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BO — it formalism
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a»] Analysis Overview

BELLE
1) B_) WW(nT[O) mbc - \/<E;eam)2 o (p*B>2 For B_) TUTC:
selection: 5.271 < m, < 5.287 GeV/c2
AE = E, —E},, | AE| < 0.064 GeV

2) Flavor tagging:
Input: K= p*e* output: g==1, qualityr € (0,1)

3) Continuum suppression:

® Fisher discriminant from BB
Fox-Wolfram moments -1 qg 086 |
® Cos 05 ‘
Lo
KLR = BB el T
Lop+ Ly o B e

4) Vertexing and At fit

AN
a
A
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BO — 11T (140 fb )
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Unbinned max. likelihood fit to At (140fb-1)

219 events: 92 1T
(KLR > 0.86)

264 events. 140 1T
(KLR > 0.86)

A = +0.58 +£0.15 (stat.)
+0.07 (syst.)

S, = -1.00 +0.21 (stat.)
+0.07 (syst.)
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Sideband:

23170 BO tags
22736 BO tags

Asymm = 0.95 +£0.47%

Asymmetry

0.4 F L . | T B
04 F (b) ~ Non-CP sample | [SESSieiaioius
02 A_=-002 +0.03
S ,. ——— — - S = 0.11+004
10211 B — D
A =0.01 +0.03
S = 0.05+0.04

Asymmetry
o

2358 B —» K*1T*:
Ay = —0.02 +0.08
S¢,= 0.14+0.11

Asymmetry
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BELLE

1529(365.5,/135.4/1028.1)

+0.581018

0.22
—1.007555

Cross checks 1| various subsamples

KLR > 0.86 483(231.5/83.3/168.3) +0.767015 | —0.991035
KLR < 0.86 1046(134/52.1/859.8) +0.105032 | —1.3170%% | B T
exp.7-exp.19 866(211.1/76.7/578.2) +0.547038 | —1.2470-22 <i4r
exp.21-exp.27 |  663(154.4/58.7/449.9) +0.77T027 | —0.467033 12
AFE <0 872(194.8/131.1/546.2) +0.681930 | —0.8870-32 . | 15 |
AE >0 657(170.7/4.4/481.9) 1042702 | —1.19%931 [ 822 - % BN
|IAE| < loap | 623(171.1/60.0/391.8) +0.871032 | —1.107033 0.8 n ; ﬂ§é7 S
|AE| > loap | 1131(292.7/99.4/738.9) +0.68101% | —1.027033 06 | Lhge~/ |
|At| < 15(ps) | 1520(364.4/134.8/1020.8) | +0.587012 | —1.007°0% : ~ T [l
|At| < 10(ps) | 1516(363.4/134.3/1018.3) | +0.57 010 | —1. 01*35; 04 ¢ 18/
IAt| < 8(ps) | 1512(360.9/133.7/1017.4) | +0.59%012 | —0.9970% 02 - 4o
|At| < 5(ps) | 1470(351.4/127.9/990.7) | +0.587010 | —1.05705] o
multi tracks 1151(276.4/99.1/775.5) +0.44701% | —1.224037 B
single track 378(89.1/36.3/252.6) +1.007035 | —0.617057 02 -
lqr| > 0.75 185(81.6/33.7/69.7) +0.7754% | —0. 87*‘51 04 L
a7 > 0875 | 94(51.2/229/19.9) | +0.82%5m | ~0.86550 275 45125 1 075 05 025 0 025 05
lgr| < 0.875 | 1435(314.3/112.5/1008.2) | +0.2779% | —1.12703! Smn
lgr| < 0.75 1344(283.8/101.7/958.4) | +0.11792 | —1.307):22
¢ <50 1486(353.5/132.8/999.7) | +0.577018 | —1.00703
£<10 1125(274.3/97.3/753.5) +0.627015 | —0.8815:33
£<3 597(146.2/52.5/398.3) 4+0.891933 | —1.05%538
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D
] Crosschecks!ll: independ. analysis (binned fit)

BELLE

® hinned maximum likelihood fit
® KLR > 0.86 (less qq background)
® 3 different resolution functions

(lar| € 0, 0.50, 0.75, 1)
® no "outlier" events (|Atl< 10 ps)

wof wof
20} 20|
C + S
0 o 0 - ‘

@ 15: 15: 0.5- 0.75
10E 10 Jf

® analysisdonein blind manner g ] 3
T e T
ot e w o
Fit A x Srn x?/d.o.f.
Binned (K LR > 0.86) +0.65410199 | —0.94319:278 0.60
Binned (KLR > 0.86, |At| < 10 ps) | +0.73870227 | —0.913703%2 0.68
Unbinned (KLR > 0.86) +0.767918 | —0.99710:28 —
Results consistent with toy M C expectations (0 ,, =012, o =0.20)
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] Statistical Significance

BELLE

Use Toy M C, constructing confidence belts with Feldman-Cousins ordering:
E L5 T S N
| | | 1-CL=3. 17><10 Ao Sire= (0, 0)

