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Brand new result !

Paper has just been submitted to
Phys. Rev. Lett !

hep-ex/0401029

Belle preprint 2004-1
KEK preprint 2003-110
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1. Introduction

CP violation in BB’ system

T(BC= £ .;f)-T(B°=>f_;{)
(BT aF fy ) T )

Ao (t) =

=A;cos(Ami)+S,sin(Anit)

A,, S¢: CP violating parameters
Standard model predictions
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Note: A, Z0 = I'(B->f)#T(B—>f) = direct CP violation.

CPV: A, 20, BS, #0

time integrated case: sin term ngith S, ) vanishes
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cos term(with A_ ) remains



Quark mixing 1s described by the 3x3 Cabibbo-Kobayashi-Maskawa
(CKM) matrix. (Wolfenstein parametrization)

(1.0 3 )
/Vud Vus Vub\ 1 2/] / M)

V = Vcd Vcs Vcb
\th Vts th)

- 1—;/12 M2/ [+0(1)

3 - 2
A" (1-p-i -AA 1

One 1rreducible complex phase
derives CP violation .

B - T, pTt
Vig Vi b - uud

Unitarity triangle
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CKM angle ¢

In 2001 ( Phys. Rev. Lett. 87, 091802 (2001) )
Observation of large CP violation in

the Neutral B meson system

0 =CC S modes (B> J/¢Ks etc.)
sin2¢ =0.99 £0.14+0.06  (Belle)

Latest sin2¢ results (HFAG Summer 2003)
Belle 0.733+0.057+0.028

BaBar 0.741+0.067 +0.034
Ave.  0.736x0.049
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Points of B! - w*m decay

o sensitive to the measurement of CKM angle ¢}

. direct CP violation may also occur
because of interference between

the D — U treeamplitude and P
T

. . ~0.3
the 0 — d penguin amplitude

e It’s very important to check the KM matrix by other
measurements.
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CP violation in mixing and decay

BO

mixiry Afcp + mlxm \A\f -

_ f

g’ deca¥ o B¢ decay foo Afcp — gm: cr
fcp

At,

— ot o
fp=m T
CP violation 1n neutral B meson results from

the interference between decays with and without mixing.
(STTTT)
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Time-dependent CP asymmetries in B’ - wta-
-- the best way to access the CKM angle ¢,

—|At)/ T,

Pa(At) = - [1+q sin(Am At
.

+ @COS(AdeAT] |

2 /_/ At=Az/(Byc)
Al -1 _2ImA
i GO —
”-E_‘?'Ef}’_/____,_r \\Gie|gen state
8 GeV ¢

1'(4S) -

q= <+1 for B tag
—1 for BY tag

AzﬁmNﬁqﬂ

A( B f ) 5GeVe
BU(B ) : i Flavor specific
. final state
direct CP asymmetry
Az=[ivcAt
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SITIT = \/1 - 'A&Tﬂ Sin 2q@eﬂt
= /1= A2 sin2(¢ +6)

A= 0, Stn= Sin2@

if “penguin” 1s negligible
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Direct CP violation in B — '

Penguin diagram 1s not negligible at all.
|P/T| ~ 0.3 (theoretical preference)

Nasty “pollution” for

u

< precise @, measurements
W d
u

e Wondertul “contribution”

cnguin Ve ~ .

b : : d for the first observation of
u |direct CP violation in

< u B-meson decays !
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Previous results at Belle

PRD 68, 012001 (2003)

Ll
(=]

B
=

* 85 million B-meson pairs (78fb!)
«760 B® —» mm~ candidates

b
=

Er_-.-

Ee
=

P
=

Events/(1.25ps) Ewvents/(1.25p5)

__1 23 +0.41 +88§ Edg-_
(stat.) (syst)| 4|
A,,=10.77£027+0.08 |
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Previous results at Belle : Confidence Regions

CP conserving case (0,0)

