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Quark Mixing in SM

Standard Model quark mixing :

(@\ (Ve Ve Vi)

Vcd Vc ‘/cb S

8
\v)  \Var Vi Va) \b)
Cabibbo—K-obayashi-Maskawa
(CKM) matrix (VCKM)

AN (1 — p —in) —AN?

CP violation enters the SM through the complex phase in the CKM matrix

Unitarity relation (Vekm Vickn = 1)

VadVi ¥ VeV ¥ ViaVi =0 sl

Determination of angles/sides is closely related to
measurements of CP asymmetries

(0.0)" Unitary Triangle(!-")
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Time-dependent CP Asymmetry

Interference between BO—=fcpand BO— B0 {cp

e BO-BO mixing : A neutral B meson can transform into its
own anti-particle

® Both the B? and its anti-particle B? can decay to the same
state final state.

® (P violation arises from interference between mixing
and decay amplitudes.

Time dependent CP asymmetry

__ I(B(At)~£,,)-T(B°(At)=£,)
/'Zl(At)— I(B(At)~fs )+ I(B(At)~£,)

— "‘ImA Sin(Am oAt)—l—lAl COS(AII] OAt) q A(EO—»f )
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Mixing-induced CPV  Direct CPV
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Belle Experiment

Belle Detector

Electromagnetic Calorimeter (ECL)

Superconducting

cavities (HER) Belle detector

_ Silicon Vertex Detector (SVD)
o

KEKB B-Factory

ARES copper
cavities (HER)

ARES copper _—
cavities (LER) —_. =

TRISTAN
tunnel
. - 1N L " )
3 Km Ring - 4, " gt Central Drift Chamber (CDC)

8GeV e-3.5
GeV e+
Linac

Peak luminosity:
2.1 x 10°* cm2 s!
World Record

Extrolﬁ'e Forward Calorimeter (EFC)
Superconducting Solenoid

K, and u detector (KLM)

8 GeV e-on 3.5 GeVet SVD : measures B meson decay vertex position
boost Py=0.43

Asymmetric B factory: Belle at KEK-B
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Luminosity

Full data sample at Y(4S) resonance : ~772 M BB pairs
Integrated luminosity of B factories

>1ab!
On resonance:
Y(5S): 121 b’
Y (4S): 711 b’
Y(3S):3fb"
Y(2S): 25"
Y(1S): 6 b’
Off reson./scan:
~100 fb !

| —KEKB

KEKB and Belle stopped j o
operation on June 30, 2010 — Y ~ On resonance:

Y (4S): 433 fb !

Y(3S): 30 !

Y(2S): 14 fb!

Off resonance:
~ 54 fb!

§y ROwE Upgrades to Belle II and
PG Q superKEKB have already started.

=> See talk by James Fast
KEKB Control room
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CPV Analysis Technique

boost fy=0.43

Az=200 pym

tag the flavor as BY from

decay product(s)
Decay rate A

Plg=—+1,At)==—e 7 [1+(Ssin AmAt+.Acos AmAL)[®R
47 72 detector resolution

_JT1: E tagged (1-—2w) ) : wrong tag fraction
—1 : B® tagged (mis identification of flavor)
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B —(cC)K? decay modes

B— Charmonium K° : Golden modes for CP Violation measurements

* Clean Experimental Signature BY=J/) KO ~ 8.7x1074
: : : BO— ('K ~ 6.2x10~4
® Many accessible modes with (relatively) Large BFs |4, —yre1 KO ~ 3.9x104
e [Low Background Levels, high efficiency BO—n. KO ~ 8.9x10—*
® (Clean Extraction of CKM angle
¢ Dominated by tree diagram

¢ [ eading penguin diagram has the same weak phase as tree

SM expectation

B°B° Mixing Tree Diagram _
iy 2 [ 5=t
c g

A(At)=-n,, sin20, sin(Am-At)
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B —(cC)K" signals

® Belle’s new result with full data sample (772 M BB).
® More data and improved tracking = nearly 50% more signal

