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¢; related decay modes

( unitary triangle ) ( CKM matrix )
< B
Vub

B- 1)(*) K(*)
B-D%n

D1t _system [ interferen
Time dependent analysis of B’-—

D" K system [ interference between same .
Analysis of B'»D_. K", [Gronou, Londc

Analysis of B'-»D__K', [Atwood, Dunietz,

sup

Dalitz analysis of B'—>[Km*n*], K", [Giri, Grossman, Soffer, Z
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sin(2¢,+¢,) in B’ »D" " decays

(2 B x 2 different final states)

Interference b -> ¢ (Cabibbo-Favoured), b -> u(Doubly-Cabibbo-Supressed)

Small size of

. - A,
ratio between DCSD and CFD, R = |I1 |~0.02 CP violation

*0nly tree diagrams, no penguins
2 \111 =1 [l «Clean methods of extraction, no model dependency
*High branching fraction for favored decay(3x10°-3)

Tapas R. Sarangi ¢;in Belle



Extraction mechanism

Two methods == Full reconstruction, Partial reconstruction

S

. —0 * . * 0 0
Full reconstruction : B’— D' “Cnf?;D +—>D‘E-r:/ D'm
DO—)K1T+,Kh1T+1TO,K1T+1T+\T/(-,KS1T+1T-,‘ D'5Kn'n"; KS—>1T+1T'

Partial reconstruction : Don't reconstruct D- S
only need two pion( Tt )information

use only lepton tag
FULL REC

A B®—> D' 1t ~31500 evts. (89% purity)
B®> Dt ~31800 evts. (83% purity) 8

PARTIAL REC

5.22 5|in24(c. V?.g)s 5.28 ) B0 — D*T( ~32800 events A

Tapas R. Sarangi ¢;in Belle



Experimental methods

Decay rates and experimental PDFs

P(B’-D"™m)=N[1-Ccos(A mt)—(S+—S:ag)sin(Amt)] 1—R>
P(Bo—>D(*')1T+)=N[1+Ccos(Amt)—(S-+S;g)sin(Amt)] C 1+R>|2<§1

_ | . . 2R,
P(B’->D"m)=N[14Ccos(Amt)+(S +Stag)sin(Amt)] = 1+Rf sin (2 ([)1+c[)3i(5*)
P(B'> D" m")=N[1-Ccos(Amt)+(S =S )sin(Amt)] CP violation parameter |

2¢,+¢; = weak phase difference
6. = strong phase difference

= effective parameters for tag side CP violation effect

otag side B -> DX can mimic the CP asymmetry of signal side
eObtained experimentally from B— D" Iy flavor specific decay
eSystematic only for full reconstruction
ePartial reconstruction uses only lepton tags

Tapas R. Sarangi ¢;in Belle



Results from Belle

New! published in Phys. Rev. D 73, 092003(2006)
Using 386 M BB pair

Events/0.0050 cm
8 8 8 83 32 g
Events/0.0050 cm

0 ! :i‘fi‘l T
-0.2-0.15-0.1-0.05 0 0.05 0.1 0.15 0.2

Events/0.0050 cm
Events/0.0050 cm
= wm [=3 ~

D' Full Rec D Partial Rec
S'. =0.050+0.029+0.013 S, =0.048+0.028+0.017

T

S5, =0.028+0.028+0.013

5, =0.034+0.027+0.017

Tapas R. Sarangi ¢;in Belle



Combined Result

-, . BelleDx D't full rec + partial rec

S}..=0.049+0.020+0.011
S, =0.031+0.019+0.011

Belle Dnt

S;,.=0.031+0.030+0.012
S,,.=0.068+0.029+0.012

constraint on sin(2¢,+¢,)
Need more info. about R, and 6
#*Using SU(3) symmetry we measured,

‘£ B(B'- D" m?)

R, =0.020+0.007+0.006(theory)
R, =0.021+0.004+0.006(theory)

Phys. Rev. D 73, 092003(2006

(§7+S) « sin(2¢,+¢;)C0S6
~ 2.50CP violation -»D'm
~ 2.20CP violation - Dm

Belle D*n N(o) . Belle Dz N(o) .

Belle D*xt Belle Dt
7 =1 : :

\

sin(2¢,+¢,)| > 0.44 at 68% CL for D'n

sin(2¢,+¢,)| > 0.52 at 68% CL for Dr
Tapas R. Sarangi ¢;in Belle




¢, from B - D"’ K”" system

B'>D'K* + V., B'->D°K*

lf VZb D° B ‘_.&\ET)O
5 !

