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Quick recap and what’s new Bl

Belle IT

e Include bucket13 and 14 for exp12
o Dataset: proc11 + prompt
o L=49.6 /fb

Development of CS fBDT

Include CS variable in UML fit

Fix SxF fraction wrt signal in UML
Toys with new UML fit
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Selections

n' — nwtaT
e £, > 150 MeV
® 0.5 < M, < 0.57 €&~
® 092 < M,, < 1.0 €Y

C

K
® cosli > —0.5
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e £, > 150 MeV
® cosf, > —0.64
® 0.51 < M, < 1.0 €&~

C

e ().92 < ]\[”/ < 1.0 (;fz‘/

K
® cosf,, > —0.64
® 0.49 < Myo < 0.51 GV
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CS fBDT BICR

Belle IT

e So far, used only R2 and cos(TB-TQO) as Continuum Suppression variables
o Hard cut on both

e MovetofBDT
o Variables considered
o 31 variables have been selected looking at those used in BELLE2-NOTE-PH-2020-007 v2.0:
m R2
cosTBTO
m cosTBz
m thrustOm
m  KSFWVariables (mm2): missing mass squared
m KSFWVariables (et): transverse energy
m Kakuno-Super-Fox-Wolfram moments
m CLEOcones (CC i, fori=1,...,9)
m DeltaZ and DeltaZErr
o]

o No TagV variables
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Training Iy INFN
Belle I
e Use signal and Continuum after signal selection
e Train together all four channels (charged/neutral, eta’-~>rho gamma, eta’->eta
pipi)

o Investigating possible overlap of background for different channels

o Same background event for BO->eta’ Ks and B+->eta’ K+

o Unlikely for different eta’ decay modes

m Possible for neutral/charged state
. . oy . . __a el 1 Signal
o Test earlier with separate training, similar results ———

67.50% / \
[ = |

32.50%

MC sample composition (sgn+qq)

Continuum bkg

" Signal

//,.,

o :
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Correlations INFN

Belle IT

e Large correlation w/ Mbc and DeltaE for mme and et (excluded
e For continuum also for some KSFW moments, not for signal (kept)

= qq Candidates (MC) s . £ Signal candida}les. (MC)
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Intern feature importance W (INFN

Belle IT

Intern Feature Importance

e cos(TB-TB) by far the most

KSFW_hso12

discriminating variables

e Most of correlated variables o

not very important

e Tried with less variables, o

basically same performances

cc1

e Could remove many w/o any

KSFW_hs024

significant change

KSFW_hsol4
cc7
cca
cc6

KSFW_hoo4
KSFW_hoo3
s
cc9
ccs

0.0 0.1 0.2 0.3 0.4 0.5 0.6
Intern Feature Importance variable
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Training (and Validation) Bl

Belle IT

e Dataset divided in training (50%) - Validation (30%) - Test (20%)

x10° Training sample

S| CONfusion matrix:

:: { pred bkg | pred sgn
true bkg | 0.92 0.08
04 true sgn 0.25 0.75

0.2

0.0

Score (fBDT<>0.5) 0.8666

fBDT variable

Same performances for validation sample

Stefano Lacaprara, INFN Padova



CS selection impact Bl

Belle IT

e Mbc and De with cut on CS fBDT maximizing FoM=S/N(S+B) in signal region
o Eff=90% (was 62% with R2/cosTBTO cut)

[Ldt=49.62 b~ Belle 1l - Preliminary [Ldt =49.62 b~ Belle 1l - Preliminary
15.0 g ccia' eff=s7%-s=3s.o,(::M>=2f1o7) g cc_ba; eff=87%-S=38.0,(::M>=-50..15107)
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S 125 | B ssbar _I_ S 6 | B uubar
$ B mixed $ BN ssbar
o 10.0 I ddbar m B ddbar
o I charged o B charged
o El taupair C 4| Signal
e 7.5 [ signal e
~ ~
S S
= & 2
O (©
O @)
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Mbc [GeV] deltaE [GeV] 9

