Angles of the CKM

unitarity triangle
measured at Belle

Alan Schwartz
University of Cincinnati

L es Rencontres de Physique de la Vallee D' Aoste
3 March 2005

® |Introduction
® Determiningsin(2p) (B)

» Determining sin(2¢) (a)

Determining @, (y)

Summary




'y = .
‘&) |ntroduction

N§0—>f o NBO—>f
NE“—»f + NBO_’f
1— |\
PREEES:
1+ [Al

_ b ——— NN
= p’BO> — q’B0> éo N W= L,
B p’BO> i q’P0> d—<—/ NNANS———
W
~ ﬁﬁ = €' (phase of V3V,,)

= Af cos(Am At) + Sf sin(Am At)

s 2Im \
A

\ (q) A(B°—f)

— eizd)l eiZd) (no penguin) Note: /qf — _C;‘

A. J. Schwartz

Les Rencontres de Physique de la Vallee D' Aoste, 3 March 2005 2

d
BO

jpll




Belle at KEKB

. ete —>Y(4S) —» BB
3.5GeV on 8.0 GeV

Integrated Luminosity (logged)
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Point
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E 150 I_/
E yat
1?1/0(_)‘_-_1;:/01 1/1/02 1/1/03 1/1/04 1/1/05
% HER: High Energy Ring / L dt — 369 fb -1 on 28 Feb 2005
E': LER : Low Energy Ring .
B L peak (Max) = 1.5x 103 cm==2 st
Positron Target
Source’ 253 fb~1 on resonance (275M BB)

by July 2004 (results presented here)
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The Bdlle detector

y

= SVD: vertexing (lifetime)

* CDC: tracking,

dE/dx for pid

* ACC: aerogel Cerenk. Counter

* TOF: pid
s ECL:

trigger
€, Y measurement

9

K| measurement

« KLM:




‘&) Analysis Overview

BELLE

1) B— f selection:

mbc - \/<El>§eam>2 o <p*B>2 (e'g" for B— 7T
5.271 <m, < 5.287 GeV/c?

AE = E* — E* |AE| < 0.064 GeV )

2) Flavor tagging:

mainly K* pu*. et output: |[g= =1, qualityr=0-1

3) Continuum suppression:

BB
.49 0.86
KLR= BB
<‘CBB + Eqé) .
4) Vertexing and At fit KLR
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¥ Measurement of sin(2¢,) with B0 —J/g K*

A — Mik2

'[tf
M, A,

= Ao =0

A. J. Schwartz

B°-B oscillation:

K°-K° oscillation:

Stapp ey = sin(26,) d ————— NN

cYy 4

(VY (Ve VE (Vi Vi, b ——— NN
(VtZth) (VJZ ‘/Cs) (Vch£> £y v I
R A AN PR PPN
ViV, ViV W
=V (V) Tree:
~ViVoa/ (ViaVii) S "
|M|e‘i¢1
 [Mleit W
— _p 2ty b < «

§ —— N\ N\ "\
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BELLE

140fb *:

900 |-
800 |
700 |-
600 |-
500 |
400 |
300 |

Events/(0.002GeVi/c?)

200 |

Number of events / (0.05 GeVic)

Measurement of sin (2([)1) WIth D—CCS (hep-ex/oa08111)

600 [—

400 —

200

BEOOO

IW K,

J/W K X BG, K, detected

J/¥Y X BG, other

combinatorial BG

100 |-

07‘ ‘ oot e e o0 ‘
5.24 5.26 5.3

M, (GeV/c?) 0.0 o5 L0 15 2o
reconstructed p,

B> JYK_ (CP=-1)
140 fb™t: 2911 events

B> JIP K, (CP=+1)
140 fb™t: 2322 events

93% pure
253 fb™: 4150 events
96% pure

63% pure

Note: cannot use AE because we don't have EKL
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Entries/ps
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Measurement of sin(2¢,) with b—ccs (ep-exososry

—— Q¢ =+1

o .