BO— J/ip KO
I = ee, wru-
Ks—=mtm-
. . Ky : cluster
than previous analysis. B K
B candidates selection using AE and My : Y = ee, urus, Jpmtre
BO_’XCI K

Xe1 = Iy

AE = EE o El;eam Mbc = \/(E'>i<

beam)2 o

Pgp* for K1, : only K1 direction is measured; missing momentum

D —
is calculated using known B energy and Ky, direction. > /72 M BB

BELLE

w
o
o
o

i

a
(=1
(=}
o

decay modes signal Yield

+ All combined
— Fitresult Bo—=J/) Ks 12681+114
— B > Jy K
— B"—y(29)K®

B, K CP—uodL BO—’Ks 1981+46

+ B"—= K‘:
—— Fit result
Background

N
(=
(=
o

events / 1 MeV/c?
8
8

Events /50 MeV/c

Nsig = 15600

2000 |

Purity = 96 % B—=J/y K¢ 10041+154

ﬂ CP-even [ [ .

0 = ‘ ‘ purlty=63% 0’T\m\m\m\m\m\m\mm—mm

5.2 5.22 5.24 5.26 5.28 5.3 0 02040608 1 1.21.41.61.8 2
M, (GeV/c?) Pg*(GeV/c)

1000 |
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sin2@ in B2 (c¢)KO decays

W=y 7720 M BE

Background subtracted, good tagged only

Entries /0.5 ps

== N N
o O
° °

a
o

‘Qy.
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Entries /1.5 ps

—h
—t

Asymmetry

o
?
E
£
>,
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Asymmetry

At (ps)

" 6 -4-20 2 4 6 T e 4 20 2 4 6

At (ps)

Y,

N(BY)+N(B?)

BO—=J/y Ks
S =0.67120.029
A =-0.01420.021

BO—J/p KL BO—y'Ks
S = -0.64120.047 S =0.739+0.079
A =0.019+0.026 A =0.10320.055

BO_’XC] K
S =0.636+0.117
A =-0.023+0.083

CP Violation 1s observed in all modes

(stat errors only)
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2011 measurement of sin2@; at Belle

W=y 7720 M BE

BELLE

Preliminary!

CP-odd

BO—’J/l[} Ks
BO—={y’'Ks
BO_’XCl Ks

CP-even

BO—J/ KL

8 400|
n E
o 3505
\ -
2 300}
‘£ 250}
o 200f

(2]
o
n 2
(<)
~N
n 2
2
S
-;:'1
L

Asymmetry

150}
100}
50| WH

0 [ geteen®”

Asymmetry

" 6 -4-20 2 4 6
At (ps)

6 -4 20 2 4 6
At (ps)

Combined result to all charmonium modes

A

sin2¢; = 0.668+0.023(stat)+0.013(syst)
= 0.007x0.016(stat)+0.013(syst)

World’s most precise
measurements
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sin2@: 2011 World Average
sin(2p) = sin(29,) L

PRELIMINARY
BaBar " 0.687 + 0.028 1 0.012 B — J/iy K’ (535M BB) —~| 0.642+ 0.031= 0.017
PRD 79 (2009) 072009 B :

BaBar ., Kq 0.690 + 0.520 + 0.040 i: 0.070 HFAG 2010 average 0.670 = 0.023

PRD 80 (2009) 112001 : :

BaBar J/y (hadronic) Kg 5 1.560 + 0.420 i 0.210 | . ; 0-671=0.029
PRD 69 (2004) 052001 . : B" — J/y K 0.641= 0.047
Belle 0.668 + 0.023 £ 0.013 B® — y(2S) Kg 0.739 = 0.079
Moriond EW 2011 prehmlnary ; ; B _ .y Kg 0.636 = 0.117

1
fverage 0.678+0.020 B > (c5) K° .| 0.668 = 0.023 = 0.013
: —_— | | | ol |

0.3 . 0.8 0.9 1 . 0.2 0.4 0.6 0.8 1 1.2
sin(2¢1) = sin(2p)

- Beauty 2011
n PRELIMINARY
. ’ y . .

