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] [ormulism for time-dependent Dalitz analysis

OELLE

B~ (pm)°> ' t® time-dependent Dalitz plot decay width:
[A(a S, , S )|
=e‘F|M{(|A3W| “ A5 = Qugl(|Asd P =14 5. *)cos (A MA t)-2 Im[%Ag‘nZ .. ]sin(AMA )]

A, =A, (s ,s_)=f (s,,5_)A"+f (s,,s )A +f,(s, ,5_)A°

A, =A, (s, ,s_)=F,(s,,5.)A ' +f_(s,,s.)A +F,(s,,s_)A°

T Q

For better fitting performance, we/redifihe

Ay A= 3 U2 X
k€l +,—,0] k<oel+, |, 1
qd ,+ & _ 1m % |
Im(EASTrA 317)_K<U€{+ZI_’O}(R e[ f:]IKU Kol 2 pararieterSG‘
" | P .;.‘-_':' __1;-‘;@.’ il 5

: . R N
U and | to be obtained...
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O Square Dalitz Plot (SDP)

OELLE

max min

: o m,  —m , . ,
Jacobian: |det ji=4|p. ||B;| 5= O rrsin(rmm )wsin (o)

~_Dalitz Plot §quare Daliﬁtzl__P_Iot
_ B-)(pT()O IR
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<o Event Selection

OELLE

e Charged track (™) selection
- Interaction point, transverse momentum, particle identification.
* Neutral track (%) selection

x" " 0
‘\q mvarlant mass. Y
2vent topology.., - _ "

- Photon energy, 71 moment

e Continuum suppression o-
* Kinematic selection: "*’e |
- Grand region: -0.2<AE<0.2 - * :
- Signal region: -0.1<AE<0.08 (" V) Mgt
* Best candidate selection.
e Veto on Dalitz plot (p mass band s s lected). |
- 0.55 GeV/c*<M,;+,,0<1.0 e\‘/gc = i .

- 0.55 GeV/c’<M+,-<0:95GeV/c? Bis, 1. B §
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Lo Event Category

OELLE

e Signal:

—- Correctly reconstructed. o

e 17+ replaced (~6%).

Fe i i b T B L L
00 01 0203040506 070809 1
m

e 70 replaced (~14%).

* Background:

9 s

q
L

- Continuum qqQ (g=u,d,g

* Dominant source (~60% in si
- BB oo ‘
* ~8% in signal region. S 0560505 04 05 06 07 65 09 ] 1
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<O et lineshape determination

OELLE

rrrr lineshape:

f(s)=BW (s)+BBW, (s)+yBW .(s)

e mrrr lineshape could be different for 6 decay amplitudes.

* Neither good theoretical estimation nor other experimental

result to constrain g and y. |

e We determined the p Iineshépe fro

m WA A2l
m data.

=

- The lineshape is fitted with looser Dalitz veto.

- Averaged B and y are used in the nominal fit.

- The systematic error is reduced to an acceptable level.
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<O et lineshape determination

p’1t? enhanced region

: . 120
red solid: correctly reconstructed signal =00

red dashed: SCF
hatched:qg
blue dashed: BB

| m, (GeV/c? )
~_p'mt’ enhanced region

"L 200 “wooo [
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§§150 §§150 =
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<O et lineshape determination

OELLE

e p'and p" mass and width
are based on PDG2005

values. |
 \We obtained: & 5 — |BW, +BBW +yBW,
B=0.3075%2 o) o

argp=(21317)° @ 20 |- ,

_ +27\0 . / |

arg)’—<91 _32) 0 Lt o TS s ’

06 08 1 12 14 16 18 2

L m_. (GeV/c?) :
ol O L — ' e
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o Signal fraction determination

OELLE

e AE-My and Dalitz simultaneous

f|t 19500 ;MbC t
e From 414fb™: /*** i
- 98742 signal yielo "?“,-_--: gy /
the signal box. N O
. 5 24 Ge\gc26 5 28 5.3
250 — AE |
red solid: correctly reconstructed/si (§150 |
red dashed: SCF %100 R L,/ SLA VY W 3¢
hatched:qq T g // ////
blue dashed: BB S S (S E <UL e
:- i~ n{:‘,ﬁg*- _] / AE GeV - J
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O Dalitz and At simultaneous fit

