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D :
‘&) |ntroduction || (some formalism)

By) = p|B°) — q‘F()) b —»—f\/m\//_\/\—>— d
)BL> = P‘BO> + Q‘E()) BO ty it BO
d ——+— NN \NS——)
Mx, — (2/2)I'% M .
1= = (z/ T, ~ 12 = " (phase of V,;V,,) wr
p M, — (i/2)T, M,,
. [ A A )
|B0(t)> — e_(r/2+lm)t CcOS ( mt) |B0> + (g) ’iSiIl (_mt) |B0>
i 2 p 2 ]
_ . [ A A T
|B°(t)) = e T/2Him)t (1—?> i sin (—mt) |B®) + cos( mt) |B%) |,
\q 2 2 |
A .|2e-Tt
(fIH|B°(t))|* = lf% 14+ [A]? + (1 — [A]?) cos(Amt) — 2Im A sin(Amit) |
~ A . |2e-Tt
(FfIH|B°(t))|? = % 14+ [A]> = (1 — |A]?) cos(Amt) + 2ImA sin(Amit) |
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(one weak phase)
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'y = .
‘&) |ntroduction I

BELLE

Ney .—N
BO—f B°—f _ Afcos(AmAt) + stin(AmAt)
N§0—>f +NBO_’f
B 1—|A)? _ 2Im A
N PNE R RN

A= (2) AB2S) _ gizo, e

) AB S ) (one weak phase)

= A, =0, S§;~ sin2(¢;, +¢) = —sin2¢’

cchd
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Belle at KEKB

ete —>Y(4S) —» BB
3.5GeV on 8.0 GeV
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T HER:High Energy Ring / L dt — 476 fb -1 on4Oct 2005
E': LER : Low Energy Ring .
B L peak (Max) = 1.6 x 103 cm==2 st
Positron Target
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Source 357 fb~1 on resonance (386M BB)
analyzed thusfar
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The Bdle Collaboration

US:

About 400 people from 59 institutions, many nations

A. J. Schwartz
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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
..1q0 0.86
KLR= PP
<‘CBB + Eqé) .
4) Vertexing and At fit KLR
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D

¥ 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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Z: Measurement of sin(2¢,) with b—ccs (e-edosoroar)

BELLE
357 fb *: :
i 2500:— + data
2000-]Ap K3 (rtm-) ﬂ : [ anwk,
2000~ ] J/WK X BG, K, detected
i1 i

386 M BB
[ [ J/wX BG, other

1500 ' 1500; Bl combinatorial BG

1000}-

—
o
o
o

Number of events / (0.05 GeV/c)

Events/8MeV

500L-

00 02 04 06 08 1 12 14 16 18 2

reconstructed p_°

500F

B> J/P K (CP=+1)

4792 events
60% pure

B®> J/P K, (CP=-1)

2264 events
98% pure

Note: cannot use AE because we don't have EKL
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D

o

s00F 7" high quality tags F
— - —&- q= +1 : — C
& E ' . &, 400
& 250 - gq=-1 g
= C . = C
8 200F - S 300/
(=) - = =2 -
v 150 = o -
= - ] 2 200
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£ 1005 E 5 .
’ . 100—
o 500 = @ -
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—~ 1F ? = —~ 1
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o B 7 o B
) - N kS -
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e - 3 e N
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2 -05[ E = o5k
© r ] © r
E - ] E -
-1 i . | Ll | C '1_‘ .
-8 0 2 4 6 8 -8

sin(2¢,) = 0.652 £0.039 +0.020

Measurement of sin(2¢,) with b—ccs (nep-exosorosn

()}
A
N
o
ot |
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(o)}
ol b bl
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N

N

o

ol

N

o
oLl

At (ps)

closeto BaBar 210 fb™:
sin(2,) = 0.722 +0.040 +0.023

= @ =(203"7)°

A. J. Schwartz

A| = 0.950 +0.031 +0.013
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Entries / 0.0025 GeV/c?

D

o

Measurement of sin(2¢,) with b—sss nep-ecosorosn

B°— @K, (CP=-

N =180 =16
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. N=78+13
_\L_+ 12% pure

100

90

80

70

60

50 +

4oHl d lH +

30

ol THA T

10

O 1 1 1 1
52 522 524 526 5.28 53

M, . (GeV/c?)

