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1. Introduction

2. Full time—dependent angular analysis for-BJAp K™

3. Time-integrated angular analysis for
a)B_ D'D”
b)B_ D p
c)B- p'p’

4. Summary
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» There are i
» CP even and odd states

c tion in the CP asymmetry
= Using angular ‘/ s eleksisilo]sproject out each CP state
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Two definitions of angl V PP

Vl—rest frame

Helicity Basis Transversity Basis

— 0 can directly be related to CP

Conventional definition g
// //// state of the system




CP violation in angular distribution

» There are 6 components in the differential angular cross sectic
{o] g SFNAVAVAs [Tor-\Y2
— components far (3)
— components fanterferences between helicity sta(8%

» Each term is a product ehgular ternmand

» Amplitude terms contain CP violating phase(s) as a function o

At (decay time difference between two B mesons fy@gid5) decay
.e. sin@ sinAmAt, etc.

Fitting measured angles aAdto the cross section formula
~ determination o

» Interference term iIs a rich source of interesting physics

— cos@ measurement (JK*)
/% — simultaneous determinationrand sin(®,+¢,) (D*p)
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Belle Belle Detector

BELLE Detecior

B factory experiment at KEK in
Japan

KEKB Accelerator
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2. B° - I K(Kt)

Integrated luminosity used for the analysis : 78fb

Event selection :
JY : reconstructed using dileptoige pu'i’) deca

K* 1 [M(KTC) — M(K®)| < 75MeV/¢
B :527< M_<5.29 GeV/e

—0.05 AE < 0.03 GeV
slowt? rejection : co® (K* helicity angle) <0.8

Mﬂh

52 5.25
Mbc (GeV/c?)

ass calculated assuming
rgy to be beam energy
ence between reconstructed

candidate and beam energy

— 103 events remain

+ vertex quality selection
—>used for CP fit

5 3| * vertex reconstruction / flavor determination

— covered by other talk
,



Time—dependent angular distribution (Transversity basis

-lat
e/
ar 9 TBZf 9.,$,9,..)a(At)
dcos9trdc/>dcos9K*dAt 32 2T, =16

f.=2cos9,.(1-sin’9, cos ¢) a1=|A02|(1+n sin2¢, sinAmAt)

f,=sin®9,.(1—sin*9, sin°¢) a2=|A,,2|(1+n sin2¢,sinAmAt)

f,=sin’9,.sin*9, a3=|AT2|(1—n sin2¢,sinAmAt)

f 4=_—\/% sin29,,sin’9, sin2¢ a,=R (A A,)(1+nsin2¢ sinAmAt)

f =sin29K* sin29, sing a.=nJ(A A )cosAmMAt—nR (A, A )cos2p sinAmAt

sin29, . sin29, cos¢ a,=nJ(A A )cosAmMAt—nR (A A, )cos2p, SinAmAL

R

*n:+1lforB, -1forB

fetime @, : CP violating anglefy)

cos2p, appears in interference terms'useful to solve 2-fold
ambiguity in 2p measured from sing



Time-integrated angular analys:&
- A, A, and A can be determined by the
only (time—integrated distributions).

— Non—-CP decays (B- IWK°(K*1), B
(29.4/fb) — * higher statistics than CF
* flavor determi Ag,‘gg/r

¢

0 ) 0T =05 0 05 1

cos Ox*

-1 -05 0 05 1
cos Otr

0

Grr
_ |AP=062+0.02£0.03
LN RN R 1\ = 0.19 + 0.02 # 0.03
arg(4) =0.0 arg(A) = 2.83 + 0.19 + 0.0€
arg(A ) = ~0.09 + 0,13 + 0.C
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Probability Density Functior /

— Determination of sin@ and cos®, is done by the unbinned maxim

likelihood fit to 3 transversity angles afftlobtained event by event

— PDF for the fit is constructed with following effects
1) Detector acceptance for angular distributions
— as done for time-integrated analysis
— parameterized 3D efficiency function obtained by MC
2) Background fractions and angular shapes

* feed across from othe8* subdecays
* non—-resonant production of B JAp + K + Tt

* combinatorial background
— obtained from MC ancLCI\&ideband data

— angular shapes are parameterized in 3D polynomials.
3)At resolution of measureme Wfeated in the same manner as those
4 Wrong tagging effect in Belle’s standard CP analysis