OELLE

Then, we perfofftt he Dahtz and At
simultaneous max I |Ike|IhOQ
for the events msie 'i‘: hal box"éf erf

the signal and bac o' \"“-lj” .
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) Dalitz and At simultaneous fit result (%4
BELLE QL2

hep-ex/0609003

U, +1(fixed

U+ +1.28 4 0.13(stat.) + 0.08(syst.)
Uy +0.30 + 0.06(stat.) £ 0.05(syst.)
U e +0.62 & 0.80(stat.) + 0.57(syst.)
Ui{}RE +0.41 + 0.52(stat.) £ 0.46(syst.)
U _+6RE +0.49 + 0.65(stat.) + 0.44(syst.)
Ui’_lm +0.86 + 0.83(stat.) £ 0.49(syst.)
U™ —0.53 4 0.39(stat.) & 0.47(syst.)
U™ —1.72 + 0.69(stat.) + 0.53(syst.)
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s Dalitz and At simultaneous fit result (2) (¥4

OELLE

-

hep-ex/0609003

Ul +0.22 + 0.15(stat.) £ 0.10(syst.
U~ —0.62 + 0.17(stat.) + 0.09(syst.
Uy +0.14 + 0.11(stat.) 4+ 0.09(syst.)
U —1.70 & 1.59(stat.) £ 0.77(syst.
U, —2.46 + 1.39(stat.) & 0.86(syst.
U~ —0.70 & 1.59(stat.) & 0.86(syst.
U;’_Im —2.21 + 1.71(stat.) £ 1.03(syst.)
U™ —0.83 £ 0.98(stat.) + 0.65(syst.’
U™ —0.79 £ 1.59(stat.) £ 1.05(syst.
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OELLE

,.ew.q . e

eI Dalitz and At simultaneous fit result (3) (vl

hep-ex/0609003

IRE

iy
s
™
Iy
o’

—0.03 &
+0.11 -
+0.02 =
+1.62 +
1.45 £
—0.65 &
—1.76 &
+0.00 £

- 0.11(stat.

- 2.42 stat

1(
(
(
(
(
(
(
- 2.06(stat.

—2.98

- 1.72(stat. )

- 0.06(syst.)
- 0.05(syst.)
- 0.06(syst.)
- 1.23(syst. )
- 1.12(syst.
- 1.49(syst.)
- 1.31(syst. )
- 1.15(syst.)

- 1.33(5}’813.:
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o Fit result (Dalitz plot)

OELLE

hep-ex/0609003
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Lo Fit result (At distribution)

BELLE
hep-ex/0609003
_ . - : 0.0 1
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hep-ex/0609003

Belle result
A= -0.12+£0.05+0.03
C=-0.13+0.09+0.06

AC=+0.35+£0.10+0.06

S=+0.00+-0.13+0.07
AS=-0.12+014+0.07

Aporr(): _0.45i0.35i0.32

Babar ICHEPOQOG6
A= —-0.14+0.04+0.02

pTT

C=+0.15+0.09+0.04
AC= +0.38+0.09+0.02

o
AS=

+0.
+0.

D OV 0. 95
06+013+0.03

So0=10.15£0.57+£0.43

I

AR

— - 5 —
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<O Direct CP violation

OELLE

hep-ex/0609003

dl_""l""""lIIII

Belle result
A;T‘ = +0.22+0.08+0.05

A= 40.08+0.17+0.12

05 i

|
— M
Confidence Level (o]

At | Babar ICHEPO06
Aj,:= +0.03+0.07+0.03

A - “;,.){ ' Apﬂ — _0.38_01610.07
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D ¢» constraint from B>’

OELLE

b->u CP eigenstate
4 v g
(B>, pp) v e ol
— ub
If no penguin: b = b,
B B AR /T
measure time-dependent decay rates} d

A J
Tree diagram

measure ¢2 .
| ( b th V*td =} \ q
b plTr
—J
B ﬁ
with penguin: d « dp/D \
. . |
Isospin analysis | \Penguin Jactam
: A
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D ¢» constraint from B>’

OELLE

Another method
non-CP-eigenstate B~ prr(m*m )
¢» can be constrainted by time-dependent

Dalitz analysis without ambiquities

First proposed by A.E.Snyder and H.R.Quinn
Phys. Rev. D48. 2139 (1993)

TABLE 1. The time and kinematic dependence of contributions to the distribution of events.