*Interference of two amplitudes producing opposite flavors of D-meson

B+ Decay: ’B- Decay

mixed state D,=D’+re”*D° D =D"+re”D°
A(B'- DK V* V*
of — + 0 l I r
A(B'-»D K") VZb Vs

relative phase difference 0, =¢;+6,
¢; weak phase dlfference

6 strong phase difference

Tapas R. Sarangi ¢;in Belle



GLW method

#Reconstruct CP-even(D1), CP-odd(D2) eigenstates

Dl_)K+K-; 1T+1T- ] ] \
DK, Ko, Klg L, e

Partial rate asymmetry :

A _I'(B-D,,K)-I'(B'>D,,K") _ 2rgsiné;sing,
1'2_1"(B'—»DLZI()+1"(B+—+DL2K+) 1+1r;+2r,C088,C0S ¢,
. 6 for D,

Op
O+T1r for D,

3 observables, 3 unknowns I3, 6, ¢; unknowns

Tapas R. Sarangi ¢;in Belle



Results from GLW method

P-even] =D°K |CP-even
143.3+21.9

S20

Phys. Rev. D 73, 051106(R) (2006)
275 M BB pairs

modes used=D_K, D_,K

R
R, =
A

\
1 '
1

;
. L
i r .
Y i

.
fos
N, 1 [
Y r LY
— : |

", ’

o —D.l1 o 0.00C . C.20
AE (GeV) AE (GeV)

CP-odd | _~ D" K| CP-odd
| 149.5:19.0

W
FI
L
[
o
! '
I \
¢ 1
L
I
[

Events/ 10 MeV

, = 1.13+0.16(stat.)+0.08(syst.)

1.17+0.14 (stat.)+0.14(syst.)
, = 0.06+0.14(stat.)+0.05(syst.)
A, = -0.12+0.14(stat.)+0.05(syst.)

=
@D
=
o
-—
-_
w
-
=
D
=
(18]

0.0C -‘I O 0.20
AE (GeV)

R, = 1.41+0.25(stat.)+0.06(syst.)
R, = 1.15+0.31(stat.)+0.12(syst.)
A, = —-0.20+0.22(stat.)+0.04(syst.)
A, = 0.13+0.30(stat.)+0.08(syst.)

D’K'" CP-odd

12

Events / 10 MeV

0.00 0.0 o 20.10 0.00 0.10

- o 0.20
need more statistics AE (GeV) AE (GeV)

: 10
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B-[K '], K ADS method

u
K'/n _ D
s/d c
b C —_ s/d
u u u u

Similar order of magnitude enhances the CP violation

Br(B- D, K)
= Su = r°+r:+2 )
DK Br(B—D, K) gt Ip+<arg I'h COS 3 COS
A(B-D'K)
rp= ,  8=08,+6
*T A(B-D'K) °P
0 -
r,= A“Z;K* ™) ~0.060+0.003 (input)
A(D°-> K1)

Tapas R. Sarangi ¢;in Belle



Results from ADS method

hep-ex/0508048
386 M BB pairs

0.08 —

DI

15-IIIIIIIII LI IIII-

x 0.07

0.06

o B-D, K :

0.05 |

0.04 |

0,03 = Y ..

Events/10Me\/

0.02 |

B

g i“'.+~
-0.20 -0.10 0.00 0.10 0.20
AE(GeY
No significant signal -

Need more statistics 20,18 @90% CL

Ig-
4<r,<0.066 (20 interval)

aly
e
| | | I|IIJI|IIII|IIII |

0 C IR B I A
0 005 01 015 02 028 03 035 04
BABAR Dalitz anaysis ,' | Iy
Bele Daliz analylsis |

0°<¢,<180°, 0.

il

- 12
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B -[K.nm], K' Dalitz analysis

*A.Giri, Y.Grossman, A.Soffer & J.Zupan, Phys. Rev. D68, 054018 (2003)
%A. Bondar, Proc. of Belle Dalitz analysis meeting, 24-26 Sep. 2002

3 modes are used for this analysis

_ Same final states for
D, D> K"
D=|D"> + re”|D’>

B'>DK'=> M.=f(m’, m?)+re ™" f(m’, m>)
B>DK=> M=f(m>,m?)+re *" f(m’, m’)

B 2 2
m =M. ., M= .

