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Update log
» Update Belle Il analysis using MCrd instead of MCri

« Add Belle analysis
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> B? > K*K~n? suppressed in standard model (SM)

» Charmless three-body decay
» Sensitive probe of new physics

> Potential intermidiate states ...

B Dominant decay amplitude : b — u tree
B Internal W exchange diagram

e B9 K*EKT with K*f - KEr0

> Belle

v" Evidence with significance of 3.5¢ [

Motivation
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Typical Feynman diagrams that contribute to the decay
B° - K*K~r%: (a) b - u tree and (b) internal W exchange [

v B(B® - K*K~ 1% = [2.17 4 0.60( stat ) + 0.24( syst )] X 1076
v’ 711 fb~! data sample contains 772 x 10% BB pairs

> Belle & Belle Il
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O 711 fb~" + 365fb~"'data sample to reach higher signal significance (Goal > 50)  Evidence for the decay B® - K+K ~r© 1]

O CP asymmetry measurement and Amplitude analysis ...

[1] V. Gaur et al. (Belle Collaboration) Phys. Rev. D 87, 091101(R)

B0—K+K-pi0 (K.R Huang, X.L Wang)



https://link.aps.org/doi/10.1103/PhysRevD.87.091101

Research Method

> Select B® - K*K~° candidates
» Extract signal yields using an unbinned maximum likelihood fit to the variables:

AE and transformed CS (apply tight cut on M},.)

Major analysis steps

160 F
O Event reconstruction & Basic event selection s o :'
O Selection optimization E‘Zg
O Background study % jg
& O

O Signal yield extraction 22;
O Fitter validation o AE (GeV)
O Control channel study Evidence for the decay B® -» K*K 0 [1]
O Systematic uncertainties
O Fit the data
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[1] V. Gaur et al. (Belle Collaboration) Phys. Rev. D 87, 091101(R)
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Dataset
I N

Signal MC 2M (MC15rd)

(decayfile) : https://qgitlab.desy.de/belle2/software/basf2/-
/blob/main/decfiles/dec/1110021003.dec

Generic MC 1.4 ab~1 qgbar (MC15rd) light-2409-toyger
1.4 ab~! mixed & charged (MC15rd)

Data 365 fb~1 Y(4S) on-resonance data
42.7 fb~1 off-resonance data
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https://stash.desy.de/projects/B2/repos/software/browse/decfiles/dec/1110021003.dec
https://stash.desy.de/projects/B2/repos/software/browse/decfiles/dec/1110021003.dec

Baseline Selection

e BY 5 K*K-1° > basf2 default final-state particle list builder functions

« Tracks e %> yy
* dr<05cm&|dz| <2cm « StdPiO (eff50_May2020)
 thetaInCDCAcceptance + 0.105 < InvM <0.150 GeV/c?
* nTracks > 2 » KkFit
« RO
* 525 < My, <5.289 GeV/c? i StdPhoton (eff50_May2020)
* -0.3GeV<AE <0.15GeV * ClusterNHits > 1.5
e treefit * 0.2967 < ClusterTheta < 2.6180
* Cluster E in different area:
- K* * E, in forward endcap > 0.025 GeV
e No PID requirement * E, inbarrel > 0.025 GeV

* E, in backforward endcap > 0.04 GeV
* |ClusterTiming| < 200 ns
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Selection Optimization

*« B> KK n® (n° - yy)

Variable

Description

~ relevant variable

clusterE

beamBackgroundSuppressionScore

fakePhotonSuppressionScore

ECL cluster’s energy corrected for leakage and background
The output of an MVA classifier that uses shower-related
variables to distinguish true photon clusters from beam
background clusters (Belle IT)

The output of an MVA classifier that uses shower-related
variables to distinguish truc photon clusters from fake photon
clusters (Belle II)

7 relevant variable

Xi.u
daughter Angle

cosHelicity AngleMomentum

InvM

x? of ¥ mass constraint fit
The three dimensional angle between the two clusters used for
7V reconstruction
Josine of the angle between the line defined by the
momentum difference of two photons in the frame of 7° and
the momentum of 7¥ in the lab frame

The invariant mass of diphoton used to reconstruct ¥

Charged kaon relevant variable

atcPIDBelle_3_2
kaonIDNN

The kaon likelihood against pion L(K /7). (Belle)

The kaon identification probability calculated from the PID
ncutral network. (Belle IT)

[1] V. Gaur et al. (Belle Collaboration) Phys. Rev. D 87, 091101(R) BO0—K+K-pi0

» Selection optimized based on

: : _ Ng
Figure of Merit (FOM) = N
Ns : expected signal events in the
experimental data estimated by

assuming the branching ratio to be
B(B® » K*K™n®) =2.17 x 1076 [

N : background events scaled to the
luminosity of the experimental data



Yy relevant variable

B > KK n® (n° - yy)
» clusterE (forward end-cap region) > 0.275 GeV
» clusterE (barrel region) > 0.15 GeV
» clusterE (backward end-cap region) > 0.2 GeV
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» fakePhotonSuppressionScore > 0.675
» beamBackgroundSuppressionScore > 0.1
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0

T° relevant variable

* B 5 KK n® (n° - yyp)

2 : . . . ;
> Xpo <13 > pi0_daughterAngle<0.5  » |pi0_cosHelicityAngleMomentum| < 0.88 > 0.115 GeV < pi0_InvM < 0.150 GeV
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Charged kaon relevant variable
*« B 5> KK n® (n° - yy)
» kaonIDNN > 0.52
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Cutflow

» Summary of the optimized selection My = \JEL — 2,

. AF = EFyp— FE
Ncor les B beam s
ce=-2__ SCF = S

~
o

’ cor mis ’ 10°
Ngen NS —|— NS Né\ 122 Dsigmlnc Belle 11
 &=28.55%0.04% SCF = 4.35 + 0.04% . ggzi
5

0 - 60
Target Selection Signal efficiency (%] SCF [%)] 5
Baseline Selection 18.25 15.07
- 5 40
clusterll (forward end-cap region) > 0.275 MeV 47.25 41.47
30
clusterE (barrel region) > 0.15 MeV 39.82 18.05
20
v clusterl (backward end-cap region) > 0.2 MeV 39.22 15.19
. . e . . p 10
fakePhotonSuppressionScore > 0.675 37.91 13.75 E - . . . .
beamBackgroundSuppressionScore > 0.1 37.91 13.74 B35 5255 526 5266 527 5275 528 5285 529
7 - ; — M, (GeV/c?)
Xao < 13 37.07 13.16 ¢
0 daughterAngle < 0.5 36.68 12.29 100 10°
m . o = [Jsimivc  Belle IT
|cosHelicity AngleMomentum| < 0.88 36.63 12.27 8 9
0.115 < InvM < 0.150 MeV /¢? 36.56 12.25 = g0 D'ﬁb“kg“’““d
K+t kaonIDNN > 0.52 28.55 4.35 % 70 [JeB backgrouna
=
2 60
=
50
40
30
20
10
Il Il L el . L h
90.3 -025 02 -015 -01 -005 O 005 01 015