1) Evidence for CP Violationl

inBY . wf 3.40)

N 0 0.5 1

2) “Indication” of direct CP Violation (A #20) (>2.20)
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Analyzed data

152 million BB events (140fb™!)
at the Y(4S) resonance

recorded by the Belle

before the summer 2003

are used 1n this analysis.
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KEKB & Belle
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Peak Luminosity Integrated Luminosity
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Normal 1njection Continuous beam injection

R 1009 [4]  1284[unches] | |
M TR OS] 0% aiend LR 136 (4] USd[ucke]  TscsRmConlny
132 [4] [bmehes} Luminosiyy 10630 [now] 10872 (peekin 24H @C6.09) [ sec]

Lurhosty 8370 [now) 11012 (peakn 24H @20:47) [fbjsec]

: 011942004 09:00 J5T
12Integ. Lun 24 (R 2571 (Dey) 6619 124H) [4b] 12/18/2003 09:00 J5T 1}“?"‘.3' Lun, S50 (FL) 26eLiDay) TLSARIRL e
T S T
1?;\ B
s gl
| 2 1l
i C E
=1 ok g IR
AL e T R Y ol :
gl F \ £l /
Al £ o B 3
S E 4 v
e | S e R Yt e o B e W ol E Rt
C E s =
| R T | | | I I I | | A T | | I T S | | A | I | | | | | I | p— D: 10-8
o] D L | L | 1T 1 11 | L | L | L L | 1 1 11 | 1T 1 1 8 - - .
g 85 g 1 83
: N B d
= / sc 3 i ] 8¢
8 E :
2 Sk 7 10,5
: o3 1h3 ] g%
£ E I 00 &
£ 3 £ s
E : 34 ]
— — n 12@:_4—0—.
B il E
- = 10
y J WDE‘W
Cg 1| Il | t’ef SD [
oo 1 g T ot o o 0 0f g 1 g 1 L 1 0" o
12072003 12118 0/18/2004 g

January 20, 2004 Hiroyuki Sagawa (KEK) 17



Belle detect()r K/ttidentification for

high momentum tracks

Aerogel Cherenkov cnt.
n=1.015~1.030

SC solenoid ‘“’
el 1 3.5GeV et

Csl(Tl) 16X, ~—

TOF counter
8GeV e~

1/ K, detection
14/15 lyr. RPC+Fe

3 lyr. DSSD
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Vertex resolutions: (0(z,,) = 75Um; G(Ztag) =140um) |
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Changes 1n the new analysis

« More data ! [152x10° B pairs (140 fb!)]
(previous 78 fb-! + new 62 fb-! sample)

* Improvements 1n the analysis

* Better signal yield extraction
— 1D fit in AE - 2D fit in AE-Mbc plane

* Improved continuum background rejection

January 20, 2004 Hiroyuki Sagawa (KEK) 19
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Event reconstruction

BY &

o < Flavor q Continuum # Vertex
OW\| Selection tagging suppression and At

30 requirements | Signal

Beam-constrained mass (o= resolugo\n) region

*2 - N )
‘ \/Ebeam 0l 5271<M, <5.287GeV /c

Energy difference

O Er-E._. AE|<0.064 GeV
E,

E. :cmsenergy of B candidate

: CMS beam energy

beam °

P, :cmsmomentum of B candidate

IZI YT
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B? _, 11T example
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Event reconstruction

Beam-constrained mass energy difference
TUTC
K*1r

TUTC

+ + qq continuum
pITHITE T

i ﬁrlﬂj ﬂﬁﬁ{

fanuary 20, Mbc (G@V/CZ) Hiroyuki Sagawao1%?“:1(\,J'2 o } T2 0-523 04 os

AE (GeV)



Event and time reconstruction (2)

=~~~
Fl B - ' hd|Flavor k| Continuum Vertex
OW 1 Selection \ | tagging  [F| suppression and At
v

Identify BY% BO by the charges of the inclusive decay products.

