell +He/C.2H6

tag associate B flavor

- lepton

- kaon

- low momentum pion from D*

— ~30% efficiency

,‘

= '\
~ ~ L detection

Q m ayers RPC+Fe

’\\‘» T- charged particle tracking

2 Event 1486

Exp

Eher 8.00 Eler 3.50 FriJul 30 22138242 1999
BEI I E TrglD O DetVer 0 MaglD O BFeld 1.50 DspVer 4.01

Ptot(ch 7.7 Etot(gm 24 |

@4//./4//‘—

QA

Ny~
S

Aerogel Cherenkov counter

n=1.015~1.030 - momentum measurement

Si vertex detector - particle identification
3/4 layers DSSD - elY energy measurement
ERrEEnt—
- L. T
- K; cluster detection RO —’]/Lb K

Belle Detector [

—_—> e e
SUSY07

Karlsruhe, Germany
July 26 - August 1, 2007




CPV parameter measurement

vertex efficiency >90%

resolution ~75 ¢t m(CP)
~140 1t m (tag)

ave.of Az ~200 um

K°

< > ! u+
Az:BVATBN‘

Time dependent decay rate

vertex
reconstruction

true At distribution

B tag
BO tag
Pyig = —e€~ 7 q(AcosAmAt + SsinAmAt )

7 : B lifetime
Am. : B-B mass difference

Un-binned maximum likelihood fit
— together with other observables SUSY07
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CPV parameter measurement

vertex efficiency >90%

resolution ~75 ¢t m(CP)
~140 1t m (tag)

ave.of Az ~200 um

K°

—>

< >! u+
AZ=BVATBN‘

vertex
reconstruction

measured At distribution
mb  Botag Time dependent decay rate
300 BO tag
250 Paig = if-—”‘% (1-220) q(AcosAmAt + SsinAmAt YROR(At)
200 flavor tagging quality resolution function
150
100 7 : B lifetime
50 Am. : B-B mass difference
8§ -6 4 2 0 2 4 6 8 . . TR .
At ps) Un-binned maximum likelihood fit
— > together with other observables SUSY07
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BY— J/lb KY reSUItS 535 million B'B°

sample

Y2 B’— ]| ) K’s CPodd (£ /= —1) B’ ]I K1 CP even( & r= +1)

beam constraint mass

1200 aso0f- B’ momentum; Pgems
“© 1000 [ TCMS T CMS? | : T dat=
= My = \/(E beam)” - (P B) 3000} ] Jnrk,
£ 800 2500} [ JPK, X BG, K, detected
= - Em JUX BG. other
g 600 stg —_ 7482 2000:_ I combinatorial BG
— . 0 1500 Yo —
£ 400 7 data Purz(y 97 % B N. S1§ = 6512
L — signal+background 10001 Purzi:‘y 59 %
L 200 -
- background 500 ge—

% o2 04 0.6 0.8 1 1.2 1.4 1.6 1.8 2
p;m{GeV.-’c}

200 — _ : §O tag
BO tag

150 F

100 |

Entries/0.5ps
Entries /0.5 ps

o)
0

2 Z At figures
are BG
Ao i i -7 5 -5 25 ,ﬁt(t:;:s) =5 5 7.5 subtracted
sin2 ¢ 1= 0.643%0.038 sin2 ¢ 1= 0.641%0.057
A=-0.001%£0.028 A=0.04510.033
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B’ 11 'K’s CP odd (&= —1)

B> 1

'K’ results A

B> 1n'K’ CPeven(& = +1)

beam constraint mass

1000

Events / 0.0025 GeV/c?

5.24
M. (GeV/c?)

5.26

140 20 momentum: Pgems
120
100 Nsig = 454

background
subtracted

Events / 0.05 GeV/c

O 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8

pgcms (GeV/c)