-0.5 |

<
)

-

A. J. Schwartz

140 fb™:
sin(2¢,) = 0.728 +0.056 +0.023

IA| =1.007 £0.041 +=0.023
= @ =(2333))

closeto BaBar 210 fb™:

sin(2¢) = 0.722 +0.040 +0.023
A| = 0.950 +0.031 +0.013
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Measurement of siN(2¢,) with b—sss nep-ecoasoss

~
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ARRS R

.Ou ™TT ™TT
Entries / 04;050 GeVlc
(@)

Entries / 0.0025 GeV/c?
N w g a1 o

0] 0]
; B— @K .
OF - 20f
10 ‘ 1F 10F ;
0 . 1 1 1 1 0_5 :- + O F |* 1 1 1 L L L L L
52 522 524 526 528 53 i 0 0.10.20.30.40.50.60.70.80.9 1
M, . (GeV/c?) 01— =+W—+— ----- P.* (GeV/c)

B> @K, (CP=-1) 05 B°— @K (CP=+1)
N =139 +14, 63% pure [EN: N =36 +15, 17% pure

sin(2¢,) =+ 0.06 £0.33 £0.09, A=+0.08 +0.22 +0.09
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E
3 B’ K'KK
S (CP = +1 mostly)
g N =399 +28
7 56% pure

c5).2 5.122 5.124 5.1262 5.128 5.3

M, (GeV/c?)

80:
o, TOF }[
Seof 0
il B f (980)K_
§4o;_ (CP =+1)
2l N =94 +14
sz} U g 53% pure

%.2 5.122 5.124 5.126 5.128 5.3

M, . (GeV/c?)

A. J. Schwartz
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Raw Asymmetry

Raw Asymmetry

|
o

1t low quality tags
05F
obd——+ ——
E —
-0.5F
1F | 00<rs05
1t high quality tags
05F | ____
oF T ——
-0.5F o
4k . 05<rs10 .
.75 5 25 0 25 5 75
At (ps)
1
o5f | |
Oi —___* F' ——l‘
5F
1k | 00<rs05
1
0.52—%___\
of L=+ IoE
-0.5F ;};'
1k 1 05<rs10 1
.75 5 25 0 25 5 75
At (ps)

Measurement of sin(2¢,) with b—0Qs (e-evossoss)

sin(2¢) =
+0.49 +0.18+0.04

A=
—0.08 £0.12+0.07

sin(2¢,) =
~- 0.47 +£0.41+0.08

A=
—0.39 =0.27+0.08
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Measurement of sin(2¢,) with b—0Qs (e-evossoss)

>
© 0 ' f= .
: B=NK sin(2g) =
= I +0.65 £0.18::0.04
£ N =512 +27 JE A
- 61% pure o.
ol N SR st — O.10 --0.11::0.05

M,. (GeVic?) At (ps)

20F 1f
“7.5F o5f | _+_
S Y 0 of— 1
S *of B - WK, ] 0(20) =
§L2.5L (CP 1) E -1§- 0.0<r=<0.5 sn( (pl) —
S =- > F .
S o g +0.75 £0.64 1912
Q751 N=31+7 5 0.5F A=
2 5f of —
5ok 26% pure osk

o h T +0.26 +0.480.15

52 522 524 526 528 53 75 5 25 0 25 E
M,. (GeVic?) At (ps)
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Entries / 0.0025 GeV/c?

Entries / 0.0025 GeV/c?

80F
70F
60F

B%— 17 K,
(CP = -1)

50F
40F
30§

N=251+24
55/17% pure

20}

10f

0 L 1 1 1 1
5.2 522 5.24 5.262 5.28 53
M, .(GeV/c?)

(CP = +1)
N =88 =13
23% pure

5.24 5.26 5.28 5.3
M, (GeV/c?)
A. J. Schwartz

Raw Asymmetry

Raw Asymmetry

|
o

1
o

1f

0.5F

of [

1k IO.O<TsO.5I

1F

0.5F

5_ - _+_
_1: l0.5<Ts1.0l 1
-7. 25 0 25 5

At (ps)

7.5

Measurement of sin(2@) with b—qgs feeties

sin(2¢) =

+0.30 £0.59+0.11
A=

- 0.12 +0.20+0.07

sin(29,) =

—1.26 +0.68+0.18
A=

+0.54 +0.34+0.08
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Measurement of sin(2¢) summary

Belle Results on Time-dependent CP Violationinb-s

oK 'y_,_< ' ]0.06£0.33+0.09
K'K'Ks B 0.49+0.18"0%
f (980)K s ’_._‘ -0.47+0.41+0.08
n'Ks I 0.65+0.18+0.04
5 +0.13
wKS E II L II 0.75+0.64 016
K st | ] | 0.30+0.59+0.11
KsKsKY o | -1.26+0.68+0.18
Aver age H 0.39+0.11
b~ spenguin 2.90 difference
sin2g,(WA) ' 0.726+0.037 = morestatistics
o) 1 N needed
-15 -09 -0.3 0.3 0.9 1.5
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Z: Measurement of sin(2¢)) with B%— 11