» Inclusive leptons: Use flavor specific
= highp!- properties and correlations

" intermed. p!/*

» Inclusive hadrons:

= high p B° - DO)-i D")-p+, etc.
» intermed. p K* L I X L fggcO
= low p t- - DOfd
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Event and time reconstruction (2)

B . ntmr Flavor

Flow Selection

tagging

Classify events based on
expected dilution

\

Flavor tag quality I
C e .. m
r = 0: no flavor discrimination E
r = l:unambigous flavor 2
. LL
assignment @
S
Bﬁ-mixing fit — flavor tag
performance
(6 r intervals used)

January 20, 2004

0.5

-0.5

0.5

Continuum
suppression

Vertex
and At

.

- 0<r<0.25

0.25<r<0.5

- 0.5<r<0.625

o |

05 |

S B B
- 0.625<r<0.75

r.
o 0.75<r<0.875

05 |
05 |

TR I RR R
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Event and time reconstruction (3)

BY & ntm Flavor Continuum [ | Vertex
Flow Selection # tagging suppression {7 | and At
»e'e” - qq (g=u,d,s,c) continuum
background suppression

>Event topology & Angular distribution
B flight direction

N \ H B flight direction(cos6s )

| ;_;_-' L L e b

0 02 04 0B 08 1
cosh;
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Improved method of continuum
suppression

Previous method Improved method

/missing mass squared (mm?)

6 modified Fox-Wolfram moments 16 modified T“‘Wﬂ”mm moments

1 scalar sum of pt for all particles

Fisher discriminant (FD) Fisher discriminant (FD)

#"'ﬂi:.llll‘.‘ —_— = MC
=== nnnﬁ ._'F":. S Eﬂﬁﬂl"ﬂ.ll.lm

02 04 08 08 4 o 2
FD FD(-0.5<mm*<0.3)

e -

More information discriminates more
January 20, 2004 Hiroyuki Sagawa (KEK) 27

between BB and qq.



Continuum background rejection

By the previous method By the improved method

- %3
- 7 A
N N s

i
T | +
|
' Mbé (GeV/cz) ' 4 ' ' Mbé (GeV/cz) '
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Continuu background rejection

, BB purity is be%.(
.qq BB |

(continuum)

e

=
=]
n

= =
) [= -]
—

=
/]
——

=
en

=
I

=
[

=
P2
T

=

LR (Likelihood Ratio)

o . i" (tlavor tag quailty)
Optimized selection for each —_—
region 1n the LR-r plane (12 relélié))ns in total)
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Event and time reconstruction (4)

BO ., Flavor Continuum

Flow - | . .
=—— | Selection tagging suppression
Vertex reconstruction

* The same algorithm as that used for sin2¢, meas.
« Resolution mostly determined by the tag-side vtx.
» B lifetime demonstration with 152 million B pairs

BO _, D*rt, D**1T, D**p,
JIPKg and J/PK*0

BO [ifetime
1.533+0.008(stat) ps
(consist. with PGD03)

_ _ Example vertices
Time resolution (rms) P

1.43ps
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BY = 11T candldates

1w

a1k

irE

vl (
g =

(Belle 140fb71)

0.86 <LR= 1.0
160 —Tnnl Kn
=140 e + v w *;[‘-'-"TI'IEEE-MEH
m - b e qq
=120
o100 :_ TUTT : 231.4
o B Km : 83.3
&% 80 qq :168.3
c 60 total : 483
S 40
b
oo - }iﬁ*ﬁ‘hﬁiﬁ%
{} | M il
-0.2 0 0.2 0.4
AE (GeV)

\1//
225 .

oo fi(D)
S fifh M, LR<0.86
E!ﬁﬁ {.J i'

.—Eb
4 SR T
57
@ % A

E—_; | }'{t:*.h |

0.2 0 02 04
AE (GeV)

1529 candidates (801 B°- and 728 B’-tags)
containing (372 £ 32) TU'TT signal events

Jahu'cu_y LU, LUV
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Time-dependent analyses

Unbinned maximum-likelihood fit

2 free parameters (Anm, Stn)
in the final fit

o

=P » AE-M,, dist.
v T~

R == )L f,?+ fenPar) Ry + f P [R AL
fol |:I]:)ol (At|)

(single Gaussian
outlier)
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* Now we are able to obtain Arnrand Snn

 But let’s go through several crosschecks
before opening the box.