.. expectation from Sin2 ¢

-2.5 o 2.5 5

At(PS) o
sin 1= 0. +0. -0.
A=-0.030%0.072

First observation of tCPV in 5—s transition

BY tag

‘e

Lo
e
-----

535 million B°B®

At figures
. . , . are BG
-7.5 -5 -2.5 O 2.5 5 7.5
T At(PS) subtracted
sin2 @ "= 0. +0. -0.
A=+0.088+0.161/-0.160
SUSY07
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B’— O K° results 535 million B'B

sample
el P’ — ¢ K's CPodd (&= -1) B’— ¢ K’ CP even(& ;= +1)
g 80F B’ momentum: Pgems
3 5 60f _+_ Nsig = 114
5 0} +
E ~ 40 + background
L%“ 4(2 20 - subtracted
s F  —
N S B
Z . ' _ Zz At figures
N i L .- precta;llon fromlSIIlZ(l')l | | | | | are BG
-7 . - 2. At(ps) 5 5 7.5 -7.5 -5 —2-5_%fA(t)(pS)2-5 5 7.5 Subtracted
sin2 ¢ 1°f= 0.504+0.222-0.233 sin2 ¢ = +0.462+0.546-0.558
A=+0.110+0.159-0.160 A =-0.145+0.385-0.373
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B’ wK’s| K'sm '’/ fPK’s results

CPodd (&= -1)

535 million B°B?
mple

CP even(& r= +1)

B'— ) KV B/ Kigmt Bo—'foKOS
- beam constraint mass
140
“o i e L 200
=20 + 1LJ,+ + 2 ©
& % "'H»I II 8 8 :
E?JOO- + JfH e = 150
8 [ Al aQl [
0_80 - 8 8
%60__ = S 100}
B e ] + data § *g [
thj T signal+background utj L%) 50
20 - background :
0 I P B TP T M [
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M, (GeV/c?) M, . (GeV/c?) M, . (GeV/c?)
1t 1t s
23 [ 23 [ 2 [
2 0.5} o 0.5F 0 0.5F
e L []]E + | Ay
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E 0 =T ___;——4—1-/—\' e 0 = [~ e 0 - T —
> S~ E e = i S~ -7
(7] [75] - (72] -
= osf = ' = [
c% 1 4+ data c% -0-5r c% -0.5¢ +
r — fitresult [ [
-1 .... expectation from Sin2 @1 -1 -1
75 5 25 O 25 5 75 7.5..._I5....zlé...6....2I5....é....7E 75 ....... _.2|.\.r)...6....2|E;...é....75
At (ps) At (ps) At (ps)
sin2 ¢ 1¢f=0.11%+0.46*0.06 sin2 ¢ 1¢f'= 0.33+0.35+0.08 sin2 ¢ 1¢f=0.18+0.23+0.11
A=-0.0910.29+0.06 A=-0.05%10.14%0.05 A=-0.15%10.15%0.07 SUSY07
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BO_pKKK results 535 million BB’

sample
BG subtracted
B'- KKKV CP even( §f= +1) B> KK K
250 F)E constraint mass o - I - I o I o I ]
N o I | ; ; | 1
© =200 o] - 1
o] 150 B o L ; _
S oo 2 a00} :
= ~ C+ data : ]
- 50 F 8 200 51gnal+background ]
i E [— background _ : ]
. . . . . S B3 522524526528'53
M, . (GeV/c3)
“mixing” of CP even and odd ( & = 2f+-1)
CP even fraction: f+ = 0.86X0.1810.09 (iso-spin relation)

L =

£o.2 ! E

» :

.. expectation from Sing ¢ 1 %o.s + data : =

75 5 325 O 5.5 5 7.5 ~0-8F — fitresult ! E

At(BS) e K Iy S S

in2 @ 1= 0.30£0.32+0.08
sin2 ¢ 1 sin2 ¢ 1= 0.68+0.15+0.03+0.21/-0.13

A=0.3210.20%0.07 SUSY07
I2A =0.0910.10x0.05 Karlsruhe, Germany
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Combined results
b—s penguin with 535M B’B?

sin2 () {(c) A
B'—j/V K 0.6410.031£0.02  0.02%0.02%0.01
B’ 1’ K 0.6410.10£0.04  -0.01+0.07+0.05
AS = sin2 @ ¢ff = sin2 @ (P ees
B'— ¢ K 0.50£0.21£0.06  0.30£0.32%0.08 | | ..o "oy
B’ K'sK’sK’s  0.30£0.3210.08  0.07£0.1530.05 | 7= = 2— "=

Published : PRL 98, 031802 (2007) |, .0 oo0r-001

B’ w K’ 0.11%0.4610.06  -0.0910.29%0.06 | [p>wkss  0.13:008

B'— K’ 0.18+0.23%+0.11  -0.15%+0.15%0.07 | |p>pokss  -0.08 02

B/ KT 0 0.33+0.3520.08  -0.05+0.14%0.05 | [B~K%sr? 007 00
0.68%0.1510.03 B KKK 003 3%

0— KtK- +0.10%

B’ K*K-K's DTLS A 0.09£0.10£0.05 || = "

