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Tagged D MDalitz Plot 24T
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Tagged D D ETE

Y(4s) DT —%5 711 fol ZfE A, Background (D&%
p(D*) > 2.5 GeV/c Combinatorial BG (cmb-BG) :

D° DEERZTREIEZ-LD
| Ks mass (PDG) — Ks mass | < 0.0125 (~40)
Random 7 BG (rnd-BG) :

Likelihood [S:2T K, 7 a#kAl, D0 (LT LB CETA,
D% mass & AM [ 26 THYE, D* DEEMEREEAT=LD
D° mass AM (D" mass - D? mass) | # of events/711 fb-! with
:signal | D9 mass & AM 20 cut.

— : signal

: cmb-BG

vents / ( 6e-05 )

~66,400 events

Purity : 92.8%

v%/ndf = 1.25

1.86 1.88 1.9 . 14 0.142 0.144 0.146 0.148 0.15 0.152 0.154 0.156
D’mass (GeV) AM (GeV)

~42,800 events
Purity : 90.8%

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

v%/ndf = 1.52

v%/ndf = 1.08

; ; . . ; L . . . ,
1.8 1.82 1.84 1.86 1.88 1.9 1.92 0.14 0.142 0.144 0.146 0148 0.15 0.152
D’mass (GeV) AM (GeV)
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1.5

m?(K )

05 1 15

7,{“/ I\ﬁ}ﬁ% : DO% KSK'Tc"' preliminary

) 22
mg . (GeV/c?)
v? / ndf = 1.37
E; ::1500 E;
¢ 0 é
=1500 =1000 =
a ] S 4001
21000 2 ]
> ~ 500 E
£ 50 g 2200
[ o o
> > >
w il ) | w ol L | w |
05 1 15 "1 15 2 25 3 5 01 15
m2_(GeVicy? mf  (GeVIc’) m;  (GeV/c

BR 7%, 7R J0ubER

Mode Fraction Amplitude Phase [rad]
K;(1430)° K 0.373 4.177+0.354 2.645+0.071
K*(892)° K, 0.012 0.136+0.006 | -2.004%0.045
K;(1680)° K, 0.330 11.25+0.668 | 2.772%0.029
K;5(1430)° K, 0.010 1.545£0.290 | -2.934%0.127
K;(1430)" K~ 0.065 1.724+0.376 | -0.158%0.271
K*(892)t K~ 0.611 1 0
K;(1680)* K~ 0.418 12.67+0.484 | -2.797+0.037
K;(1430)* K~ 0.068 3.989+0.276 | 0.417=+0.037
a,(980)" «™* 0.128 2.242+0.126 | 2.817%0.055
9KK 0.823
a,(1450)" nt 0.055 1.034+0.052 | -0.075%+0.033
a,(1320)" 7 | 0.00012 | 0.069*0.034 | -1.507%0.482
N.R. 0.134 2.927£0.442 | 0.124%+0.155
Sum 2.203
BMUOEENHSIEEDMBEEZF>THfL 0

TWSHD T, B DERRIZKARAEINE D KS%:
ETH->THg ZRIET HIEMNHESD,

11




e
=3
=3

(1.3
=3

Events / 0.020 (GeV/c?)?

0.5

7,{“/ I\ﬁ}ﬁ% : DO% KSK"'Tc' preliminary

I |
0.5 1 1.5

mZ_, (GeV/c?’

v% / ndf =1.30

10007

500r

Events / 0.020 (GeV/c

%05

1 15
mg (GeVIcY:

1715 2 25
mf(s,( (GeVic

51 15
m} _ (GeVic’f

BR 7%, 7R J0ubER

Mode Fraction Amplitude Phase [rad]
K;(1430)° K 0.314 6.151£0.636 | 3.033+0.133
K*(892)° K, 0.035 0.370%+0.013 3.106+0.048
K;(1680)° K, 0.125 11.13+0.830 2.2897+0.050
K;5(1430)° K, 0.061 6.229+0.387 | -3.066=+0.050
K;(1430)" K~ 0.246 5.387%+0.674 | -2.436%+0.077
K*(892)t K~ 0.237 1 0
K;(1680)" K~ 0.277 16.56+1.115 | -2.740%+0.061
K;(1430)* K~ 0.040 4.931%+0.349 | 0.641=£0.073
a,(980)" m*t 0.158 4.718+0.297 | -3.084%+0.131
9KK 0.455
a,(1450)" nt 0.005 0.492+0.095 | -1.939+0.166
a,(1320)" «* 0.0007 0.264£0.054 | 0.159+0.203
N.R. 0.302 7.047£0.864 | 0.172%+0.123
Sum 1.800
3&\#&%75%6*%&0)1&*5E’H{o:cﬁ:\{ﬁ L 0
TW5DT, B DARRIZKARENE D K57
[ETH->THS ZRIETHENHESD, 12
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Backup
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Events / ( 0.00875)
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Efficiency of SVD1

10,000,000 events are generated.

The efficiency of the Dalitz plane was fitted using cubic
polynomial.

Sample Fitted 2

efficiency piot ) plot of fitted function 2 distribution e
7 . hochisg: ]
I M e Entries Entries 4232
a . — o T T Meanx  1.086 0.075 o Mean x
= § 3 N < | m " Meany  1.058 % F Mean y
o B s B - RMSx 0. = s B RMS x
3 [ 2 ° L RMS y 0.07 ° L |RMS y
S sl 4 € 15 € 15
L - F - 3
E [ E o 0.065 E
L 1 0.06 C
L8 r 0.055 r
o5 98 ¢ 0.5 : 0.5 -
C 3 s C 1 - 1 C 1 L
05 1 15 0.5 1 1.5 . U 0.5 1.5 -
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Projection for Kr Projection for Ksm ,

Entries 78

T Mean 1.205

% S F RMS __ 0.4495
2 0071 S 007~ g
(] L @ - 4
e t e i
S 0.06F S 0.061 4
=] r o [ ]
e T 2 I ]
£ 0.05F £ 0.05F .
X - | SVDL~6Y%
w L w [ ] ~ 0
0.04] 0.041- - -
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00355 1 15 00355 1
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efficiency plot

Sample

0.5

TR, S, (-

Efficiency of SVD2

10,000,000 events are generated.

The efficiency of the Dalitz plane was fitted using cubic
polynomial.

Projection for Kr

1.5
mZ . (GeVic?)?

efficiency plot (m_kpi)

=
=

0.09

0.08

Events / 0.01 (GeVic?)

=]
=]
I~

0.06

h311
Entries 78
Mean 11321
RMS 0.4236 [

AN .

0.5

1
15
mZ_ (GeVic?)?
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plot of fitted function

Entries

T
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0.5

LS R A v N T R
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0.5

1.5
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efficiency plot (m_piks)
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Entries 4228
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1.5
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Combinatorial BG : D> KKt

Combinatorial BG distributions are extracted from D° mass

sideband (-10c~-5c, 56~100). The distribution are smoothed by paw.

- 2 - 2
Enlrier;am857929 Entrie’;am859088
Mean x 1.068 Mean x 1.066
Mean y 1.846 Mean y 1.842
RMS x 0.3968 RMS x 0.3939
RMS 0.5258 RMS 0.5256
2|3 %
3 3
[ ¢ e
(a'es % %
L'r4 N
1 L 5
1 0.5
m2_(GeV/c?)? m2_(GeV/c?)?
data sideband (D°) data sideband (50)
o< 3 « 3F . . 20
o o 3] -
] N (] - 16
()} © 25 © 25F "
- € r N I S8 - 14
+ F . & = 12
(@) 2 2 == i 10
o : E N i ’
& 1.5 151 Iq:, 6
(Vp] N = r 4
N C . ...._-_ L -h_ " 2
1 L U 1 i} : —l 7 0
0.5 1 15 0.5 1 5
m?2 (GeVZc?) m2 (GeVZc?)
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Combinatorial BG : D> KsK*7t-

Combinatorial BG distributions are extracted from D° mass

sideband (-10c~-5c, 56~100). The distribution are smoothed by paw.

