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1 Direct CP Violation in B Meson System

� Mixing-induced\indirect" CP violation(ICPV) hasalreadybeenobserved.
| sin2� 1 = 0:82� 0:12� 0:05 (Belle@42fb� 1)
| The Kobayashi-Maskawa (KM) schemeis highlysupported.

B 0
PPq

l f CP

B 0 � �1
A CP (t) =

�( B 0(t) ! f ) � �( B 0(t) ! f )
�( B0(t) ! f ) + �( B 0(t) ! f )

� Decay rate asymmetry\direct CP violation(DCPV)" hasnot beenobservedyet
in B mesonsystem.

| More than two amplitudesfor a singledecay,
| Di�erent weakphases(� � 6= 0),
| Di�erent strongphases(� � 6= 0).

jA1 + A2j2 6= jA�
1 + A�

2j
2 A CP =

�( B ! f ) � �( B ! f )
�( B ! f ) + �( B ! f )

� Search for the DCPV is an important issuein B-factory experiments.
| � 3 throughb ! u tree.
| Newphysicsthrougha loop diagram.
| DCPV couldbe an important hint for the presentbaryonic universe.
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2 Search for DCPV at Belle

In this talk, DCPVsearch usingtime-integratedanalysiswill be shown
for the followingdecays.

� Charmlesshadronicdecays
| B ! K � , � � @29.1fb� 1, 78 fb� 1 (Preliminary)
| B + ! � 0K + @41.8fb� 1

| B ! � K � @29.4fb� 1

| B + ! ! K + @29.4fb� 1

� Charmedhadronicdecay
| B + ! D0K + @29.1fb� 1

� Radiativedecay
| B ! K � 
 @60fb� 1 (Preliminary)
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2.1 B ! K � , � �
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� B ! K + � � , K + � 0

� Interferencebetween\T ree" and \Penguin"diagrams

� � 3 througha b ! u transition
| for f = K + � � : B(B 0 ! K + � � ) = jT + Pj2; B(B 0 ! K � � + ) = jT � + Pj2

A CP (K + � � ) =
2jTjjPj sin� � sin� 3

jT j2 + jPj2 + 2jTjjPj cos� � cos� 3� B + ! K 0
S� +

� Purepenguindiagram,but \Rescattering"may causepartial rate asymmetry.

B + ! (K + � 0)tree ! < Rescattering> ! K 0� +

� B ! � + � 0

� Puretree diagram,then probe a newphysics.

SUZUKI, Kazuhito
Measurements of direct CP violation

in two-body decays of B meson with Belle
July 26 2002

(page 4)



Analysis

� B KinematicReconstruction
� Beamenergyconstrainedmass:mbc �

q
E �

beam
2 � p�

B
2

� Energydi�erence: � E � E �
B � E �

beam

� e+ e� ! qq (q = u; d;s;c) continuumbackgroundsuppression
� Eventtopology
| modi�ed Fox-Wolframmoments
| Fisherdiscriminant
� Angular distribution
| B 
ight direction
� combinedinto a singlelikelihood ratio

RL =
L s

L s + Lqq

B

spherical

B

\spherical" BB events

q

q

jet - like

\jet-lik e" qq events

� High MomentumParticle Identi�cation
� 2:4 < p�

h < 2:85 GeV/c (h = � , K )
� dE=dx (CDC), Np:e: (ACC)
� combinedinto a singlelikelihood ratio

PK =
L K

L K + L �
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Flavor-speci�c B ! K � , � � decays@24.1fb� 1
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� Binned1D � E �t
| signal(and feed-across)
| qq background
| 3-body/4-body charmlessdecays (in lower � E )
| m� assumptionfor chargedtracks
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A CP (K 0
S� + ) = 0:46� 0:15

