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Introduction

2

e CKM (Cabibbo-Kobayashi-Maskawa) matrix
— The quark mixing matrix, which is unitary.

Viud Vus Vb 1—)\2/2 A AN3(p —in)
Verkm = | Vea Ves Voo | ~ —A 1—X2/2 AN + 0O\

‘/td ‘/ts V;gb A)\g(l — P — i?]) —A)\2 1

e Unitary triangle Vudvjb -+ VchC’Z -+ Vvtd‘/;;g =0

. VuaVyy
D3/ = are <—vcdvga>

~ —arg(Vup)




19t Feb. '15 LLWI'15 K.Negishi

Introduction .

e CKM (Cabibbo-Kobayashi-Maskawa) matrix

— The quark mixing matrix, which is unitary. Complex phase

Vid Vus Vub 1 — )\2/2 A AN3 (p—1in)
Vokm = | Vea Ves Vi | ~ — -2 AN +O(\Y)
Vi Vis Vi AN (1 —p—in) —AN 1
e Unitary triangle 07 . I
— ud b = 8 3 -
¢3/7 — arg ( V - sk ) S ;_§ sin 2¢1 sol\w/'cos 2 <0 _;
—Ved cb ) :_% (exclat CL > 0.95) =
~ a’rg(VUb) - 0.3 5_5 2 9, E
— ¢2 g
0.2 ]
0.75 -
¢1 — (21'501_0.74)0 0.1 : —]
_ +4.0y\0 Jo .¢3. Lo A 1 L 5
ng - (85'4—3.9) %004 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
¢3 = (70.075:0)° CKMfitter 2014 Summer "
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¢; Measurement

RO *0
B 9 [f]D K (No penguin)
U = > > ¢ 0
%‘< W u Def
K*O

V BV o~ A)\g(p + 7,77) VcbVJS ~ AN’

» B flavor can be decided by the charge of K from K*O,
Br(K*® - K*n™) = 2/3

3
R

— Access ¢, with interference DK*? and DOK*? decays.

| Weakint phase StrongInt.phase [Amp. __________

Difference between q) 6 ( DOK*O)
3 S

DOK*® and DOK*P rs A(B® — DOK*0)

r is crucial parameter in ¢ measurement.
(Expected to be ~0.3.)
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Dalitz Analysis Method -

19t Feb. '15

e Measure B%/B% asymmetry across Dalitz plot.
— D is required to decay in to three body like Kttt

B’ - [K2rtn | pK*° , , sy , ,
Apogoy = f(mi,m?) + rget(9s qb3)]"(77’1,_,m+)

N3 wa — -
— 3rT . T T T T EI & ~ | "%
[2) A . —_—
N 3 . . : E
3 25 w”'.."i" B . a xk DO % DO
:\TT . ."'05-.. .-.. . 3
E 21 * ..‘ i Lo . 2 [ %{
1) ET LT ] é 15 |+ 7rse (65 ¢3)n.|
oL T e ~
i Tt e mat ] 1 - i
. s.' P ': . - ..'- : w %
TNl s e : . - . ;.
osp. T os - 5
0.5 1 1.5 2 2.5 3 5 -
+ m,

mi = m? (Kgnri)
e Sensitivity to ¢, in interference term.
— |flm?2,, m2_)| from flavor-tagged D**—>D%x* events.

— Phase difference(d,) between D°/D° from Charm-Factory.
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Model-Independent Dalitz .
[A. Giri, Y. Grossman, A. Soffer, J. Zupan, PRD 68, 054018 (2003)]

Number of events in D%plot : K;