® Experimental uncertainty on sin2¢; ~3% (Reference
point for NP search).

® A value is consistent with zero (A = —0.013+0.017).

MUa® *M.@.a M A9 A3HNOAVYHSIA

® CKM angle ¢i(P) is measured with < 1° precision.

b1(B) = (21.4+0.8)°
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2011 picture of SM

IIII|IIII|IIIIIIIIIIIIIIII
excluded area has CL >0.95

¢

3 Amy & Amg

o
A

| @fitter O sol. w/cos 20 <0

Winter 11 3 (excl. at CL > 0.95)

-0.5 0.0 0.5 1.0 1.5

p

2.0

Global fit result by CKM fitter

sin2d@j 1s the most precise

measurement of the
Unitary Triangle.
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TCPV 1n b—ccd decays

{ +
,II{;. D

« D

Similar diagrams for BO—=D*+D*-

Dominant contribution is from the tree-diagram.
SM prediction : S = —sin2¢; and A =0 (Z.-Z Xing, PRD 61, 014010 (1999))
Penguins can also contribute : changes the values of S and A by a few percent.

Large deviation from sin2@; will be clear hint of NP.
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Branching Fraction in BY=D*D-
Q(B 772 M BB Preliminary! B” 5 D*D™ — (K 77") (K*77")

= (Koatat) (Kgno)

— (Krata") (Kén a”)

C
prd
o
=)
T
N
3]
~
=}
L

a 2]
(=]
TT T T T

Events (2 MeV/c?)
a T T T T B T T T T
Events (2 MeV/c?)

Events (2 MeV/c?

Signal Extraction :
from AE-My. 2D fit

-
=)
T i

5,

e ben bl b o L L ] SR RN FE TS FUR RUREN PN FURTR VAN P (I ERE IR NRRE TR NURTY FRURE NREL DY AU NI
82°5.215.025.035.045.055.26 5.275.28 5.29 5.3 825.215225.235.245.255.06 5.275.28 5.29 5.3 8275215.225.235.24 5,25 5.26 5.07 5.28 5.39 53
M, (GeV/c?) M, (GeV/c?) M, (GeV/c?)

(K-ata" ) (Ktr o) (K 7% at) (Kix ) (K-wta®) (Kim—w")

Niie=221.4+ 18.6 Niyig=48.0+ 8.9 Nyig=54.1% 14.6
B =(2.16+0.18) x 10~ B =(1.96+0.36) x 10~ B = (1.83+0.49) x 10~ (systematic errors)

Small contribution from B?—D+*K®™07- peaking background is estimated using | Category 8(BF) |
Tracking efficiency 2.0 %

{ n » ’
WG recon. efficiency 1.0 %

D* mass sideband in data and subtracted from signal yield.

¥ NEW! Combined result to the three sub-decay modes X_ recon. eificlency

BELLE " . . . P
K /7 selection efhiciency 5.4 %
D and K¢ BF 13 %

BB D+D-) = (2.09+0.1520.18) x 104 L LN e

(0.0 %

Fit model 1.1 %

Fyent recon. efficiency 1.O%

Previous Belle result with 535 M BB pairs 44 contimuum suppression | 4.1 %

B(B—D*D-) =(1.97+0.20+0.20) x 10-*+  Phys. Rev. Lett. 98, 221802 (2007) Total 8.0 %
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TCPV in BO—=D*D-

Preliminary!

Kmit and Kst modes are used in TCPV

Events/ 1 ps

=y NEW!