— Lifetime measurement

B - 11T, BY - K'1T
— At asymmetry

 Sideband (qq), B’ - K*'1T
— MC pseduo-experiments

January 20, 2004 Hiroyuki Sagawa (KEK)
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BY - K*~ control sample

Positively-identified kaons (opposite use of PID)

LR > 0.86 LRmin <LR <0.86

300 - (C)

0 T O S SR B
-0.2 0 0.2 04

AE (GeV) AE (GeV)
2358 candidates
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(OF-SF)/(OF+SF)

Mixing fit using BY — K*1: OK !

0.5 [

0.4 F

-0.3 F

—0.4 |

Am,=0.53

+0.04

_0.07P°

1

7

/

/

iQS L ! |
January 20, 20

02 | |

4 6 H

‘ | | | ‘ | | |
iroyuki’Sagawa (KEK) 12

At (ps)

Consistent with
the world average

(0.502%0.007) ps-!
PDG2003
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Events/(1ps) Events/(1ps)

Events/(0.4ps)

e
P O O O OoOr
1

Lifetime measurements: also good !

B T
\\\\\\\\ T
B - Kmt
r (c) qq (sideband)
| | | P I | | l’.’l...h
10 8 6 4 -2 0 2 4 6 8 10

world average (PDG2003)
(1.537 £ 0.015) ps

T T=(1.47 = 0.09) ps

KT1t: 15=(1.52 £ 0.06) ps

BG shape fit

— background treatment 1s correct !
January 20, 2004 Hiroyuki Sagawa (KEK)
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Asymmetry
OO00O0 000000000 00000

ORWNRORNWRAURMRWNRFRORNWDO

Asymmetry

Null asymmetry tests: OK !

(a) qq (sideband)

Null asymmetry

S = 0.14 +0.11
A= —0.02 £ 0.08

( consistent with
counting analysis )

At (ps) < AKn: —0.09 + 0.03

{]EO - K'1r
BOqIQF'
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MC pseudo-experiments

Generate events according

to the PDF used for the fit —

5/ ' 05
| #a—‘:)‘ .25
o # o |
5( ; 025 [
5 _ 5 _p;‘“ |
LI 0.75 f -
= k. _
L U L2 ] 1 1 %]
Inp

Good linearity /

over the entire range<—

/

{15 i
S bt

0

» Feldman-Cousins approach for ATttand Strmiconfidence regions.
> We quote the rms values of the A__and S__ distributions in the MC

pseudo-experiments as the statistical errors of A, .and S ..

1
/ 1401b

Annerror: £0.15 (£ 0.27@781b-1)
Srnerror: £0.21 (+ 0.41@781b-1)

Similar to errors defined by
log-likelthood curves now

> PDF is based on data (control samples, sideband) - MC pseudo-
expgriments,are free from pogsihle. sygtgmatics in Geant-based MC.
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Fit results (140fb1)
/11529 ev.