1-CL=4. 55*10 3 corresponds to 5.20

statist. fluctuation =

observation of
CP violation

A, = 0 corresponds
to >3.20 statistical
fluctuation (any S;)

= evidence for direct
CP violation

-1.547 """"""""""" B i’ """"""""""" M i """" e i """" B Iy Il S {‘ """ L[ B R E ‘* """""""" B S ;’
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] Constraintsupon @, (a) and |P/T]

BELLE

Gronau and Rosner, 0 B 5 5
PRD 65, 093012 (2002) A(B—7tn7) = —(|Tle®re'?s + |Ple*r)
PRD 66, 053003 (2002): AB°—ntn~) = —(|T|ere ¢ 1 |P|eidr)
= A\ = g Zﬂ'ﬂ' — ol L+ |P/T| e?f(5+¢3)
T pAL 1+ |P/T|e*~%3)
(6 =6,—0,)
4 = AP -1 —2|P/T|sin(¢,+,) sin &
Take @,=0.736 +=0.049 A2+ 1 1 —2|P/T|cos(¢p,+¢,)cosd + |P/T|?
= 2 constraints & - 2Im
3 unknowns AP+

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

(@, o, [P/T])

1 —2|P/T|cos(¢,+¢,)cosd + |P/T|?
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,[deg

A. J. Schwartz

For |P/T| < 0.45

(factorization,

per tur bative QCD) For any 0
PIT| > 017

90 < @, < 146 (95% C.L))
(95% C.L.)

|P/T]|
5.0 10.0 1000
T

40;
750 00 w00 50 100 150 % o1 02 03 04 05 06 07 08 09 1
Confidence region (|P/T|=+0.450,s5in2¢,=0.736) Oldeg] PIATI+P)
0 IPV(TI+P)
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a»] Constraintsupon @, (a) and |[P/T]| cont'd

BELLE

Ali, Lunghi, and Parkhomenko,
EPJ C36, 183 (2004): Babar + Belle: C,=-0.46 +£0.13, S ;,=-0.74 £0.16 (HFAG)

= gmall @, requireslarge |P/T|; large |P/T | alowssmall @,

= small @, requiressmall |9| ; large @, alowslarge|d|
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a»] Constraintsupon @, (a) and |P/T| cont'd

BELLE

Ali, Lunghi, and Parkhomenko,

EPJ C36, 183 (2004): Babar + Belle: C,=-0.46 +£0.13, S ;,=-0.74 £0.16 (HFAG)
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BELLE
Gronau and Rosner, .
PLB 595, 339 (2004): SU (3) . Tyt -
Py
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Constraints upon @, (a) and |P/T]| cont'd

providesthe
needed constraint
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a»] Constraintsupon @, (a) and |P/T| cont'd

BELLE

Gronau and London, .
PRL 65, 3381 (1900).  OU(2) I'sospin:
A(BO —> 7T+7T_)

V2
AB—ntn™)

V2

+ A(B° — nn") A(BT —ntxw0)

+ AB—77% = A(B~ -7 n"

6 parameters+ 6 observables = all determined
New measurement (254 fb ') of B — T1Om0
and B% - 1010 now makes this possible:

5 =235 % %10

+0.17

A (TloTlD) =+ 0.43 +0.51 . 0.16

BUT

‘e Statistical errorstoo large to determine a p

® branching fraction large = weaker GL SS bound:

Gronau, London, Sinha, Sinha, 0p > (Bt~ /2 4+ Bt0 — B%)2 _ p+—B+0
PLB 514, 315 (2001): cosEY = B+-B+0\[1 - AZ_
> 0.498 = 6 < 30°
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] BO— p*rt formalism

P(p*n™)

pT
ACP

pT

0

pT

AC

pT

AS

pT

AN
Il

o e~ |At/Tp
= (1£ Acp {

1—gq(C, £AC, )cos(Am At) +
B

g(S, £AS, )sin(Am At) }
N(p*n~) — N(p~7™)

= : time & flavor integrated asymmetry
N(ptm) + N(p~+)

direct CP violation -
CP violation arising from mixing [ —
difference btwn (W — p) & (spectator — p) rates d —

difference btwn (W — p) & (spectator — p) strong phase

N(B°—p7nt) — N(B°—p™n™) _ Al + C,.+ Alp - AC,.
N(B°—p—7nt) — NB—ptn—) 1+AC, + ACp-C,,
N(B°—p™n~) — N(B°—p =n™t) _ Alp — C,n— AP - AC,,
N(B°—ptn—) - NB°—p—nt)  1-— AC, — ACp-C,,
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a1 New BO— p*11* result (140fb-1)

BELLE

other rare B

if multiple candidates, choose
best based on Z()(Zvertex fits)

@ combinations 2-d fit for event yields:
p(m®) > 200 MeV/c > - —
p* | cos(Bpgicity)| > 0.5 5 - m oK and

m(TTTT) > 0.97 GeV/c2 : 1 i
0.57 < m(Te10) < 0.97 GeV/c2 it
m(r10) > 1.22 GeV/c? R TN
2
: +

Entries/2MeV/c?
PR NN

E E = signa
100 F — - continuum
E -~ BB
B pK
and other rare B

&> 525 55 5275 52 5205 525 5275 5.3
M, .(GeV/c?) M, (GeV/c?)

