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Introduction

B’ B Why B mesons.?
— An ideal environment for the measurements of CKM
matrix elements, CP violation parameters and to look for
possible new physics effects

CP violation and CKM Matrix:

Charge conjugation (C) and parity (P) operation — symmetry between
particles and antiparticles

Vie  Vus Vi 1-2%)2 A AX3(p — in)
Vekm = | Vo Vs Vo | & -2 1—2%/2 AN?
Viek Vis Vo A>\3(1 —p—in) —AN? 1

e A 3 x 3 complex unitary matrix
e |Vjj| represents the strength of the quark
level transition

e The complex phase accounts for CP
violation in the standard model (SM)

Magnitudes of CKM matrix elements.
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Types of CP violation

B B 7 A direct
T # L A—f =1 | CPviolation
<f‘B> = Af <JT|§> = _JT f (charged and
neutral B mesons)
B = B CP violation via
—.—.:: Fl| # =V (AR .
A mixin
B B> » g
(only
neutral B mesons)
B _
—.f:fcp Z - Jor CP violation via interference
between mixing and decay
+ ¢ _|_ (“mixing-induced CPV”)
5 T (only
f...::fcp E._.::fw; Imiﬁ -0 neutral
B B P Af B mesons)
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Motivation

e Charmless decays of B mesons to three body
final states:

Bt — K°KPK* (b — s transition)
BT — K2K2x™ (b — d transition)

— Sensitive to possible non-SM contributions

— Opportunity to study two-body intermediate
resonances and to search for any localized CP
asymmetry

s
ORI e 18 20 2
o 1GEVIE]

—+ Recent results on B¥ — KTK~K=*,
KtK~ ¥ etc. report strong evidence for
large CP asymmetry at low K™K ™ invariant

mass regionsm.

1 (Belle Collaboration) Phys. Rev. D 96, 031101(R), (LHCb Collaboration) Phys. Rev. Lett. 112, 011801
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Current status

Table: B* — K2K2K®
| Exp. | Data |Signalyield | BF.(x107%) | Ae |
Bellel | 78 fb~! | 66.54+9.3 | 13.44+1.9+15 -
BaBarl?l | 426 fb=' | 636+28 | 10.64+05+0.3 | (42 +2)%

Table: B* — K2K2r™
Exp. Data | Signal yield B.F. |

Bellel!] 78 b1 —184+77 | <32x107°
BaBarl3l | 423.7 b1 15+ 15 <51x10°7

e With full Belle dataset and updated systematic measurements we can have
more precise measurements.

1Phys. Rev. D 69, 012001 (2004).

2Phys, Rev. D 85, 112010 (2012).

3Phys. Rev. D 79, 051101 (R) (2009).
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KEKB and dataset

K2K
Beam Line

Positrons
Phatiaiing

12 GeV
Proton
Synchrotron

Photon
Factory

e 1.7GeV

o KEKB is an asymmetric e"e™ collider at the
High Energy Accelerator Research Organization

(KEK), Japan.

e 8.0 GeV e~ collides to 3.5 GeV e™ at the

7'(4S) resonance

e Collected about 772 million BB till 2010

e The main goal was to search for CP violation

in B meson decays
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IPicture: https://belle.kek.jp/
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513.7+1.8 fb!
On resonance:
Y(4S): 424 b, 471 M
YES):28 M6, 122M
YRS): 1416, 99M
Off resonance:
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Belle detector?

< *\Aerogel Cherenkov cnt.