Stefano Lacaprara, INFN Padova



CS usage in UML

Bl

Belle IT

e Use it in the UML to extract signal

o Use non transformed fBDT for easier parametrization (bifurcate gauss)
e Previous rectangular cut on R2 - CosTB-TO has 62% signal efficiency

o Recover 40% of signal

e Good Data - MC agreement after signal selections

0.6

0.5

0.4

0.3

0.2

0.1

[ Background

fBDT CS disc
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100

50

fBDT CS disc
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UML improvement BICR

Belle IT

e Fit variables:
o M, AE,CS

o Remove M(ny’) not very discriminating
Signal efficiency (SxF)

e Signal MC shows that SxF is about 10% of

after selections
o Given the integrated luminosity, SxF is expected to be ¢

the order few events My
o Not enough to separate that component from signal Mp
e Fix ratio of SxF to Signal from MC, and fit with & Er
components: Reco
o Continuum 0% 10% 20% 30% 40% 50%
o Peaking
o Signal+SxF

e Medium term plan: develop BDT Signal/SxF to
be added to UML as 4" variables (as in B2TIP)

Stefano Lacdprara, INFN Padova
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Correlation among fit variables

M, [GeV/c?]
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5.30-0.1

0.0

0.1

03

04

CS fBDT

Bl

Belle IT

Very limited correlation

between CS and Mbc, AE

Some between M, .. AE

12



AR VRN Y.

bl Bl i s A S )

PDF
Signal

A RooPiut ur Whhe —

SxF

A Rouriutui Wiy

- [(/ndi=7312 %/ ndf=1.179
o f = (9906 +0.0018 3 [ fo= 0839 +0.016
22000 pc 279550 +0.001 S IE 279660 + 0.000081 Ge'
20000 p' gs 127485 0,000t S g r -
18000 ={ 6026681 = 0.0 - o, =f 0.003422 + 0.000067 Ge'
16000) = 0.00575 = 0.000: £ °°C
14000 i % C
o
12000 o [
1000° v f L
8000 0—
6000 5 i r
4000 3 0 —
2000 -
Q l I I 1 ) %7 I I L I Coworador qopobopnpopy
= - A ﬁOOP|O-‘ of "A-E" - - 2 5.21 5.22 523 5.24 5.25 5.26 5.27 5.28 SMZS eV
A5indt=6:703 A RooPlot of "AE"
{55661 - f. = 0.8390 = 0.0062 7 ndf=1.092
L = 0.000439 +0.00 3 [ G = 0.0211 +0.0021 GeV
r =-0.007298 x0.00 § *°f 0.125 £ 0.016 GeV
o L
8000 — Ge = 0.01700 £0.000 S [ o= 0.040 +0.013 GeV
£ S a0
L = 0.04270 +0.000: = *°F Bias, = -0.00059 + 0.0017 G
r g r Bias,, = -0.04146 +0.0095 Ge\
6000(— 2 o0l )
C 4 2000 Bias, = -0.0414 + 0.020 GeV
@ E fo= 0.290 +0.065
4000 D 01— 1o = 0.561+0.066
C ol
2000— E
E o oA L E -
818 0.1 -0.05 0.1 0.15 E L ’ L i, ) *
AE(CoY) 15 0.1 -0.05 0 0.05 0.1 0.15
AE (GeV)
A RooPlot of "Cont.Suppr. duscnmm A RooPlot of "Cont.Suppr. dlscnmln
_ ndf = 85.981 2/ ndf = 6.469
E = 1.317 £0.010 g e = 1.146 +0.038
£ = 12064200069 S U cl = 1.260 +0.026
= Gy= 04378 £0.0060 £ [ g = 0.518 £0.023
40¢ c’% 0~
3000— E
E 0l—
2000 E
= 0 =
1000|— r
ok y : - - ol L L Ll ] el
=5 4 =3 -2 -1 0 1 0g 7y 3 =2 =1 0

2 3 4
Cont.Suppr. discriminator

Events / (0.0025 GeV )

Events / (0.0075 GeV )

3 4
Cont.Suppr. discriminator

Events /(0.25)