Time dependence Kinematic form _ Amplitude measured a dependence (all P,=0)

1 Frrer 5,8Y+8,57 1

cos( AM1) FAF AN 5,87 -8,87 1 { \ g “

sinlAMr) fr Im(gS,5%) sin(2er) ¥ 4 e A ."\ N P

i - 5,51 +5,51 i ;

cos{ AMt) fr* S‘S:_*Sjsf 1

sinlAM1) S ImigS,58%) sin(2a) er a Van a eS

1 fof (S,s;' +5.53)/4 1

cos{AMt) Sopos 15,5% S,S 14 1

sin( AM?t) [ ImigS,87)/4 sin(2a)

. ' Som ameters in the

cos(AMt) Re(f"f %) Re(S,S7 —§,5%) 1 O e par r I n

sin( AMt) Re(f*f ") Imig5,53 —q :S_ps;) sin( 2a)

1 Im{f*f=*) Im(S5,S +5,5%) 1 p .

erro s ' Dalitz and time-dependent

sin{ AMz) Im(f*f*) Re(gS,S% —g*5,5 %) cos(2a) I Z n I n n

1 Relf 7 %) Re(S.57+5,512 1

cos{AMt) Rel/* %) Re($;5F —5.5%)/2 1 .

g decay amplitudesihave

1 Imif ™ f0%) Im(§;5*+§,5%)12 1

cos(AMt) Im( £ %) Im(S$;S¥ —§,5%)/2 1 : . ﬂ

sin( AM1) Imif ' f%) Re[qS S -—q s shHn cos(2e) T : k -
1 e " M1 [+ cos(2¢;) dependences. | K
cos{AM?) Relf ™ fo*) R tS S s s )72 1 - \

sin( AMt) Rel(f f™) Im(g5,S5 —g*S$,53) sinl 2a) _ . T "
1 Im(f~ %) Imfs..s:+§,§;}/2 1 W -~ J T "
cos{AMT) Im(f~fo*) Im(S,5F —5,5%)/2 1 L=

sin{AM?) Imif~ f'*) ReigS,ST —g*S,853)/2 cosi2a)
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AT=A(B'—p n7) ¢o extraction can be improved by isospin
and time-dependent Dalitz combined analysis

=(24.0+£2.5)x107°
=(10.8712)x107°
Br(B—p°m )=(8.7f}.‘1))><10‘6
A ,=0.01+0.11 HFAG2006
A, =-0.071313 hep-ex/0603003

|
!_
i
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O Fit result

+12\0
P, = < 83_23)
CKM disfavored region

Dalitz analysis only

1-C.L.

0 30 60 90 120 150 180
b, (degrees)

(p,<8° and ¢,>129°) remains

1-C.L

1

0.8

0.6 r
0.4 ¢

0.2 1

0

First result from isospin and
time-dependent combined fit.

—
S

hep-ex/0609003
Dalitz and isospin analysis

Belle

1

0 30 60 90 120 150 180
0, (degrees)
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Summary

* First time-dependent-Dalitz and isospin analysis for
¢po extraction.

b, = (8 33% )0 o

ol

e B-p’n time-depender
- A= —0.45+0.35%0/328
_ S, = +0.15+0.57+0. |
e 2.4¢0 direct CP violation

- A*7=+0.22+0.0840.0

- A, = +0.08+0.17£0.1
"41““

o
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O Formalism

A, |*+|A. |*= fl2U*+2 (Re[f.£ U ~Im[f. £ U™
3 3 k 0 K K : 0] K~ o KO KT o
Im(%A;nz3n)= > (Re[f£1I™+Im[f 111
k<o€/+,—-,0] .; 3
U; =(|A1*+[A%*)IN

U:U,Re(fm)=Re<Im)[AKAg* A | -' »
[=Im[A“A"|IN '
IF°=Re[A“A""—A" A" |IN
[P=Im[A" A" + A" A" Jﬁ‘j

.

y .
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Continuum Suppression
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<O Best candidate selection

Using m_, and likelihood ratio

~ Before After
Likelihood s te |
3 - True |
2000 |- True 600
i g~ SN o | | SCR
TR 0‘91 ~70% reduction of SCF
Truly reconstructed ~30% loss of True recon
Self Cross Feed for multi-candidate events
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D AE and My,

]\4170E \/ E?)eam o Pé

i
L';‘,

AF=E.—E,

eam

IF ook beam enerqgy
Py: B meson momentum _

=1Eg4 B-mesgn enargy
"_ ———— — '_;——m
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¥l  AE-Mp. and Dalitz simultaneous fit

OELLE
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Lo Systematic Uncertainties