AE (GeV)
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Moditied My

« B 5 KK n® ( - yy)

H /
Tight cut on My,
— 2 2 —
Mp.= \/Ez;eam —pg PE = p;}2+ + P& + Do » 5.272 < Mj,, <5.285 GeV/c?
* - - -
o ) . V2 _ 2 o Pro Fitting region
Pro = \/(Ebeam - EK"‘ _EK‘) — Mpo X P* g g
0
" > -0.25 < AE <0.15 GeV
3
~ 80000 = —~ 100 0
'i; . [, Belle 11 o - Dsignal Mc  Belle II
% 70000 =[] ™odifiea m, = 90E
E C ¢ 4 = D qq background
= 60000 © s _
;—.é E g 70 f— DBB background
o 50000 — g o
= u 5 60 -
40000 £~ 2 sof
30000 [ 40 Irr':'_._,_.—v-'—’_"
20000 30
10000 - 20F
E | | | | 1 10 ;_
B 255255 526 5265 527 5275 528 5285 529 0 S ' ' '
M, (GeV/e) 25 5255 526 5265 527 5275 528 5285 529

modified M, _ (GeV/c?)
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Continuum Suppression

ROC Curve - bdtve (Belle I1)

e Continuum suppression 101
. . . . 0.8 4
» Total 15 variables used in FBDT training
- g. 0.6 4
» Event shape variables
» \ertex fit variables
0.2 4
— Traln = 0.9725
G.04 — Test=0.9719
0:0 0:2 0:4 0:6 D:S 1:0
Signal Efficiency
Overtraining check
0.40° g 30000 -_ : g B : -
=0 Test-Signal | g r generic MC.‘ g 10000 - generic MC
g o 1 Test-Background = 25000 - - data E i - data
-g [ Train-Signal 2 C 2 B
g o0 = Train-Background 3] r = 8000~
# . 20000 :— i
g 00 15000 E— o000 1=
% :: 10000 - . 4000 :—
: 0.05 //;’J 5000 E_.. " 2000 j— .
000 i .‘I..‘..I‘“' f i ‘.I““‘I. J o .’.‘.
g 0.006 signal (train - test) difference p=0.14 O[]“I;]‘i”[I)EI”[I]_f:.:”;]lfz;.I IE].ISHI[IJ.IéHlI).?:”[IJ.é“lI].SI‘“I‘I 00 01 02 03 04 05 06 07 08 09 1
g 0.000 - e CSMVA CSMVA
?‘DE -0.006
g oo Oeckgmund(fain-tesh dfference =042 i Data-simultaion comparison of the FBDT output on (left) background-enhanced
o and (right) signal-enhanced B* - D°(— K*rm n®)m* candidates. MC is
" Classifir Output normalized to the total number of data events for better comparison

BO—K+K-pi0 14



Continuum Suppression optimization

Continuum suppression optimization

Br err

1000 ToyMC for each requirement
PDFs extracted from MC shape

0.390 1
0.385 1
0.380 A
0.375 1

0.370 -

» CSMVA > 0.9 (The most stringent threshold)

To minimize possible systematic uncertainties proportional to background contamination

» Reject 98.52% continuum background and preserve 71.53% signal events

Br_err and Significance vs CS (Belle 1l)

]
—8— Br err —B— Significance

=== pptimized result
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BB Background

* B decays background « M, strongly peaks around 5.279 GeV/c?
and a potential peak appears in the range from

% a00f % w0k -50 MeV to 50 MeV in AE distribution
E - — BE background - E — BE background
Z 250 = 700F
I Z ok » D —» KK &D — Kr decay
5 200F p 8 . .
S = s00F- » Topoana (B — Kmm: Main peaking background)
= o 400 F-
100} 3 Mgk = \ (Ex+ + Eg-)? — (Pg+ + Pr-)?
i 200 -
PE 100 - Mgy =  (Ex + Ex)? — (Dk + Pn)?
0 355755 505 5265 627 5275 .25 5285 520 005625205045 0T .05 0005 0.1 0.15 — Jn.,2 2
M, (GeV/c) AE (GeV) Ex = Vpx” +my
= /P2 + m,? (use the pion mass from PDG)
"y 900 : o . Fit to M.,
> = i r:‘; 70 g 140
5 8002 DD—)KK E % E 1863986 + 0.000205 S u
2 700 ;7 e g 60; sigma = 0,004074 + 0000267 g 120;
§ 600 s S so R & 100f]
= = ﬁ @ u ©f =-0.112637 + 0.085246 [
S 500 g £ a0[ 80|
= 400 = = F -
C 30— 1 80—
300 — F ] C
F 20 K 40—
200 ;_ ] ) ‘?:: R H’ mﬁﬁ'ﬁ g ! : }QH ] Q 20:,
100 | 1 & ﬂ H-H- F % 4}#} H“l - !
= TR NI MO Ll NI NI TETATAT NETATATE o SN ISR 3 A ' " .' - 2 " 3
R B Iy Y Iy P64 7845 185 1855 166 1.865 187 1-375M:(-.53(1G-i’z§/c12-)39 984 7’845 185 1855 166 1865 187 1 sr;; 55 Esle{;s/ 189 Pai ™R ds 8" 'ass 87 1875 188“1/%5\//3 29
M, (GeV/c?) " ke (GeV/e)
Charmveto: 1.846 < M +_3 , Mg < 1.884 GeV/c?
Peak from D decay (D —» KK & D — Km) K*n* TTKK /

BO—K+K-pi0 16



BB Background

« B decays background

?:- 120 _ E Generic BB backeround E 200 E Generic BB background
. g E After charm veto 2 180 After charm veto
» Peaking background: B —» Knn 2 1o0f % 10
; 80 2 140
B 120
60 100
» Generic BB background: © 80
The remain BB background after .
] . 20
removing peaking background 20
825 5255 526 5265 527 5275 528 5285 529 %3 025 02 -0.15 -0.1 -0.05 0 005 01 015
> Ch t M, (GeVie) AF (GeV)
arm veto :
— _ 2 e:"f 24 D Peaking background 2-: D Peaking background
1.846 < Mpi 5, Mg+p- < 1.884 GeV/c A I P :ozp Corekmsis
3 20 < 18
Z 18 T 15
£ 16 2 14
= 14 12
12 10
10
8
5
4
2
055 5255 526 5265 527 5275 528 5285 529 3 025 02 015 01 005 0 005 01 0.15
M, (GeVic) AE (GeV)
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Peaking Background