60;—

—~ 50~

L r

> 40-

O E

< 30F

e

> 20-

T 100

g e
105

0 01 02 03 04 05 0.6
reconstructed p

A. J. Schwartz

- 0
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- T —e¢— !

Raw Asymmetry

o
(6]
T
7
A
\
\
!
] 1
/
/

sin(29) =+ 0.44 £0.27 +0.05
A=+0.14 +0.17 +0.07
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B°— K*K‘KS
(CP = +1 mostly)
N =536 +£29
25% pure

Entries / 0.0025 GeV/c?

.2 522 5.24 5.262 5.28 53
M,. (GeV/c?)

Sao} B°— f (980)K
V)
20t (CP = +1)
Sy} N =145 +16
s} 47% pure
i}
.r_*“'.
R AL SO
02 04 06 08 1 12 14 16 18 2
M(r'T) (GeVich)

1
o

Raw Asymmetry
o

1
o

M easurement of sin(2cpl) With b—00S  (hep-exiosooa?)

sin(2g) =

—0.52 £0.16+0.03
A=
—0.06 £0.11+0.07

high quality tags
75 5 25 0 25 5 15
At(ps)

1FB° - f, K

0.5 I
> 0 ———— sin(2g) =
© -0.5F
E Lt low quality tags — 0.47 +0.36+0.08
5\ 1r A=
= 05F
o Oj;:f——.-h . | —0.23 =0.23+0.13
-0.5F ' \'\:l_‘l

aF high qulalityltagsl

75 5 25 0 25 5 75

At (ps)
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1 ;—I—BO - 'K

7.5

0.5F
BO 1 K > 0E I lr $ —* _thl_
— =t )
N Ry 0 -0.5F _ +
(CP — _1) E 4F low quality tags
> [ 1 1 1 1 1
(%) -
N =512 +27 ;O;Jr T
61% pure [ Om
_ -0.5F
20.15:01-005 0 0.050.1 0.15 0.2 S S hlg.h qu;.i“ty tags
AE(GeV) 75 5 25 0 25 5 75
At(ps)
1F B° — Ky
25 3
0 0.5:'
%20 B — W KS > 0 ¥ $ +
O CP= -1 © 05F
Sasf (CP=-1) E low quality tags |
o L [ 1 1 1 1
° N=31+7 [
2101 s
E | 56% pure R
5F T of '_f:' i
: os5F
2:0.15-0.1-0.05 0 005 0.1 0.15 0.2 1 . higlh qu;l:llity tags _l_
AE(GeV) 75 5 25 0 25 5

At(ps)

Measurement of s n(2cp1) With b—00S (hep-exiosooa?)

sin(2¢) =
+0.65 +0.18+0.04

- 0.19 +£0.11+0.05

sin(2¢) =
+0.75 +£0.64

+0.16

A=
+ 0.26 £0.48+0.15
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Entries / 0.01 GeV

;Zf— B°— 1 Ks

- THI (CP=-1)

:Z ' N = 344 +30
20f 25% pure

10F

0 1 1 1 1 1 1 1
-0.2-0.15-0.1-0.05 0 0.05 0.1 0.15 0.2
AE (GeV)

B°— K K K

S S S
(CP =+1)
N=105=+12
64% pure
o -6.2 O 0.2
AE (GeV)

Raw Asymmetry/2.5 ps

Raw Asymmetry/2.5 ps

1-
0.5F | |
0 ! $
* +
-0.5F _
4t low quality tags
N ——
0.5F
0-
-0.5F
-1 1 1
75 5 25 0 25 5 175
At (ps)
1-
0.5F 1
0 =t
0.5F
1k low quality tags
1-
0.5F —+
o s
-0.5F ‘
1 . high quality tags

75 -5 25 0 25 5 75
At (ps)

Measurement of s n(2cp1) With b—00S (hep-exiosooa?)