BELLE

S = —1.06x0.21(stat)+£0.07(syst)
A = +0.43+0.17(stat)£0.04(syst)

|
o
t

g
+~
[}
é
£ 00
n
o]
B
]
-

—10 -8 8

=9 The .A value comes closer to zero with larger statistics At (ps)
(systematic errors)

Category AS AA
Previous Belle result with 535 M BB pairs Vertexing +0.011 | +0.006
Flavor tagging £0.011 | £0.017
Vertex resolntion £0.063 | £0.022
S =-1.13+0.37+0.09 Phys. Rev. Lett. 98, 221802 (2007) Physics parameters +0.007 | +0.004
A =+0.91+£0.23+0.06 I Signal fraction +0.012 | +0.019
Background Af +=0.027 | +0.006
Tag-side interference | +£0.001 | £0.008
Total +0.072 | £0.036

I
—
o
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Branching Fraction in BY— D*+D*-

W=y 7720 M BE

BELLE

Events / (0.007 GeV )

100

250[
200}

150

50|

0 L.

T
AE (GeV)

Events / (0.00175 GeV)

Signal Extraction : from AE-My,. 2D fit

Nisig=1225+59 events

D
D

BELLE

NEW!

Previous Belle result with 657 M BB pairs

BY — D**(

Preliminary!

~—

1!

B()_>D*j+(_> DUT‘.]+)
B()_>D*j+(_> DUT‘.]+)

Nsig=5 53+3(0 events  Phys. Rev. D 80, 111104 (2009)

-> Large improvement is due to more track multiplicity.

(systematic errors)

Nine hadronic D decays are used

mBFl ‘

\ Category MBI ‘ (Category

Tracking efficiency

Numberof BB

1.40 %

K'Y recon. efficiency

Fit model

0.24 %

B(B—-D*D*") = (7.82+0.38+0.60) x 10— x0 recon. efficiency

Fvent recon. efficiency

{.82%

]\ _," T .\v]w‘l on l‘”i('l"ll(‘.‘.

H ]l W v

I'eCOI,

efhiciency

3.19 %

D and D* BT

‘ T( i :l]

DPF, Brown Uni, August 09-13, 2011

Himansu Sahoo - University of Hawaii
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Polarization in BO—=D*+D*-

B9—= D™ D*- : mixture of CP-even and CP-odd (P = VV decay)
Angular analysis is performed to extract CP violation parameters.

Distributions of angles O and 01 give polarization amplitude ratios Ro and Ry.

We determine S, A, Ro and Ry simultaneously from a five-dimensional fit to

the AE, My, cosOy, cosO; and At distributions.

signal )
background
Ao

Al
AI]

0.5 1.0
cos(9,,)

Projections of the angular distributions in the signal region of AE and My,
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TCPV in BV—=D*+D*- B

BELLE

D — -
@»] 772 M BB Preliminary!

BELLE

At and raw asymmetry plots for good tagged events only

1.0
0.8
0.6
0.4
0.2
0.0
-0.2
-0.4
-0.6
-0.8
-1.0

Entries / ps
raw asymmetry

\ At[ps]
(systematic errors)

AS
background _ 7'
$ NEW! ‘ Category AS aA M) MR ) |

BELLE

"\".v:-lv\;inu, +0.019 | £0.021 | +£0.004 | +0.004 |

S = -0.79+0.13(stat)£0.03(syst) | Flavor tagging £0.004 | 40.003 | <0.001 | < 0.001 |
A — +O.15i0.08(stat)i().02(syst) Vertex resolution +0.020 | +£0.004 | £0.001 | £0.001

| Physics parameters +0.004 | £0.001 | £0.001 | < 0.001 |

R(} — 0.6210.03(Stat)"_'0.01(SySt) | Fit model +0.002 | < 0.001 | £0.005 | +£0.002 |
RJ_ —_ 0-14i0.02(Stat)i0.01(SySt) Tag-side interference +0.001 +0.008 | < 0.001 | < 0.001

Polarization recon. eoff. | < 0.001 < (.00D1 +().002 40001

| Total +0.028 | 40,023 | 0007 | 0005 |
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HFAG Summary