M2(1tt 1)
A. J. Schwartz DPF 2004, UC Riverside, 30 August 2004 18
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[O

BELLE

N

C = ]I { P (AL) + frepye

ququ(Ati) + fb—>ch—>c(Ati) + fb—>uPb—>u(Atz)}

=1

Result:

T 0.09
Al = —0.16 70 4+ 0.02

= 0.25 +0.17 o2

pT
S, = —0.284+0.237
AC, = 0.38£0.180%
AS,. = —0.30 £ 0.24 £ 0.09
A. J. Schwartz

New BO — p*11* result (140fb-1): At fit

= 4 parameter fit

|

@
!
<
=

@' TTTT 77T
l

<

24

O<0Or =05

05<0r k10

;‘ [ ‘ [ ‘ [ ‘ [ ‘ |
-5 =25 0 2.5 5
At ps

DPF 2004, UC Riverside, 30 August 2004



D _ .
&) B0 — p*1r+ constraint on @,

BELLE

Gronau & Zupan,
hep-ph/0407002:

6 observables. C, S AC,AST,,I_
8 theoretical parameters. t,,t_, p,, p_, 0. =arg(p,/t,), & =arg(t_/t,), @

= Usejudiciousreparametrization to reduceto 4 observables
& 6 parameters

= Assume flavor SU(3) and use measured rates/limitsfor
BO —» KM+, p¥K* and B* — KPP+, p*KO to fully constrain parameters

Result:
BUT:
¢, =102 + 19 (Belle) + SU(3) breaking effects
94 + 16 (BaBar) » assumed 3, small
95 + 16 (average) + exists a solution near 170

A. J. Schwartz DPF 2004, UC Riverside, 30 August 2004 20
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Al Summary

BELLE

BO— Tr'TT ! (140 fb~):

A = +0.58 +£0.15 +0.07
S;=-1.00+0.21 +0.07 (> 2 o disagreement
observation of CP violation (5.20 level) between Belle and Babar)

evidence for direct CP violation (3.20)
90 < @, <146 for | P/T| < 0.45 (QCDf, pQCD)
If @, at low end of range, large | P/T| favored
| P/IT| >0.17 (95% C.L.)

Gronau & Rosner,
hep-ph/0405173:

103 + 17 (Belle + BaBar)
Bo— p*1T:
P C

Sp

on = +0.25 +£0.17 +0.02 -0.06
= —0.28 +£0.23 +0.10 -0.08

Gronau & Zupan, 95 + 16 (Belle + BaBar)

hep-ph/0407002:

A. J. Schwartz DPF 2004, UC Riverside, 30 August 2004 21
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&) Backup Slides
BELLE
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] Crosschecks|V: 1z and Am

BELLE

9346 B — D1t*:

Tg = 1.569 +0.021 ps
10211 B — DT

Tg = 1.589 +0.021 ps

2358 B — K=T1T*:
Tg = 1.52 £0.06 ps

A. J. Schwartz

(PDG: 15 = 1.537+0.015)

1529 B — 1UT.

Tg = 1.46 =0.09 ps

Am = 0.529 +0.044
0.072

(PDG: Am = 0.502:+0.007)
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] CrosschecksV: Toy Monte Carlo (107 exps.)

BELLE

56% out of

physical region
27% out of ellipse

DH_— : ; : : 25— ; ) ) )

{E o, of svantes in tha alipse D EEEEEEE (100.00 %) 'iE Mo, of avantes in the alipsa CFAABET [ TAE2 W
o, of svantes out of the alipse - 1 000 %) Mo, of aventes out of the alipse | 2558335 [ 26.68 ¥
Mo, of evantes in the boundary | SEEEE2T (100,00 %) Mao. of avantas in the boundary 4362074 | 43 62 %)

" Mo. of evantes out of the boundary © 173 ¢ 0.00 %9 " No. of evantas out of the boundary ; S537526 (55,28 %)

| |

i | g |

i L i

0.5 ; 0.8 X ;

| |

6 0 ,

0.5} ' 0.5k g, "-\ ; |

| N / |

[ .2 - |

-1} = : -} — |

Physical boundary [ Phys ical boundary |

Elip=e borders on the axpeiemntal value | Elipze borders on the exparnamntal valug |

-1.8 ' 1.5 |
2.5 -2 -1.5 -T -0.5 d 0.5 1 1.5 25 -2 b 5t -1 -0.5 4 0.5 1 1.5

A VS B linput A_=+0.0000, S_=+0.0000} S'II:'IE A VS 5 linputA, =+05481, 5 =-08357) S'Il:'n:
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