U | 42/ ndf = 2.378

£=-42.01125
n= 0.627 +0.031

NI W

il 1l |
5.22 523 524 525 526 527 528 529 53

A RooPlot of "AE"
22/ ndf =1.794

3
3

p=l219 8041
£y

-0.1 -0.05 0 0.05 ’ ‘0.1!
AE (GeV)
A RooPlot of "Cont.Suppr. discriminato
2/ ndf = 1.462

1600[—

1400

1200~

1000

80

3

(AN REREN

60

3

40

3

20

3

T

1 =-1.8700 +0.015
o, = 0.3166 + 0.0089
g = 1.138 £0.012

Peak INFN

"
CRR T eV T

27 ndf = 0.406

Events / ( 0.0025 GeV )
5 8 B 8 & 8

>

o

L ﬁ g by

s
G 2] -hrl’H \ 1T

£=-28.3+26

n= 023 +0.30

1= 527920 + 0.00033 GeV
o= §ldp268 + 0.00029 GeV
fgr 5 01550 =+ 0.050

NI TT T TTTT T[T T[T

oF

522 523 524 525 LT
A RooPlot of "AE"

7/ ndf = 0.984

% 8

LARRRARRRRRR AR RN
[ s i AR

Events / ( 0.0075 GeV )

fc = 0.5000 +0.0089
u_=-0.00223 +0.0027 GeV
0.0645 +0.015 GeV
o = 0.0167 +0.0026 GeV
oy = 0.1000 +0.0031 GeV

l
-0.1 -0.05 0 0.05 0.1 0.15
AE (GeV)

A RooPlot of "Cont.Suppr. discrimin.
%2/ ndf = 0.618

n»
&

Events /( 0.25)
N " ©
3 & s

o

SETTT T T T T T T T
T T T I T

= 1.05 £0.15
5L= 1.41£0.12
0, = 0.442 £0.092

LI LDLLLL

©

2 3 4
Cont.Suppr. discriminator

AUE| |
-2 =] 0

2
Cont.Suppr. discriminator



Toys

e UML tested with toys

o Embedded for Signal and SxF
o Pdf for Continuum and Peaking

e (Good results for signal (including pools)
o Ok for continuum, many Os for peaking (avg ok)

Toy results - nSig Toy results - nSigpull
hRes_nSig

40 Entries 998 50—

£ Mean 46.35 =
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s0F- wof
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E 30—
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150 20:_
10— L

[= 10—
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obctn el it Bt B hllia i ol
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Toy linearity

e Tested varying signal but keeping cont+peaking fixed
e A Dbit of underestimation of nSignal (well within uncert)

nSig vs. Signal injected
200

150

100

nSig

50

Stefano Lacaprara, INFN Padova

100
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200

Delta nSig vs signal injected

2

1

0

Bl

Belle IT

50

100

N

150 200
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UML fit results (on MC)

CS>-0.5
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Summary and plan ¥y (INFR

Belle IT

e Some progress in CS handling and UML fit

e Still need to better optimize signal selection
o Done some work (not shown today)

e Develop fBDT signal vs SxF to be included in UML fit
o Probably not needed for current luminosity

e \Work on TDCPV udst skim

o Trace the origin of 40% efficiency drop
e Extend CS UML and toys to other channels as well

e Update documentation

17
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[Ldt=49.62 fb?

Belle Il - Preliminary
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Belle IT

INFN
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Motivation

o BR(B®—n'K°%)=(6.604)x107 i
o Cgp(B®—n'K®)=-0.06 £ 0.04
o -Ap=S.p (B® - n'K°% ) =0.63 £ 0.06

e BR(B* —n' K')=(7.06+0.25) x 1075

e Seen by Belle with 10/fb?