. 2 name . 2 name
Entries 51752 Entries 49926
Mean x 1.019 Mean x 1.023
Mean y 1.877 Mean y 1.875
RMSx  0.3794 RMSx  0.3784
RMSy  0.5117 RMSy  0.5089
= |3 3
3 3
© | e o
m ] %
X X
£ £
L | 1
0.5 1 1
m2_(GeV/c?? m2_(GeV/c??
data sideband (D')
% T g T T 20
a [ N L = 18
o > f 3 . 16
Q © 25 © 25 .
[ E C E [ 5eas & . 14
) r [ o i 12
O of o i S .
E R SRy 10
o E E -:. ‘grqi!r-"-ii;—' - - 8
E 1.5} 15 { iz th_:__!m-—' ey, 6
n - - Ny 4
: . - 2
1 | iy 1= | L 0
0.5 1 1.5 0.5 1 [
m2 (GeVZ/c?) m2 (GeVZ/c?)
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Random pion BG : feed-through
In the rnd-BG, if the charge of captured =, is the same as the
charge of the true r,,,, , such events are equivalent to the signal.

On the other hand, if the charge of captured =, is the
opposite, such events are background of the another mode.

Different mode

*+ 0 .+ *+ 0+
D - D T[SlOW D - D T[slow

I_)KsK_T[-l_ I_)K5K+7T_

=&

* — nO — * — no —
D - D Msiow D - D Tsiow

I_)K5K+T[_ I_)KsK_T[+

Charge conjugate

Thus, there is a feed-through by the another mode in
the rnd-BG.
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Angular dependence

1
Spin0| A, =F.E C Fp , F, depend on the
P 07 TP M2 — M2, — iM, I, radius of meson.
Spln 1 MZ _ MZ MZ . MZ @ ——————
Mgc — Mjc + 5 (1‘35 4 5) AB resonance
AB
DO B

A, = FpE
LT M} — Mg — iM,[yp
Spin 2 2
— FpE. ) ,  (Mp—MH Mz — Mg)
Ay = 2. Mpe — Mjc + >
M7 — Mjp — iM, Ip Mg
1 (Mj — ME)? (Mj — Mg)?
= (MjB — 2Mp — 2M¢ + 72 Mjip — 2Mj — 2M§ + 72
AB AB
IKR S. Kopp et al. (CLEO Collaboration),
a.(980)* | Ag, (980) = FpE : Phys. Rev. D 63, 092001 (2001)
o(980)F | Aaoom0) "M? — Mg — i(PynGin + PrRIRE)
4 ) . . .
Red letter : free parameter Definition of fraction
2 £ f|aiei‘PiAi|2dm,25dm32,
PDF = fsigNnorm Z} aje“pJ'Aj + (1 — fsig)PDFbkg ' f|Z] ajei(ijj|2dm)2Cdm§]
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K:(1680)* K~

Multiple solutions

There are multiple solutions because of local maximum of likelihood.
Therefore 100 random initial values are used for the fit of Dalitz plane.

MC at

This parameter is shown for example. generation level

h_pull
ssssssss

amplitude __ pull of amplitude phase pull of phas
60 601 | T o | I ] 60" | m
40+ 40'— 40+ 40+
20+ 20~ 20~ 20
L0 1 L0 Ao " . L 1 J L .
5 6 ﬂﬂ7 Yo 5 0 5 10 T35 a .25 % 5 0 5 10
A{K (1680) K} pull of A{K (1680) K} P{K (1680) K} pull of P{K (1680) K}
Multiple solutions Red line : generation velue
\/_2 log(L/Lmax) <1
g A — piet e ]
60» . 60_ T RMS__ 0.01544 60_ 0.001534 60_ —_
40+ 40- 40- 40-
20~ 20; 20~ 20+
5 5 7 S5 0 5 0 "4 35 3 23 L B
A{K (1680) K} pull of A{K (1680) K} P{K (1680) K} pull of P{K (1680) K}

Multiple solutions were vanished.
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Multiple solutions : D2 KsKt*

To check that multiple solutions are vanished,

one parameter is shown for example.

K;(1680)°K,

amplitude

n F
g
“ 20F
o [
s
10
F ) ) 1
T 1T 12
A{K (1680)° K¢}
Elﬂhld 5T
PR s
E 30 i
“ 20F
o [
s
10
0 12

10 11

A{K (1680)° K¢}

# of fit results

phase =
Mean 2907
T T RMS 0.1611
40 ]
30
20
10
0 25 3 35
P{K1{1BBO)° Kg}
g 40 RMS 4850005 |
-
wn
2 30
&
‘s 20
3+
10
=25 3 35

# of fit results

fraction =

30

20
10f
%2 03 04
Fr{K1(1680)° Ke}

P{K (1680)" K}

ist
EEEEEEEE

Only one solution remains.

