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« CP Asymmetry

Nep - CP eigenvalue

I ntrOd u Cti OMN /At : proper time difference

Am: mass difference

A(AL) =

T(B°(At) > f,,)-T(B(At) > f.,)

r(B(At) — f,,)+T(B(At) > f,,)

— - cos(Am-At) + sin(Am-At)
1+ | A

A(=-C)~0

Belle BaBar SM expectation

Direct CPV

S -NcpSIN20,
Mixing-induced CPV
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e —p = e

Y(4S)=—>
BO
e. 8.0GeV (—)
et: 3.5 GeV Az

Az =At Byc~200um

By = 0.43/0.56
Belle / BaBar

Basic Analysis Procedure

CP eigenstate

Reconstruction

K+ Flavour specific
final state| Flavour tag

| |

Measure vertex distance (AZ)

Fit proper time (At) distribution

CKM 2008
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Basic Analysis Procedure

» B extracted with M, ., AE
Mbc = mES = \/E;eamz _p;2 ’ AE = E; o E*

beam

e Main Background
— Continuum event [ e*e~ 2 gq (gq=u,d,s,c) ]
— Separate with Likelihood ratio (L., ) from event shape

N e'e>Y(4S)>BB
(Spherical)

e Signal extraction
— Multi-dimensions (M., AE, Ly, -..)
— Extended unbinned maximum likelihood fit

ete 2> qQq
(Jet-like)
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ertex Reconstruction with Kq

No primary tracks from B vertex
« Extrapolate K track to the \ %,n—

Interaction Point ct (Kg) ~27mm 4.
e Events are required to have Bccpvertej =P profile

enough SVD hits for vertexing

Beam Fipe 27 .8mm radius
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SVT structure SVD structure
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Vertex Reconstruction with Kgq

—0. 18T
1:: -

The validity is confirmed using

'

=0, 16}

%sin2¢,=+0.68+0.06

AHG.M;_ K? flight length distribution _ the ‘J/\V KS control Sample_
Vor1rk bies # -ii I I
el 9 BO Lifetime1.503%0.036 ps
0.15- | N« 6z
0.0155- -

t ]
bt s 25 ]
0.04 1= _ . bbbt .
layerf 1253 4*0 " 4 i .
0.02 ‘-I'- 1 l { E 1 J/yKg with the K Vertexing
Gﬂ'lll"‘al_'_llllllo |_|1|.'i||1|jo

K ; flight length wrt the B in xy plane [cm]

e <oz> resolution similar to
normal modes

+ Events without the vertexcan 7 At (ps)
still be used to measure A4 (- C)
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BO>K KK

 Dominated by|b—>sqqg|penguin decay

- Theoretically clean (no u quarks in the final state)

S 1K
g S
B0 <d K
s 1Rs
<S
\d KS

e CP even, regardless of any resonant structure
[T. Gershon and M. Hazumi, PLB 596 163 (2004)]

> S=- S|n2<|>1
SM expectation
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B2 K K Ks Signal Yield
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B2 KK K tCPV result
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B9 KK K. Comparison

Ccp =—A
BaBar -0.16+£0.17+£0.03
Belle —-0.31+£0.20£0.07

Average -0.23+0.13

sin 2¢; = - §
sabar 0,90+ 939 894
Belle 0.30 + 0.32 + 0.08

Average 0.74+0.17
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 Dominated by b—>sqqg|penguin decay

- b Q i E]KS ~b §]KS
BO <g]no BO /<3]TCO
xd S]TCO \d S]TCO

e CP even, regardless of any resonant structure
[T. Gershon and M. Hazumi, PLB 596 163 (2004)]

S = -SsIin2¢,
A=0

SM expectation
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B°2>Kn°7® Signal Yield

> arXiv.O708._1845
Y=g 657 MBB

RD 76 (2007) 071101
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A=-C=-0.23+0.52+0.13

S =-4+0.72+£0.71 £ 0.08

A= -0. 17+024+OO6
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Ksn'n? tCPV Comparison
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BO-> KOxO

e Acp(B°2K* ) £ Acp(B*2>K* 1Y)
€ AA.p puzzle Nature 452, 332-335(2008)

* |sospin sum rule among B>Kn CP asymmetries
M. Gronau, PLB 672(2005)82-88)

0, +
A (K 1)+ A, (Ko ) BUECT) 5
B(K'n) 1,
Nat /E(K%D) 2B(K*n°) 1 B(K°r°)
4 Gronau _ + 0 0 00
pUblication Sum Rule ACP(K T ) B(K+TE_) T+ +ACP(K n )B(K+TE_)
<-Breaking sum rule indicates new physics
|ﬂ(K°ﬂ+) R 4 Theoretical uncertainty ~SU(2) breaking
AK T )=AKn0)
Standargd model * Both S and A are important
*Not to scale
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B°2>K.n® Signal Yield
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B°2K, n% Signal Yield