2 3f | 1 Number of events in B-plot :
o 2 -1 ]
%2_5 - . Nz = hB [Kz -+ (332 + yQ)K_,L. + 2]{\/ KzK_z(.Q?CZ + ySz)]
2 . C(m2,m?) = cos(aD(mi,M ) — dp(m%,m2))
sb ‘ ; S(m%,m?) =sin(dp(m7,m?) — ép(m? ,m?))
1k 1 From Charm-Factory ~
05....1.‘..11,“1,,.;“- ..... o Pops(mi,m2) =| fp £ fp |= Pp + Pp £2V/ PpPpC
0 05 1 15 2 25 3 — —
m? (GeV3/ch W (3770) — [Kontn~ |p[Ken™m |p
Pcorr. (m+,m2 m+, /2) =| foD fob ’2
\_ = PpP) + PoPp — 2/ PoPoPpPp(CC’ + SS') )

x4 = rgcos(dg + ¢3)

where :
y+ = rgsin(dg + ¢3)

} observables
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Belle Experiments

7

KEKB accelerator Belle detector

e Asymmetric energy collision
— (8.0 v.s. 3.5 GeV)

e 10.58 GeV center of mass
energy at Y(4S) resonance;
It is suitable for BB production.

- | .
& 2R | - i
, g ‘ -:\\.
e N
- 2. Central Drift Chamber
6 3. Aerogel Cherenkov Counter
[ ) 7 7 2 x 1 O B B p N 4, Time of Flight Counter
a I r . 5. Csl Calorimeter
6. KLM Detector
Superconducting 7. Superconducting Solenoid

cavities (HER ac - 8. Superconducting Final

Belle detector Focussing System

KEKB B-Factory *~\§ e Charged particle momentum

(0,./P(%) = 0.19p, & 0.30p)
: e Good particle identification
| ((K/m) Eff. ~90%, Fake ~10%)

e Good vertex resolution
(~50 um)

ARES copper

cavities (HER)
ARES copper

8GevV e-3.5
GeVer
Linac
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Signal and Backgrounds

——

Signal D 4= resonant 7T .
BO < Tk
R — T

== K* (B flavor specific)

Peaking BG

LLWI'15 K.Negishi
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e 1 mis-PID m as K N
e 1mis-PID and 1 lost =
K > D0a1+ /

BB BG
e Other B decay modes. N

qg event

BB event

* Difficult to distinguish from signal.
* Dtrue BB BG

\_ * DfakeBBBG .

qq BG

e Light quark jets (u,d,s,c).

 Random mis-reconstruction
makes fake signal candidate.

Rejection

Use decay shape difference.

Signal :spherical decay
qq BG : 2 jet-like decay
Neural network is used
for multi variable analysis.




19t Feb. '15

. . . LLWI'15 K.Negishi
3D Fit for Signal Extraction .
After reconstruction and BG rejection, 3-D fit (AE, C' gz, M, ) is done

without Dalitz information.

Each component yield is free. Shapes are fixed.

Red : Signal  Yellow : D°° Green:D%,* Blue: D fake BB Light blue : D true BB Magenta : qq

-
2]

N
a

iy
[=2)

BB like

Events / ( 0.00625 )
S
N
[=]
—

Events /(0.002)

9.21 5.22 523 5.24 525 526 5.27 5.28 5.29

[GeV]
AE p— EB - EBeam C’NB MbC = \/E]%)eam _p2B

Energy difference
btw. beam energy
and B candidate.

Modified distribution of
Neural network output

used gq suppression.

Mass of B candidate
from beam energy

and B’s momentum.

Yield is N, = 44.2 333

-12.1 (statistic significance 2.8 o),
which are used for the (x,y) fit.
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2.5
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Obtain
the signal
number,

N,.

e.21 522 523 5.24 525 526 5.27 5.28 529

’ Obtain
) the signal
) } number,

5 N,.

.4].21 5.22 523 524 525 526 5.27 5.28 529

Events /(0.002)
N
&

2
1.5?
1
0.5
\0.‘5\ 1 1 1 ‘ 1 1 1 \1.‘5;1]\2 1 1 2‘ 1 1 1 1 ‘ 1 1 1 1 ‘
From CLEO
PRD 82, 112006 (2010)
# Bin
(Z Z) C; S;
1 —0.009 | —0.438
2 +0.900 | —0.490
3 +0.292 | —1.243
4 —0.890 | —0.119
5 —0.208 | 4+0.853
6 +0.258 | +0.984
7 +0.869 | —0.041
8 +0.798 | —0.107