Posted : hep-ex/0609006 BI— KOst 0 0 0.03 002

-0.03
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B'-K’sm/m’ results Pyelﬂm

660 million B°B® sample

CP even (& r= +1) (almost full data set)
beam constraint mass 30
120 .'| ‘» Nsig = 307132 (w/o vertex) : gg Iag
2 : \ ag
; OO} ‘| ‘F 29121 (w/ vertex) c%- - y "\ background
& = 10
CS\I_ 60 0] /S L0 W G
Q I
-'GC-.; 40 N o AN o
Lﬁ 1F + data
> [ — fit result
20 = I .... expectation from Sin2 ¢ 1
()] N
// = 27
0 | - I
52 522 524 526 528 53 zf O
M, GeV/c i
= -0.5 i
o :
: £, T
sin2 () = -0.431+0.491+0.09 75
A — -00 17i0024i0005
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Weak phase cancels mixing: $=0
— good probe for new physics

Slight shift is predicted as
0.02<5<0.13

0.15<4<0.17

(contribution from u-/c-penguin)
R.Fleischer and S.Recksiegel,
Eur. Phys. J. C38: 251-259, 2004

Another penguin: Pwmm
Bo_’KUSKUS reSUItS 660 million B°B? sample

(almost full data set)

Nsig = 58%11 (wW/0 vertex)
3316 (W/ vertex)

Entries / 2 MeV/c

S

o

S
_|_
_l_
Entries / 2.5 (ps)
5

N
o

b) N » ) [+
Ty T [ T T T [ T T T[T T T[T T T [T1

+ data *

— signal+background } t data
background - — fit result
5.2 5.25 5.3 -

beam constraint mass (GeV/c)

ymmetry

Raw As
o
T

|

o
3]
T

$=-0.3810.7710.08
A=-0.3810.38%£0.05 susvor

Karlsruhe, Germany
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Summary

- sin2 ¢; from penguin-dominant & decay

(sin2 ¢ 1) is sensitive to new physics.

- sin2 ¢ ¢ from 8 b—sqq and 1 b—dqgg
have been measured at BELLE in past year.

- All are consistent with SM prediction
within the error.

- There are indications of negative AS shift.

(2.10 deviation between b—css and b—sqq) >

16

sin(2p° )-s (2¢ B)EAC

PRELIMINARY
bces  World Average . M . 0681003
., BaBar h—-——- | 021+0.26£0.11
X Bele ; | -t . 0.50+0.21+0.086
< Average' ; — 0.3940.17
o BaBar v e T DB8£0.10+0.03
< Bele | P+ . 064£0.10£004
ol Average ! | T 0.61£0.07
TN T BaBar T T A T 07 0,244 0.047
 Bele : © 0.30+0.32+0.08
N Average ; ; - | : 0.58 +0.20
o BaBar + il 0 040£0234003
x* Belle ' — 4 . 033+0.35+008
B Average} : — | : 0.38+0.19
< BaBar ! — L 0.20+0.52+0.24
o, Average: : 0.20 + 0.57
R = e Lo | LEE IR TAIL I T SRR I LY
" BaBar | . 062703+ 0.02
< Belle t0.11+0.48+0.07
°  Average: ; : 0.48 +0.24
T T BaBar T ——fl . 0412026
< Bele | | ! 0.18£0.23+0.11
"~ Average' R o 0.20£0.18
Y BeBa—f—— 17 [ 07210714008
%% Belle 1. -0.43+£0.49£0.09
Q Average ! ‘T 0.52 £ 0.41
% BaBar T S N R RER A
B || i !. +0.21
v Belle i Q.BB+:]13+UD3,”
. Average; i 0.73+0.10
-2 -1 0 1 2
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® It is essential to estimate possible

deviation from sin2,within the SM

to claim new physics.

® b—u Tree contamination

mode Ep |P P’ T T
oKs -1 O X X X
KsKsKs +1 O O X X
K+K- Ks ~+1 | O O O O
n'Ks -1 o) o) o) x
foKs L o |0 |oO X
wKs -1 x o) o) x
m0Ks -1 x o) o) x

® Final state rescattering

18

Wf_nég
b .
<

u
S
S
d

d
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Superconducting
cavities (HER]

Belle detector

.