}2 r
3 30
e L
E 20
(=]
** [
10
052 03 04
Fr{K1(1680)° Ke}
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Maximum likelihood result : D=2 KsK7t*

Mode Fraction Amplitude Phase [rad]
K;(1430)° K | 0.373 | 4.177%+0.354 | 2.645%+0.071
K*(892)° K, 0.012 | 0.136=0.006 | -2.004+0.045
K;(1680)° K, | 0.330 | 11.25%0.668 | 2.772%+0.029
;hzis{)s K;(1430)° Kg | 0.010 | 1.545%0.290 | -2.934+0.127
K;(1430)* K~| 0.065 | 1.724%+0.376 | -0.158+0.271
K*(892)* K~ | 0.611 1 0
K;(1680)" K~| 0.418 | 12.67%+0.484 | -2.797%+0.037
K;(1430)* K~| 0.068 |3.989%0.276 | 0.417=%0.037
a,(980)" w* | 0.128 | 2.242%+0.126 | 2.817%+0.055
" 1m§5n (Geviciy gxK 0.823
v2 [ ndf = 1.37 a,(1450)~ 7+ | 0.055 | 1.034%0.052 | -0.075%+0.033
a,(1320)~ w*| 0.00012 | 0.069+0.034 | -1.507+0.482
fon N.R. 0.134 | 2.927£0.442 | 0.124%0.155
fl /11 Sum 2.203
Yo

5 115 2 25 3 1 15
m2._ (GeV/c) m? y (GeVic’) m?  (GeVic’f’

Black dots : data , Red line : fitted function 26




Fit result : D=2 KsK* 7t

To check that multiple solutions are vanished,
one parameter is shown for example.

K;(1680)°K, The rnd-BG is excluded from this fitting.

amplitude = phase = fraction =
Mean 1.07 Maan 2,308 Mean 01211
» T T RMS 01321 0 T T T RMS _ 0.09423 | o T T EMS 001217
= E L = = o L ]
3 4 » 40 2 0
S 30; < S 30t
;: 205— ; 20 : 20:—
10} 10 10f H
ST no. 12 5 =2 25 3 "0 02
A{K (1680)° K¢} P{K (1680)° K¢} Fr{K (1680)° K}
1 1 1
‘\/_2 log(L/Lmax) <1
g T 5 e 2 . . e PR, 3 ]
3 4 » 40 2 0
S 30; < S 30t
;: 205— ; 20 : 20:—
10F 10 10
ST no. 12 45 2 25 3 "9 01 02
A{K1(1680)° Kg} P{K1{1BBO)° K} Fr{K1(1680)° Ke}

Only one solution remains.
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Events / 0.020 (GeV/

o
01000

Maximum likelihood result : D=2 KsK* 7t

0.5

: I
1.5

mg . (GeVIc’y

%2 1 ndf = 1.30

?)

%~1000F
©

500 500r

Events / 0.020 (GeV/

Yos 1 15 115 2 zlsz)g
m?_(GeVic?)? mf « (GeVic

%05

T 15
mf . (GeVic’y

Mode Fraction Amplitude Phase [rad]
K;(1430)° Ks | 0.316 | 6.150%+0.626 | 3.033%+0.125
K*(892)° K, 0.034 | 0.368=%+0.013 | 3.107+0.048
K;(1680)° K, | 0.125 | 11.08%+0.819 | 2.290=%0.050
K;(1430)° K; | 0.061 | 6.194%+0.391 | -3.059+0.051
K;(1430)T K~| 0.240 | 5.305%+0.674 | -2.434%0.076
K*(892)* K~ | 0.239 1 0
K;(1680)* K~| 0.280 | 16.58%+1.087 | -2.734%0.059
K;(1430)* K~| 0.040 |4.926%+0.338 | 0.647%+0.073
a,(980)" «* | 0.160 | 4.730%0.344 | -3.095+0.149