ECL Wi | 356y e

SVD I / K, detection
3/4 1yr. DSSD 14/15 lyr. RPC

e The sub-detectors relevant for our study are: SVD, CDC, ACC and TOF

IPicture: https://belle.kek.jp/
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Analysis strategy

e Follow a blind analysis technique: all the selection criteria need to be
determined with Monte Carlo (MC) samples to avoid possible bias
because of the analysts prior knowledge about the data

e Reconstruct B* candidates from KOKOK* and KOK27*
e Candidate selection using various kinematic variables

e Background studies using MC samples

e Use BY — DK%~ 7T)r* as a control mode

e 2D simultaneous extended maximum likelihood fit to determine the
branching fraction (B) and direct CP asymmetry (Acp)

* Obtain B and Acp as a function of Mygke for B — KIKIK™
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Signal MC studies

e A Monte Carlo simulated
data sample is produced in

;) ; two steps:

(1) Generate a complete decay
chain using EvtGen program

‘_> - (2) Simulate the detector
response to these generated
events with Geant3 based

simulation package
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Signal reconstruction

e B candidates are reconstructed by
combining two K? candidates with one
charged kaon or pion

e Use kinematic informations (AE and
M) for the signal candidate selection

e Selection requirements:

Variable Cut
|dr| < 0.2cm
|dz| < 5.0 cm
L(K/m) > 0.6 (Kaon) & < 0.4 (Pion)

Kg mass 130 from the world average
AE —0.10 < AE < 0.15GeV
My 5.271 < My, < 5.287 GeV/c?
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dr & dz: Distance of closest approach
with respect to the interaction point

L(K/m): Kaon likelihood against the
pion

AE: Energy difference

M,,.: Beam constrained mass

[ con
08 iy

signal,

525
Mac (GEV/c?)
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K? selection

e Reconstructed in the channel

0 +— 2500 p
Ks —n'n N Gy = 2.67 MeV/c?
. . . . > 2000
e Use information from inner tracking 2 F
S 1500F
system S F
F 1000F
. . £ 1000¢
e Reconstruct from pairs of oppositely ] F
. LI>J 500 —
charged tracks (assumed to be pions) g \
C I | [ I L
that come from a common vertex 848 0.485 049 0495 05 0505 051 0,515 052
M, (GeVic?)

e Invariant mass of the track pairs to be
within £30 from the nominal K2 mass Mass distribution of K? candidates.
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Background studies

Three types of backgrounds:
1. efe” — qg (q = v, d, s, c) continuum processes
2. Charmed B decays (b — c transitions)

3. Charmless B decays (b — u, d, s transitions)
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Continuum background

e The dominant background is from continuum processes

e*e” > Y(45) > BB ete” > qq

e Use the difference in event topology to suppress this background

e B mesons are almost at rest in the CM frame and thus decay without
any preferred direction

e For continuum events, the quarks are moving fast away from each

other resulting in jetlike events
e Combine event topology with other variables in a Neural Network

Abdul Basith
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Continuum fighting variables

cosfp: cosine of the angle
between the B momentum and the
Z axis

cosfpy: cosine of the angle
between the B thrust and the z axis

R, : Ratio of the 2nd and the Oth
Fox-Wolfram moments

LR : Likelihood ratio using KSFW

cosOiny: cosine of the angle
between the B and the non-B
thrust axis

Az : Distance between the
reconstructed and the tag B
vertices along the z axis
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NN output

NN Output (B*—KZKIK")

0.14 - Signal
E 012 - Continuum
e NN output (Cxg) shows clear 2 o1
discrimination between signal and %o.us,
background § 005
. . . 5 004
e Cng is difficult to parametrize using 3 o oob.
some simple PDF ok
-1 08 -06 04 02 0 02 04 06 08 1
e Transformed as: N8
Transformed NN output (B'—K2KK*)
G — G p A
B = (2 —_NB,min 007
CNB,max — CNB = £ - Signal
g 0.06 - - Continuum
D005F
CNB,min =-02¢& CNB,max ~ 1.0 S E
20.04;
o/ - . o Soosf-
e 91% signal efficiency with 84% &
- oot
background rejection 2 o01f
ot L L

&
IS
|
o
o
N
I
o
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Charmed B background

e Found peaking structures in AE and My, signal regions
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Figure: Distributions of AE and My, in Charmed B MC sample for BT — KgKgKJr (top)
B* — K2K2r" (bottom).
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Charmed B background: Bt — KKIK™

o Vetoes: BY — D°K* and B — xo(1P)K+  Veto windows:
D° — [1.85,1.88] GeV/c?
Xco(1P) — [3.38,3.45] GeV/c?