'KEKB B-Factory -

ARES coppet
cavities (HER)

ARES coppet

cavities (LER]

TRISTAMN
tunnel

g Gey e-3.5
Eey e+
Linac

peak luminosity:

1.7118x10%** /cm?/sec (Nov. 15, 2006)

integrated luminosity:

710.254 /tb (- Dec. 2006)
535 million BB sample is used for this
presentation

RF Deflector
( Crab Cavity )

I

Electrons

1.44 W 1.41 W

Crossing Angle

:’IIIII' (11 x 2 m rad.)

Head-on
Collision

1.41 W non-crab crossing 1.44 W

SUSY07
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Continuum background suppression

Rs/b: likelihood ratio constructed
from event topology variables

e e—Y(45—BB e e —>qq

(Spherical) (Jet-like)
H B'—1n’K'
400 F |
+ 800 B> 'K’ . 6007 B> K*K Kl
200 |- 600 [- 200 |
te-e! 400
400 f
0 // // c 100 :
0 S 200 200
0300 BTOKs S |
S 2 200 ; o
< ’ o
200 I 150}
o 500 ~
>100 _ 100 450F 200
L £ . 00} &0
0 / / I blriris s 50 SUIN :00
300 B/— KKKV 0 é zzg ‘ 150
500 - 0.5 0.75 1 ° 1°§ 100
Rsio 100f T 50 g
7 + 50;- e
100 /ﬁLﬁlﬁ + data 0:0f4 05 o6 07 o8 o5 1 8370405 06 07 08 09 |
I N R R
0 -////. /./// 51§nall{+backiround s/b s/b
== backgroun
0 0.5 1 SUSY07
Ry ¥ Karlsruhe, Germany
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B’— ]/ K’

systematics

dS dA
Vertexing 0.012 0.009
Flavor tagging 0.004 0.003
Resolution function 0.006 0.001
Physics parameters 0.001 0.001
Fit bias 0.007 0.004

Ks fraction 0.003 0.001
Ke fraction 0.005 0.002
Background At 0.001 0.001
Tag side interference 0.001 0.009
Total 0.017 0014

21
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systematics

PK° n'K° KKK
Vertex reconstruction 0.01 0.01 0.01
Flavor tagging 0.01 < 0.01 0.01
Resolution function 0.04 0.04 0.05
Physics parameters < 0.01 < 0.01 < 0.01
Possible fit bias 0.01 0.01 0.02 dS
Background fraction 0.04 0.02 0.06
Background At shape 0.01 < 0.01 0.01
Tag-side interference 0.01 < 0.01 < 0.01
Total 0.06 0.04 0.08

dK" n' K" K2!K2KY,
Vertex reconstruction 0.02 0.02 0.02
Flavor tagging 0.01 0.01 0.01
Resolution function 0.01 0.02 0.02
Physics parameters < 0.01 0.01 < 0.01
Possible fit bias 0.01 0.01 0.01 dA
Background fraction 0.03 0.02 0.05
Background At shape 0.01 < 0.01 0.01
Tag-side interference 0.03 0.02 0.04
Total 0.05 0.05 0.07

SUSY07

Karlsruhe, Germany
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systematics

B9 ) KV
o"(§) o7 (5) o"(4) o (4)
Vertexing +0.0127 +0.0211
- dt_cutoff_var 0.0003 0.0001 0.0001 0.0000

- |dr|

- |s2|

0.0029 0.0000
0.0017  0.0005

0.0010  0.0030
0.0010 0.0009

- IPprofile 0.0050 0.0072 0.0000 0.0011
- scale error 0.0033 0.0033 0.0060 0.0060
- & cut 0.0022 0.0064 0.0021 0.0004
- dz bias 0.0050 0.0050 0.0195 0.0195
- alignment 0.0056 0.0056 0.0040 0.0040
- Total 0.0104 0.0127 0.0209 0.0211
Flavor tagging +0.0154 +0.0055
Resol. func. +0.0521 +0.0237
Possible Fit bias +0.0110 +0.0140
Background fraction +0.0411 +0.0241
Background At shape +0.0059 +0.0053
Physics Parameters +0.0052 +0.0032
TSI +0.0010 +0.0440
Total +0.07 +0.06