« Peaking background
B(B® - K*K~7°) = (2.17 4 0.6) x 107 > Require further cut on PID: kaonIDNN > 0.9

B(BY - Kt ) =(37.8 £3.2) x 107°

Expected Yields vs kaonIDNN (Belle 11}

¢ 16 £ ] CR signal Belle 11
& T B —Knn 140
; 14 F # CR signal (kaonIDNN = 0.90)
= C 77 B — Knn (kaonIDNN > 0.90) 120 ]
s 12f
? _ 100 - |
<3| 10 — % i
- % 801 ;
8 — % !
6 5 e i
4 :— 2, 404 :.
- //é I
- Y |
2= /%/% 207 g Bk '
B . - —&— B-Knn I
= s //?5/ er % //fffy P 0l === Further PID cut |
—%.25 02 -015 01 -0.05 0 005 01 015 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95

AE (G eV} kaonlDNN

» The event number of the two components are scaled to the expected yields
corresponding to the integrated luminosity of the real data

BO—K+K-pi0 18



Candidate Multiplicity and Final Selection

e« B 5 K*Kn®

Entries

« Mutiplicity: 1.007

» Best candidate selection
> Lowest 7° mass-constrained y?
> Then lowest B? vertex fit y?

Multiplicity (Belle I1)

* Final selection

Entries: 199038
Mean: 1.007
RMS: 1.010

Target Selection Signal efficiency [%] SCF [%)]
Baseline and Optimized Selection 28.55 4.35
. . 5.272 < Mj, < 5.285 GeV/e? 27.19 2.39
signal Region _ ’ . . L
-0.25 < AFE < 0.15 GeV 27.05 2.23
Continuum Suppression CSMVA = 0.9 19.35 1.71
. 1.846 < My v < 1.884 GeV/c? 19.16 1.71
Charm veto window e 9 B -
1846 < Myt ¢ < 1.884 GeV/c 18.76 1.71
Further PID requirement kaonIDNN > 0.9 9.91 1.49
Best candidate selection 9.89 1.04

1 2 3 4 5 6 7 8 9 10
Multiple candidates

e £=089+£0.02% SCF=1.04+0.02%

« Sample composition

» Signal (Correctly reconstructed and self-crossfeed signal)

» Continuum background
> Generic BB background
» Peaking background

B0—K+K-pi0
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Signal yield extraction

« Fitter for B - K* K n®
* tight cuton M,
« 2D Fit on AE and transformed CS (C”) (u-transformation)
 Probability density function (PDF) of each event category j: P’@ =

Z n;j) X H Znﬂy

* Extended likelihood function: £ = exp(—

PDF used to model each event category

Event category AL C’
CR signal Double CB Flat *
SCF signal 2D histogram .
Continuum Background Polyl  2Exp
Generic BB Background Double G Poly?2
Peaking Background 2D KDE )

« The CR signal and SCF signal are considered distinct and
their combined PDF is : ng. x [(1 — f)Por + [Pscr]

B0—K-+K-pi0

Pi(AE"P(C"),

B Parameters fixed

SCF fraction
PDF parameters (except 2 parameters of qg bkg)
The yield of peaking background

B Parameters floated :

The yield for each event category except for peaking
background (ng;g includes CR and SCF signal)
Continuum background PDF parameters (2 parameters
are floated, coefficient p, and the fraction of two

exponential function)
20



Event estimation

O Signal Events : estimated by assuming the branching ratio to be B(B° - K*K %) = 2.17 x 107°

> Ni' = Npg x B(B® » K*K %) x &7
O Continuum bkg & Generic BB bkg : scaled to the integrated luminosity of experimental data

O Peaking bkg : calculated by

exp __ _ 0 +...—-0 rec
> Npeak_ Ngg XBB° > K'n™n )Xgpeak

Signal 84
Continuum background 431
Generic BB background 201

Peaking background 9

BO—K+K-pi0 21



Fitter validation

« GSIM (1000 samples)
 Yield of each component fluctuated drawing from a
Poisson distribution around their nominal expected value

Ny pull Ngq pull Lfit — Ttrue

=120 mean = 0.01 +- 0.03 2'40F mean = 0.02 +/- 0.03 pull =

E sigma = 0.87 +/- 0.02 & +_ sigma = 0.91 +/- 0.02 O-IL'
100 Num = 1000 S120 Num = 999

= £100

z 80 :

= =

[=7]
o

S
o

]
o

0 2 ) 0 1 2 0
N, pull -3
N P Ngq pull
R th pull L ce
©140 - i mean = -0.044 +/- 0.03 -~ c .
é" B B sigma = 0.97 +/- 0.02 E‘]ﬂﬂ - : mean = 7.43 +/- 0.04 Sl nlflcance . \/2 % (NLL _ NLL . )
5120 B Num = 1000 & B sigma = 1.22 +/- 0.03 g ' mn
= [ 380— Num = 1000
E100} g + :
z [ = [
80 = &0
60 [ +
40| _
20 N 20—
= n I.llIIIJIII‘:ILIIJIIIIILIIIIJ
0 0% 5 5T 8 R T
significance [*o)
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Fitter validation

« GSIM (1000 samples) _

= - o F
—&— MC —4
§ » Total Fi s 10 'Ih'qofal Fit
= —— B KK g - o
S 50 8 . Ko g 120 EX —— B KK
- I N U A SR A A Continuum Background 2 '_‘,' B — K
E - - 9= BE Background = 100 : ----- Continuum Background
| Fit Range 5 40 = C "q """ BE Background
30 =
> AE [-0.25, 0.15] GeV = ]
20 |- -
> C°[0,1] - =
10 - o

—%.25 -0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15

AE (GeV)
- - g 35 ——uc E
B Projection Plot s F :
» -0.15<AE<0.05GeV,and : *E o L
20
> C>0.2 15
10 ET- ___________
o e el e m o I S
0 = 0 bl ".I."---I ..... [P .'-‘.'r"."‘:":'-"rq'TJr.éumn.L..... —
: b 2 E
-2 [~
-0.2 -0.15 0.1 -0.05 0 0.05 0.1 2= 0.1 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9
AE (GeY) c

Fitting results for one of the GSIM samples

BO—K+K-pi0 23



Fitter Validation

- Linearity test (Branching ratio varies from 0.8 x 107 to 3.0 x 107°)
» 1000 GSIM samples for each input)

Fitted Branch Ratio vs Input Branch ratio signal significance vs Input Branch ratio
10 -
304 @ Branch ratio mean (Gaussian Fit) - === 50 b
—— Fitted Line “ ® significance ®
_— = 9
y=X Py
5 25 g - *
"E’ — .
= )
5 57 g
€ 2.0- g
é ® &
@ 1.5 "
B (Y IR S— O ——————— e e e
®
1.0 Fit: y = 1.028x + -0.041 41 °
x? / ndf = 0.080/10
®
T T L T L 3 T ! r
1.0 1.5 2.0 2.5 3.0 1.0 1.5 2.0 2.5 3.0

