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J49MEER - DIDKK 7t

Amplitude Phase [rad]
K;(1430)° K¢ 2.71%+0.21 0.411+0.076
K*(892)° K; 0.159+0.008 -1.57+0.032
K;(1410)° K, 3.37%0.06 2.46+0.05
K;(1430)t K~ 3.947%0.21 2.93%0.06
K*(892)* K~ 1 0
K;(1680)" K~ 7.81%+0.18 2.30%0.04
K;(1430)" K~ 1.69+0.11 0.503+0.049
a,(1450)" #* | 0.604%0.045 | -0.385%+0.073
N.R. 3.81%0.32 -0.337+0.117

COETIVZRNTB>DK BRIRET1vkL. ¢, DIEZERFS.
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J49MEER - DO KK 7

Amplitude Phase [rad]
K*(892)° K; 0.379+0.012 -3.04+0.04
K;(1410)° K, 2.831+0.20 1.77+0.12
K;(1430)° K, 2.52+0.33 -3.06+0.07
K;(1430)t K~ 4.63+0.34 -2.60£0.07
K*(892)t K~ 1 0
K{(1680)*t K~ 11.0+0.3 -2.87+0.04
K;(1430)t K~ 2.48+0.13 1.197%0.07
a,(980)" w* 2.39+0.26 -1.73+0.16
a,(1450)" w* | 0.627=0.064 -2.40+0.14
N.R. 5.35+0.40 -0.566+0.095

g, = 0.345+£0.021
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2D-fit result for Data

- B*, D2KsK*zn~ | B, D2KsK'w* | B*, D 2KsK z* | B, D ?KsK*r-

( ﬁt}‘c’(tjnt) 1451.9/1452  1356.2/1356  1334.0/1334  1322.8/1323
Signal 38.4+8.4 56.949.3 33.1%+7.5 23.7%+6.7
B>Drx 53.7%+8.9 40.6+7.8 44.2+8.2 30.1+7.0

B> K*KK 9.11 (fix) 9.11 (fix) 9.62 (fix) 9.62 (fix)

BB 226.7+40.2 220.6%+38.2 247.7*41.6 155.9+396
qq 1124.0%£49.6 1029.1+47.2 999.4*49.4 1103.4%50.1
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For D* study
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Angular dependence

1
Spin0| A, =F.E C Fp , F, depend on the
P 07 P M2 — M2, — iM, I radius of meson.
Spln 1 MZ _ MZ MZ _ MZ @ ——————
Mgc — Mjc + (M5 ﬁg 4 5) AB resonance
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1 (Mp — M¢)? (Mg — M5)?
=% (MjB — 2Mp — 2M¢ + 2 Mip — 2Mj — 2M5 + e
AB AB
IKR S. Kopp et al. (CLEO Collaboration),
a,(980)* | Agy(980) = FpF . Phys. Rev. D 63, 092001 (2001)
o(980) | Aaq(os0) "MZ — Mg — i(Pyn9hn + PRRIRE)
4 ) . .
Red letter : free parameter Definition of fraction
2 P f|aiei¢iAi|2dm,%dm32,
- f. plPjA. — f. 1= 2
PDF = fsigNnorm Zj ajeAjl + (1 fszg)PDFbkg ”Z} ajel‘PJAjl dmyzcdmjzl
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Efficiency & resolution

In the Dalitz fit, the efficiency of the Dalitz plane is considered,
and the resolution is convolved.

Efficiency: favored mode, SVD2
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Efficiency

Favored mode. SVD1 Fit function : cubic polynomial.
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Efficiency

Suppressed mode, SVD1
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Distribution of the resolution

/
, Resolutions of favored mode, SVDI
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Fitting of resolution

The resolution distributions were fitted by quadrople 2D-Gaussian.
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Resolution convolution

1o is defined as width include 68.26% of the resolution function.
The resolution function is described as binned function which has
width of 1o, and convolved up to the point include 99.74%.