Tree:
L | Mn A +(thvt’5) (Vubvsd)

M, ‘Af Via Vio) \Viiy Vaa W
=V (VaVad) b )
=V Vi (Vi Vi) ¢ — -
_ [(M]er

|M|e~9: Penguin:

— it V)V/“\
. u,c,t -

= A _=0 S__ =sin(2¢,)

T

...If no penguin. But thereisa penguin
contribution, which “breaks’ these equalities

A. J. Schwartz Les Rencontres de Physique de la Vallee D' Aoste, 3 March 2005
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0.02GeV)

Events/(

=3 -
‘) BY — TUTT sample (253th™)  (hep-exiosoz035)

BELLE

o5 KUF> 0% (high qqsuppression) 540 KLR <086 (Iow g sppression
ST 1 Tou S50 4
2000} - <300
150 2250
E ¥200
100 K150
? 100
50 :
; 50
0 0.

N =415 +13 N, =251 +8
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D .
<t Results of Fit | (hep-ex/0502035)

KLR > 0.86, good tags

B” tags — Total
% n'l'n-

3
EI
=
=
=
&

N

=]

o
\

ATUT

=0.56 * 011 (viNOS)
-0.12

-

o

o
\

Tt

o
T

-2In(L/L_max)

Y]
8
\
o
o
o
Q
(7]

— Total
2R

-
o
o

10
5 \'\
o1 -0.8 -0.6

0.
STut

S=—0.67+£0.16 (MINOS)

Events/(1.25ps) Events/(1.25ps)

Ast (ps)
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<t Results of Fit || (hep-ex/0502035)

® tagged as a I§°

m,_-AE 2D fit for 2200 = © tagged as a B’
bc o
event yieldsin bins E
of At : "El00 |
(@) L
S
=z
oL
1
. T
projection of At g
fit superimposed E |
(A= 056 2
Sy = —0.67) o
-1 - | | ‘
-5 O 5
At (ps)
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] Systematic Uncertainties

BELLE

Uncertainty A - Son

Wrong tag fraction + 0.01 | £=0.01
T, Am, A + 0.01 | < 0.01
Resolution function + 0.01 | =0.04
Background At shape | < 0.01 | < 0.01
Background fractions | 4= 0.04 | == 0.02
Fit bias 4+ 0.01 | = 0.01
Vertexing ooy + 0.04
Tag side interference o od + 0.01
Total + 0.06 | = 0.06

A. J. Schwartz

<« Includes uncertainty
In final state radiation

<« O.Longetal.,
PRD 68, 034010 (2003)
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BELLE

Gronau and Rosner,
PRD 65, 093012, 2002:

Take @, =0.725 +0.037
= 2 constraints &

3 unknowns
(@, O, |P/IT])

‘&) Constraintsupon @, (a) and |P/T|

AB —>ntn™) = — <|T|ei5T€i¢3 + |P|ez'5p>
AB —rtr™) = — <|T|ez’6Te—i¢3 4+ |P|ei<sp>
A i(0+¢3)
= A EgA”: i¢21+|P/T|e. ’
T P Aﬂ_ﬂ_ 1+ |P/T| ez(é—¢3)
(0 = 5P_5T)
A = AF—1 _ —2|P/T|sin(¢,+¢,) sin
e X2+ 1 1 — 2|P/T|cos(¢p,+¢,) cosd + |P/T|?
2I'mA
S =

Al +1
2|P/T|sin(¢p, — ¢,) cos § + sin2¢, — |P/T|* sin 2¢,

1 —2|P/T|cos(¢,+¢,)cosd + |P/T|?
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S (degrees)

BELLE

‘&) Constraintsupon @, (a) and |P/T| cont'd

0
20 For any |P/T]|
40 d<-4°  (95% CL)
60 I For any 0
80 IP/T| > 0.17 (95% CL)
100 -
120 -
140 |
160 ) 1
-180 ' 1.8 2
0 0.5 1 1.5 2 16 3
IPAT| 14 :
— 1.2
S ;
= 08
0.6
For |P/T|=0.6 (for example) 04 1
720 < (9, < 146° (95% CL) i e
0 20 40 60 80 100 120 140 160 180
& (degrees)
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&) |sospin analysisfor @,

BELLE

SU(2) isospin AB—mtn) | A(B® — 700

analysis. ABO ot )

= A(BT - ntxn?)