9KK 0.457+0.049
a,(1450)" | 0.005 | 0.497%0.098 | -1.932+0.163
a,(1320)" ©* | 0.0007 | 0.261%0.053 | 0.163+0.204

N.R. 0.299 | 6.991+0.886 | 0.175%+0.115

Sum 1.801
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Black dots : data , Red line : fitted function




Selection criteria (for B events)

Impact parameter

[dr| <5mm , |dz| < 5cm

Moc 5.27 < My < 5.29 GeV/c?
PID for all charged K : PID(K) > 0.6
for all charged = : PID(n) < 0.4
t) — 2
Mass M(r*r) — M(Ks)| < 0.0125 GeV/c

IM(K*K) — M(D9%)]| < 0.0159 GeV/c?

Best candidate
selection

Use the best M.

Y(dS)DET—H(711 fo)Z=EA,
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Likelihood Ratio (KSFW)

=Rels

KDoNS

KSFW:
EHEARMBGENDANUED
RIRERIEL T HF &,

- + - qf t

jet-like

spherical

7L (BERZR) [(EBRIKIZ,
qagAIRUMEP oy MRIZH

EEFERDHT2KITT 1Yk (KSFW Likelihood vs AE)IZ&>T

Example of KSFW likelihood ratio

LR(KSFW) — signal ; 163900
qq : 14859
arm : 5437

5 0251

|||||||||||||||

bilit

3 o02F

Pro

0.151

" .

'LR(KSFW)

Red : signal
Blue : qq (charm + uds)
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KSFW Likelithood (MC)

D> KsK-rtt

D> KsK*r

— signal 161247 — signal - Ta3900
— qq : 16892 ——qq : 14859
charm : 6618 charm : 5437
2 0.25 E I ' — uds : 10274 2 0.25 C ' — uds : 9422
' 5 C s C
g S o2 S o02f
e C e C
o ‘. L
0.155 0.15H
I 0.1F _ 0.1
1 C ] u
m 0.05 — 0.05\+
0k n re—— T === . oE T —— =W S J
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0. 1
LR(KSFW) LR(KSFW)
— signal : 145281 — signal : 147016
——qq : 10046 —qq: 10911
z 025 ' ' o z %r ' e
! 5 C 5 C
x 3 02F 8 o2F
e C e C
o + o -
D 0.15 0.15H
I 0.1F 0.1 =
1 [ u ]
)] 0.05] 0.05] =
0: = — ——— i ] 0: . S . ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
LR(KSFW) LR(KSFW)

Red : signal Blue : qg (charm + uds)

DT FIILEQUINVI T TV RIE KD BETETINS,
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49N ZRHULNSPDF

For AE
for signal Double gaussian
for BB background | Exponential
for qq background | 15t chebyshev

For KSFW likelihood

Histogram PDF

for signal

Obtained from signal MC

for BB background

Obtained from BB MC

for qg background

Obtained from qg MC
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Control sample : B-=2>Dn, D2>KsKrt*

Projection for each axis

Events / ( 0.00875 )

AE KSFW likelihood

[ x2ndf = 1.27 | x?ndf = 1.20 |
600 bb = 1094+ 54
bb_e = -7.219+ 0.56
—~ 500 qq = 3476+ 70
g qq_slp =-0.2191+ 0.033
(=] ia=
& 4001 * sig= 1359+ 44
2 300
c
(]
o 200
100
0 devsddipannhe -;:-‘.A-_.-.-:."llll.-“':i-.-"'. - --ﬂ
: ‘ 0 0.2 0.4 0.6 0.8 1
AE (GeV) ksfw_Ir

Blue solid : total pdf, Magenta dashed : signal
Blue dashed : q0 BG, Green dashed : BB BG

{ Signal events : 1359 =+ 44(stat) J
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Control sample : B-2>Dn, D2>KsK*rr-

Projection for each axis

Events / ( 0.00875 )

AE KSFW likelihood

| ?/ndf = 1.12 | x?/ndf = 1.07
bb = 884+ 48
500 bb_e = -7.487 + 0.64
— qq = 3085+ 64
“N’ 400 qq_slp =-0.1220 £+ 0.035
S sig = 946+ 38
° -
< 300F
3 E
c [
2 200
w E
100F
0"».1".'--- el ek - T
: ; 0 0.2 04 0.6
AE (GeV) ksfw_Ir