PDF (M 9t,¢t,9 JAt)=
( Jeff(9 ¢ 9 ) TADF(9 ¢ .9, . At ¢,)
+ Z fo(M,JTADF (8, ,.b,,9,.,At)

BG sources

Background TADF :

feed across e B/2T X ADF_ (9, ,¢, ,9,.)
non-resonant e * |TB/2 B><ADF (8, b,,9
)

combinatorial :5(At)x ADF 9 .. ,9

combi< tr tr K *

<)

*n is replaced with —q(1-+£) in signal TADF
(g = tagging flavor (x1yw = wrong tagging fraction)
* PDF is convoluted with proper resolution function for each
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Results

sin 2 = 0.13 £ 0.51 + 0.06

cos®p =140x128x0.19
c.f. 2D fit (co®_only) : sin2p, = 0.04 £ 0.64

Systematic errogstimation

ltem

Resolution parameters +0.024 +0.092
Wrong tagging fractions +0.019 +0.041
Helicity amplitudes +0.042 +0.158
Background fraction +0.012 +0.012
Angular shape for BG +0.023 +0.034
At distribution ford(t) BG +0.009 +0.010

T, andAm +0.013 +0.011

+0.06 +0.19




At distributions

At (g=-1) (ps) At (g=+1) (ps)

with obtained CP parameter
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Discussion
— sign of cos®,

* 2—fold ambiguity in the choice in phases of helicity amplitudes
(M.Suzuki, PRD 64, 117503)

1) Q= 2.8 rad.gp =-0.09 rad. (s—quark helicity conserved)

— used to obtain shown values
2)cp|| - =0 and@ - T @ (cannot exclude this)

- the sign of cos@ flips while sin2p does not change
cog =-1.31+1.28+0.19

— Comparison with other measurements

Sip2 Cag2
BaBar 0.22 +0.52 +3.3 (+0.6-1.0) (+0.6-077)
Belle 0.13 +£0.51 £0.06 +1.40 +£1.28 +0.19
0.82 (fixedy? +1.02 +1.16

global CP fit, hep—ex/0203007, (*3) value shown at Moriond conf,
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3. Other channels

— Status of time—integrated analysis Is discussed
a) B~ DD (for sin 2p. determination)

dr

—< 1—Rr)sin29tr+§chos.29tr

(
4

-1 07505025 0 0.25 05 0.75 1
cos0,,




b) B D"p (for sin(2p +q,) determination)

— Fit to projected helicity angles
- Transversity amplitudes with imaginary parts

drI At, 21T 5 2 . 2
——|A[fcos9 +— +|A [F)sin“g
dcoss 3 A, 3 (1A L+[A ) ,
drI’

4 2 8 2\ 1.2 4 2 8 2
— =(Z|AP+3|A P)sinfp+(=|A P+2|A [P cod
o (9| o 9IATI) b (9| o 9| ,I7)cos ¢

Interference components appears in 6.,
"half projected" angular distribution

=(Q1+Q3)—(Q2+ Q4)
dA -8 _

= A Singp +—— )COSep
dé ov2 oA 9( o
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2250

2000

Exp 7-19 B or B’ _forfb (rho sub) (eff corr)

Entries 20408

ALLCHAN 8517.

X2/ ndf 13.44 / 8

co<o 2227.+ 46.11
sin’e 168.5+

Exp 7-19

B or B°b_for fb (rho sub) (eff corr)

150

100

Entries 10214

ALLCHAN -120.1

Xx*/ndf A5t / 8

sing 3.62+ 14.07
cosp rgm\ﬁ&lAi 14.24

X

Exp 7-19 B or B°b — f or fb (rho sub) (eff corr)

Entries 10194

ALLCHAN 4248.

500[ X_z/zndf 16.87 [/ 7
sin“@ 417.7+ 17.21
cosP 430.1-+" 17.59
t": sin2p (179~ 1435

+ +

Helicity amplitudes for B-D'p
Il be determined soon.
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c) B'> p'p’ - Detail is covered by other talk (A.G

o

203— 35.