657 MBB

0
(e}

G0°0 / stuand

0

o
o <t

20

i AN NN
A
MMMABb kB

T (T @ T’

N i nnnnnnngt

Ml I T TSR

l /// // NMhInns
/ N

I Nl nnnnnau;as
——/AMARAIhnnt
l Nlnnnnnnaum
RLABBMa

G
MMM HG HHTn

NMMHMlU 27O

\ RNAMMMO IS
MMHGMHGTnttni

R MBMbL LT

N HIHTHTH-IHTH - T

Z/ NllHm-HHHnn R
RN M H

N\ // N B ITHTHNRG
AR /,”//2 NN
J H Al T

N

NN

\_

Al

— e Y
Ay

NN

D
7

%

08
00

(,9/\®9 ¥00°0) / SIUBAT

7/
7

/ .
7

Z
/ﬁ/

nmiminn
L.

1

5.28 ) 8.5 0.6 0.7 0.8 0.9
Mbc (GeV/c?) A
t measurement

5.26

5.24

e Firs

° Mbc

f K, cluster

Ion O

t

calculated from

direc
e K n¥signal

285 * 52 (stat) = 57 (syst)

5.28 5.29
M,. (GeV/c?)

ackground
subtraction

o
Lo

(@)

9/A99 900°0)/S1UsA]

525 526 5.27

3./c (including systematics)

CKM 2008

o0
o
o
(9\
ol
L
0p)
o
i




B> KOO tCPV result
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B> K9%t® Comparison

] eff
0.,,0 EAC) sin 2 =9
TC K SCP VS CCP ICHEP 2008 ¢1

PRELIMINARY
T

paBar | BaBar 0.55+0.20 £ 0.03

Belle

\ Average Belle 0.67 £0.31+0.06
' Average 0.57+0.17

Ccp =—A
o BaBar 0.13+0.13+0.03
W | Belle ~0.14+0.13 + 0.06

ontours give -2A(In L) = sz =1, corresponding to 60.7% CL for 2 dof SCP Ave rag e O ] O 1 i O ] 1 O
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Summary

sKsKsCop R KsKsKsS, FEE

PRELIMINARY

BaBar -@)'.16 +0.17 £0.03
H

BaBat
CKM2008 preliminary

CKMZObB preliminary

+0.20 +0.04
0.90 -0.18 -0.03

Belle -9.31+0.20 +0.07
ln H
PRL 98 (2007) 031802 '

*

Belle : 0.30 £0.32 +0.08
I
PRL 98}(2007) 031802

Average 5 -0.23+0.13 Avera.fge 0.74+£0.17

HFAG G:orrelated average

HFAG correlated averpge
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L] [a) 1 H I [a) U
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Summary

* Results from Babar and Belle
— HFAG average shows no significant deviation from SM

< Theoretically clean

<— Anomaly?

Cop=—A sin 2¢5"
KsKsKg |—0.23+0.13 | 0.74 +0.17
K m0n0 0.18 + 0.22 |- 0.52 + 0.41
KOO 0.01 +0.10| 0.57 +0.17

<— Sum rule predicts

sizable direct CPV

e Super B factory is necessary for these modes
 We need more statistics

CKM 2008
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Backup
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Systematic Errors

Vertexing

Resolution
Physics

Fit bias

BG fraction
BG dt shape
TSI

KSKSKS
0S  OA
0.010 0.020

Flavor tagging 0.012 0.006

0.049 0.016
0.001 0.001
0.024 0.013
0.057 0.049
0.007 0.010
0.001 0.042

0.081 0.071

K mon’ KOO

0S J0A 0S  OA
0.011 0.020 0.013 0.022
0.008 0.005 0.007 0.005
0.066 0.010 0.063 0.007
0.007 0.001 0.007 0.001
0.009 0.004 0.010 0.020
0.009 0.001 0.029 0.022
0.046 0.019 0.015 0.006
0.001 0.043 0.014 0.054
0.082 0.053 0.06 0.08
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KEKB & PEP-11

-

"1 kin digmeters-.

9 GeVe x31GeVe 8 GeV e x3.5GeV e®
Head-on collision +11mrad crossing

PEP-11 (USA) By=0.56 KEKB (Japan) gy=0.425
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Belle and BaBar Detectors

WK, detector (RPC+Fe)
/\4‘" EsI(T1) EM calorimeter AN

ﬁ ' @’L
g—

=

i
gt =y

Drift Chamber (small cell)
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