0.8

1

Blue solid : total pdf, Magenta dashed : signal
Blue dashed : q0 BG, Green dashed : BB BG

{ Signal events : 946 =+ 38(stat) J
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HAF SN ABODKARU D%

B-2>Dr, D2>KsKn* : 1,359 =+ 44(stat) events
B-2>Dr, D2>KsK*r : 946 * 38(stat) events

B->DK, D>KnDEMIZLD L.
(Y. Horii, K. Trabelsi, H. Yamamoto et al., PRD 78, 071901(R) (2008) )

Br(B-->DK")
Br(B->Dn)

=[6.77 = 0.23(stat) = 0.30(syst) ] X 10-2

Hl4FEINABODK, DOKsKnA R D ET L.

B-=2>DK-, D=>KsKrt: 92 * 6 events
B-=>DK-, D>KsK*n : 64 * 4events
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Dalitz Plot

FICHIRETHLELGLHHRHIGKE
DO BALTETLSAHEELH S,
DO>??->KsKn

(e.g. D>K*K, K*K0 a,m, ...etc.)

K*t
Doé KsKn® Dalitz Plot (MC)

/N

KSTF

\/\/ »

ERRICHAENHET m?(Kn)
massz L TH %,

P P \ s
0.5 1 1.5 2

nonresonant modelX

—RKRIZHMI S
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Dalitz Plot

FICHIRETHLELGLHHRHIGKE
DO BALTETLSAHEELH S,
DO>??>KsKn

(e.g. D>K*K, K*K0 a,m, ...etc.)

KSTI'

\/\/ »

EKFIZHAEHET
massz L TH 5,

Doé KsKn® Dalitz Plot (MC)

mZ(KTE)
nonresonant model(&

—RKRIZHMI S

,_ « K*
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D->K*K g1k

g —|—\ < ~ S/ %
y K EELMHK
> K** : 80%
0 C > ™ > S _
D™ - ) 7 K ) K*-: 20%

DO(D0 ) > K*+K- i
Do(ljo)%K*_KJ, D2 DDIIREINTFET B,

BOEREEHETE—FZHIFIT S,
BY :K"‘@Ki: p KT Opposite mode

BO - [K'OKF|pK*  same mode

wy K KEq0 013 .
Fz K* & Kt g0t - 23 THIET %,
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ZHGWi%

B*, B- M7tk
D%KSK T A[B - K_(K*+K_)D] = ’ABAD| [1 +TBT'D€7:(5B+6D-¢3):|
DK A — KKK )o] = Ao Aple® [rp - 5585
D>KsKnt ABT — KT(K* " KT)p] = |ApAp| [1 +TBTD61‘(6B+5D+¢>3)]
D>KsKtn- A[BT — KT (K**K~)p] = |ApAp|eP {TDJFTBei(aB—JDws)}
AB A(B_ N DOK—) AD A(DO N K*—I—K—)
A T lAB- =Dk |T P T Ap| T A - KT K-

ol HEDAIE TRELCRIESN TN (BREIB) £ 5.
SRHBUL S, &, e, BDED, DUELEDAKZEEIL T NILERITS,
CDRREE—FDHTHDAITEMNTIEE

[608653: [ (R1+R3_2)2_(R2‘|‘R4_2T%)2 )]J

A[(R1 - 1)(Rs — 1) = (R2 — rh)(Ra — 1},

R _ |AB” = K~ (K""K7)p] 2 Ry =
1 — ABAD ) 2 —
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The merit of LR(KSFW)

D> KsK-rtt

D> KsK*r

B =>Dm

[ significance:ksfw_cut |
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[ significance:ksfw_cut |

@ N T
o - crestesatiitesaaiz .
& ST EE L L 2] F T
8 M LI
= e ? 23
'c C
o 40
7] C
35}
30
25}
20 I ! !

B-->DK-

[ significance:ksfw_cut |

M
g 1 I
Lt se '
I i
T it
G 1111l
R It
1ojlhl
!
71
glt
6
| L L
G 0.3 0.4 06 08

[ significance:ksfw_cut |

8 of T
g f L
£ ke

- 11371

s

5f1h“

11!

5?

%: 02 Xy 0.6

These distributions are reasonable.