Gronau and London,

+ AB—77% = A(B~—=n"

PRL 65, 3381 (1990) V2
AT = Vet (- AL
6 param. + 6 observables = all determined \th_! = Jat-(1+A_)
Recent measurements (253 fb™*) of A% = AN = Vao+
_0 0 1 ' 4|2
BO(B%— 1°1° now make this possible AP — (At; | A — VB |4k |39 cos(w — /2)
i
L . h -
. Agg' = tT + ’A?}T - \/i‘A;; ' ‘Ag;o‘ cos(w + Kk/2)
_ 12
B = (Jagf+[ai )2 = ot
0.0 —00]|2
B = (Janf + (AN /2
BL™ = AN (rpe/Tpo) = a¥0 - (tpe/7s)
o 100 z )AOO 2
AT = ‘ th‘ th

atn— .
Ath - A7r7r

ST = /1 — A2 sin(2¢, + k)
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&) |sospin analysisfor @, cont'd (hep-ex/0502035)

BELLE

Use HFAG values for B( ), B( e10), B( 1), 4( o)

Calculatex?: (@) = % + X (AR, 8T)

0.8 |

0.6 |

-C.L.

0.4 |

0° <@, <19 and 71°<@,<180°
(95% CL)

0.2 |

O I 1 L 1 1 1 1 1 . . .
0O 20 40 60 80 100 120 140 160 180 Note: preliminary
@, (degrees)
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A. Bondar et al., 2002 (unpublished);
s> Measurement of ?, Giri et al., PRD 68, 054018, 2003

B+ »DOOK+ B+ »DOOK+
@ - 0 P Ve v
VUS _ K+ \\ C D
w, o’ > W,
b Vc%', C B A VCS s
By u D u u K*

if DY/DO —K_1r'1T, amplitudesinterfere

m, = m(K?, ©T)
_ 0 - .
m. = m(K?, =) M, = A, m?) 4 e Agm?, m?)
r = A(BT— D°K™) ~0.1—0.2 2 2 i(0—¢3) 2 2
T lABr=Dok+)|T T Y| Mo = AmI,my) 4 retT A(ml, mD)
2 2 2
M = () JA(mL, m)[" + (%), |A(mZ, m])" +
2|A(m?%, m?)||A(m?, m%)| r cos(d + Om2,m2) + ¢,)

amplitude A determined from D% —K_tt*rr Dalitz plot (from continuum)
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o
253 b =

B* -DOK* :
N =209 +16
5% pure

B+ -»DOK=* :
N =58 +8

8/% pure

A. J. Schwartz

Measurement of @,  (nep-exosious

Entries/10 MeV

20

Entries/10 MeV

=
o
o

40

20

80

60

P IR

| ——

L

LS L B L B B BB BN 2 1
AE = F M
it § ] e
- 5[\5 2 70F
A K i !
60 |
50
40 F
30F
20 F
10F
— e = 0 —
0.2 -0.15-0.1 -0.05 0 0.05 0.1 0.15 0.2 52 522
AE (GeV)
¢ fm. —m
8 20 DO ' D :
SN g ;
N 2175 = 1
gl i
15 1
l 12.5 ]
10 .
5 |
25 ; E
al "EJ il I'II'I”IJ]I_IHF

0
-0.2-0.15-0.1-0.05 0 0.05 0.1 015 0.2

AE (GeV)

0
0.13 0.135 0.14 0.145 0.15 0.155 0.16

AM (GeVic?)

5.24

5.26

Entries/2 MeV

5.28
M, (GeVic?)

53

16

141

10|

2+

o1

m
bc

mJ]nnn ool

5.2
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5.26

24

5.28 53
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A. J. Schwartz

Measurement of @,

m? (GeV3/c*)

3 o e
5 ) B* —»DOK*
! ... ,..
251 ™2 139 events
I o¥ : ]
2 * * . ° J §
I o, ® o '] L] ]
15| ® o L ° a
i . d ° % %
I &. * ® o
1k ° :. i
: . Y ... .... [ ]
I * oo ° .‘.' °
0.5 — ® [ ) .0. Qe .
‘0.5‘ - 1 - ‘1.5‘ - 2 - ‘2.5‘ - 3

m? (GeV2/c4)