BO—=D+D- BO— D*+D*-

+ 1" + ya E
D'D SCP Vs CCP @ D*" D* SCP \L CCP EPS 2011
| PRELIMINARY

PRELIMINARY
T T T

T T T T T
N ~ BaBar - : BaBar§
BeHe 1 Belle
‘ Average

" 1 1 i i 1 1 1 1
-0.8 -0.4 0 -1 -0.8 -0.6 -0.4 -0.2

Contours give -2A(In L) = sz =1, corresponding to 60.7% CL for 2 dof

Contours give -2A(In L) = sz =1, corresponding to 60.7% CL for 2 dof

HFAG summary of comparison of results from Belle and BaBar

Slide 19
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CPT Violation B decays

CPT violation in B~ 5o mixing :

By = pVv1—2B") +qV1+z|B")
|By) = pV1+ 2B —q/1—2|B")
=> z is the CPT violating complex parameter
=>Non-zero value of z indicates the CPT violation in mixing.

Decay modes (event counts)

JIWKL(7,713), J/ DK, 2(10,966)

Sensitivity
Mainly to Re(z) and AT /T,

D™rt*(39,366), D*1t*(46,292), D*p*(45,913)

D*~7v,(383,818)

Mainly to Im(z)

D°m*(216,605), J/PK*(32,150)

Only to At resolution

If CPT is
)

violated

No CPTV
(only CPV)

1 1 1 1 1 1 1 1 1
-0 -8 -6 -4 -2 o 2 L 6 8 10

W=y 535 M BB

BELLE

A total of 534,068 B?
and 248,775 B+t events

Re(z) = +0.2 \

Im(z) = +0.0

1 1 1 1 1
-0 -8 -6 -4 -2 0

DPF, Brown Uni, August 09-13, 2011 Himansu Sahoo - University of Hawaii
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CPT Violation B decays

Preliminary!

Unbinned maximum likelihood fit to 72 free parameters

=y NEW!

BELLE

Re(z) = (+1.9+3.7£3.2) x 102
Im(z) = (—5.7+£3.3+6.0) x 10-3
Al'o/T'a = (—1.7£1.8+1.1) x 102

L J/y Ks good
| flavor tag events

light lines indicate
Re(z) =0.2 and Im(z) = 0.0
(systematic errors)

A Relz)) l

Other parameters

T, =1.531£0.004

Category [ d Ll z)) l (AT, /Ty l

7,. =1.639£0.006
Am, =0.506+0.003
|Zcp| =0.999£0.004

arg(Nepicp) =—0.70£0.04

\‘n'-l'lu?\ih;."

+0.005 =10

(09

=000

=006 =009

Vertox resolution

A -1

s

< (L0001

<0002 0.0

Fit bias

=0.012

=001

0005

Signal fraction

~(.00M

< (LO0D1

10,001

Backgronnd At

A3 =04

< (L.O01

E0L002

Tag side interference

+0.000

1001

—(,.001 —(.000

DCS decay

A4

=~ 001

=003 =002

Others

< (LO01

<0000 =002

| Total

| +0.015

=006

<0.009  —0.011 |

DPF, Brown Uni, August 09-13, 2011

Himansu Sahoo - University of Hawaii

Slide 21



Radiative Penguin

® Radiative b—sy decays : excellent probe for physics
beyond the SM.

Flavor Changing Neutral Current processes.

Forbidden at tree-level in the SM, but allowed through
loop (penguin) diagrams.

Non-SM particles can contribute to the loop.
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Search for Right-handed currents

_right-handed photon in SM

Bd “ final state

e

—0
N\ __left-handed photon in SM
d P

D. Atwood, M.Gronau, A.Soni,
PRL 79, 185 (1997) N

In SM, radiative photon from b-s¥y transition is flavor-specific.

B%- B0 interference can occur only through a helicity flip.

The CP asymmetry in SM is suppressed by the quark mass ratio.
S~ —2(ms/mp)sin(2¢1) ~ 0.03

A large CP asymmetry will be a clear hint of new physics (e.g. LRSM model) :
Sensitive to right handed currents rather than a new phase.