]
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— Loss of signal efficiency due to the charm veto:
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Charmed B background: B* — K2KOn+

o Veto: BY — D% Veto window:
D°® — [1.85,1.88] GeV/c?
10001 D°
2 gook
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— Loss of signal efficiency due to the charm veto: ~ 1%
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Charmless B background

— Combinatorial B: No peaking structure in the signal region

—» Feed-across: Events with KIK2r™ (K2K2K™) final states for
BT = KKK (BT — KIKIm™)

10* = @ Signal
© Combinatorial
Feed-across

@ Signal
¢ Combinatorial
& Feed-across

No. of events

No. of events
=)
o
8

o
=1
S

90.2 -0.15 -0.1 -005 0 005 0.1 0.15

-0.2 -0.15 -0.1 -0.05 O 0.05 0.1 0.15
AE (GeV) AE (GeV)

AE distribution in charmless B MC sample for B — KgK_gKJr (left) and BT — K_2K27r4r (right).

e Total events: signal, continuum (qg), feed-across and combinatorial B

backgrounds.
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Efficiency and expected yield

New(B — K2K2h) ~ B(B — K2K2h) x B(K2 — 717)? X erec X Npg

Table: Efficiency and expected yields for signal and feed-across modes.

| Mode | eec(%) | Yield |
B — KIKOK™ 24.25+0.02 | 954
Bt — KKt 27.51+0.06 | 52

BT — KOK2xt in BY — KIKOK* | 1.49+0.02 3
BT — KIK2K* in BY — KOKOnt | 2.39+0.01 94

Table: Expected yields for the continuum and combinatorial B components
obtained from MC.

Mode Component | Yield |
tinuum 1722
Bt — KKK+ | <"
s combinatorial B 120
continuum 3536

B" — K2K27™ | combinatorial B | 380
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Fit preparation

o Define the branching fraction & inclusive CP asymmetry as:

Nsig
B = 1
Erec X Ngg X [B(K2 — mtr—)|? @
Ny — Nps
Ap = =BT 2
P Ngr + Ny )

© Perform a 2D (AE-C{g) simultaneous fit to extract the signal yield for B* and B~ . The
likelihood function £ with probability density function, P!, is

—in;
e J : : 1 . . .
L= — H [Znﬂ’j], where Pj = 5(1 —q' A j) x Pi(AE") x Pi(Ci)  (3)
i J
Here i runs over events, n; is the yield for the component j, q' is the charge of the event and P;
is the PDF corresponds to the component j

e To account for crossfeed between the two channels, they are simultaneously fitted, with the
Bt — KIK2K™ branching fraction determining the normalization of the crossfeed in the
Bt — K_gKgﬂ'Jr fit region, and vice versa

Abdul Basith
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2D fit: PDFs

o Free parameters in the fit:

— branching fractions
Table: PDFs for BT — K2K2K™T. G, AG and Polyl €

denote a Gaussian, asymmetric Gaussian and a — qul
first-order polynomial N ACP(B+ - K_gK_gK"')
Event category AE Cls — PDF shape parameters for qg
Signal 3G G+AG component
Continuum Polyl 2G o Acp for all other components are
Combinatorial B Polyl 2G fixed to zero
Feed-across G+Polyl G e The combinatorial BB yields are

fixed to their MC values

—» An additional asyrr(;mgtric Gaussian e The other PDF shape parameters for
function for BT — KJKJn™ feed-across signal and background components are
component fixed from MC for both decays.

