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1. Motivation

* B0 > DK*O

|. Dunietz, Phys. Lett. B 270 75 (1991
— Can be used for measurement of ¢,. y ( )

Suppressed mode

_ DB’ — [K-w]pK*m) 4 T(BY — [K ] p K —mt)s—) PO Eser B0
D

R * pu— —
PES = 1(BO & [K+n-|pK+7) + D(B° — [K—nH pK—7+)

= r% 4+ 12 + 2krgrp cos (6g + 6p) cos ¢3 £ = KT Favored mode
= JT (BOQ[K-"J'E']DK*O)

— Time independent analysis, since B flavor tagged by K*° decay.

* Possibility of more sensitivity by Dalitz analysis on B® > D K* &
— T. Gershon Phys. Rev D 79, 051301 (2009)
— T. Gershon and M. Williams Phys. Rev. D 80, 092002 (2009)

* | obtained the permission of suppressed mode at Aug. special BAM.
— | report the result of Ry..



2. Event selection

We reconstruct B meson by the following requirements.

(GeV)

Primary tracks
*|Ar| <5 mm
*|Az| <5cm

DO
K :LR(K/x)>0.4
t :LR(K/m)<0.6

M, —my,| <0.015

K*O

K :LR(K/m)>0.7
t  :LR(K/m)<0.6

| My, — M| <0.050

BO
*|M,.—mg,| <0.008

*To reduce the contamination from non-K*° backgrounds,
we apply tighter requirement for K from K*°.

*Mass fit is applied to D°.

Best candidate selection : based on M,

Background subtraction
D* event rejection : AM > 0.15 GeV

AM : the mass difference between the D** and D candidates
D* event have a peak AM ~ m_,.

BY = [K*O K|D- =" (same final state for sup.) : | My, - Mp,| > 0.018 GeV

Helicity angle of K*9 cut : cosO,« < 0.8 for favored mode
rs Integrated regions for fav. and sup. mode are different due to cosO,. cut.




3. Suppression of qq background

in neural network.

(OLR(KSFW) *[gr|
eCOSOthr

C *|cosOg|
«c0sO b *cos0P,
*Az *AQ

oD *0
\Dlstance D K Y,

Each detail is discussed
at backup pages.

Training

NeuroBayes package is employed.

The following parameters are input of NB.
NB is transformed in NB’for checking systematic uncertainty easier.
NB’ is looked Gaussian like distribution.

NB(function of 9 par

@ 0.24
$ 0.22
>

%:100,000 signal and
- 100,000 qq MC are used
—with NeuroBayes training.

_
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4. Signal extraction
| perform AE NB’ 2D fit.

PDF for AE PDF for NB’
. Sjgnal : a do.uble Gaussian * Signal : a double Gaussian
fixed from signal MC fixed from signal MC
* BB: frge egponential and a « BB : adouble Gaussian fixed
Gaussian fixed from 4 st. BB from 4st. BB MC.
MC
— D0 : fixed from MC
_ Peaking BGs : fixed from MC — Peaking BGs : fixed from MC

* [K*%], K*for fav. mode
* [K*OK],. m* for sup. mode
* [K*K]p mtm for sup. mode

 qg: free 1%t order chebychev * (g : adouble Gaussian fixed
from M, sideband of the data.



5. Fit on data Exp 7 -65

Suppressed mode  Dotswitherr.bar :data
o e Blueline : Total PDF
b R * Red dashed : Signal
S « Magenta dashed : DOpO
£ * Black dashed : Peaking BGs
N * Green dashed : BB
e Blue dashed : qQ
|AE| <0.03
Favored mode ° N — 5 2 + 10 3
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) Nfav. =128 .y
— +67 % -2
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et e 050
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Events/(0.4)
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6. Result of Ry«
Many syst. err. are canceled
m by taking the ratio of sup. and fav. mode.

+2.2

PDFs parameterization .75 R = Noyo/Esup.
. . DK* Nfav/gfav
Fit bias + 0.2 coE
Efficiency +0.1 Fit par. :varying fixed parameter by £ 1 o.
+2.4 Fit bias :check 1000 pseudo-experiments.
Total 18

Efficiency : MC statistics and PID correction.