Input Branch ratio (*e-6) Input Branch ratio (*e-6)
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Dataset
I N T

Signal MC 2M
type Numbers of streams Experiments
Background MC § light-2409-toyger
qq uds + charm 1 7 -65
Generic BB charged + 5 7-65
mixed
Rare BB charged + 50 7 - 65
mixed
Data 711 fb~1 Y(4S) on-resonance data

89.5 fb~1 off-resonance data
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Baseline Selection

e B 5 K*Kn®

« Tracks e %> yy
e dr<0.5cm&|dz| <2cm « 0.105 < InvM <0.160 GeV/c?
* thetaInCDCAcceptance « KkFit

e nTracks > 2

* B? .y
« 5.25 < M, < 5.289 GeV/c? * GoodBelleGamma
e -0.3GeV < AE < 0.15 GeV » Cluster E in different area:
. treefit * E, inforward endcap > 0.10 GeV
* E, inbarrel > 0.05 GeV
e K * E, in backforward endcap > 0.15 GeV

* No PID requirement
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Selection Optimization

*« B> KK n® (n° - yy)

Variable

Description

~ relevant variable

clusterE

beamBackgroundSuppressionScore

fakePhotonSuppressionScore

ECL cluster’s energy corrected for leakage and background
The output of an MVA classifier that uses shower-related
variables to distinguish true photon clusters from beam
background clusters (Belle IT)

The output of an MVA classifier that uses shower-related
variables to distinguish truc photon clusters from fake photon
clusters (Belle II)

7 relevant variable

Xi.u
daughter Angle

cosHelicity AngleMomentum

InvM

x? of ¥ mass constraint fit
The three dimensional angle between the two clusters used for
7V reconstruction
Josine of the angle between the line defined by the
momentum difference of two photons in the frame of 7° and
the momentum of 7¥ in the lab frame

The invariant mass of diphoton used to reconstruct ¥

Charged kaon relevant variable

atcPIDBelle_3_2
kaonIDNN

The kaon likelihood against pion L(K /7). (Belle)

The kaon identification probability calculated from the PID
ncutral network. (Belle IT)

[1] V. Gaur et al. (Belle Collaboration) Phys. Rev. D 87, 091101(R) BO0—K+K-pi0

» Selection optimized based on

: : _ Ng
Figure of Merit (FOM) = N
Ns : expected signal events in the
experimental data estimated by

assuming the branching ratio to be
B(B® » K*K™n®) =2.17 x 1076 [

N : background events scaled to the
luminosity of the experimental data
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« B 5 K*'Kn® (n - yy)
» clusterE (forward end-cap region) > 0.25 GeV
> clusterE (backward end-cap region) > 0.15 GeV

Yy relevant variable

» clusterE (barrel region) > 0.125 GeV

[

8

T
[= ] =
=] [=]
=] =]

8
Eve nti(0.05 GeV)

Eventi(h.05 GeV)

o
]
=]

=]
=]

CJsignal

CJechar

Elud:
BE

[=)
[ErarEE

n . . . . . . >
B

=]

rE (GeV) (forward end-cap region)

=

2 258

7y clusterE (GeV) (forward end-cap region)

vent/(0.06 GeV)

Exent/(1.05 GeV)

F

=]

‘T‘|| e s manmmaEmEEmans

1 15 2
v clusterE (GeV) (b

&

[mE

Dechar
Eluds
EE

=}
[EJrar:EB

2 25

E (GeV) (forward end-cap region)

L; CIIZI D!4 :l.lﬁ D!S I1 1.I2 1!4 1!3 1.‘8
 clusterE (GeV) (forward end-cap region)

2

NS NAB

o -0!2 D!4 IJ.IG c-!s I1 1.I2 1!4 1!& 1.I3
7 clusterE (GeV) (barrel region)

-1
5 &5 3

Exenti(0.05 GeV)
Exenti{0.05 GeV)

5 3 3

R R RARNRRRREEEERERN RALE RS LALILALAR
LRl RRAN RALY LAY LALE RERS LLL) ALY

[
=]

=]

0.5 1 1.5 2 23
¥ clusterE (GeV) (backward end-cap region

[lz3znal
gt
E:(di”

[EIEE
[rar:EE

0.5 1 1.5 2 25
7y clusterE (GeV) (baclkward end-cap region;

2

N [N B

E; 0‘2 D!4 3.‘6 D!S I1 1.I2 1!4 1!3 1.‘3
y clusterE (GeV) (hackward end-cap region)
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10 relevant variable

*« B 5> K*Kn® (n° - yy)
> Xio<12 > pi0_daughterAngle < 0.5
> |pi0O_cosHelicityAngleMomentum| < 0.91

> 0.114 GeV < pi0_InvM < 0.152 GeV
» Corresponding to [-3 o, + 3 g]

range centered at the known % mass

— ) ¥
Z Belle [ R sigeat g w Belle = F o
& D SCF siznal s E%‘ f """"
= &5 Dirar:ES ] Belle
10°
o ‘hh‘_"—lq__‘_‘_h‘_
Eﬁq&q: » %
10°
L 1 1 L 1 L L L
] 5 10 15 20 25 ] 20 25 20 40 50 60
pil_MassChil pill_MassChil pil_MassChil
- 10 o o - -
E =l Belle [JeRsigea T _Ep Belle =R ]
= F [Jser sizua = T80 Gd: z
£ mof = Bl > Belle
= 2 £ 8000 Brre z
R =
= = 3 5 5000
200 000 ]
150H 3000
100 H 2000
= 1000
B = I ! ] ! 1 0 1 L 1 I 1 1 I I 1
] 0.8 1 15 2 25 3 g 05 1 1.5 2 25 3 ] . 1.5 2 25 3
pil_daughterAngle (rad) pil_daughterAngle (rad) pil_daughterAngle (rad)
= 3
= Belle [JcRzigea 5 10 Belle Doz a:x 0.145 =
3 oF [scr sizun = = L0145
= E = [Erzr:EE E
= = Z e
= L
) 01485
10 3
0.148 -
0.1455 -
10t 0145
01445
0144 - i
{4 1 1 1 1 1 1 1 1 1 ok E 1 1 1 L 1
-1 08 06 04 02 0 02 04 08 08 1 -1 0& 08 04 02 0 02 04 06 08 1 0E 0.25 0.8 0.85 1
pill_cosHelicity AngleMomentum pil_cosHelicity Anglehlomentum pill_cosHelicity Anglehlomentum
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Charged kaon relevant variable