Ann =+0.58 +0.15(stat) £0.07(syst)| | @/l LR
St = —1.00 +0.21(stat) £0.07(syst) | 2"

| 0.86 <LR<1.0 05<r<1.0
g
‘”
2 =
© s
C 4 :
< 0 5



high

P o yeld

LR

5

At distributions (background subtracted)

Ann =+0.58 £0.15(stat) £0.07(syst)
Smn =—1.00 £0.21(stat) £0.07(syst)

3)

A

tn

i
3
*a

>~20
1
B
—  —

e T (laver fag.guality)
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History of A and S,

15
B [
< |

0.5

This result i
Belle 140fb! }

-0.5

-1.5

January 20, 2004
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Hiroyuki Sagawa (KEK)

15

42



MC pseudo-experiments

Input: (A Sy = (0,0)

Belle result almost impossible

probability ~ .1 ppm

H
-1

107 experiments (140fb™! each)

25

-1.8

P o TS m e e TR DD )
Fo of meeies Dt ol the alma
Mo of il N B iy
P o e Ol o] e S LAY

T o )
P T |10 )
T a0 g

Hhps al bow oy
Fipu By o Hhis sass s nE | wmbe

25 -2 -1.5 -1 -0.5 T 5

AL YE S fnput A =i 00000, 5 _=i0C000}

vosveasesea vy =

1

Input: (A, Sy = maximum likelihood
point in the physical region
Belle result no problem

probability ~ 27 %o

107 experiments (140fb! each)

Ma o el 0 e el pes TRLIEA! | T )
Mo of svemies oot of the alpea  IGERIFS £ 06 68 90
P of @van s N e EeLrtkEcy AT | 2l Al 9]
MO, o i Ol of e S rriery | SESTIOS | 55 A8 )

1.5
! ¥
ﬁ 5 ..
a |
0.5
-1
i sl bou nodary
I-'I'rpl-l Erream on lha asssrsimnEl v
-1.8
1.5 2.5 -2 -1.5 -1 -0.5 ] s
Eli AL ¥ ] a3, (mput I5.\__- 40 32g -\'.i__---l.': HET
USSR : | S

1.5

=




Systematic Uncertainties Anm Snn
Wrong tag fraction +0.009 +(0.009
Physics ( Tg, Amy, Ay ) +0.024 +0.007
Resolution function +0.010 +(0.020
Background shape +0.014 +0.021
Background fractions +0.028 +0.025
Fit bias +0.018 +0.023
Vertexing +0.039 +0.045
Tag side interference +0.027 +0.011
Total o +0.066 +0.066

Systematic error < Statistical error




Significance

1) Observation of CP violation

1-CL at (0,0) = 2.48x107

Feldman-Cousins Analysis
e 1.5
=
1

0.5

2) Evidence for direct CP violation

A <——23.20
n for A ;=0 and any S,
| 1-CL at t—sin2¢1,ﬂ]=8.43x1ﬂ'd<_L 3°30-
3
W Bl b rbeninl for “superweak” case
-1.5 -1 05 o 0.5 1 1.5
S Y

T
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Constraints on the CKM angle @

A( B’ _, ]T+]7'_) =—(|T| o g% )+ P g% ), convention taken from
_ _ _ _ M.Gronau and J.L.Rosner
AB® - T ) =—(|T|€%e'?)+|P|€%), Phys. Rev.D65,093012(2002)

o 1H|P/T e
1+|P/T|€™®

4 parameters
S, F[sin +2| P/T|si @ )cos O

~|P/T P sin2g]/R_,
A |=2|P/T|sin(@ +@)sind]/R_

v

R,,=1-2|P/T|cos(@ +@)cosdH|P/T | 0= 0, — Oy
Strong phase

IP/T] 0.15-0.45 (representative) Theory ~0.3 difference

0} 23.7 deg (Belle & BaBar combined)
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Model-independent constraint on @,, 0, |P/T|

"
(deg) .
o]
=]
i) - T
25
)
6 4%’; M :
75 ™ I
dp0 M T L ;
(deg) -rz-‘:rlsﬂzll"i' op ER "I;; .-'51'::. | M o5 06 7 " Fli;|4P|'|]
a ol
1.0a rI[‘;:l::nr=|i1'||:|-|i||r1::15|| Volume { &, vs. & v.s. |PY{(T+P)) Sln2 ﬂ :O . 73 6