3,3 3,3

pdf:‘imeared(xay) — Z pdf(x + Z(Tx,y + ]O-y) . VVIJ/ Z VVU

[=-3,j=-3 I==3,j==3
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For B study
e ————————————————————
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Mode definition

Bfav BT - DK* D —» K. K*n™t
Bsup B* - DK% D - KKt

Dfav. D** - Dt D - K. KT mt

Dsup  D** - D%, D - KK*nt
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PDFs

Bfav  A[BE » KE(KsK*n™) | = [45Ap|[1 + rprpeie+énte)]

Bsup 4Bt - Ki(KSKT’ni)D- = |AgAp|e'®r[rp + r5et(0B=0p1¢s)]

B A(DY - KK~ n™)

Ap
A ~ |A(D® > KK—7t)

Ap

Ap
Ap

) 7"D_

‘A(B‘ — DOK )
TB u— —

A(B- - DOK")

PDFgfap+ = Nporm|Ap|*[1 + rg15 + 2rrp cos(8p + 6p + ¢3)]
PDFgsyp+ = Nporml|Ap|?[1r5 + 15 + 2rg1p cos(8p — 6p £ ¢3)]

|Ag|? (XA U Y ERITIRFLEZLD T Ny [ITRIREND

= rg cos(dp * ¢3)
Y+ = 1z sin(dp £ ¢3)

X

-+

PDFgfav+ = NnormlApl?[1 4 (x3 + y2)15 + 2x47p cos §p — 2y41p sin &p

PDFgsup+ = NpormlAp|?[r3 + x2 + y3 + 2x47p cos 8 + 2y47p sin b |




Background compornents

B->Dn The background from B¥ — Dr* decays.
B>K*KK | The background from B* — K*KK decays.
PDG Decay.dec
3.6 X 10
+ *+ 1+ [r— X 10-5
Suppressed BT - K*"K'K (include K*4) 3.13%X10
mode
Bt - K**¢ 1.0 X 10°° 1.0 X 10
|| BY - K°K*OK* 1.5 % 10
| Bt > K*K*K* 1.5 X 10°
Favored mode . —
Bt - KOK*OKt 1.5X10°

* These BGs peak like signal in the AE-m,_plane.
* The fractions of Decay.dec are used in this analysis.

BB | Other background from BB.

dq | The background from qq.




Events / ( 0.00875)

Control sample : B2Dx, D 2KsKrx

B 2D, D2KsK * B- 2D, D 2KsK* -

—: total pdf
--- signal _
Signal : 1359 =+ 44(stat) ___.. 44 BG Signal : 946 = 38(stat)
AE ---.. BB BG - 3002
___ Dalitz plot § f:; ___ Dalitz plot

AE (GeV)

AE (GeV)

m2(K )

B1FEESh HB>DK BRFIN BB>DK
DA DAL
92 * 6 events = 64 =+ 4events

Dalitz plot _E DE 75 HE
ENRTERNDS

Dalitz plot D71 YRZE2T
SHEDFHZFLIIENTES
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Control sample : B2>D7x, D2KsK z*

Projection for each axis

AE KSFW likelihood
[ x?ndf = 1.27 | x?/ndf = 1.20 |
600 bb = 1094+ 54
bb_e = -7.219 + 0.56

;; —~ 500 qq = 3476+ 70
S g qq_slp =-0.2191+ 0.033
§ S 400 7 | sig= 1359+ 44
= 2 300
- c
c (]
l%’ o 200

100

00

AE (GeV)

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

{ Signal events : 1359 = 44(stat) J




Control sample : B2>D7x, D2KsK z*

Projection for each axis

Events / ( 0.00875 )

AE KSFW likelihood

| lendf = 112 | XZ/ndf = 107 |
» bb = 884+ 48
500F bb_e = -7.487 + 0.64
— N qq = 3085+ 64
Q  400F qq_slp = -0.1220+ 0.035
= sig = 946+ 38
° =
< 300
‘m_, K
c E
2 200
w E
100
o e o e TP v
: . 04 0.6 0.8 1
AE (GeV) ksfw_Ir

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

[ Signal events : 946 = 38(stat) J
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HlIF SN ABODKAR LD

B->Dmn, D2>KsKwt* : 1,359 & 44(stat) events
B->Dn, D2>KsK*m : 946 £ 38(stat) events

B>DK, DoKnDfRTIZ LB L.