23

B Ksm Y

0" (S) o (S) o7 (A) o (4
Vertexing +0.010 +0.020
- dt_cutoff_var 0.0002 0.0000 0.0002 0.0000

- |dr|

- |s2|

0.0029  0.0000
0.0017  0.0005

0.0010 0.0030
0.0010 0.0009

- IPprofile 0.0032 0.0026 0.0018 0.0000
- scale error 0.0021 0.0021 0.0008 0.0008
- & cut 0.0022 0.0064 0.0021 0.0000
- dz bias 0.0050 0.0050 0.0195 0.0195
- alignment 0.0056 0.0056 0.0040 0.0040
- Total 0.0093 0.0104 0.0202 0.0202
Flavor tagging +0.0067 +0.0047
Resol. func. +0.0656 +0.0099
Fit bias(MC stat error) +0.0085 +0.0038
Background fraction +0.0091 +0.0011
Background At shape +0.0455 +0.0193
Physics Parameters +0.0069 +0.0010
TSI +0.0010 +0.0430
Total +0.08 +0.05
SUSY07

Karlsruhe, Germany
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systematics

B’ K*K K’ B’ ;K0
ot(S) o (S) o7(A) o (A) o (S) o (S) ot(4) o (4
Vertexing +0.0127 +0.0211 Vertexing +0.0127 +0.0211
Flavor tagging +0.0040 +0.0040 Flavor tagging +0.0054 +0.0062
Resol. func. 40.080 4£0.050 Resolution function +0.0224 +0.0083
Fit bias(MC stat error) 10.0110 +0.0010 Fit bias (interference) +0.0620 +0.0212
Background fraction 1+0.0130 +0.0070 Background fraction +0.0366 +0.0292
Background At shape 10.0040 4+0.0010 Background At shape +0.0851 +0.0396
Physics Parameters +0.0020 +0.0010 Physics Parameters +0.0022 +0.0021
TSI 4+0.0010 +0.0320 TSI +0.0010 +0.0430
Total 1+0.03 10.05 Total +0.1145 +0.0726
SUSY07
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S HZBeff:SiHZBTIEE
0.4
0°Ksg
rf—0-25
0.2
J’TGKS
rf—O . 1
< 0 \'/ & =
'KS
ohs
-0.2¢}
[UKS
-0.4¢
B'2K'smt’m’ (Bele only) @ —
0.4 ~0.2 0 0.2 0.4

ASt
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Error on AS

Number of BB ) i
year (Belle+BABAR) sin2 ¢ (°ff sin2 () ;
2004 (275+227)M 0.41+£0.07 0.73+£0.04
2005 (386+230)M 0.50%0.06 0.69+0.03
2006 (535+347)M 0.53+£0.05 0.67£0.03
2007 (660+383)M 0.56x0.05 0.68+0.03
hep-ex/040607 1
: y -1 -1 -
M.Hazumi presentation at WINO7 |SUperKEKB 5ab 50ab LHCb 2fb-1
o uly 2006492 fo) (kB0 ) SuperKEKB at 5 ab” SuperKEKB at 50 ab™ LHCb (0.002 ab™)
elle u upe' ol E L T E L T E L
AS(¢Ks) : ; —_
AS(K*K‘KE) T :
AS(’Ks) = Bi :
AS(KsKsKs) —— 4 ;
AS(n'Ks) —— W
sin2y(Bs — J/%q)) : - |_._|
S(K™) —— HH ?
Br(B — Xsy) H - H
e, Acp(B = Xs7) i i :
o4 | New Physics -.§03 Cyw/ AFB(K*l+l_) I ——
8'8? [ (SusyGut, | 3 Co W AFB(K!_l_) I / ——
0:06 [ Warped Extra Dimension h BI‘(IES - L& L) : ¢ ——
el T ' . Br(B" —» K'wv) : IS 5
- e Br(B* - Dtv) . i i
' ) T, Br(B' >Dwv)| ; : —— :
003 '-.,~.~ sian) . i g
\ o,(nm isospin; H”—I II:I Itl
: 04DK"") 1 " ——
0,(Bs — KK) : i ——
0.01 L L g . 04(Bs — DsK) ; p——
10 1 10 102 |V“b| Ll ||'§'|| Ll AT - . TR —T—T

Integrated luminosity (ab™)

05 -03 -01 0.1

0.3 0505 -03 -01 0.1

L | L
0.3 0505 -03 01 01 03 05
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