LULTR:ERT]

Measurements of branching fractio direct CP asymmetry in Bi K:t and a search for B:t — k9KQ 7ri at Belle



2D fit: projections
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Fit validation

Pure toy test: PDF shapes are used to generate the toy data sets and these
data then fitted with corresponding PDFs

GSIM test: Signal events are randomly extracted from the MC samples while

all background events are generated from the PDF

__ Fit yield—Expected yield
Pull = Fit error

—» If there is no bias in the fitter we expect the pull to be normally distributed
with mean zero and width equal to one for all floated parameters

Linearity test: Ensemble tests are carried out with an assumed branching
fraction/Acp ranging from X to Y. Expect to get a straight line of unit slope
and zero intercept if there is no bias

Abdul Basith
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Fit validation: results

mean =-0.2142 £0.031
sigma = 0.983 +0.022

Events/(0.2)

Table: Observed fit bias. o

| Mode | Pure toy (%) | GSIM (%) | K
B(BT — KIK2K™) -0.9 -0.8
B(BT — K2KIr™) —2.2 —4.0 “

Acp (BT — KZKZK™) 0.0 0.0

s

R N
PullB.F. (KsKSK)

mean =-0.2215 £ 0,049
sigma = 1,096 +0.035

Events/(0.2)

ey
pull B.F. (KsKsK)

W e =017 1003] X o Tean = 01417 20086 | 3 Tean = 0017 20030 J
o B . 3
3 2 § 5
= b 50 o f i
2 o ol
& a0
i 30} < o

2f 2 /4 of o

19
s T L IATT IR
I T R + N W N N S gt e ke R I B wa e
pull B.F. (KsKsn) pull B.F. (KsKsn) Pull A, (KSKSK] Pull A, (KSKSK)

Fitted pull distributions from 1000 ensemble tests for the signal component.
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Fit validation: Linearity test

Fitted B.F [KsKsK] * 10°
Fitted B.F. [KsKsPi] 10°

gl
Input B.F. [KsKsr] * 10°

(a) BY — KIKIK+ (b) B* — KOKIr+

o e Tt
Input B.F. [KsKsK] * 10°

Fitted A, [KsKsK]
& °

5

, ,
Thput A TksksK]

(c) Acp(Bt — KIKIK™)
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Control sample study

Goal: to determine possible data-MC difference in the fixed PDF shape
parameters as well as to estimate the efficiency correction due to Cyg
and My requirements

e Bt — D°7* with D° decays to KOnn™
o Similar final state as Bt — K2K%7" but has high statistics
o Perform a 2D (AE-Cjg) fit to extract the signal yield of BT — D7+

Fit results:
— Signal yield = 14,486 + 141

Nyield
emc X Ngg X B(D® — Kirm) x B(KQ — n)

BBt — Drt)=

— The obtained value of branching fraction for B — D%x* is (4.50 «+ 0.32) x 103 which is
consistent with the world averagel!l value (4.80 + 0.15) x 1073,

1 Phys. Rev. D 98, 030001 (2018).
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sample study (Contd.)

Events /0.16
2
S

E)

!
IS

-3 -2
NB C/NB

Figure: 2D fit projections for B™ — D%z in total MC sample (left) and data
(right)
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Control sample study (Contd.)

Table: Correction factors for AE

| Parameters | Data | MC Correction factor
u1(GeV) 0.0002 4+ 0.0001 | 0.0007 4+ 0.0001 | —0.0005 =+ 0.0002
o1(GeV) 0.0270 4+ 0.0003 | 0.0228 + 0.0002 1.1840 + 0.0154
Table: Correction factors for Cg
Parameters Data MC Correction factor
2 0.8598 + 0.0076 | 0.8542 + 0.0069 | 0.0056 =+ 0.0102
02 0.7371 +0.0051 | 0.7275 + 0.0047 | 1.0131 £ 0.0095

Efficiency correction due to requirements on NN output and M,.:

e Compare the fit results with and without a cut

£9212/MC _ 0,997 4 0.014
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Fit results in data: B* — K2Ko7*

o Data sample consists of 772 x 10¢ BB events
e Fit 5103 candidate events
o Ngjg = 64 £ 26; Ngqg = 4574 £ 75