(Y. Horii, K. Trabelsi, H. Yamamoto et al., PRD 78, 071901(R) (2008) )

Br(B~=> DK’
Br(B">Dr)

= [6.77 = 0.23(stat) = 0.30(syst) | X 10?2

B SN ABODK, DOKsKnA RN D ETIE.

B2 DK, D2>KsKrt* : 92 = 6 events
B-=> DK, D=>KsK*rt : 64 = 4events
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NB variables

14 variables are used as NB input variables.
(Each distribution of variables is shown in the backup.)

[ TMVA Input Variable: kOlrksfw | | TMVA Input Variable: cosb | oS Tt [ TMVA Input Variable: dz | iz NoTranstor
T e T T o7 T[T T k] Mean 0.00176 L -] L T{Mean  -0.002316
g 12 i glgnkal I g I g 0.8 RMS _ 0.4471 g :: é ' ' ' ' ' " [rws n.oe-Ass
5 H777] Backgroun . ® e ® 3 q=
E 10 s E 07 £ E : 15
5 S 5 3 5 wf 13
z 8 g =z 06 s 2 Lt i<
Y ; : 1z
6 p= 0.4 d 2 20 I
o : H < F is
< 0.3 S 15F E B
4 & | & 3 ja
) 0.2 : 10F 1
2 E H g o k %
= 0.1 H 2 S5F 42
///////1,,.-_ S H S : 1d
5 ] 5 E 13
0 0.2 0.4 0.6 0.8 1 0 -0.8-06-04-02 0 0.2 04 06 08 1 90.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2
kOIrksfw cosb dz
[ TMVA Input Variable: gr | S NoTranstorm | TMVA Input Variable: cos_thr | VE;::;?:;NDT:;;';;" [ TMVA Input Variable: -dg*bchg | n st
- 24 flean  0.005014 -] T TTTT—TTT|Mean 0.4984 - T T T T T T T T T T T T T {Mean 0003758
@ o (7} RMS [ 0.16 RMS 3.273
2 22 2 8 2 : ]
£ 2 s g 7 s £ Mt EES
5 s 5 Hs 5 i i3
s 18 s 2 6 S S o012 q:
“ 1 e = I : g
5 5 iR al: ;
1.4 £ 1= : £
1.2 e 4 ] o 0.08 |- S
s o o s
! : e 3 H < 0.06 | =S
0.8 @ H @ s @
0.6 H £ 2 He 0.04F 23
H = B - 3
0.4 2 1 1< 0.02¢ 3
0.2 q O O g o
=] =] 2
-1 -0.5 0 0.5 1 00 0.2 0.4 0.6 0.8 1 0 =20 -10 0 10 20
qr cos_thr -dq*bchg
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NB variables

Qbgk__S_NoTransform

TMVA Input Variable: Qbgk |

Normalised

Entries 49763
-0.4203
0.9216

0.5

0.4

0.3

0.2

0.1

e N T P
U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

6 8
Qbgk

cosd_b_S

Entries 49763

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

-08-06-04-02 0 0.2 04 06 08 1

| TMVA Input Variable: vi_z |

vi_z_S_NoTransform

Normalised

1.6

1.4
2_\‘-

1.2 s
=]

1 =3
0.8 g
0.6 s
0.4 @
2

0.2 @
)

o =]