F g/- Bifurcated Gaussian
. _ 025
* Obtain Ry upper limit. i u=0.034
g-”; upper o = 0.071
RDK* < 016 (95 % CL) fo1s- lower o = 0.063
[x1077] Rpx-o Stat. Err.  Syst. Err.  upper limit (95% C.L.) °-°1f— 0.14 (90 % CL)
This Analysis 3.4 50 T 16 - 0.16 (95 % C.L.)
Latest Result by BaBar 6.7 +70 +1.8 24 °-°°5:_
Stat err. SySt err. 00:' = 6.1115' = '011' 15 02 o.|25' =03
_ 6.7 248\ % 1A-2 ok R
RDK* = (34 + ., * 1.8) 10 Integrated DK



7. Summary and Plan

* Summary
— | obtained Ry, and updated Ry« upper limit.

Stat err Syst err.

DK* (34i60 —18)*102
=0.16 (95 % C.L.)
* |'ll updated Ry« upper limit.

 Plan

— Obtain upper limit with likelihood.
— Publish this result.
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Events / ( 0.01)

Events / ( 0.01)

2D- ﬁt to gg MC

| #%/ndf = 207.60

x10°
- AE L= 0.001207 = 0.000016
140~ 4 AEc, = 0.008533 + 0.000013
1200 AEc/c, = 10.400= 0.078
C T AEY/Y = 0.94810 = 0.00051
1001 NB™"*S 1 = 2.022+0.079
80 C NB™ANS u,= 3.729.+ 0.065
C NB"“‘NS = 2.314+0.014
60 B 0210 0.806 = 0.015
C NB"‘"‘S Y/Y = 0.583 = 0.040
40F T | sig= 341520+ 584
20—
o Double Gau55|an
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| 2Indf = 2.82
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012
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NBANS u, = 0.000 = 0.021
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Background rejection

13

Comparlson with previous anaIyS|s
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Previous analysis :
Likelihoob method
on KSFW and cosb,
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This analysis :
NeuroBayes method

on 9 parameters
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NB

For the numerical comparison, we obtain signal efficiency
for background rejection at 99 % 95 % 90 % and 80 %.
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Signal efficiency

Background

rejection (%)

99

95

90

80

Signal efficiency (%)

Likelihood (2 par.) NeuroBayes (9 par.)

27.1

60.5

73.1

84.8

Rate for
signal efficiency

52.0 1.92
77.4 1.28
86.4 1.18
93.4 1.10



14

List of variables for NeuroBayes
m

LR(KSFW)

cosBy, 359 92 72

cosOX; 328 154 43

Az 213 110 29

Distance D K*9 185 85 28
lar| 151 55 23

| cosBg| 143 61 21

cos6% 53 23 13

AQ 25 4 10

Significance of single parameter: Reasonable result

The correlation of a variable to the target multiplied by V(event number).

Significance loss when the variable is removed:
The loss of correlation multiplied by V(event number) when only this variable
is removed from the input set and the total correlation to the target is re-computec



NB output

0.8 ::
0.61
0.4
0.2F
0F:
0zt
04
0.6
0.8

1¢

Signal extraction

Strategy is to apply 2-D fit to AE and NB output.

2-D histograms are shown to reveal small correlation.

NB output

-1 EYETETEIT YR EN I 1= 1= I=)=|=] |=|=] |=] |=|=]=]=
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060 i L
oab Bl
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0F il SO
-02i SR T it TH
-04
0.6f
-0.85
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Corr. factor
Signal :-1.9%
aq :-1.5%

-1
-0.20.15-0.40.05 0 0.050.10.150.20.250.3

AE

We will obtain a 2-D PDF by taking a product of 1-D PDFs. s



I‘RKSFW

LRsry : Likelihood

: 0.30 ‘
ratio of KSFW. : Signa
0.25F qaq
b C
L = 0.2[
— (lused this with cut 2 :
base in previous o 015
analysis.) % o4y
0.05]
P e e

0 0.10.20.30.40.50.60.70.80.9 1

I‘RKSFW
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| cosO,, |

* |cosO,, | : the

absolute value of g:j
the cosine of the o 042]
angle in CM frame £ o1
between the thrust g 0.08
axis of the B decay % ggj
and the one of the 0.02}
detected remains. =

|cos6,, |



K
cost®,

* cosOX, : the cosine

of the angle 014¢
between the . 120
2 04f
daughter K 5 00g)
direction and the  § ;6
opposite direction * g4}
to B in the D-rest 0.02/ -1,
frame. 0 1-0.80.60.40.2 0 0.20.40.60.8 1

K
cost,

18



Az

e Az :the distance of 0.24;
0.22+ o

the reconstructed 0.2}
and tag-side B ohed

0.16
vertices.