*« B 5> KK n® (n° - yy)
» atcPIDBelle_3_2 > 0.60

10°

Belle [ crsignal

[] scF signal

T T ||1r|r|

Event/ 0.02

10%

Event/(0.02)

1T I'ITII

10¢

L

10°

T I'I'II"II'|

NPT P I P PP
6 01 02 03 04 05 08 07 08 09 A 0 01 02 03 04 05 08 07 08 09 1
atcPIDBelle 3 2 atcPIDBelle 3 2

0.3

0.25

0.2

0.15

T T T PR TURTE PR PR P P
0 01 02 03 04 05 06 07 08 09

kaonlID
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> Summary of the optimized selection Mye = \/ Ejo, — DB
AE = EB - Ebeam;

10000
5000
0 L I B T

|
203 -0.25 02 -0.15 0.1 005 0 005 01 0.15
AE (GeV)

[\ cor Nmis
€ = ij SOF - S i ) "250000 = Dsigna]IﬂC Belle
Ngen Ngor —|— Nglls QSODU ;_ Dqﬁbackgruund
5400[][) ;_ I:IGeneric BB background
e £=23.09+ 0.03% SCF=4.45 4+ 0.03% Ss000 F. [Jrare BB background
= g
é‘aoooo -
Target Selection Signal efficiency [%] SCF [%)] 25000 £
20000 E-
Baseline Selection 38.72 35.37 15000 E
clusterE (forward end-cap region) > 0.25 MeV 38.05 33.07 10000 E-
¥ clusterE (barrel region) > 0.125 MeV 34.15 18.05 5000 -
clusterE (backward end-cap region) > 0.15 MeV 34.15 18.05 D25 57255 556 5205 527 5275 526 5285 529
2
2o < 12 31.75 12.74 My (GeV/E)
o daughterAngle < 0.5 31.17 11.31 S T T e Belle
T .. 45000 = []qqbackground
|cosHelicity AngleMomentum| < 0.91 31.13 11.29 = 2 o
Q_400[)0 = DGenerlc BB background
0.114 < InvM < 0.152 MeV /c? 30.88 11.19 Sis000F  [rare BB background

K* L(K/7) > 0.6 93.09 4.45 gsooo@
25000 F-
20000 F
15000 £
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Moditied My

« B 5 KK n® ( - yy)

[ *2 _ *I12 xI _ %2 *2 */
Mbc_ \/Ebeam Ps Pp = pK+ + Pk~ + pn0

*

Po
%

Pro

*/ * * * 2
Pro = \/(Ebeam - EK"‘ _EK‘) _m1210 X

|:I M,

[ Jorodifiea n,

70000 Belle

60000

50000

Event/ (1 MeV/c?)

40000

30000

20000

10000

IIIIIIIlIIII
g.25 5255 526 5265 527 5275 528 5285 529
M, (GeV/c?)

B0—K-+K-pi0

i\) TTTT

Tight cut on My,

> 5.272 < M}, <5.285 GeV/c?
Fitting region

» -0.25<AE <0.15 GeV

[] signal MC
D qq background

DBE background
D rare BB background

Belle

III[IIII[I]IIIIIIIIIIIIIII]III[II

\

5 5265 526 5206 527 5275 528 5285 520
modified M, _(GeV/c?)
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Continuum Suppression

ROC Curve - bdtv10 {Belle)

« Continuum suppression
. - . - 0.8 4
« Total 22 variables used in FBDT training
- & 0.6
» Event shape variables
* Vertex fit variables go
0.2
—— Train = G.9762
0.64 — Test= 0.9745
QOvertraining check O:D 0:2 0:4 0:6 O:B l‘.O
Signal Efficiency
= Test-Signal o
w04 + -Background
-f:j == I‘:asit:Si;nirlnu § E generic MC" § 14000 - generic MC¥
5 = Train-Background < 35000 = N
%03 2 - -+ data = 12000 |- -+ data
£ E 30000 |- E -
5 = . = 10000 |-
a oz 25000 - C
£ 2 8000 -
2 20000 - C
g 01 F -
/‘_;'j 15000 F- 6000
00 10000 - * 4000 = .
% 0.006 signal (train - test) difference p=0.08 B _ y 000 ;' .c- 2000 E_ "
‘:E 0.000) e o] C . ) - N o
5—0.006 0‘....I....I....I....I....'T'.'...I....I....I....I....I 0
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
8 o008 background (train - test) difference p = 0.27 CSMVA CSMVA
£ 0000p e — . . .
5 -oo0s Data-simultaion comparison of the FBDT output on (left) background-enhanced
" Closiferoutput and (right) signal-enhanced B* - D°(— K*rm n®)m* candidates. MC is

normalized to the total number of data events for better comparison
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Continuum Suppression optimization

« Continuum suppression optimization

« 1000 ToyMC for each requirement
» PDFs extracted from MC shape

0.246
0.245 1

0.244 1

Br err

0.242 1

0.241 A

0.240 A

0.239

» CSMVA > 0.9 (The most stringent threshold)

To minimize possible systematic uncertainties proportional to background contamination

» Reject 98.69% continuum background and preserve 74.45% signal events

Br_err and Significance vs CS (Belle)

0.243 A

—8— bBr err

=== optimized result

—— Significance

i
I
I
I
|
I
I

0.4 0.5

0.6 0.7 0.8 0.9
CS (Continuum Suppression)

1.0

14

12

10

N
o
w

Belle

100

Event/(0.02)
[00]
o

III|'III|III|III|III]I

(=]
o

Significance

I~
o

]
o

|__| signal MC

[_] qg background
(] BB background
[ rare BB background

o
o
=]
—

02 03 04 05 O

B0—K-+K-pi0

6 07 08 09 1
CSMVA
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Event / 0.4 MeV/c?

Event /0,05 GeV/c

« Generic BB background (b — ¢ decays)

180
160
140
120
100
80
60 -
40

[
[=]

— BE background

Event / 10 MeV

TTTTTTTTTTTITTITT T TTTT

MTTT

3

600

caa d oo la s Leaaa Lo aa b g wa bl o laay
2 5235 526 5.265 527 5275 528 51285 529

M, (GeV/ch)

500

400

300

IIII][II]IIII]III][III][II][

[Josxx
[Jp=gr

=)

35 4 45 5

My (GeVich)

Peak from D decay (D - KK & D — Kn)

— BB background

aoad e b Do la g lonaaliug
0.3 -0.25 0.2 -0.15 01 -005 O

AE (GeV)

=
=

[«=]
=

Events / 0.5 (MeVieD)
[=3]

=
=

II[[[I]]IIIIIIIII[I

?.84 1.645 1.85 1.855 1.86 1.865 1.87 1.875 1.88 1.885 1.89

Lo ¥, RN HEY

M- (GeV/c)

I T
003 01 015

BB Background

« M, strongly peaks around 5.279 GeV/c?