Applicable to any B*—P%Q% decays with C eigenstate mesons (e.g. B'—= ¢K;y)

D.Atwood, T.Gershon, M.Hazumi, A.Soni,
PRD 71, 076003 (2005)
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Branching Fraction
B+—>(pK+'y

(o))
=]

Data
Signal
Total BG
qq BG

N W B W
oS O O O
TT]TL UL

Events / ( 0.0025 GeV/c?)

Events / ( 0.0025 GeV/c?)

—_
S O

52 522 524 526 528 53 . 522 5.24 5.262 5.28
M,, (GeV/c?) M,, (GeV/c?)

Nig=144+17 events Niig=37+8 events Signal Extraction : AE-Me. 2D fit

eff = (15.30.1)% eff = (10.020.1)% Non-resonant K'K"KY  1s
obtained from ¢ mass sideband
in data (13% of signal)

BB*—=¢pK"y) = (2.48+0.30+0.24) x 106 [(9.60 )

B(B'~¢K0) = (2.74+0.60+0.32) x 106 |(5.40 ) First observation
in neutral mode

Charged Asymmetry

N(B- — ¢K—v) — N(B+ — ¢K+~

. ) (=
hep = Qi R M ) = (—0.0320.110.08)

(consistent with no CP asymmetry)
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M(@K) mass distribution

Background-subtracted and efficiency-corrected M(¢K)
mass distributions

Yield in each bin of M(¢@K) mass is from AE-My. 2D-fit

Nearly 72% events are concentrated in the low mass

2
region (1.5-2.0 GeV/c?) M(¢ K) (GeV/c?)

* Data
No clear evidence 1s found for the existence of a kaonic  Phase-space from MC

resonance decaying to K.

The spectra are in qualitative agreement with
expectation from pQCD model for non-resonant decays
(the peak at threshold can be explained by form factor
effects).

Events / (0.

C.H.Chen and H.-n.Li, PRD 70, 054006 (2004)
[hep-ph/0404097] " M@ K) (GeVie)
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TCPV in B'=pKsy

First TCPV measurement in neutral mode with 35 signal events.

(vertexing from ¢ —K+*K- tracks, Ks vertexing is not required)

Nonresonant K*K-K?Y is included in the signal for TCPV study

J>d 772M BB
LD arXiv:1104.5590

BELLE

submitted to PRL
b—syS,,  HE

PRELIMINARY
Y -0.08 £ 0.29 = 0.03
o} H

—_~
7]
(=¥

—

N’

~
7]

-
=
0]
>
/M

Raw Asymmetry

BaBar :
PRD 78 (:2008) 0711

Belle 0.32%9% 005
PRD 74 (2006)"TTTTH: LU0

Averag
HFAG

S = 0.740.72 (stat) 1019 (syst) w8 a7 o

-0.10 = 0.31 + 0.

A= 0.35+0.58 (stat) 7% (syst) 7 B9 oo

o 01873 012

-0.18 £ 0.49

=> We have established a new mode for future high- S i
I 1 < 1242 T T Belle T ';e’h:n’ir;a’r’ - ks i
luminosity e+e- and hadronic facilities e 2010 o —

verage : i
HFAG %oﬁrrelated average * :

TR

1
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Summary

Many new results from Belle on CP violation with full data sample.

Most precise measurement of sin2¢; in B—(cc)K? decays
sin2¢1 = 0.668+0.023+0.013, A = 0.007+0.016+0.013

TCPV in B—=D*D- decays (NEW!)
S = —1.06+0.21+0.07, A = +0.43+0.17+0.04

TCPV 1in B2 D**D*- decays (NEW!)
S = —0.79+0.13x0.03, A = +0.15+0.080.02

CPT Violation (NEW!)
Re(z) = (+1.9+3.7+3.2) x 10-2, Im(z) = (—5.7+3.326.0) x 10-3, AT/T'a = (—1.7£1.821.1) x 10-2

First TCPV in radiative BY— pKsy decays
S =0.74972:929 A = 0.3510.58"023
(submitted to PRL)
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BACK UP
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Theoretical Prediction

e Two-meson distribution amplitude in a three-body decay (neglecting the resonant
contribution).

e Predicted B— @Ky decay spectrum exhibits maximum at @K invariant mass
around 1.3 GeV.