<1200 400 - signal
S one
b - Ci
2100 + < BOF Comtinaoa
= ) - Feed-across
© g0~ S 2500 D
2 oeof el S 2000
2 a0t 150 -
£ 40F > 150
g I W 1000
w L. == /‘\ 50? _______
0’ T, = SIRA. S - ok s N
01 -005 0 005 01 015 4 -3 -2 -1 0 1 2 3 4

AE (GeV)
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Fit results in data: B* — K2Ko7*

B(BT — K2K27t) = (6.54+2.6 +0.4) x 107 (4)

e Signal significance:

S = /=2In(Lo/Lumax) (®)

Lo: Likelihood value for the fit with the signal yield fixed to zero
Lmax: Likelihood for the best-fit case

e By convolving the likelihood with a Gaussian function of width equal to the
systematic uncertainty: S =250

e In the absence of a significant signal yield,

Convoluted Likelihood

8
we set a 90% confidence-level upper limit on oF
4
the B at | 8.7 x 1077 | by integrating the o
convolved likelihood over the B. 0 02 04 os 0s 1 1z 14 76
BF (109

Convolved likelihood vs branching fraction.
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Fit results in data:

BT — k2K B* — KQKIKT
;120 E 140 £ signal
) 100 i 120 7-Can|in.uum.
= 100 < E- Combinatorial
0 E = 100 [ Feed-across
< 80: 2 80 £ - Data
T 60F c £
< 60 T 60F
. . € 401 W og4oF
— Fit 2709 candidate 2 a0t 20F
3 7 E
events %505 0 00501 015 Ly 4
AE (GeV) Ca
— Ngig =902 £ 44
B~ — KIKIK— B~ — KAKIK—
— Ngq = 1716 £ 49 BN — S S
140 - signal
E - Continuum
< 158?-Cumhinmurial
5 E - Feed-across
% g0 -Data
'qt:'; £
¢ 60F
W 4of
20F
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432101234

Cym
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B and Acp as a function of Myoxe for B* — KSKIK™

12 0.8¢
< } o Data 0.6F
8 10 _+__+- » Phase space MC 0.4F
~ 8F 002 4
S S Ot
% 4; -0.2F
= - — -0.4F
% 2j g 060
OF | | | ®: -0.8 | | | | I I I
115 2 25 3 35 4 45 5 1 15 2 25 3 35 4 45 5
Mo (GeV/cd) Moo (GeV/c?)

e Observed an excess of events at MKSKS < 1.5GeV/c?

e The results agree with BaBar that reported an Acp consistent with
zero as well as the presence of two-body intermediating resonances
f5(980), f(1500), and £(1525) in the low Mo region®

IPhys. Rev. D 85, 112010 (2012).
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B and Acp as a function of Myoxe for B* — KSKIK™

e Overall B and Acp:

B(KPKOK®) = (10.42 +0.43 4 0.22) x 107°
Acp = (1.6 £3.9+0.9)%

Table: Efficiency, differential branching fraction, and Acp in MKgKg bins.

MKgKg (Gev/c?) Efficiency (%) dB/dM x 10~ 0 (c?/GeV) Acp (%)
1.0 —-1.1 24.0 £ 0.4 10.40 £ 1.24 +0.38 —3.9+10.9 £ 0.9
11-13 23.4 £0.2 8.60 = 0.85 & 0.32 —0.1+£9.3£09
1.3-1.6 22.9 £0.1 10.23 +0.73 £ 0.38 +6.6 +6.9 £ 0.9
1.6 — 2.0 21.8 £0.1 3.934+0.43+£0.15 +16.1 £ 10.3 + 0.9
2.0-2.3 24.1+0.1 3.90 +0.47 £ 0.15 —3.3+11.34+0.9
2.3 —27 25.2 £ 0.1 2.45 4+ 0.33 £ 0.09 —5.7+12.2+ 1.0
27-5.0 26.3 4 0.0 0.35 +0.07 £ 0.01 —31.9+19.74+1.2
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ematic uncertainties

Table: Systematic uncertainties in the branching fraction of BT — K K37 ™.