0 0.2 0.4 0.6 0.8

vi_z

cosd_b

v3_v3_S_NoTransform

Entries 49763

| TMVA Input Variable: dist_d_k | et ] [ TMVA Input Variable: cosd_b |
Mean 0.00751
g 1 40 RMS 0.008753 .8
@® R
T 120 = ©
E @ £
S 100 R S
4 ; =
80 s
=
(=]
60 =)
e
40 )
@
20 3
o
0 > 0
0 0.0050.010.0150.020.0250.030.0350.040.0450.05
dist_d_k
| TMVA Input Variable: v1_v1 | [ _vt_S NoTransform [ TMVA Input Variable: v3_v3 |
Entries 49763
g —T—TTT—TTTTTTTTTTMean 0.5099 '8 3.5
3 RMS __ 0.2887 2
= 10 = 3
£ £
S S 25
z 8 z .

o
TTT T T T T[T T T T T

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

2
1.5
1

0.5

Mean 0.5142

RMS

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%
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NB variables

[ TMVA Input Variable: th_v_z_s s 8 NoTnstom | TMVA Input Variable: thru_oth | ru_oth_$_NoTransform)

Entries 49763 Entries 49763

- ™TT Mean 0.4373 L] " Mean 0.7443

@ 1.4 RMS _ 0.2764 [ RMS _ 0.0764
2 2 5

© * ] 2

E 1.2 £ E £

o e o 4 e

Z 1 S b4 S

=3 1=

0.8 Ny 3 B

S S

=] (=]

0.6 < g

e 2 <

0.4 @ @

2 (23

0.2 H ! &

3 b, 13

0 =] 1 4 S

0 0.2 0.4 0.6 0.8 1 ?1.55 0.6 0.65 0.7 0.75 0.8 0.85 09 0.95 1
th_v_ z s thru_oth

These variables have difference between signal
and qq background.
NeuroBayes is trained using these variables.
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NeuroBayes input variables

The correlations between NB variables and fitting

variables are checked.

Correlation Matrix (signal)

Linear correlation coefficients in % 1 0 0
-66-65100

d0m2ksk
dOm2kpi -8 =12100-65
dOm2kspi 100:12-66
m_bc 1 1 19100
delta_e 2 2 8 1 100:19
thru_oth 2 100
th_v_z_s 13-12'-61100
v3_v3 -2123100-6
vi_vi 8 =5100023-12' 2
vi_z 6 3 1100-5 -2 13
cosd_b -1 100 1
dist_d_k 100 3
Qbqgk -2 -1 100
-dg*bchg 1100 -1 1
cos_thr X7} 100 1 6 711911 2
qr 100
dz | 72 (v
cosb | i/
kOIrksfw (lolo) - fi 5 - -100
FREEEEECSNNSNE 23
= g*u_cﬁlg > > > 2 T E E
2 °% s ° £ S g°3

NB input variables  Variables for fit

Correlation Matrix (background)

Linear correlation coefficients in %
100

d0m2ksk 5 2 12 -1 -67-66100
dOm2kpi 141 1 =10100-66
dOm2kspi 2 -1 1 1 100:10-67
m_bc -5 2 -2 2 100
delta_e 100
thru_oth -1 . 3 2100
th_v_z_s 4 2 11-163-3 100 2
v3_v3 -1 8100 3
vi_v1 B - -5100 8 -3134
vi_z 10 2 2 2 -1100-5 63 -1
cosd_b 5 1 11 =1:100 -1 -1
dist_d_k 12 1000=11 2 1
Qbqgk -1 =1 =3100 2-311-4
-dg*bchg =21-1 1100 -3 1 2 1 2
cos_thr 100 1 1 11088 4 4182
qr 1000 -1
dz [ ldily 2112 1-9 11 -8 -2
cosb 100 1

kOIrksfw L)) 1 557 2 2 100

N - = DX ¥ &8 NT ®m ®w £ 0 © 5 5 x
Eﬂuu'f,.:u-|||>>|*5|.n%§-m
n O e e oxg J oINS e 12X X
x O o 2 g e >3 o | = g N ]
= H - g > > > 3 o EE
s e T 2 5 IE o Es &
= ° o £ = %'U'u

There are no correlations.
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NeuroBayes output

NB was trained using ~100,000 signal events
and qq background events.

| NeuroBayse |
NB output
T~ 1 - - 1 - T
0.12F —sig
- ~bb
- -qq
=
©
2
2
o
e '"—':""'"'d—#i— .
0 0.5 1
NB