3 ‘
-, B* »DOK*
=t . 35 events
oL ]
i - . 1
15 °° . -
I (4 oo 1
[ ’0. ° °
1h . -
[ s ° . . |
0.5 B o o. §
0.5 1 1.5 2 2.5 3

m? (GeV?/c*

(hep-ex/0411049)

m?2 (GeVZ/c4)

15}

m? (GeVZ/CA)

2.5

15}

25

05|

| B- —DOK-

... 137 events
L] ’.. ) : ) -
.’} o ° L]
’. “ . °
v o o, ]
ey r Tl
@ o0 [ ]
$° ]
& L ° o.' .
0.5 1‘ 1.5 2 “2.5””3

m? (GeV2/c4)

05|

ol . ‘.. B_ _>DO|:K_
e . 34 events

°
LX)
[ 4 —
°
~..
° LIPS
o0 N
o
° °
L 3
° -
L L L L L
0.5 1 1.5 2 2.5 3

m? (GeV?/c?)
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Iy Measurement of @, mep-evoiosn)

Y s e e B B " "““‘;’:;'y‘“‘-."‘;"‘
r(p3 350 6_(p3 \ O ]

Do unbinned ML fit for @,, 5, r o1 ] 300 | N

05T ] 250 97% .

Use toy M C with Feldman- 0.4 — 74% ] 200l Py |
Cousinsorderingtocalculate o}/ / 20% . TSRS wol L ()

frequentist confidenceregions .| O Y O A o N
for parametas (pz, 6, r [ Vo i [ N

01ft 2 50 | o §

Projecting 20 regions for O o0 Te0 20 250 300 30 T T T T
(B* -»DOK*) + (B* —»DOK*) : . % (deg) % (de9)
¢,= (681 +13 +11)° T IO D° < i U B
0.6 97% ] -
220< @, <113° (95% CL) N | I
BD = (157 £19 £11+21)° ol 7 ol |

0= (321 £57 +£11+21)° osl /

YA L]
N v v 150
/ \‘ 7 \‘

r_= 0.21+0.08 +0.03 +0.04 [ | o
r =012701 +0.02 +0.04 [ o
CL of CPV = 98% PG

0 . 0 . .
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
@, (deg) @, (deg)
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a»] Summary

BELLE

msin (2¢): 0.728 £0.056 +0.023 = ¢ =(23.4 270

24

b—qqgs penguin: 0.39 +0.11 (2.30 difference)

m sin(2¢,): we have observed compelling CP violation in 1 Belle253
B— 1t decays. A= +0.56 +0.12 (stat) =0.06 (syst) i \
S;;=-0.67 £0.16 (stat) =0.06 (syst) _ tBar 210

A indicatesdirect CPV at 40 significance

= |P/T|>0.17 (95% CL) d<—4° (95% CL) et
An isospin analysisof B —1ut decays gives
0°<@,<19° and 71°<@,<180° (95% CL)

253 fb - | @x(eff) —, | < 38° (95% CL)
W (681 £13 £11)°

22° < @, < 113° (95% CL) = (pl+ ?, + @, - 180° = (12.3 + 29.7)°
CL of CP violation = 98%

1.5 -1 0.5 0 0.5 1 1.5
T
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‘&) Backup dides

BELLE
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'] Statistical Significance

BELLE

Use Toy M C, constructing confidence belts with Feldman-Cousins ordering

E
<):0.75

0.25 |/

-0.75 |

-1

A.J.

05 |

(Note: systematic errorsarefolded in)

1-C.L.at (0,0) = 5.

- 1-C.L. at (-0.62,0) = 5.12x10°

CL for (O, 0) corresponds
to 5.40 fluctuation =
clear CP violation

CL for A,;=0
correspondsto 4.00

fluctuation (any S;)
= direct CP violation

e by |, e b b
-1 -075 -05 -025 0 025 05 0/5 1

S

Tt
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D

‘&) Check with time-integrated yields

BELLE

KLR > 0.86 and good tags (all tags):

Events/(0.02GeV)

60

, BC tags % : B° tags
S0 TIT 107:+13 (235) g 50 ot 60+11(182) B
40 Kt 42 (77) S 40 Kt 44 (76)
i qg: 38 (159) E : gg: 38  (156)
30 c 30
i > I
20 20
1007 Wyt 14 104 it
0! D T 0° S L G e
0.2 0.4 0.4
AE (GeV) AE (GeV)
= direct CP violation isclear
q(1 —2w,) consistent
.f7(rgr) o« 1 — qu£ _|' 1 ‘|‘w2£ Amr = ATDT: 052 i014 with At fit