Source Relative uncertainty in B (%)
Tracking 0.35
Particle identification 0.80
Number of BB pairs 1.37
Continuum suppression 0.34
Requirement on My, 0.03

K2 reconstruction efficiency 3.22

Fit bias 1.86
Signal PDF 1.30
Combinatorial BB PDF +1.31,-1.98
Feed-across PDF +3.57,—4.10
Fixed background yield +2.63, —2.27
Fixed background A 0.50
Total +6.30, —6.67
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Systematic uncertainties for BT — KIKOK™

Myurs (GeV/e)

10-11 1.1-13 13-16 16-20 20-23

23-27 27-50

Source Relative uncertainty in dB/dM (%)

Tracking 0.35

Particle identification® 0.80

Number of BE pairst 1.37

Continuum suppression® 0.34

Requirement on M, ,tc 0.03

K9 reconstruction’ 3.22

Fit bias’ 0.53

Signal PDF T T N B+ B S U AT
Combinatorial BE PDF  0.00  +9098 12 +01T #0268  gyp 0.40
Feed-across PDF .
Fixed background yield 0.10 0.10 0.23 e 0.11 0.60
Fixed background Acp e s s 0.20 0.10 cee 0.13
Total +3.68  +£3.72  +£3.60 4373 4372 +375 4380
MKS‘Kg(GcV/cQJ I0—11 1L1—13 13-16 16-20 20-23 23-27 27-50
Source Absolute uncertainty in Acp

Signal PDF 0.001 0.002 0.001 0.002 0.001 0.001 0.004
Combinatorial BB PDF  0.001  0.001  0.001 0.001 0.002 0.001
Feed-across PDF
Fixed background yield 0.001  0.001 0.001 0.001 0.004
Fixed background Acp 0.001  0.001 0.001 0.002 0.006
Detector bias’ 0.009

Total +0.000 +0.000 +0.000 +0.009 +0.000 +0.010 =+0.012
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Results and summary

o In the absence of a significant signal yield, we obtain a 90% confidence-level

upper limit on the branching fraction of B* — K¢K%7* as: |8.7 x 1077

o Overall B.F. and Acp for BT — KIK2K* is obtained as:

B(K2KIK*) = (10.42 +0.43 £0.22) x 10~°
Acp = (1.6 3.9+ 0.9)% | Phys. Rev. D 99, 031102(R) (2019)

o Similar to BaBar, observed an excess of events at MKngo < 1.5GeV/c? of
BT — KOKOK*

o These supersede Belle's earlier measurements and constitute the most precise
results to date

o Results are statistically dominated, hence a great prospect for Belle Il
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Belle II @ SuperKEKB

¢ A major upgrade of KEKB; designed to o All the sub-detectors of Belle are
achieve 40 times higher peak luminosity upgraded to cope up with the large
e Target luminosity: 8 x 10**cm™?s™* amount of data and higher beam

o Integrated luminosity 50 ab™! (2019 to background

2027) e Vertex detector (VXD): PXD +
SVD is one of the key upgrade

K, and muon detector:
Resistive plate counter (barrel outer), plastic

ilator + WLS fiber + SiPM (endcap and
innentwo bate! layers)

One half of VXD

Vertex Detector (VX
pixel (PXD) + &-layer stAp SV

positrons (4 GeV)
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Software - Hardware mapping for Belle Il SVD

e To prepare an xml file representing the connections between DSSD
strips, APVs, and FADCs for SVD

W Sensors
M
16 ladders

15
Finesse Transmitter Board (FTB) 12ladders
FADC+PROC

1902 -2m  Junction  ~10m Unified optical
APV25  copper  box  copper data link (>20m)
chips cable

cable

e _—
10 ladders

- —_—
7ladders
Front-end hybrids Rad-hard Analog level translation, Unified FINESSE
voltage: data sparsification and receiver
regulators

—F
hit time reconstruction

6 4

Large HPK 768 512
Trapezoidal Micron 768 512 6
Small HPK 768 768 6

Abdul Basith
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DSSD, APV and FADC numbering