K; from D**->DOr*, D° decay

(BO) ZNz hB [K,L + (aci —+ y_2|_)K_l + 2]{7\/ K,L'K_i(CU+C,L' + y+8i)]
(BO) ZNZ }_LB [Kz + (332_ + yQ_)[(_Z + 2]6\/ KiK_i(ZU_Ci + y_Sq;)]
A?J
(r-,y-)
o
(I+,y+) ,'
e | .
\~~ ‘ 'ITS
;;ss ¢3 \ ¢3 ,"
T
*~~~ ‘l", 5 .
- >




Events /( 0.0133333) Events /( 0.0133333) Events /( 0.0133333)

Events /( 0.0133333)
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(x, y) Result

11

5
1
|
(ij:
w
5
vy
-~

7 { pnsg | BG fractions btw
| bins for each
component are fixed

N
L]
w

-
[N )
N 0w o s a

o

Events /(0.0133333)
W
Events/(0.0133333)
Events /(0.0133333)
N

-
)

Lo "l i bl e W R

.y
4
2]

I

3}

1 A.

-0.1 0.2 0.3 -0.1 0 0.1 0.2 0.3 0. 2 03

AE (GeV) AE (GeV) AE (GeV) *O%RE Gev) from MC.

S
2
o
2
o
o
ol
o
N

) - —0
45 bin -4 3 in-2B
4 ~ - -
as N = 0. 3 3 29 ;=016 3
) g 8 8
5 5 2 3
2.5 o =] =]
1.5 § § 1 §
1 & I &
1 0.5
0.5
i | L -
0.1 02 03 -0.1 01 02z 03 -0.1 01 02 03 -0.1 01 02 03
AE (GeV) AE (GeV) AE (GeV) AE (GeV)
. =0 R =0
“-i bin +1B 7 bin +4 B
35 Ni=2'0 3 2 g S Ni=1'4
R k) (v} [}
® ] [v] 5
3 e 2 2
o o o
25 S El S ¢
2 2 2 s 3
1.5 § g g 3
1 L d W w w
o3ple Gttt 11 ] stat. syst. c, s
0.1 0 01 02 03 -0.1 0 01 02 03 -0.1 0 01 02 03

et T Sl U T Ml 7 Wedew © X_=+0.4%32 709+ 0. 0

: = - =0 —_ +0.8 +0.1 +
I . BB y.=-0.6270 Z00% 0.1
Q 'g_ 5 ‘g,_,
: X,=+0.1707 09+ 0.1
18 E’ 1 E 2 §
.1 " os v = =+O3+0. +00+01
0-50.1 0 = 0:1 0:2 0.3 -0.1 (; 0j1 0.2 0.3 -0.1 0 0.1 0.2 0.3 -0.1 0 = 0.1 0.2 0.3 y+ * - Ol -

AE (GeV) AE (GeV) AE (GeV) AE (GeV)
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(X, y) Result

..I..I..I.J..l..l.l..l..l-.|.-l..I..l..I..l..l.l..I..l..|

5

Dot I\/Iost probable pomt

.......... BO

-l—r1|||r1||'|r|||1|||r

|..I.J..|..l-.l..l..l-.|..I..I..I.J..l..l.l..l..l..

coperoqep Do pe e deop e pe g e e b epe 1|

LLWI'15 K.Negishi
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-2 -1.5 -1 -0.5

0 0.5 1 1.5 2

X

stat syst. ¢, s,

Xx_=+0.4*% +°0'|_'00
—O.6f‘1’:g+8},i 0.1
X, =+0.1*27*09+ 0.1

y,=+0.3105+004 01
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(X, y) Result

13

5

Dot I\/Iost probable pomt

(x,,y,) (B is O consistent.