A. J. Schwartz
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BELLE

SVD upgrade: better |.P. resolution
(also higher efficiency for K vertexing)

g @ 0 8 g o afn0l e o T
.....
uuuuuuuuuuu
o @ 0L OREaR R Rt e T, To a0 Tn 0
Pa o CAC A
o @ o e a
o @ oS, 0
o ° S On @
s o ., W ot
2o A [
olu WhEE e Ge
o o o
r e 0 ‘ A
2?0 : = o"(
[+ 3 G ML o O
oa AVEE o
L 11Ee 2
- -1 ! oo
oo i oo
oo o
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a»] New data set since last result (140 + 113 fb™)

Impact parameter resolution (2):

= sy
Z140 A SVID2 Cosmic
= -

= 26.3232.9/p um
—

Z SVD1 Cosmic

e

42 2@44 3/p um
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=] e
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Cid
60 —d'y
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= l --_T-_"F‘ W e
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| :k_'_‘-"“‘"'*=—:i—_—: - ]
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- ~40um @ 1GeV/c
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152 M BB pairswith SVD1

123 M BB pairswith SVD2
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&) |sospin analysisfor @, cont'd (hep-ex/0502035)

BELLE

Use HFAG values for B( ), B( e10), B( 1), 4( o)

2
T, —x.) . .
2. 2/ ( exp th 2 ntw ntm
Calculate x“ : X“(¥) = ). ; + X5c (AL, 8L )
Gexp
1 1
0.8 | 0.8 |
i 0.6 i 06|
') )
o4l 04l
0.2 | 0.2
0 ~ . L 0 e —
O 20 40 60 80 100 120 140 160 180 0 10 20 30 o 40 50 60 70 80 90
@, (degrees) @~ -@,| (degrees)

| @,(eff) —¢, | < 38°
(95% CL)

A. J. Schwartz Les Rencontres de Physique de la Vallee D' Aoste, 3 March 2005 32

0° < @, <19 and 71°< @, <180°
(95% CL)

Note: preliminary



‘] Maximum likelihood fit to At

L; = [ FrnPrn(AY) + froPrn(At) |- Ry (At — AT

T T

+ [ P(AY) R (At — At) dt’

9" qq
0 e |At/Tg
Pgo_.. = % { 1+q(1—2w,) | A, cos(AmAt) + S__sin(Am At) }
N
PK7r = 1 { 1+ q(1 — 2w,) AT cos(Am At)} (Ag, =—0.109 £ 0.019)
B
e~ 1A/ Ty
qu:f —|-(1—f)5(At),
2T _
qq
f - Fﬂ'ﬂ'(AE7 Mbc>.f€<7ﬂr)

[Fﬂ'ﬂ'(AE’ Mbc> —|_ FK#(AE7 Mbc)]'-ff(ﬂ-ﬂ-) —I_ qu(AE7 Mbc)'-fﬂ(qq)
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Raw Asymmetry

C
o
o

D

BELLE

O o © © o o o o
w N PO P N W N~ O

°©
»

gg sideband:
42467 BO tags
42090 BO tags

A=0.017 +0.011
S=0.021 +£0.030

= >
@ @
e 1r £
: 3
50.75 [ )
< <
= =
Zo05[ 3

0.25

-0.25 |-
-0.5 [

-0.75 |

2106 BO tags
2187 BO tags

A =-0.064 =0.057
S= 0.091 +0.079

o
o)

‘] Crosschecks|: other CP asymmetries

°
I
—

o
[N

0.4 [

0.6 [

11519 B9 tags
11489 BO tags

A =0.013 +0.016
S=0.057 £0.024

= Possible asymmetries areincluded in the systematic error

A. J. Schwartz
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Events/0.625(ps)
o

A OO ©

Events/0.625(ps)

o O
o O
T

z Crosschecksll: tg

BELLE
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I

[
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\\HH'\‘\ L

10 :

@400 @500 £
5200 © 2000 -
1000 §00
g 000 ¢ 000 -
2800 ¢ @500 -
o
1400 ¢ 000 -
200 ¢ 500 -
i
0 F 0
N N
© ©
S 102 P
g 10% 3
c i c
(0] (0]
> F >
L L
10