» D - KK &D — Km decay

Mgk = \/(EK"‘ + Ex-)? — (pg+ + Px-)?
Mg, = \/(EK + En)z - (pK + pn)z

Ex = Jpx? + mg?

E, = \/Pz? + m;? (use the pion mass from PDG)

I
=

Events / 0.5 (MeVied)
(5,

w
=

P
=

LU BB N L L |

=y
=

=
w

mean = 1.884421 0.000220

cigma = 0004237 £0.000283

L
w

o0 =0.00864E £ 0076265

o1 = 0144048 0122888

[}
(=]

Events / 0.5 (MeVieD)
%] e
w (=]

=]
(=]

AT LT T PP IAPII P D1 - I e PP PR TP PPL IS IPTEA PR & 0§ Wi
9.84 1.845 1.85 1.855 1.86 1.865 1.87 1.875 1.88 1.885 1.89 84 1.845 1.85 1.855 1.86 1.8656 1.587 1.875 1.83 1.885 1.89
M- (GeVic) My (GeV/c?)

Charm veto : 1.846 < M+ _5 , Mgy < 1.884 GeV/c?

B0—K-+K-pi0
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BB Background

« Generic BB background (b — ¢ decays)

» Charm veto :
1.846 <M+ 7, My+y- < 1.884 GeV/c?

% " [ ] Generic BE background g &0 [[] Generic BE background
g 50 . - After charm veto 'y 70 - After charm veto
= -+
i X =
= 401 = &0
= B =
g - —
= N 50
30—
K 40
20 a0
20
10
10
Q.ES 0.255 526 5285 527 5273 528 5285 529 QD.B -0.25 02 -015 01 -005 O 005 01 @15
My (GeV/ I:I] AE (GeV)
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BB Background

 rare BB background

> Combinatorial BB background: » Peaking background: B —» Knm
The remain rare BB background after removing peaking
background
m;uéﬁonn :_ .sig:na] contribution %.18000 .signal contribution
% E D comhbinatorial background §1 5000 D combinatorial background
?UUUU :_ I:lpea]cinghackgmund %"14000 Dpea}:ing background
§ E 212000
15000 = 10000
10000 |- 5000
- 6000
5000 2 4000
2000
025 5255 526 5265 527 5275 528 5285 529 O 5535 07 01T 0T 00os 0 005 01 015
M, (GeV/ch) AE (GeV)
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Peaking Background

« Peaking background

B(B® - Kt*K n®) =(2.17 £0.6) x 107°
B(BY - Kt ) =(37.8 £3.2) x 107°

% 30 T[] CR signal Belle
& - [JB — Kmm
p= — 77~ CR signal (atcPIDBelle_3 2 > 0.90)
] 25 = 72 B — K (atcPIDBelle_3 2 > §:
=
g 20 —
= u
15
10 -
5F 1
e et NN .
—%.25 -0.2 -015 -01 -0.05 O 005 0.1 0415
AE (GeV)

» Require further cut on PID: kaonID > 0.9

Expected Yields vs atcPIDBelle_3 2 (Belle)

250

200

150

Expected Yields

100

50 1
—8— B KKm
—&~ B-Knn
——- Further PID cut 1

0.50 0.65 0.70 0.75 0.80 0.85 0.90
atcPIDEBelle 3 2

* The event number of the two components are scaled to the expected yields
corresponding to the integrated luminosity of the real data

B0—K-+K-pi0

0.95
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Candidate Multiplicity and Final Selection

e« B 5 K*Kn®

Entries

105

104 -

102 -

10" -

107

« Mutiplicity: 1.031

» Best candidate selection
> Lowest 7° mass-constrained y?
> Then lowest B? vertex fit y?

Multiplicity (Belle)

* Final selection

Entries: 230799
Mean: 1.031
RMS: 1.045

Target Selection Signal efficiency [%]| SCF [%)]
Baseline and Optimized Selection 23.09 4.45
) ) 5.272 < M < 5.285 GeV/c? 22.53 2.50
signal Region -0.25 < AE < 0.15 GeV 22 98 2.32
Continuum Suppression CSMVA > 0.9 16.59 1.67
. 1.846 < M+ g+ < 1.884 GeV/c? 16.43 1.68

Charm veto window

1.846 < My+,+ < 1.884 GeV/c? 16.11 1.69
Further PID requirement L(K/7)> 0.9 11.70 1.64
Best candidate selection 11.41 1.13

1 2 3 4 5 6 7 8 9 10
Multiple candidates

e £=1141+ 0.02% SCF

« Sample composition

=1.13 + 0.02%

» Signal (Correctly reconstructed and self-crossfeed signal)

» Continuum background

> Generic BB background

> Combinatorial BB background
» Peaking background

B0—K+K-pi0
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Signal yield extraction

« Fitter for B® - K* K~ n"
* tight cuton M,
« 2D Fit on AE and transformed CS (C”) (u-transformation)

» Probability density function (PDF) of each event category j:  P; = P;(AE")P(C"),

* Extended likelihood function: £ = exp(— Z n;j) X H Z fnﬂ?l

PDF used to model each event category

B Parameters fixed

« SCF fraction
Event category AFE '
CR signal Double CB Flat * PDF parameters (except 2 parameters of qgq bkg)
SCF signal 2D histogram « The yield of peaking background
Continuum Background Polyl  2Exp
Generic BB Background Double G KDE B Parameters floated :

Combinatorial BB Background Double G Poly2
Peaking Background 2D KDE

* The CR signal and SCF signal are considered distinct and

their combined PDF is : 7z X [(1 — f)Pcr + fPscr]

* The combined PDF of generic BB background and combinatorial
BB baCkground IS nB]E_; X Kl - fgbb)Pcombénator’iai + fgbbpgener’ic]r

o ngeneric
f gbb —

lgeneric + NMcombinatorial

The yield for each event category except for peaking
background (ng;g includes CR and SCF signal)
Continuum background PDF parameters (2 parameters
are floated, coefficient p, and the fraction of two
exponential function)

The fraction of generic BB background (f;5)
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Event estimation

O Signal Events : estimated by assuming the branching ratio to be B(B° - K*K %) = 2.17 x 107°

> Ni' = Npg x B(B® » K*K %) x &7
O Continuum bkg & Generic BB bkg : scaled to the integrated luminosity of experimental data

O Peaking bkg : calculated by

exp __ _ 0 +...—-0 rec
> Npeak_ Ngg XBB° > K'n™n )Xgpeak

Signal 193

Continuum background 1760
BB background 502
Peaking background 28
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Fitter validation

GSIM (1000 samples)

 Yield of each component fluctuated drawing from a
Poisson distribution around their nominal expected value