stat syst. ¢, s,
X_=+0.4110+004 0

5 5 5 ; y_=—0.6f‘1’:§+8(1,i0.1
-2 'I_f1 il | bl ol el el e 'I bl ol el el I'I il ol Bl el e |'I"I"r'i"l"|'1"r'i"|"|'1"r'i"l"f'1"|"i +o. +o 0
2 45 41 05 0 05 1 15 2 X,=+0.12 1101

X v, _+03+gg+ggi01

- I..l..l..l..l-.l..l..l. | T T | | e ..I..I..l..l..l..l.l..l..l..|..l..I..l..l..l..l.l..l..l..|
o
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rs Result )

* r¢iscrucial parameter in ¢; measurement.
— (3 uncertainty is scaled as 1/r.
= 1

- E _
G Blue :B°%(x_vy.)
' 08 Red :B°(x,,V,)
T 07E- Black : Combine
0.6
05
0.4
0.3
02
0.1

0 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I

p B> [Krt],K*° prp 86, 011101 (2012)
R _ Br(B° — [K—nt|pK*?)
DK*0 ADS = B’I“(BO N [K+7T_]DK*O)

rS < 0.87 @ 68 % C.L. = r3 4+ 1% + 2krgrp cos(6s + dp) cos ¢3

< 0.16 at 95% C.L.
rpis small. ry2=(3.79+£0.18)103
= R ™ i

. r;<04 -
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Conclusion

LLWI'15 K.Negishi
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e New result of B°>[KS '] K*® Mod.-Ind. Dalitz analysis.

stat. syst. c,s,

1.0 +0.0
X_ =+ O.4t0.5 1-0.1 + 0.0

¢; measurement with neutral B

is promising for Belle II!!
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Event Selection

e Primary track
— IP |Ar| <5 mm, |Az| <5cm

* K reconstruction
— NIS K, Finder

e DYreconstruction
— K and opposite charge 2 wt(LR(K/mx) < 0.6)
— |M,.... - My,| <0.015 GeV

e K*Oreconstruction
— Opposite charge K(LR(K/m) > 0.7) and wt(LR(K/7t) < 0.6)
— |M,., - My.,| <0.050 GeV

e BYreconstruction

Ksmtm

— Best candidate is selected by D° mass and B° vertex
— Am > 0.15 GeV for real D° BG from D**

— | Myxoe = Mpo| > 0.04 GeV for [K*mm]y_[Keat*] s,

LLWI'15 K.Negishi
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qq suppression iy

e Qg events are suppressed by using following 12 parameters as
NeuroBayes inputs.

1. LR(KSFW) .
2. cosB goasp 5 ==

) thr -g 0_3-_ R ° g 0.9;
3. Az e Red : Signal fu \
4. dist. DK* E 0.2f Blue qq BG E’ 0:62 \
5 go1s g :

. |qr| : 0'111 9
6. |COSGB| 30.05;— H 0_35
7. cost% 08050402 0 02040508 1 % aiorasoa as os a7 08 08
8 Vl Z NB output Signal efficiency
9. vl vl

[E—"
O

.V2 V2 :
V3 V3 Red : Signal

. thru oth Blue :qq
04 . Creen : BB

e
N =

os v ABTRANS _ 1 NB— NBiow
o.25§>‘ *;:gZE NBhigh — NB
0-:: 0:03E NBIOW —_— — 0.6
°-°5;‘# o 0.01f NBhlgh — 0.9992

- —r e e ST S e - T T T TV L N
01708060402 0 02040608 1 00876 4 2 02746 8 10
NB NB rans
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PDF
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ﬂ
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He =2
==l
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Dzt control sample analysis

LLWI'15 K.Negishi
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To check (x,y) fit, we use B*=>Dxt* as control sample.