Signal events are separated from qq background.
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Likelihood Ratio (KSFW)

Likelihood

Ratio of KSFW.
| used rooKSFW

package.

spherical

jet-like

0.4_- —

Probability

- signal : 13951
—qq: 1691

0.2

0.3:—

T T T T T T T T T T T T —— charm : 750
— uds : 941

02 04 06 08 1
LR(KSFW)

Red : signal
Blue : gg (charm + uds)
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cosO;

I
=]
7]
D
o

B AN

T\ BB g 0.03- I | —

B‘L beam e | ]

0.02_— 7

0.01 N

Angle of B-flight and e e &

beam axes in CM frame. g '9_1

Signal : sin20,. o
BG : flat.

Red : signal
Blue : qq (charm + uds)




e Distance of
reconstructed and tag-

side B vertices in z axis.

e Signal : can be larger.
* BG:smaller.

| 4 1

/\ /\ beam

B decay another B decay

o
(Y]
(3

Probability
o
)

—— signal : 11365
—qq: 15871

— — charm : 5330

— uds : 10541

-0.1 -0.05 0 0.05 0.1

Red : signal
Blue : qq (charm + uds)




O

* Information for the tag side.
> ( : b-flavor.
» r: quality of the tagging.

Probability E

* Signal : events near 1 or -1.
e BG:small amount of
events near 1 or -1.

Il )

/\ /\ beam
Reconstructed B Tagging Info gr.
. J

ﬂ

—— signal : 11365
—qq: 15871
—— charm : 5330
— uds : 10541

~— w05 0 05

Red : signal
Blue : qq (charm + uds)
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* Absolute value of cos0;, where

| cosO,,. |

O; is the angle in CM frame
between thrust axes of the
candidate and the detected
remainder of the event.
Signal : flat.

BG : strongly peaked at 1.

Reconstructed B T/

,A‘ beam

Momenta of others.

(2}
(o}
(7
D

o
N

Probability
e
o

- signal : 13951

—qq: 1691
charm : 750

— uds : 941

e

0 0.2 0.4 06 08 1

Red : signal
Blue : qq (charm + uds)
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* Cosine of 6°;, where 6°; is
the decay angle in B> DK.

—— signal : 11365
—qq: 15871
charm : 5330

— uds : 10541

Red : signal
Blue : gg (charm + uds)
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 The charge difference
between the sum of the
charges of tracks in the D
hemisphere and the sum of
the charges of tracks in the
opposite hemisphere
excluding the tracks used in
the reconstruction of B

>
O

charm

o
()

Probability
[
T
|

0.05:—

0.1

— signal :
—qq: 15871

: 5330
— uds : 10541

11365

o

10 0 10

AQ

Red : signal
Blue : gg (charm + uds)
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o
'

Q.Q, — signal 13061
* The product of the charge of E 0.6 T
B candidate and the sum of £ I
the charges of all kaons not o4r "
in the reconstructed B. 0ol )
o;l_éi;. L ] |
-4 -2 0 2 4
QBQK
Red : signal

Blue : qg (charm + uds)




Distance of tracks of K/D

The distance of closest

| Distance of DK | — signal : 11365
approach between the 5 020 | om0
prompt K track and the 2 l :
trajectory of the D. & "°H E

Signal : consistent with 0. 0.1
BG : can be lager in

0.05F =
charm events. : 11 :

1 -

BEr=a

0 002 0.04 0.06f
Distance of D K
4 )
> D o
Red : signal
Blue : qg (charm + uds)
pie S CLERGTT T K




o

o

R
T

Probability
o
o
o
Probability
o
o
o

0.01
0.005 0.005:
i i i
OM@M@M@@-& 0 llllllllllllll1111llllllllllllllllllllllllllllll
0 0.10.20.30.40.50.60.70.80.9 1 0 0.10.20.30.40.50.60.70.80.9 1
Z of Va||,1 Z of Vall,l
e vl 7