Ng pull

-y

]

=
[

Events / (0227617 )
A2 o o o
'] ] (=] =}

T T 1 1 T LI L

]
=
I

[==]
LI

mean = 0.01 +-0.03
sigma = 0.67 +/- 0.02
Num = 1000

Nsig pull
Ny, pull
o 3 mean = -0.044 +- 0.03
2140 3
§ H sigma = 0.97 +- 0.02
Q20 Num = 1000
2100
-
O
L
60 |-
40
20
0 P a1 d 1 ' aral
-3 —2 -1 0 1 2 3 4
Nyp pull

[=2]
=
I"IIIIIII'IIII'II['IIIl'III]III'I

(53]
=

o
=

20

Events / (0.281055 )

=
=

Events /( 0.23956 )
S 1

N,q pull

=

: mean = 0.02 +/- 0.03
.{_ sigma = 0.91 +/-0.02

Num = 999

100

=]
=)

[o}]
o

=
=]

=]
]

=]

Nyq pull

significance

mean = 9.45 +/- 0.04
sigma = 1.17 +/- 0.03

Num = 1000

+

B0—K-+K-pi0

7 8 9

i
10 11 12 13
significance (*0)

Lfit — Ttrue

pull =

Significance : \/2 * (NLL — NLLy;)
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Fitter validation

« GSIM (1000 samples)

z 205 % nMC 5 600 | 5
S, 180 F ggta' ’:L*K'TF = _ Total Fit
- - e — -~ 0 e
< 160 B — Kmm g 500 —— B~ KK
E E TS T T LT ke~ Continuum Background § C "u 8~ K
. E 140 = BB Background = C© === Continuum Background
. Flt Range E 120 E_‘_” 400 :— "\“ ----- BE Background
100 C
> AE [-0.25, 0.15] GeV ook -
= 200
» C[0,1] . -
40 £ 100
20 = c
Eend e AT DT RT M St ar S er v 0 Blceehr e by PP e T e ey :
—(«)].25 -0.2 -0.15 -0.1 -0.05 0 0.05 01 0.15 0 01 02 03 04 05 06 07 08 09 1
AE (GeV) mu_trans
z E
B Projection Plot s
> -0.15< AE <0.05 GeV, and )
> C>0.2
= 2 =
g 5 £ 1
0 0
- _1 =
' 02 015 =01 —0.05 0 0.05 o1 01 02z 03 04 05 06 07 08 049
AE (GeV) c

Fitting results for one of the GSIM samples
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Fitter Validation

- Linearity test (Branching ratio varies from 0.8 x 107 to 3.0 x 107°)
1000 GSIM samples for each input)

3.0 1

N
L%y}
L

Fitted Branch ratio (*e-6)

1.0 1

Fitted Branch Ratio vs Input Branch ratio

g
=}
L

=
L
1

—— Fitted Line

® Branch ratio mean (Gaussian Fit)

- y:x

Fit: y = 0.995x + 0.008
x? / ndf = 0.042/10

1.0 15 2.0 2.5
Input Branch ratio (*e-6)

3.0

significance (*o)

B0—K-+K-pi0

12 -

10 4

signal significance vs Input Branch ratio

-—-- 50 e
@ significance ®
e
o
L
]
e
[ ]
L]
®

[ ]
®

1:0 115 2:0 215 3:0

Input Branch ratio (¥e-6)
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Control Channel
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Control Channel

Bt > D°(» K*'n n®)mt
« To extract calibration parameter (shift and scale factor)

» To assess possible differences in the CS efficiency
between data and MC

The selection criteria for BY - D°(—» K*n~n®)n* (Belle) The selection criteria for BY - D%(—» Kt~ n%rt (Belle 1)
Target Sclection Target Selection
dz| < 2 em |dz| <2 cm
charged tracks dr < 0.5 cm
charged tracks dr < 0.5 cm theta in CDC acceptance
theta in CDC acceptance 0.2976 < 6 < 2.6180 rad
¥ forward > 25 MecV, barrel > 125 McV, backward > 150 McV clusterNHits > 1.5
115 < M, < 150 MeV /2 N |clusterTiming| < 200 ns
N X?rn < 12 ! forward > 275 MecV, barrel > 150 MeV, backward > 200 McV
g daughterAngle < 0.5 beamBackgroundSuppressionScore > (.1

|cosHelicity AngleMomentum| < 0.91 fakePhotonSuppressionScore > 0.675

r y [ / 2

K/ atcBellePID_3_2 > 0.9 for sclecting kaons 15 < M'}'; < 1‘;2 MeV/c
™ < 1

atcBellePID_3_2 < 0.1 for sclecting pions 7? Xno

daughterAngle < 0.5

D° 1.826 < InvM < 1.893 GeV /c? |cosHelicity AngleMomentum| < 0.88
B+ 5.272 < ﬂi{f;c < 5.285 GeV/ ? K/w kaonIDNN > 0.9 for sclecting kaons, rest considered pions
—0.25 < AE < 0.15 GeV DO 1.826 < InvM < 1.893 GeV /c?
CSMVA CSMVA > 0.9 Bt 5.272 < MJ, < 5.285 GeV/c?
—0.25 < AE < 0.15 GeV
CSMVA CSMVA > 0.9
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Bt > D°(» K*'n n®)mt

Summary of the calibration values

Calibration Value

AFE mean (G
AFE sigma (GeV) (Belle)
AF mean (GeV) (B
AF sigma (GeV) (Belle II)

eV) (Belle)
1.123 £ 0.011

1.088 £ 0.018

—(1.046 + 0.028) x 102

elle IT) —(2.576 & 0.411) x 103

Events / (0.01 GeV)

Control Channel

Belle generic M

3000 [—
- Total Fit
2500 C_ Bf — Dc[ﬂ K*rerf
C = Continuum Background
C -= BB Background
2000 . Total Background

1500 =
1000
500
93502 015 =01 005 0 005 01 015
AE (GeV)
Belle Il generic MC
< 6000
E C —— Mc
= 5 Tots! Fit
; 5000 |~ g 0= K
- - == Continuum Backgrownd
-E N - BE Background
ﬁ' 4000 — Total Background
3000
2000
1000 |

005 0

0.1

e T 005 01 015

AE (GeV)

B0—K-+K-pi0

Events / {0.01 GeV)

Evenis / {001 GeV)

) —8— data

Total Fit

8" - D[ K*rirfrr
|- =~ Continuum Background
-= BB Background

Total Background

“0.05 01 015
AE (GeV)

0.1

825702 015

Belle Il data

1400 — 5 daa
C —— Total Fit
1200 — 8 0= K
C == Continuum Background
1000 — -- BE Background
Total Background
800
600
400 - ¥
200 va
B25" 02 015 01 005 0 005 01 015
AE (GeV)
48