Hsiang-nan Li
PRD 70, 054006 (2004) [hep-ph/0404097]

Mass-less kaon
assumption
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B— @Ky decay spectrum in the ¢K invariant mass
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D
‘e

N4 BELLE
//

2
® Significant improvement in systema i’c}r/
0.017 = 0.013

® Better model for resolution function
(decay mode independent)

Charmonium K9 Systematics

Systematic errors:

AS AA

Vertexing

Flavor tagging
Resolution function
Physics parameters

Fit bias

J/¢¥K2 signal fraction
J/ K signal fraction
»(25)K2 signal fraction
xc1K?2 signal fraction
Background At

Tag-side interference

Total

2011

J/psi KO systematic error

ds

dA

Vertexing

0.012

0.009

(Ks:
Flv tag
Res. func.
Phys.

0.013
0.004
0.006
0.001

0.021)
0.003
0.001
0.001

Fit bias

0.007

0.004

Ks frac.
KL, frac.
BG dt

0.003
0.005
0.001

0.001
0.002
0.001
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BO—=D*+D*- TCPV Results

EPS 2011

PRELIMINARY

+ -
BaBar N -O.71t0.16i0.0:3 D* ]:)>X< SCP VS CCP %
PRD 79, 032002 (2009) S

PRELIMINARY

| I I
a : BaBar:
Average 0.77 + o.1;0 : Belle

HFAG correlated aver;age

B e T _ ; -] Average

Belle P -0.79+0.13+0.03 - ! !
+  F H !
EPS 2011 preliminary: :

+ -
D** D* C., IS

PRELIMINARY

BaBar 0.05 + 0.09 + 0.02
———
PRD 79, 0320 9)

Belle, -0.15 +0.08 + 0.02

- i
Lt

r Lo}
EPS 2011 prefiminary

Average -0.06 + 0.06
HFAG correla

-0.2 . . 0.6

| EPS 2011

PRELIMINARY

BaBar 0.17 £0.03
la) 1
PRD 79, 032002 (2009

Belle . 0.14 +0.02 + 0.01 L L ! !
EPS 2011 preli;ninary '08 '06 '04 '02
Average 0.15+0.02

HFAG correlated avera|

Scp

Contours give -2A(In L) = AX2 =1, corresponding to 60.7% CL for 2 dof

0.08 0.1 0.12
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BY—=D*D- TCPV Results

D'D'S,, [

PRELIMINARY

T T T T T

BaBar | —0.655i0.36i0.05 + -

PRD 79, 032002 (2009) EPS 2011

PRELIMINARY

Belle -1 .c:)s +0.21+0.07
e ;
EPS 2011 preliminary i

Average i -0.06+0.19
% e s

HFAG correlated average

24 22 & 48 16 44 42 1 08 06 04 02 0 02 04 06 08

| EPS 2011

PRELIMINARY

BaBar . | 1-007+023+0.03
: Lo W 1
PRD 79, 032002 (2009) '

Belle E -0.43+0.17 + 0.04
: = i
EPS 2011 preliminary :

: ; 1 1 |
Average § 0.31+0.14 . 1.2 08 -04 0

HFAG correlated %average

Contours give -2A(In L) = sz =1, corresponding to 60.7% CL for 2 dof

16 14 12 1 08 -06
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Other ways to measure sin2@;

Charmonium
“Tree-dominated”

BO— I/ Ks, 'K
BO_’XCI K, ncKs
BO—J/p Ki, I K*(—Ksm9)

Open charm or Charmonium
Tree-dominance, Loop may
contribute

BO— J/ 0
BO—D® +D®~, D+D-

Charmless, b—s loop decays
“penguin-dominance”

Bo— pKs, K+K-Ks, Ks KsKs
BY—=Ksn?, n’Ks, wKs, foKs
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