U—_}— U[:,IF U+,_H.f: [ iﬁHﬂ U —_}—[;.JH.{} U+ ,_lm [ iﬁlm Ujﬁlm
p and p” .01 .01 .29 0.19 (.26 .32 .37 (.29
SCF 0.01 .02 0.31 0.14 0.17 0.03 0.03 0.10
Signal Dalitz 0.02 (.01 .24 0.15 0.19 0.13 0.06 0.13
BG Dalitz (.02 (.01 0.16 .12 .14 .14 (.12 (.22
Other mrm 0.06 0.03 0.10 0.08 (.10 0.15 (.10 0.08
BG fraction 0.03 (.02 0.14 (.19 .13 0.23 0.07 (.22
Physics 0.02 < 0.01 .01 (.02 (.02 .01 (.01 .02
BG At < 0.01 < 0.01 0.03 0.01 (.02 (.02 (.01 .02
Vertexing 0.02 .02 .02 0.16 .11 0.08 (.08 0.09
Resolution < 0.01 < 0.01 0.04 .07 0.05 0.04 0.05 .02
Flavor tagging| < 0.01 < 0.01 <0.01 <0.01 0.01 <0.01 <0.01 .01
Fit bias (.01 (.01 0.16 (.22 0.07 0.09 (.22 .24
TSI < 0.01 < 0.01 0.01 (.01 (.01 (.03 (.01 .01
Total 0.08 0.05 0.57 (.46 0.44 ().49 0.47 .53

S
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D

o Systematic Uncertainties

U; U~ Uy U ug™ v u™ ug™ o™
o and p” 002  0.02 005 042 031 041 077 045  0.36
SCF 0.02 0.03 0.03 0.29 0.27 0.32 0.09 0.25 0.17
Signal Dalitz 0.01 0.02 0.02 0.28 (.32 0.32 0.38 0.15 .53
BG Dalitz 0.04 0.03 0.02 0.29 0.36 0.30 0.31 .22 0.41
Other o 0.05 0.05 0.03 0.12 0.11 0.14 0.15 0.11 0.13
BG fraction 0.03 0.04 0.02 0.31 0.30 0.32 0.38 .22 0.49
Physics 0.01 0.01 < 0.01 0.04 0.03 0.04 0.04 0.02 0.06
BG At <001 <001 <0.01 0.03 0.04 0.02 0.04 0.02 0.05
Vertexing 0.04 0.02 0.05 0.17 0.45 0.16 0.08 0.10 0.27
Resolution 0.01 0.01 0.01 0.16 0.17 (.32 0.11 0.10 (.29
Flavor tagging| 0.01 0.01 < 0.01 0.03 0.04 0.04 0.05 0.03 0.03
Fit bias 001  0.03 <0.0l 005 007 012 018 002 023
TSI 0.04 0.04 0.01 0.05 0.07 0.03 0.02 0.06 0.01
Total 0.10 0.09 0.09 0.77 .56 0.86 1.03 0.65 1.05
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O

Systematic Uncertainties

I I I e I S G Iy
p' and p” 0.03 0.02 0.04 .95 0.59 1.32 0.89 0.84 0.89
SCF 0.01 0.01 0.01 0.09 0.64 0.07 (.50 0.08 0.65
Signal Dalitz 0.01 0.01 0.01 0.33 0.29 0.30 0.31 0.35 0.31
BG Dalitz 0.01 0.01 0.01 (.34 0.38 0.30 (.32 (.34 0.33
Other o 0.03 0.03 0.02 0.17 0.15 0.18 0.22 0.15 0.20
BG frac. 0.02 0.01 0.01 0.44 0.34 0.33 0.32 0.37 0.29
Physics 0.01 0.01 <0.01 0.05 0.06 0.03 0.05 0.05 0.05
BG At < 0.0l <001 <0.01 0.05 0.04 0.04 0.05 0.04 0.11
Vertexing 0.02 0.02 0.04 0.16 0.28 0.14 0.42 0.37 0.28
Resolution 0.01 0.01 0.01 (.30 0.21 0.18 (.35 .25 0.28
Flavor tagging| < 0.01 < 0.01 < 0.01 0.04 0.07 0.04 0.03 0.07 0.03
Fit bias < 0.01 0.01 <0.01 0.12 0.01 0.27 0.09 0.09 ().22
TSI 0.01 < 0.01 0.01 0.09 0.07 0.04 0.04 0.03 0.07
Total 0.06 0.05 0.06 1.23 1.12 1.49 1.31 1.15 1.33

DPF/JPS 2006 B - mr+mr-r0 time-dependent Dalitz analysis from Belle C.C.Wang



Isospin relation

AB-p ' )= T +P"
=AB>p nh)=e' T +P

DPF/JPS 2006 B - mr+mr-r0 time-dependent Dalitz analysis from Belle C.C.Wang
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<o World average from CKM fitter
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