» Update Belle Il analysis using MCrd samples
» Add Belle analysis

* Nexttodo
» PID correction
» Systematic uncertainties

» Complete Belle2Note ...
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Thanks for your attention!
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photonM VA

~ relevant variable

beamBackgroundSuppressionScore  The output of an MVA classifier that uses shower-related
variables to distinguish true photon clusters from beam
background clusters

fake’hotonSuppressionScore The output of an MVA classifier that uses shower-related
variables to distinguish true photon clusters from fake photon
clusters

https://confluence.desy.de/display/Bl/Neutrals+Performance
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Modified My,

L f Efficiency vs x FOM vs x
0.2825 4 0.62 4
0.2800 - 0.60 A
0.2775 1 0.58 1
=
2 0.2750 4 0.56 1
o =
w
& 2 o544
@ 0.2725 A 054
0.2700 0.52 1
0.2675 - 0:30]
0.48
0.2650 -
5.266 5.268 5270 5272 5274 :38 y y g y '
' : B B B 5.266 5.268 5.270 5.272 5274
x X
Efficiency vs x FOM vs %
0.28 - 0.600
0,575 -
0.26 -
0.550 -
0.24
0.525
>
g
g 0224 =
o 2 0.500 -
&
0.20 .
0.18 - 0.450 -
016 0.425 -
5.280 5,282 5.284 5.286 5.288 5.280 5.282 5.284 5286 5288
X X
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Variables used in CS training (Belle 11)

TABLE XVIIL Variables used in FBDT training (BelleII)

Variable Abbreviation Variable Abbreviation
R2 R2 DeltaZ Declta
cosTBTO cosTDB thrustBm thrust3
KSFW Variableshsol2 KSFWV3 KSFW Variableshso()2 KSFWV2
thrust thrust2 KSFWVariableshoo(O KSFWV1
foxWolframR3 foxWo3 foxWolframR 1 foxWo?2
CleoConeCS1 Cleo(C2 thrustOm thrusl
CleoConeCS2 CleoC1 foxWolframR4 foxWol
chiProb chiPr
w = % i@ W = @ @ 4

& & &

thrus3

KSFWY3

KSFWY2

thrus2

KSFIVL

foxWo3

foxiWo2

Clenc2

thiusl

ClenCl

foxfjol

EEY 100

negative

feature importance (B°-»K *K~n?)

R2
Delta
cosTB
thrus3
KSFWW3
KSFWw2
thrus2
KSFWW1
foxWo3
foxWo2
CleoC2
thrusl
CleoC1
foxWol
chiPr

chiPr
fariiol

thrusl

I
20 30 40
Feature Importance in %

& & & & & & B2 9§ @
B e B{cewa
B o

& &
8n!$&-naaﬂac

=

=

B & | f@{Cec2

& | @ qthrus3

uncorrelated
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Efficiency map (Belle 11)

Efficiency Map (Belle Il)
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PDFs (Belle II)
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Fitted distribution of AE (CR signal)

10000 ~ —+—MC

[ — o
8000 [ Cryst= Ballt

B —— Crystal Ball2
6000 —
4000 —
2000 —

= L L L L L 1

—%.25 -0z -015 -01 -0.05 0 005 01 0.15
AE (GeV)

Fitted distribution of AE (continuum background)

70

&0

50

Ll |

40 -
30
e
20
E —— First order polynomial
10

p0 =-0.201 +/- 0.04

I I PP PR B
7%.25 -02 -015 -01 -005

0 005 01 015
AF (GeV)
Fitted di of AE ial BE background)

450
400
350
300
250
200
150
100

50

PR PRI AR |

mean1 = -0.2194 +/- 0.004
meanZ = -0.43 +/-0.5
sigmal = 0.056 +/- 0.003
sigmaz = 0.5+/-0.5
weight1 = 1.0000 +/- 0.0002
weight2 = 1.0000 +/- 0.0002

&
(3]
[41]

202 -045 -01 -0.05

PDFs (Belle)

Fitted distribution of C' (CR signal) SCF signal
— E - L
2 9000 B ] -
= E -+— MC = 120
E =1 C
E 8000 E = L
= E = C
5 7000 E —— Total Fit g 10—
6000 & = -
5000 - 100 :_
4000 £ N
3000 E- a0 |
2000 C
1000 E- 80
oB e b b e L C
01 02 03 04 05 06 07 08 1 T P P R P F TR T
c -025 -02 -015 -01 -005 0.05 0.15
- AE (GeV)
Fitted distribution of C' (qg background)
E E a-62+-8 Fitted distribution of AE (generic BB background)
= [ —4—uc b= 623 +.03 3_,_" 3 mean1 = .0.265 +/- 0.07
2 1204 3 30
= r —— Tatal Fit fs= 0.2+-06 — - mean = -0.056 +/- 0.02
£ 1 z sigmal = 0.09 +/-0.04
£ 100 = Expl _— 25
& = sigma2 = 0.12 +/-0.03
50 s weight1 = 1.000 +/- 0.003
= 20 weight2 = 1.000 +/- 0.003
B0 15 :_
40 s
10—
20 -
S
o b SN g I
0 01 02 03 04 05 06 07 08 09 1 E T NI, AR
c 35" 05 615 01 005 0 005 o4 015
AE (GeV)
~ 180 Fitted distribution of C' (combinatori "? "j]"‘;?;“:“';m Fitted distribution of AE (peaking background)
E - -
2 o= ) = 240
2 a0 e p1= 0.04+-0.02 3 g
= ; Z 220
E] = E
2 10 4 S 200F
- - =
2 ya0f ';Ip m{ﬂ £ 180 :
= Iy & 160
100 = Ii ; 140
80 - } I | 120
60 {- H g 100 -
E + + G {H 80 ;_
o Hrhy Uy 60 -
20[ o 40
o bl Z 4|
o 20
¢ 01 02 03 04 05 06 07 08 09 1 S P A PR T TR IR T
c 825 202 015 01 005 0 005 04 015
AFE (GeV)

BO—K+K-piu

Events /0.02

livents / (0.04 )

Events /( 0.04 )

250

200

150

100

50

45
40
35
30

220
200
180
160
140
120
100
80
680
40
20

SCF signal

LML L L L L L BRLBL A LB

| FEETE P TN EE T SRR AR Tl SR AR PR AR F R

110

01

o

02 03 04 05 06 07 08 09 1
o

Fitted distribution of C' (generic BShar{B} background)

T[T

TTT[TITT T[T

i
01

Fitted distribution of C' (peaking background)

LU0 L LR LN AL LN AL LA |l1||i| T

+3
NI RN FE TN NEE R IR NE NS SR AT TS N EE FEEe
01 02 03 04 05 06 07 08 09 1

-

(=]

folo]