FADCs...
® DSSD Strips : 000 to 767
adder W BW W BW W
e o o | ol [Fape © APV address from 0 to 47 (48 input channels for 1 FADC)
(total) @ 8 bit FADC address:
ladder)
37 1(HPK) 1 (HPK) 7HPK)  7(HPK) 1 1 MSD LSD
L4 10 2(HPK)  1(Micron)  20(HPK)  10(Micron) 3 2 1-n @ 1-BW g 2
5 12 3 (HPK) 1(Micron)  36(HPK)  12(Micron) 5 2 0-p 0-Fw 1 0 X Y V4
1 1
L6 16 3HPK) 2 48(HPK)  16(HPK)+ 6 4
(HPK Micron) 16 (Micron)
111 61 15 9
-

* 24 FADCs for each p- and n-side, total 48 FADCs.

ip_number.

Connection rules between FADCs and hybrids/ Origamis umber_of_ch
trip_number_of ch

® 24 FADCGs for each p- and n-side, total 48 FADCs *152" strip_number_of_ch0:

@ FADC — 1 Junction board — 8 hybrids/Origamis (at most) “ mber orcnd

@ 1 hybrid/Origami reads out one side of a DSSD e "152" strip_number_of_ch0="384" strip_number_of_ch127="511"/>
® 1 FADC serves either p or n sides, but never both </sensor>

® 1 FADC serves either FW or BW, but never both —

o 1 FADC serves only hybrids in one layer </SVD>

o 1 FADC serves either HPK or Micron, but never both

o 1 FADC — 8 hybrids and 1 hybrid can have maximum 6 APVs

LULTR:ERT]
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Back up: Best candidate selection

120010
e More than one B candidate are reconstructed ,Jooo
in some of the events g 0o
.g 600
e The average multiplicity per event is 1.13 for S 00
BT — KOKPK* and 1.49 for BT — KOK?m+ 200
bkl
0 . 2 3 4 5 6 7 8
e Perform the K and B vertex fit and the B multplicity (B* —K3K3K")
candidate having the minimum B vertex fit x?
is chosen as the best candidate in the event 35000
30000
e This criterion selects the correct B-meson £ 25000
candidate in 75% (BT — KOK?K*) and 63% 8 2000
. . ~ 15000
(Bt — KOKOm™) of events having multiple 2 Joovor
candidates. 5000 |
E | I L L L
0

o
S}

4 6 8

10 12
B multiplicity (B*—K3K3m?)
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Back up : Fox Wolfram moments

The /I** order Fox-Wolfram moment H; is defined as:
|Pi||Pj|
H = —P 0 6
I Eij o Filcos by) (6)

pi & pj : momenta of the i*" and j*" daughter particles in the event,
s : the square of the total energy of the event

P;: Legendre polynomial of order /

0;j 1 the angle between the momenta of the particles.

Normalized Fox-Wolfram moment R;:

These quantities describe the event topology of ete™ annihilations.
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Back up: Neural Network (NN)!!

o Difficult to take correlations into
account in analysis based on
multiple selections

Three stage process:

Input layer — Hidden layer — Output
layer

e Multi variate analysis using

Give output
NeuroBayes package Get inputs p

o Variables describing the event
topology are combined in a NN

e Analogy with brain:

— Get input from other neurons
— Merge inputs

— Send the output

Combine input to single quantity

! Nucl. Instrum. Methods Phys. Res., Sect. A 559, 190 (2006)
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Bck up: Fit validation: BT — K2KOK™

200F o oo
180F- = 80F-
~160F £ 70E
140F- 2 6oE-
= @
120F . .
3 S0 bias (GSIM): -0.9 %
£ 100 oE
2 8o
firjpes 3} 30E-
40F- 205
208 10F
ISR TP 1) . TR
g I RS I A R TR OBy RN O W
B.F.(KsKsK) ¥10°® pull'B.F. (KsKsK)
S0 mean =-0.2215 +0.049
E sigma = 1.096 +0.035
40f
& 120F 3 305
Sioof $E bias (pure toy): -0.8 %
g 9F 5 20
& 0F o f
40E 10
208 £
SR L I & L
B0 10 11 13 13 14 1 5 4 4
B.F. (KsKsK) *10