L

10}
5F +

0;%//%/// |

5.200 5.220 5.240 b5.260 5.280
M, (GeV)

Events/ 3 MeV

FT
1-—=0.92+0.61
r

ordon in HQ-3)

T




57 Summ

» Full time—dependent angular analysis is performed for

B- JAp K* decays collected with Belle detector at KEK B-fact

» CP violation parameters sip2and cos@ are determined to be
sinR=+0.13 + 0.51 £ 0.06
cosp2= +1.40 £1.28 + 0.19

» When fixing sin®, = +0.82, cos@ = +1.02 + 1.16

» Taking s—quark helicity conservation choice of amplitude pha
obtained sign of cogRprefers B = 55 with sin2p =+0.82

(namely, choice of@ = 145 is not prefered)
although statistical error is still too large.

/ The angular analysis for other modes are in progress.

(P7) 7/26/0 /
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Az distributions for JK*(K "11); selftag

160 140 -

igg - 120 -

100 - 100 F

80 80

60 - S0

40 |- 40 -

20 - 20 -
0 Bl ity TS o i A R R -
0.1 -005 0 005 0.1 -01 -005 0 005 0.1

deltaZ (q=-1) deltaZ (q=+1)

Lines show the prediction by PDF with sg)2cos2p=0.0

"sin 2f1" = 0.04 + 0.14
"cos 2f1" = 0.27 £ 0.32
—> consistent with O
c.f. selftag
"sin2f1" = 0.00 £ 0.07
"cos2f1" = -0.01 + 0.18

Fit toJWK*(K *TT)
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Linearity chec

I . o -
8 1 - N g
e ) e
Case I: .75~ eeeseeeee 75
: . o005 - 0.5 -
: q-) = C
sinZp = 0.8 fixed 525 0 o5
r ) r
scan cos@ 5 0 d OF
1 =0.25 - S0.25 -
0.5 - 05 -
-0.75 - -0.75 -
- \ \ \ \ < \ \ \ \
-1 -05 0 05 1 -1 -05 0 05 1
Input cos(2f1)(sin2f1=0.8) Input cos(2f1)(sin2f1=0.8)

= =
Case Il: % 1= S 1-
— - 7. 75 - .75 -

- . - - o 00000 O0g¢
cos2p = 0.6 fixed 205 205 -
scan sin@ 225 - 0.25
1 8 0 = ® 0 =
>0.25 - 20.25 -
-0.5 - 0.5 -
-0.75 - -0.75 -

< \ \ \ \ < \ \ \ \
-1 -05 0 05 1 -1 -05 0 05 1
Input sin(2f1)(cos2f1=0.6) Input sin(2f1)(cos2f1=0.6)

23



Ensemble test

— 500 sets of samples with 100 events are fitted and the distribufions c
output are checked. (Input: s@2 0.8, cos® =0.6)

Center Va‘l " sin2f1=0.8,c0s2f1=0.6 error

50 [ 90 —
80
70
60
50
40
30
20
10

0

:\\ (S B
1 2 3

d(sin2f1)

oJ_l_l_l‘H\\‘HH‘H\\‘HH‘HH‘HH‘HH‘H\
il

sin2f1

cosap,

=
o 01 o
OJ_LLL\_LLLH_HH‘\\H‘HH‘HH‘HH‘HH‘\\H‘\

d(cos2f1)
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Mike Peters, Trahelsi Karim

— AE/My. for data

+ with M, < 5.27GeV/c?

+ -100 < AF < 5) McY :

Wb AE tar deim

anon Entries 44049
17Ee | Mean —0.3057E—01
1 RS 0.1369
1= b i !

1o o+ *

¥ *
= L] L]
1% .J"" -
[ e W [
=0 “'.‘ - H"‘H".H
EUE I—':"EI = I—UI'II * IDI — Ii‘l.'ll — ID\IJI = ID.!
#E

000 | Wi o
i RS o.FeloE—01
s} S ndf dBa. &a
ot =111 45.6L 15050 1390,
o - e = a7 28,

T P T 1.63

o0 | H‘H

m -

¥ 503 5 558 el 53

LS
Argus fimetion docsn’t describe the background for A, < 5.27GeV /2
{bchaviour xpeeted for such hadronic B docays)

D*t 5~ angular analysis

Balla Canaral Meating
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