0.14F
0.12F
0.1F
0.08F
0.06 -
0.04-
0.02- : :
0F- T I s = - S S R
-0.15 -0.1 -0.05 0 0.05 0.1 0.15
AZ

Probability

19



Distance of D K*

e Distance of D K* :

the distance of 001-::
closest approach R 0.16
between the K¥* £ 70
0 Ryt
track and the 3 0.1
: © 0.08]
trajectoryofthe D 2 4
candidate. 0.04
0.02¢ LT
O-....l'.'."'"rrr-'—f S s O N

0 0.01 0.02 0.03 0.04 0.05 0.06
Distance of tracks for D and K*



ld

* |gr| : the absolute

0.181

value of the flavor 016k
tagging information > g::_—
qr, where q = T
. . s 01|
indicates the b- S o.08F
flavor and r A 0.06,
o 0.04}
indicates the 0028 e g, ]

. . ) LETETE EE P FUUTE P NUUE FPU TRUTE PP Wi
quallty Of tagglng' 0 010.20.30.40.50.60.70.80.9 1

lar

21



* |cosO;] : the
absolute value of
cosine of the angle
between the B-
flight and the beam
axis.

O:lllllllllIlllIIllllIIIllIllll]lllllllllllllllllll
0 010.20.30.40.50.60.70.80.9 1
|cost|

22



D
cost®y

* cosOP; : the cosine 35,

of the angle 0.03k
between the D _0.025]
direction and the £ o.on
opposite direction §0.015§ el
to Y(4S)inthe B- & oo1f i 0
rest frame. 0.005"

0 1-0.80.60.40.2 0 0.2040.60.8 1

D
cosbg

23



AQ

 AQ:the charge
difference between 0.16 i
the sum of the 0.14F i
charges of particles 0.12
in the D hemisphere 01
and the one on the 0.08"
opposite 0.06F
hemisphere, 0.04!
excluding the 0'025
particles used for the B
reconstruction of B
meson.

Probability
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Signal
(Efficiency (%))

Background
rejection (%)

BB
DOpO
DOt

DOK*

D*OJ'E+

D*0K+
D*'J‘l?+
qq

cosH

43.7
39.8
97.7
99.5
89.1
84.5
87.9
14.3

8.4

85.9

28.3
22.2
95.4
86.2
67.5
63.4
71.0

91.3

18.5
13.5
78.0
66.1
50.1
46.8
55.2

5.2

95.4

8.3
4.6
43.1
34.3
25.2
23.2
28.1
2.1
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Events /(0.01x0.4)

Events /(0.01)

Events/(0.4)

L NBRANS < 0

0.1 0.2 0.3
AE (GeV)

»/ndf = 0.47

AE < 0.03

Events /(0.01)

Events/(0.4)

favored mode on MC(1)

¥?/ndf = 0.92

Events /(0.01)

bb = 242+ 33

bb_e =-1.99+ 1.0
drho= 25+ 13

qq = 670= 36

qq_slp =-0.2175 + 0.089
sig= 122+ 14

»Z/ndf = 0.66

_O < NBTRANS

Events /(0.01)

Events/(0.4)

35

30

N
ol

¥#/ndf = 0.45

3 N BTRANS

Events/(0.4)

x2/ndf = 0.65

- 'y = a
Y Ae . -
" PR LA Sap
-10 -5 0 5 10
NBTRANS
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Events /(0.01x0.4)

Events/( 0.01)

Events/(0.4)

Nsi

i

o II!||||||"|\f‘

Fit to favored mode on MC(2)

¥2/ndf = 0.86

N%MW<O

0.1
AE (GeV)

¥2/ndf = 0.57

D3

¢. = 133 from generator info.