Largeasymmetryin B + ! K 0
S� + !
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Systemtics
� Detector-basedbiashascon�rmed to be

negligibleby test samples.
| 2:4 < p�

h < 2:85 GeV/c (h = � , K ) is
requiredfor inclusiveh� sampleandD decays.
Sample Asymmetry[%]
h� � 0:36� 0:03
h� w/ K -id � 0:32� 0:05
h� w/ � -id � 0:37� 0:03
D ! K � , K + � � � 0 � 0:2 � 0:3
mbc sideband � 0:007� 0:017
mbc sidebandw/ qq cuts 1 � 5
B ! D � � � 4:5 � 2:5
B ! D � � w/ qq cuts � 5:5 � 2:7
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Decay Mode N (B ) N (B ) ACP 90%C.L.
B 0 ! K + � � 103� 12 115� 14 � 0:06� 0:08� 0:01 [-0.20, 0.09]
B + ! K + � 0 28� 8 30� 8 � 0:04� 0:19� 0:03 [-0.39, 0.30]
B + ! K 0� + 49� 8 18� 6 0:46� 0:15� 0:02 [0.18, 0.73]
B 0 ! � + � 0 24� 8 13� 7 0:31� 0:31� 0:05 [-0.25, 0.89]

Try to con�rm the asymmetryin B + ! K 0
S� + with muchmore statistics. . .
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B + ! K 0
S� + @78fb� 1 (Preliminary)
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S� + ) = 0:02� 0:09� 0:01

� 0:14< A CP (K 0
S� + ) < 0:18 @90%C:L:

� Largeassymmetryin B + ! K 0
S� + has

disappeared.
| 3� is capricious
uctuation.
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c.f. After summer2001(49 fb� 1)

A CP (K 0
S� + ) = � 0:14� 0:11
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B 0 ! K + � � @78fb� 1 (Preliminary)
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A CP (K + � � ) = � 0:07� 0:06� 0:01

� 0:18< A CP (K + � � ) < 0:04 @90%C:L:

� Dilution of doublemis-PIDis correctedas

A raw
CP (K + � � ) = (1 � 2w)A CP (K + � � )

w =
f � f K

� � � K + f � f K
= (0:70� 0:02)%

� Sensitivity for 3� signi�cance.
| If A CP (K + � � ) � 7%,

the asymmetrycouldbe seen
at � 500fb� 1 with 3� level.
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Comparisonwith OtherMeasurementsandTheories
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BABAR (56 fb-1)

� Consistentresultswith improvedprecision.
| CLEO(9:7 MBB): Phys. Rev. Lett. 85 (2000)
| BABAR (60 MBB): Moriond andFPCPConf. (2002)
| Belle(32=85 MBB): Moriond andFPCPConf. (2002)

M. Beneke et al., Nucl. Phys.B606(2001)
� QCD factorization,pQCD,. . .
� Needmuchmore statistics

to constraint� 3.
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2.2 Other Charmless Hadronic Decays

� B ! � 0K + @41.8fb� 1, � K � @29.4fb� 1

� UnexpectedlylargeB couldbe caused
by newphysicscontribution.

| b ! s penguindominance! smallA CP .
| newphysicscontribution! largeA CP .
� � 0 ! � � + � � , � 0
 / � ! 
 
 , � + � � � 0

� K � 0 ! K � � + / K � + ! K + � 0, K 0� +

� Unbinned2D-ML �t

� B + ! ! K + @29.4fb� 1

� BelleresultshowsB(! K + ) > B(! � + ).
| sizableA CP canbe expected.
� ! ! � + � � � 0

� Unbinned2D-ML �t
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Decay Mode N (B ) N (B ) ACP 90% C.L.
B + ! � 0K + 139:7 +14 :3

� 13:5 144:0 +14 :6
� 13:8 � 0:015� 0:070� 0:009 [-0.13, 0.10]

B 0 ! � K � 0 11:6 +5 :4
� 4:3 14:6 +6 :0

� 4:8 0:17 +0 :28
� 0:25 � 0:01 [-0.24, 0.70]

B + ! � K � + 12:5 +6 :1
� 4:2 13:1 +6 :1

� 4:6 � 0:05 +0 :25
� 0:30 � 0:01 [-0.72, 0.38]

B + ! ! K + 7:3 � 3:5 11:2 � 3:7 � 0:21� 0:28� 0:03 [-0.70, 0.28]
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2.3 B+ ! D0
CPK + @29.1fb� 1

� Interferencebetweenb! u andb ! c trees.
� Theoreticallycleanmode for � 3 constraint.