Sn(2¢,) =

+0.22 +0.47+0.08
A=

+0.11 +0.18+0.08

sin(2¢,) =

—0.58 +£0.36+0.08
A=

+ 0.50 £0.23+0.06
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Z: Measurement of sin(2¢) summary

sn(2RM/sin(2¢) S

PRELIMINARY

b_ccs World Averdge E * 0.69 + 0.03
"""" c)BaBar0501025*88}
X Belle : : =—H{ : 0.44+0.27+0.05
S Average _ 0.47 +0.19
o BaBar iUl T 0.36 + 0.13 £ 0.03
< Belle 0.62 + 0.12 + 0.04
= Average ' o 0.50 + 0.09
o gall?ar 0.95 33 +0.10 | = modulu final-state inter actions
elle 0.47 + 0.36 + 0.08 ,
-© Average | 0.75 + 0.24 (see Soni, hep-ph/0502235),
""" nBaBar YT 03579301 0.04 resultsappear consistent
- Belle { : 0.22%0.47+0.08 with SM
=, Average el 0.31+0.26
T X" "BaBar —— e f| : -084+071+0.08
= Average——k— ! | -0.84 +0.71
CoRTBaBar L T ; = 0.50 33 £0.02
Belle ; 0.95 + 0.53 *J12
3 Average . 0.63 + 0.30
o ¥ BaBar 'T'”;')'21'1"1'0"1"8"4'b'd?'i'(')"i'i"
v Belle ’ : A 0i60 + 0.18 + 0.04 1013
o Average i G el i 0512014755
BaBar : e | 0.63 1035 + 0.04
< Belle i~ 0.58+0.36 + 0.08
9% Average | 0.61 + 0.23
-3

-2 -1 0 1 2 3
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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 HEP Seminar, Brookhaven National Laboratory, 6 October 2005
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0.02GeV)

Events/(

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

BELLE

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

N =415 +13 N, =251 +8
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D

] Maximum likelihood fit to At (B° ')

BELLE

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

T T

+ [ P(AY) R (At — At) dt’

qq~ qq

0 e~ |At/Tg

Pgo_ .. = N { 1+q(1—-2w,) {Am cos(AmAt) + S__sin(Am At)} }
o—|At/7g
Py ] { 1+ q(1 — 2w,) AT cos(Am At)} (Ag,. =—0.109 + 0.019)
B
e_|At|/qu
qq f —|—(].—f)(5(At),
2T
qq
. F_(AE, M, )-f,(7m)
" [Fﬂ'ﬂ'(AE’ Mbc> + FK#(AE7 Mbc) ] °f£(7T7T) T qu(AE7 Mbc)’fﬂ(qq)
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D

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

BELLE

KLR > 0.86, good tags

20 BYtags — Total
) o'

mbc-AE 2D fit for

event yieldsin bins
of At :

a2

o

(=]
I

| e tagged as a I§0
| O tagged as aB

o
ts
N
o
o

— Total
O n'w

|
+ -
T TT even

N
3
o
o
SJI-
Q
(7]

100

No. of

-
o
(=]

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

TTTT asymmetry

Am= 0567011 S =-0.67=0.16 s 0 s
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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|?

A. J. Schwartz HEP Seminar, Brookhaven National Laboratory, 6 October 2005 22




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 b
120 -
140 |
160 ) 1
-180 ' 1.8 2
0 0.5 1 1.5 2 16 3
IPAT| 14 :
E 1.2 g
N
~ 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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D . .
&) |sospin analysisfor @,

BELLE

SU(2) isospin ABT= D) | A(BY - nOn)

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)
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O [ 1 L 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180
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r=d . : _ First results: 253 fb-1
<[> Sm(chz) with B%— p*p lrskhzzﬁgx/?)smow)

BELLE

Advantages:

® CP=+1likettrr
® “large’ branching fraction (> 20 x 10™)
® branching fraction for B— pPp0<1.1x 1076

= small penguin amplitude
= App: 0 and Spp: sin(2¢,)

But complications:

® different polarization = different CP states

® nonresonant contribution
® possibleisospin | =1 contribution

A. J. Schwartz HEP Seminar, Brookhaven National Laboratory, 6 October 2005

26



D L Vv B Vv
0
‘&) B— VVpolarization < O =
BELLE
Helicity basis: 4 } Variables6 ,6 , @:
A, -
Al - >
A - - -
Transversity basis: Variables® ,6 , ¢ :
A, i S z0, K*
A o~ CP=+1
gl . [ 4 =+
A” \’\ ’ - CP=-1
- cp=+1
. L ;o= ENs _ EN - 1—o<m—2v> -1
actorization: L = A2 + A2+ A2 |A0|2+|A”|2+|Al|2 m%

Kagan, PLB 601, 151 (2004)
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W= sin(29) with B~ p*p~ (contd)

BELLE

-1.
2R 0.62<m_ <092 GeV/c

-0.10 < AE < 0.06 GeV 5.273<m_<5.290 GeV/c’

90 (0)Wl

Events/ 2 MeV

Events/ 20 MeV

Events / (60 MeV)

g —— | L L »J
0 5.22 5.24 5.26 5.28
M, (GeV/c?) AE (GeV)

228 high quality tags |
20F

18 high quality tags

Events/ 2 MeV

Events/ 20 MeV
=
[e)]

..........................