B*—>Dxt* is also analyzed as control sample of

B*->DK* (PRD 85,112014(2012))

X_ =-0.0130 £ 0.0077

V_ =+ 0.0018 £ 0.0076

X, =-0.0169 + 0.0083

A =+ 0.0225 £ 0.0076

Anton (Previous study, 605 fb)
X_ =-0.0045 + 0.0087 + 0.0056
y_ =-0.0231 £ 0.0107 £ 0.0077
X, =-0.0172 £ 0.0089 + 0.0065
A =+ 0.0129 £ 0.0103 + 0.0088

Difference of my and previous study

* K selection

* (q suppression

e D% mass selection

. BGs Dalitz distributi

* Cross-feed-betweenbins
» Efficieney-correction-

01
(a)
0.05 -
0
= i
-0.05 - B
- Error contours are stat. err. only.
L (1,2 and 3 0)
'0.1_|'||||I||......|....|
-0.1 -0.05 0 0.05 0.1

X
e We obtain D (X,y) consistent

with previous result.
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Statistical uncertainty
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e We decide to not use normal error of likelihood distribution on (x,y)
because of unreliable of (x,y) likelihood due to small statistics.

e To obtain statistic uncertainty, we use Feldman-Cousin method.
:
Total signal number = 44.2 13

A RooPlot of "NB™ANSn

[LA RooPlot of "AE (GeV)" |

Feldman-Cousin method

Generate >20,000 (x,y) fit result with toy MC at 1600 points.
Dist. of (x,y).p. fit results at (x,y),, . Space are obtained.

( IDDF(Xobt.'yobt. | Xtrue'ytrue)
We define confidence level as integral of the PDF

in a region Q which satisfy PDF(x,y) > PDF(X cas Y meas.)-
( We call it “CL(X,,0)Yirie) - )

4. Draw contours of
e.g.) a =0.393 (10), 0.865 (20) and so on.

0.1 step P(X

§
‘ Statistic significance = 2.8 ©

(X(-2., 2.), ¥(-2., 2.))
bi> Yobt) =

-

21

+13.3
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Systematic uncertainty

Source of uncertainty Ax_ Ay_ Axy  Ays
1) Dalitz plots efficiency +0.00 oo F0.01 o)
2) Crossfeed between bins +0.00 To65 Thhs  £0.00
3) PDF shape Toor Toor Tolo Toos
Signal +0.00 +0.00 £0.00 =£0.00

BB +0.01 +0.07 10.01 10.04

—0.07 —0.01 —0.10 —0.06

Continuum +0.00 £0.00 £0.00 55!
D00 +0.00 +0.00 +0.00 F590
DOt +0.00 0% 40.00 =+0.00

4) Flavor-tagged statistics 4+0.00 +£0.00 =0.00 fg:g?
5) ¢, $; precision +0.03 002 40.05 1S
6) k precision +0.00 +0.01 4+0.00 40.00
Total without c;, s; precision fg:g% fg:g; Jjgjgg fg:gé
Total T0.03 T0.12 T0.05 T0.09
0 —0.08 —0.08 —0.11 ~0.12

w/o c,S; C,S

e Ax_= 51%0.0
* Ay_= 5o 0.1

e Ax, =
oAy+:

4+

We combine the uncertainty from stat. and syst. with
assumption of (x,y) 2D Gauss. for syst. err.

LLWI'15 K.Negishi
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Discussion ”

e r. [XOLEFE

- BO—=DKKOL S FILEDVINES v of= 442 1137 GREHREMNXZER)
R IE 5> I8 b T Br(B°—DK*0) = (2.9 = 0.9) X 10~°

| (AU BBk T

AR 442 (2.9 + 0.9)x10°5
BaBar 78 (5.2+1.2)x10> -1.50 EFELUT R IE
PDG 64 (4.2 £ 0.6)x10° -1.20 REL7ALY

BE AL DEIZED e

BeIIe II + Super Charm Factory

e Belle |l %Eﬁ(%lﬂf)—cli _1 ......................................................................................
T gg o1 IE?F:‘HE'%%&H% >~9
y_=—0.6 T10% 0.1 T

+0.7 1. K/nERgEANEMND
X,=+0.1 Z5,+0.1 SBBEREROME .. |
V. =+0.3 155+ 0.1 2. Super-Charm-Factory b

%Cvso)nz\%b\/}jé 2 A5 1 05 0 05 1 15 2
BO—>DK*CAH EEFHL\%/E“EOD_I%'EE