68.3% C.L. volume [P|/(JT[+[P])
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Model-independent constraint on @,, 0, |P/T|

— q‘-_ — -
% 140 I %
| * N
T \
| LY b
@ fike | \“‘: =
i b A
& |
(deg) .-
w0
1
2
! >
a ‘"‘._T =
a5 \\.‘\ x‘“xﬂ
E %
6 o 25 '\
T \1.1 %,

(deg) N T T
sin2 3=0.736
95.5% C.L. volume [P|/(IT|+[P])

. Hiroyuki Sagawa (KEK) 48



Model-independent constraint on @,, 0, |P/T)|

",
5w
..-""ﬁ:' -'II

75 'y

s — e, o LR
-T(AD I'l e o L 1
(1 | T T ,ﬂ_ﬁ a3
( eg) -1 II" — i R LT -I-i g5 08 B

1 Pl
a0 LT, ey O Pl

a
o} 73

3.0a Confidence Volume ( o, vs. § v.s. |PJ(IT|+IP)) sin2 ﬂ =0.736
99.7% C.L. volume [P/(T[+[P])
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Constraint on @, and |P/T|

@ L Ty
= e
=" 30].
120 1|20_
|P/T > O. 1 7 ———————————— 100 I oo T
955% C.L. (- 20)]| . \
for any o "
(—180" < 0< 130°) g sin26,=0736 . VAN o
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Belle
Constraint on @, and 0

160 —

140

L=0.683 (10)
- CL=0.955 (20)
=0.9973 (30)

60 CL=0.9973

b o |...|....|...| N Q
20 =150 -100 30 50 100 150 i o

100
Cond Eg |PT| —mm in24, =07 361 ?.,.,g.

o) (deg ) 6 (deg.)
90° < @ < 146° (95.5% CL)
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Constraint on p-n

1 .5 T T T T I T T T T | T T I T T 1T 1T T 1T 7 T T I
" excludedareahas<005CL | \\
i : —
. Am

d

1 |sing (WA) and
. | Belle’s @

are consistent

| with other
o o measurements.

0.5

-0.5

ttttt

15 T T
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TITtisospin analysis (- 8 = @—@,)

Smr = \/1 B A721ﬂ Sin 2@eff
= J1- AL sin2(g3 +6)

| sospin triangles

o
G

— Aamplitude: = AT+ A® = A

J2
— 00 —+0

— Aamplitude: L AT AY = A

J2

January 20, 2004 A0 Hiroyuki AJ = ez'@ AJ




TITusospin analysis (- 26) + STITT- @

We need following information.
Branching Ratios: |B® - 7' 7 \

B* - 17,
‘BO —>ﬂ‘)n”‘

CP asymmetries: > determine 26

direct asymmetry:( for 7" ),
( for 77'0770)//
@: \/1 - A,sin2@

:\/I—A,zmsinZ(@ +6) 55




Branching ratios (WA), ATTTT SITTT

Table 1: The recent results of BR(B — #w) and A, and 8, in BY = 77~ dec:
The unit is 1075,

Mode Belle BaBar CLEO New Avg.
mtn=  44+0.6-+0.3 47406402  45H-AHS 4554044
e’ 53+1.3+0.5 5540406 ABELIHDS  movanag
27 1.7+06+0.2 21+0.6+0.3 <44  1.90+0.47
Ape  +077+£027+0.08 +0.19+0.1940.05 — +0.38 + 0.16
Srr —123+0413087  —0.4040.204+0.03 - —0.58 4 0.20
HFAG Summer 03
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6. Conclusion

Belle 140 fb!

Ann = +0.58 £0.15(stat) £0.07(syst)
S = —1.00 2£0.21(stat) £0.07(syst)

+

Observation of CP violation in BY - a*n !

(5.20)

Evidence for direct CP violation in B? - 7' !
(=3.20 for any SmiT)
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