A 1;2 =
2r sin� 0sin� 3

R1;2

r =

�
�
�
�
�
A (B � ! D 0K � )
A (B � ! D 0K � )

�
�
�
�
�

� 0:1;
� 0 = � ( for CP = +1)

= � + � ( for CP = � 1)

R1;2 = 1 + r 2 + 2r cos� 0cos� 3

= R(D1;2)=R(Df )
; R(Di ) =

B(B � ! Di K � )
B(B � ! Di � � )
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� D 0 decay categories
| 
avor-speci�c: Df ! K � � +

| CP = +1: D1 ! K � K + , � � � +

| CP = � 1: D2 ! K 0
S� 0, K 0

S� , K 0
S� 0, K 0

S! , K 0
S�

� Other subdecay modes
| � ! 
 
 / � 0 ! � � + � �

| ! ! � + � � � 0 / � ! K + K �

� Vetoesfor B decay backgrounds
| mh� (� mD 0 ; mJ= ) cut for B � ! D 0� � , J= K � bg.

in B � ! D1(� + � � )h�

| Helicity anglecut for non-DCP bg. in D ! VP
| mK � (! K 0

S � ) cut for D0 ! K �� � + bg. in D ! K 0
S!

� High momentumPID for D 0K � / D0� � separation.
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Decay Mode N (B ) N (B ) ACP 90%C.L.
B + ! Df K + 81:1 � 10:4 80:6 � 10:1 0:003� 0:089� 0:037 [-0.15, 0.16]
B + ! D1K + 14:7 � 4:6 8:1 � 3:9 0:29� 0:26� 0:05 [-0.14, 0.73]
B + ! D2K + 10:6 � 4:2 16:4 � 5:5 � 0:22� 0:24� 0:04 [-0.62, 0.18]
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2.4 B ! K � 
 @60fb� 1 (Prelimina ry)

� SM predictsA CP (K � 
 ) < 1%.
| Large asymmetrywould be an indication

of newphysics.
� K � 0 ! K + � � / K � + ! K 0

S� + , K + � 0

| Dilution of doublemis-PIDis correctedin
K � 0 ! K + � � mode (w = 0:90%).

� Possible detecotr/reconstruction bias is
studiedwith an inclusiveK � sample.

| A (K � 0 ! K + � � ) = (� 0:46� 0:59)%
| A(K � + ! K 0

S� + ) = (� 0:93� 0:63)%
| A(K � + ! K + � 0) = (� 0:21� 1:23)%
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Yield 165 A 14 A 2

fit result
total b.g.

(b) K+p- g
Yield 186 A 15 A 3

fit result
total b.g.

(c) KSp- g
Yield 60 A 8 A 1

fit result
total b.g.

(d) KSp+g
Yield 58 A 8 A 1

fit result
total b.g.

(e) K- p0g
Yield 34 A 6 A 0.5

fit result
total b.g.

(f) K+p0g
Yield 27 A 6 A 0.5
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Decay Mode N (B ) N (B ) ACP 90% C.L.
K � 0 ! K + � � 165� 14� 2 186� 15� 3 � 0:061� 0:061� 0:022
K � + ! K 0

S� + 61� 8 � 1 58� 8 � 1 � 0:018� 0:101� 0:017
K � + ! K + � 0 34� 6 � 0:5 27� 6 � 0:5 0:121� 0:146� 0:001
combinedK � + 0:053� 0:083� 0:016
combinedK � � 0:022� 0:048� 0:017 [-0.106,0.062]
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3 Summary

� BelleDCPVresultsshow null consistent
asymmetriesin decay rates.

| Usingtime-integratedanalysis.

| Basedon 29� 78 fb� 1.

| Previouslyobservedlargeasymmetryin
B + ! K 0

S� + hasdisappeared.

� Statisticalprecisionshavereachedbelow
10%levelin severaldecays.

| Much more interestinginformationscanbe
expectedin a few years.

� 3, strongphase,newphysics. . .

Belle DCPV Results (29-78 fb-1)

K*g
D2K

+
D1K

+
wK+
hK*+
hK*0
hK+
p+p0
K0p+
K+p0
K+p-

-0.8-0.6-0.4-0.20 0.20.40.60.8
ACP

M
od

es
|| ||

|| ||

|| ||

|| ||

|| ||

|| ||

|| ||

|| ||

|| ||

|| ||

|| ||

SUZUKI, Kazuhito
Measurements of direct CP violation

in two-body decays of B meson with Belle
July 26 2002

(page 15)