] N ‘.

| ! '

1 HE]
- 't A
B el E . "
E ! Nl 2F Tist 2

25 e Yoo ;. 84 Sttt

E 7 BERRA O Fe— IR
L 1 w P e e e o

5.22 5.24 5.26 5.28 -0.2 -0.1 0 0.1 0.2 0.3

My (GeVIC) A (GeV) f =(89+62)%
pTUT
N =142 +13
pp
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W= sin(29) with B~ p*p~ (contd)

BELLE

[ S S T R Y
gN3&3g
o & o

®
o
TTTTTTTTT

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

=
@
=}

T

()]
(@]
T

5
o

g8
S B -

Events / (0.089)
&

o T 1r T 1F
ol 10 075 (c) 10 0,75 (d)
. = o5fF = o5fF
of 20250 _ 2025F
e g ok $ g2 ot I I S
o E ok T Eomlb| 1
I <a):vO.ZS 2 <a{o.zs - +
% 06 04 02 0 0z 04 06 08 = _0'5? = -05 2
) ) 1 oy 0089 S-075F S-075F
1 f cos® 0, cos” 6, + Z(l — f;)sin” @, sin 02} af ‘ o af ‘ ‘
5 0 5 5 0 5
At (ps) At (ps)

f =(95.1+3.3-39+3.0) %

Aop= 0.00+0.30 7 040

S, = 0.09+0.42 £0.08
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W= sin(29) with B~ p*p~ (contd)

BELLE
253 fb™:
1.4 : —
12 | Belle
1
— 0.8
@)
' 0.6
—
02 | \ / \ ]
0 1
0 30 60 90 120 150 180
¢, (degrees)
T T T S B B
v B . mmt
1.2 - fERSEOS L. B - pTt ] Combined ]

1-CL

—e— CKM fit

A. J. Schwartz

80 100 120 140 160

a (deg)

@,= (87 £17)°

59°< @, <115° (90% CL)
(http://ckmfitter.in2p3.fr)
CKM fitter
Belle + BaBar:

®,= (96 +13)°

HEP Seminar, Brookhaven National Laboratory, 6 October 2005 30



D

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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D

o
253 b =

B* -DOK* :
N =209 +16
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Measurement of @,  (nep-exosious
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Measurement of @,

m? (GeV3/c*)
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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
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Fa»] Summary |

BELLE

sin (2¢y): 0.652 £0.039 +0.020 = ¢ =(20.3 e
b—qgs penguin: consistent with SM, largest 50

253 fp-L - differenceis 20 (before: 2.3c for avg.) 1 Bell/efk
| 1

sin(2p,): we have observed large CP violation in B— Tr'TT: |

\E|

A =+0.56 +0.12 (stat) +0.06 (syst) @” 210
S =-0.67 +0.16 (stat) +0.06 (syst) .
(A,indicates direct CPV at 4c significance) TR
IP/T|>0.17 (95% CL) 5<-4° (95% CL)

Isospin analysisof B -t 0°<@,<19° , 71°<@,<180° (95% CL)
Isospin analysisof B —pp:  59°<@,<115° (90% CL)

@, (687 13 £11)° 22°< @, <113 (95% CL)
CL of CP violation = 98%
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a»] Summary ||

BELLE

CKM fitter W @ =(22+12)°
Belle + _ _a\o
BaBar: ol (99 +13-8)

B Q= (63 +15 —-12)°

Doesthetriangle close?

¢+ @, +@,—180°
= (4 +20 —15)°

Yesl ..and...

outstanding agreement
with other measurements
(€, V ., B™-B’ mixing)

A. J. Schwartz

1.5

_15 L1 1

L | fitter

EPS 2005
I 1 1 1 1

| excluded area has CL>0.95

sol. w/ cos 2¢, <0
(excl. at CL > 0.95)

-0.5

ol
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