2 ouil'B.E (KsKsK) ©
Fitted distribution of branching fraction (left) and corresponding pull (right) from 1000 GSIM
(top) and pure toy (bottom) ensemble tests for the signal component of B¥ — K2K2K™.
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Bck up: Fit validation: BT — KK

100 mean =-0.1973 + 0,033

100 £ .H- sigma = 1.050 +0.024
~ ~ 8o
3 8o ~ [
S S sof
<60 3 F
2 2 r
2
 40F g 4o
I @ F

20 20}

A Lk, L L L L
4 -2 -1 0 1 2 3 4
pull B.F. (KsKsr)
100y —
[ mean =-0.1417 + o,oﬂ
3

aol Sl H sigma= 1.141 0,026
’g‘ g 70)
3 60— ﬁ 60}
- 50}
2 sl 40
§
o 30}

20— 20}

10f
- T Foitet 4 T,
-04 -02 0 02 04 06 UE 1 12 14 = -4 -2 -1 [ 1 2 a4
B.F. (KsKsTi*10' PUll B.F. (KsKsm)

bias (GSIM): -4.0 %

bias (pure toy): -2.2 %

Fitted distribution of branching fraction (left) and corresponding pull (right) from 1000 GSIM

(top) and pure toy (bottom) ensemble tests for the signal component of BT — K2K27+.
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Bck up: Fit validation for Acp

— Acp is fixed to zero for all the components except BT — KIKOK*

mean= 00010 00013 | @

sigma = 0.03997 0.00089| S of-

s

g E

Ol

-

2

e e e e, R N S e
Any (KSKSK pull A, (KSKsK]

= = 0.960 +0.021
3 1o + sigma = 0.03744 +0.00084 + sigma
s

Events / (0.25)

= L L
BT g e s s b S
Acp(KsKsK) PUILA, (KSKSK

Fitted distributions of Acp (left) and corresponding pull (right) from 1000 pure toy (top) and
GSIM (bottom ) ensemble tests for the BT — K2KZK™ sample.
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Back up: Control sample study (Contd.)

Efficiency correction due to NN output requirement
e Compare the fit results with and without any cut on NN output.

o Take the ratio of number of events passes through both cases to calculate

the efficiency correction (stBta/MC)

R — signal yield in nominal case (NByin=—0.2)
- signal yield with no cut on NB

Riata = 0.886 + 0.012 (8)
Ruo = 0.889 + 0.003 (9)
£hma/MC _ 0,997 + 0.014 (10)

— Efficiency correction due to M, requirement is calculated in a similar
procedure:

data/MC
5 MLC/ =1.0003 + 0.0475 (11)
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Back up:correlation

Table: Correlation coefficients for various fit components for B — K2K%x ™.

Components AE - Mye My - Gy AE-Cp

Signal —18.0 % 23 % -2.1%
Continuum 1.1 % -1.7% 0.3 %
Combinatorial B —1.1 % 1.0 % 0.6 %
Feed-across —46.9 % 8.7 % —6.9 %

Abdul Basith

Measurements of branching fraction and direct CP asymmetry in BX — K% and a search for BT — KQkQ7 T at Belle



Back up : kaon-pion likelihood

Reconstructed based on the combined informations from the CDC, TOF,
and ACC detectors

B - L(K/m) for 7
104 L
- L(K/m) for K
o F
5103 E
>
w
10° 2
C L L L L
0 0.2 0.4 LK) 0.6 0.8 1

FIgU €. Distributions of kaon-pion likelihood
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Figure: Projection plot of NLL and statistical likelihood for Bt — K2K2n™.
The blue curve shows statistical likelihood and the red curve shows convolved
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