— Z component of sphericity vector 1 from all tracks.
qq distribution tend to be ~1, because qq jet tend
to be toward beam axis.



vl vl

0.2F _ 0.2F )
0.18" Red : Sginal 0.18" Red : DK
o.16F  Blue 1 qq 0..6 Blue:Dp
2 014F  Green :charm 2 0.14F
5 0128 Magenta : uds 5 0127
S 0.08f S o0.08f
% 006" % 0.08;
0.04F 0.04
0.02F 0.02 —
OV‘J—ALJ-A—L—A‘L“‘—‘—-L—‘—-‘- == ----i-J-A"l'l'l'l'{'rl-l-l-‘l--lllllllll Okllllllllllllllllllllllllllllllllllllllllllllllll
0 0.10.20.30.40.50.60.70.80.9 1 0 0.10.20.30.40.50.60.70.80.9 1
cosineof V__ ,V cosineofV__ ,V

sig,1 " oth,1 sig,1 ¥ oth,1

* vl vl
— Cosine between sphericity vectors 1 from signal and
tag-side tracks.

qq distribution should be ~ 1, because qq jets must be
back to back.



v2 v2

0.05¢ 0.05¢
0.045-  Red : Sginal 0.045- Red : DK*
0.045 Blue : qQ 0.045 Blue : Dp
209355 Green  :charm 20035¢
Z 003 3 - ud = 003
S 0.025( agenta - uds '_ G 0.025F
o) E | QO E
O 0.02F it O  0.02 AR AP FLradiean(lL
Q- 0.015¢ Q 0.015F
0.01} - 0.01
0.005 |-~ T T 0.005
Ok11111111]1111lllllll1111llllllllllllllllllllllll Ok11111111]1111lllllllllllllllllllllllllllllllllll
0 0.10.20.30.40.50.60.70.80.9 1 0 0.10.20.30.40.50.60.70.80.9 1
cosine of Vg, Vg, cosine of Vg, Vg5

* v2 V2
— Cosine between sphericity vectors 2 from signal and
tag-side tracks.

qq distribution should be ~ 1, because qq jets must be
back to back.



Probability

0.06
0.05}
004:
0.03}

0.02°F

0.01] it

0 1lll1111l1111lll1lll1lllllllllllllllllllllllllll

" Red : Sginal
Blue : qqQ
- Green :charm

Magenta : uds

0 0.10.20.30.40.50.60.70.809 1
cosine of Vg 3 Vg5

* v3 v3

— Cosine between sphericity vectors 3 from signal and

tag-side tracks.

v3 v3

Probability

0.06
" Red :DK*
0.05F
Blue : Dp
0.04F
0.03F
0.01f
1111111lllllll1111llllllllllllllllllllllllllllll

0
0 0.10.20.30.40.50.60.70.809 1

cosine of Vg 5 Vg5

qq distribution should be ~ 1, because qq jets must be

back to back.



thru_oth

0.06 0.06
: " Red :DK*
0.05F 0.05F
- Blue : Dp
2 0.04F 2 0.041
e i )
© 0.03] © 0.03|
O L o]
2 i 2
o 0.02- a 0.02r
0.01F 0.01}
OE\_LJ_\_ =ENNEENE NN NN 111 ter bl 0 lll111111111lllllllllllllllllllllllll
0.50.550.60.650.70.750.80.850.90.95 1 0. 50 550.60.650.70.750.80.850.90.95 1
Mgnitude of ThrustOth Mgnitude of ThrustOth

e thru oth
— Magnitude of thrust vector from tag-side tracks.



2D fit for the AE-m,_plane

Each background fraction is determined by the 2 dimensional
fitting of AE-m, .

AE PDF * m,_ PDF
Signal rotated double 2D-gaussian
B->Dn  rotated 2D-gaussian

B2>K*KK 2D-gaussian + exponential*argus (yield is fixed)

15t chebyshev*argus
BB + ( exponential + gaussian )*gaussian for D* bkg

+ 2D-gaussian  for peaking bkg
qq 15t chebyshev*argus
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