Tapas R. Sarangi ¢;in Belle



Dalitz analysis method

*Statistical sensitivity of the method depends on the properties
of the 3-body decay involved

*(For [M|2=Const. there is no sensitivity to the phase 0)
Large variations of D° decay strong phase are essential

Tapas R. Sarangi

2 2
f(m., ., m, ) are known paramters
simultaneous fit to the B*, B data

obtain parameters ¢,;, r, ¢

*sModel dependent fit to the experimental
data from flavor tagged D — D’

oModel is described by a set of two-body
decay amplitudes + NR term

oAs a result, model uncertainty in the

¢3/y measurement

¢;in Belle S



Dalitz analysis

hep-ex/0604054, submitted to Phys. Rev. D

Events/(5 MeV/c%)

01 0.2

AE (GeV)

: 15
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Dalitz analysis

Fitting X,., y,. insteadof I, ¢3, &
New approach has low bias, better sensitivity, and easy plots

ips+s

X, =R(rye?’)=rycos(+¢p,+6), y, =3(rze*’)=rysin(+¢p,+6

frequentist approach for stat. error
j > 1

______

DK  0.02557  0.170577 —0.135550
D K -0.1283%. -0.339%..5 0.0323;s O.
DK -0.78437%° -0.281550 -0.10537

Tapas R. Sarangi ¢;in Belle



200
¢, (degrees)

Combining 3 modes :
$,=53" . (stat.)+3°(syst.)=9°(model) > 8°<¢,<111°(2c interval)

r, =0.1597>'+0.012(syst.)+0.049(model)
CPVsignificanceis74% r,; . =0.175%)5+0.013(stat.)+0.049(model)

r, =0.564;1°+0.041(syst.)+0.084 (model)

17
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Constraint on ry

Slide by A. Bondar shown at capri

Estimates of r; value from the combination of Belle and BaBar data
Construct PDF from different measurements using experimental observables:

A.R,, AR for GLW
e ﬁDKZ for ADS

X,= r cos(xg,+d), y,= r sin(xw,+ d) for Dalitz
take strong phases &g and &, which maximize PDF
@, either floated or taken from indirect UT fit (¢;=60°)

at BaBar Dalitz
Belle+BaBar ADS

D
D 0D5 D1 D5 0.2 0.25 D.05 D1 D15 D.2 D0.25
I g

r,<0.18 (90% CL) r,=0.13+0.04

Tapas R. Sarangi ¢;in Belle

ADS+GLW+Dalitz

0 005 01 D015 0.2 D0.25

r,= 0.10+0.04
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Summary

D*r system needs more experimental information on R, o
sin(2¢,+¢;)| > 0.44 at 68% CL for D'
sin(2¢,+¢;) > 0.52 at 68% CL for Dr

*GLW method needs more statistics to constrain rs

*Suppressed modes of DK has no

r;<0.18
0°<¢,<180°, 0.054<

Tapas R. Sarangi ¢;in Belle



Summary-—1

DK Dalitz analysis is in a good shape.

*Model dependency is the major uncertainty, need to solve
*A model independent approach is best way

A. Bondar, A. Poluektov,
hep-ph/0510246

lg,]nbinned

50 ab! at SuperB factory
should be enough for
model-independent y/op,
measurement with

accuracy below 2°
(compared to ~8° with GLW)
~10 fb! at y(3770) needed to f
accompany this measurement. Depstatisties
[BES-III is a good place for this] ; 5 5

a((p;) (degree)

BE—;-DI{ events,
stat. error

$,=53" " (stat.)+3°(syst.)+9° (model) 10 o°

Number of events

Tapas R. Sarangi ¢;in Belle



BACK UP
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Intermediate modes Amplitude

Kso, (M=520+15 MeV, =466+ 31 MeV)

Ks p(770)
Ks w
Ksf,(980)

Kso, (M=1059+6 MeV,I=59+10 MeV)

K f,(1270)
K f,(1370)
Ks p(1450)
K" (892)*1r
K*(892)Tr
K*(1410)*1r
K’(1410)-Tr
K*(1430)* 1T
K" (1430)1T
K", (1430)* 1T
K*,(1430)1T
K*(1680)*1r
K*(1680)Tr
Nonresonant

Tapas R. Sarangi

Model dependent fit

1.43+0.07

1 (fixed)
0.0314+0.0008
0.365+0.006
0.23+0.02
1.32+0.04
1.44+0.10
0.66+0.07
1.644+0.010
0.144+0.004
0.61+0.06
0.45+0.04
2.15+0.04
0.47+0.04
0.88+0.03
0.25+0.02
1.39+0.27
1.2+0.2
3.0+0.3

¢;in Belle

212+4

0 (fixed)
110.8+1.6
201.9+1.9
237+11
348+2
82+6
9+8
132.1+0.5
320.3+1.5
113+4
254+5
353.6+1.2
88+4
318.7+1.9
265+6
103+12
118+11
164+5
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