2820 B — 11T cand:

g = 1.50 +0.07 ps Tg = 1.51 +0.04 ps

A. J. Schwartz

4293 B — K*1t+cand: 23008 B — DY=1r+:

Tg = 1.559 +0.013 ps

(PDG: 15 = 1.536+0.014)
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‘&) Crosschecks!ll: Am

BELLE

B - DY+1+: Am = 0.507 +0.008

N
P, (At) = [1 — G Groc (1 — 2w,) cos(Am At)}
TR g ]
P (At = N E T — ) (1 — 2w,) cos(Am At)
_ = — — COSs m E
Ktm * ATy | Ttag P+ R e ]
e-1atl/p ¢ Q—S\
Py (At) = N_ 1—gq,, ( ) (1 — 2w,) cos(Am At)} =
ity | "\Q+S B — K*7t*: Am = 0.456 *0%%
1—A = *F
P = TK“ e(KT)e(m™) Loa
144 2oit
@ = % e(K7)e(m™) : m
o
R = % p(K~—n )p(rt—K™) 0.6 |
1_ A I T A
S = — KT p(Kt sah)p(r~ = K")
2 (PDG: Am = 0.502+0.007)
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D

BELLE

1238 | —0.03 + 0.16 | —0.03 022
AE <0 1582 | +0.03 £ 0.16 | +0.04 032
IAE| < 10 1189 | —0.04 + 0.13 | —0.03 + 0.18
IAE| < 20 2101 | 4+0.00 + 0.11 | +0.02 + 0.16
multi tracks 2179 | —0.01 + 0.13 | —0.10 £ 0.17
single track 641 | —0.021077 | 4+0.47 £ 0.40
KLR > 0.86 884 | +0.01 + 0.13 | +0.02 + 0.18
KLR < 0.86 1936 | —0.05 + 0.23 | —0.09 T032
0<r<0.25 1454 | +3.06 717, | —0.05 £ 2.27
0.25<7<0.50 479 | 40.31 + 0.53 | —0.81 702
0.50<r<0.675 | 254 | —0.24 + 0.42 | +0.69 + 0.67
0.675<r<0.75| 292 | —0.38 + 0.31 | +0.42 73]
0.75<r<0.875| 151 | —0.23 + 0.29 | +0.00 7037
0.875<r<1.0 190 | +0.15 £ 0.13 | —0.08 723

A. J. Schwartz
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‘&) Constraintsupon @, (a) and |P/T| cont'd

BELLE

Ali, Lunghi, and Parkhomenko,
EPJ C36, 183 (2004):

Belle (253fb™): C._.=-056+0.13, S_=-0.67 +0.17

(p2 80°

a—80°

= small @, requireslarge|P/T |; large|P/T | allowssmall @,

= small ¢, requiressmall [9]; large @, allowslarge |9

A. J. Schwartz Les Rencontres de Physique de la Vallee D' Aoste, 3 March 2005 38



‘&) Constraintsupon @, (a) and |P/T| cont'd

BELLE

Gronau and Rosner, . f V..
PLB 595, 339 (2004): SU(3)- Tyt = (fK) (Vd> /A
Vs
PKJFTr* - (‘/d) P7r+7r*
. F(B(;—>K+7T_) or I‘(BZ—)KOT&”L) prOVideSthe
D(B® —m ) D(B®—m¥m™) needed constraint
0.0 :I T B == T I:
02— — = (@, about 100°
04— — is favored
-A - .
s E
0.8 - (@) Oy
T = , 120° 105°, , , K - :
. P IO o1+ od 1 Note thispaper uses
oo = E SU(3) symmetry to
e ] predict A =-3A
04 — "
-A = = which iscorrect to 20
T 0.6 — —
- (b) e (A, =-0.109 +- 0.019)
—0.8 - o o o o o o K+ — "
Ea = 1357, 120 l 1057, 90| , 757, 6C|) | ]
—10 1.0 0.5 0.0 0.5 1.0
S7T’7T
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‘)] Comparewith previousresult & BaBar

BELLE

E 1.5 i
<
Lr CL = 4% for difference
I of two Belle datasets
05 - (not including
I systematic errors)
0
0.5 2.30 difference between
: Belle and BaBar
1
L. L | | L
195 i 0.5 0 0.5 1 1.5
Stut
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