Events/( 0.01)

Events/(0.4)

¥%ndf = 0.91

100

80

60

40

Events /(0.01)

bb = 207 + 31
bb_e =-3.65 = 1.1

drho= 25+ 13

qq= 724+ 35
qq_slp =-0.2573 + 0.081
sig= 144+ 15

2/ndf = 0.91

Events/( 0.01)

Events/(0.4)
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40

st 3 < NBTRANS

30 K

25

20|

15

10

o

2.

0.1
AE (GeV)

¥Z/ndf = 0.47

Events/(0.4)

x3/ndf = 0.63
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Events /(0.01x0.4)

Events/( 0.01)

Events/(0.4)

Fit to favored mode on MC(3)

x3/ndf = 0.79 x3/ndf = 0.96

90 bb = 193« 30 1001
80 bb_e =-1.67+ 1.2 :
drho = 27+ 13 [
- 70 qq= 772+ 36 ~ 80
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Events /(0.01x0.4)

Events/( 0.01)

Events/(0.4)

Fit to favored mode on MC(4)

x2/ndf = 0.85 x3/ndf = 0.69
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Events /(0.01x0.4)

Events/( 0.01)

Events/(0.4)

Fit to favored

¥2/ndf = 1.36

N TRANS 0

D3

Events/( 0.01)

Events/(0.4)

Events /(0.01)

100

80

¥%ndf = 1.60

’

Events/( 0.01)

Events/(0.4)

.
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-
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.
.
.

bb = 462+ 41
bb_e =-2.870

qq= 701+ 39

drho=-29=+ 14

qq_slp =-0.4091= 0.089
sig= 118+ 15

+0.68

xé/ndf = 0.84

30

3 N BTRANS

0.2 0.3

Events/(0.4)

mode on the data

x3/ndf = 0.63

100
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Events /(0.01x0.4)

Events/( 0.01)

Events/(0.4)

Fit to suppressed mode on MC (1)

x%/ndf = 0.76 x3ndf = 0.73
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Events /(0.01x0.4)

Events/( 0.01)

Events/(0.4)

it to suppressed mode on MC (2)

x3/ndf =1.38 x3ndf =1.22
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Events /(0.01x0.4)

Events/( 0.01)

Events/(0.4)

Fit to suppressed mode on MC (3)

x#/ndf =1.41 x3ndf =1.14
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it to suppressed mode on MC (4)
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Events/( 0.01)
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it to suppressed mode on MC (4

with 33 signal events.
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Events /(0.01x 0.4)

Fit to suppressed mode

on DY sideband data
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BB backgrounds

* BB background AE PDFs are fixed from MC.

— | generated 1M events D°p° MC.
» D90 PDF shape is obtained from fit to MC.

x2/ndf = 1.07
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Fit to data on favored mode
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6. Check the Br(B°->DK*?).,,,

Number of BB +1.4 1::_ ’Eézit ma;;‘zsifggg
Track efficiency +1.4 so:_ R
Signal efficiency +0.2 40:_

Uncertainty of Br(D°>Km) +1.3 -

Fit parameterization +0.5 qoa$4 R R R R R R

Fit bias 0.0 Pull distribution for number of signal.

* Br(B°->DK*9).  =(3.68 +0.49 +0.10)*10°
) o

This analysis 3.68+£0.49+0.10
+1.1
+
Belle @ 85M BB (PRL 90, 141802 (2003)) 4.8 10 05 DO subdecay, Kru®, Koo
BaBar @ 226M BB 40 +£0.7 0.3 are included.

(arXiv:0904.2112v2 [hep-ex] (2009))
PDG 4.2 +0.6 s



Check cos0O«,in signal box

| check for B® = DK*m non-resonant mode

Wlth COSOK*O In Slgnal bOX. Dots with error bar : data
Histograms : MC
% - Red : Signal
80 - Slgnal box Blue : BB
70 |AE| <0.03 GeV Yellow : qaq
ok NBTRANS > 3

ol
-1 -08 -06 -04 -02 O 02 04 06 08 1

cosﬁ_.,

Non-resonant mode is negligible.
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7. Fit to Suppressed Mode
on 4 ensembles of 1 stream M
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cosH,. distributions of each mode
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* Some BB backgrounds have a strong peak at cost .« ~ 1.
* cosO,. < 0.8 cut for BB background suppression.