ELSEVIER Physics Letters B 517 (2001) 309-318

Blag

PHYSICS LETTERS B

www.elsevier. ~com/locate/npe

Measurement of the branching fraction for B — 1'K and search
for B— np'n™

o B*:BR=(79"'"2_ +8) x 107

o BY:BR=(55""%_,£9) x 10"
o Limit for B® —»n' z*

e Final states used at Belle
o N —=p(—a'm)y

o N -n(—-yy)Ta

o ' —-n(—-a'ra’) a*r not used

Stefano Lacaprara, INFN Padova
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Selection efficiency

Signal efficiency (SxF)

| ) BN SxF
= 1056k B Signal
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Signal efficiency (SxF)
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Bl

Belle IT

e High
selection
efficiency
24-30%

o SxF
10->2%

«no CS cut
(next
slides)



. . D
Continuum suppression ¥ (INFN

Belle IT
e Using only R2 and CosTBTO
e Started MVA but still some i ==
correlation with data not ub o
understood of
o For next iteration o
e Optimization of cut based on !
o FoM=S/sqrt(S + B) | T ey |
o S and B in signal region from R2 cosTBTO
MC - JLdt=13458 i1 Belle 1l - Preliminary xfbdt = 34,58 -1 e w i
o Mbc>5.27 25E e e
o  -70<De<50 MeV 2of = W
e R2<0.5 o 1o
e CosTBTO<0.7 of
o Probably too hard

cos(6g — 6p)

Stefano Lacaprara, INFN Padova



Full signal efficiency (including CS) INFN

B* -/ K*|B’ - fK§|B* — o/ K*|B’ — 1 K§
Channel ’ B e /
n —nmT n —py
e % e % e % e %
Selection Sl 0.1 | 330l | 24801 | 25.250.1
Continuum suppression 63.44+0.2 | 63.0+0.2 | 62.6 0.2 | 61.7 + 0.2
Total 20102 | 19.74+0.2 | 15.64+:0.2 | 15.6 0.2
Belle (10.5 /fb) 21.7 20.8 14.2 11.5

e Margin for improvement with MVA selection (future)
o Both for CS and for signal selection
e Also can avoid cut on CS and include in UML fit

22
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Signal region for B® (blind for data)

[Ldt=34.58 fb~1
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e Foreach plot select CR on
the other variable

e Background and signal
normalized to L.,

e Signal removed from bbbar
montecarlo

BO o '77/K0,
N —= Py
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Documentation

e Note v1 almost ready
e Will upload first version
by tomorrow

Stefano Lacaprara, INFN Padova

Bl

Belle IT

D

2 BELLE2-NOTE-XX-YYYY-Z77Z
3 DRAFT Version 1.0

4 Be//e .H June 24, 2020
1

5

6 Rediscovery of B — n' K in Belle II data

7 Stefano La.(-apmr;

8 INFN sezione of Padova

9 (The Belle II Collaboration)

10 Abstract

1 This note describe the rediscovery of B — 1K decay in Belle II data, both in the charged
12 and neutral final state B’ — 7;’1(8 and BY — K * The 7 is searched for in two decay modes:
7 = nr'a, with n — 4y and 7' = py. Tha analysis uses data collected in 2019 (and 2020) and
12 processed with procll and prompt.

15 The signal was seen in all decay channels and the yield is consistent with expectation within the

16 statistical uncertainties.
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Summary and plan Bl

Belle IT

Analysis is in a good shape, but I'd like to do some more work

o Fit procedure can be improved, in particular SxF and peaking yield
o Use off-res for continuum
o Further optimization of selection and CS

Documentation is in good shape, but can be improved as well
o Need to be review by WG before calling for a RC

I’'m a bit late for ICHEP

o Plus, I'll be on vacation from july 20th and very busy until then.

If there is no strong push for ICHEP, | would like to have a bit more time

o  Can also include measurement of A, in charged mode
o Maybe include also pi+ final state ?

Will anyhow push first version of belle2note to invenio for first round of
comment
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Backup

Stefano Lacaprara, INFN Padova

<o

Belle IT

<R
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Branching fractions BICR

Mode Decay channel Branching fraction m
inclusive 706 x 10~°
BT = o/Kt 0 = n(= )T 1.19 x 107°
= p(= )y 2.04 x 107°
total 3.23 x 107
includive 6.6 x 10~°
B’ S o/K W = (=) T 5.54 x 107
W= p(= T )y 9.54 x 107°
total 1.51 x 107°

e Effective BR twice for charged state due to K+ vs Ks

29
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SxF candidates are misreconstructed Signal candidates Belle I

Misidentified particles in B° decay

= K¢
B n and K¢

The incorrect reconstruction of B°
(isSignal = 0) is mainly due to 7’
reconstruction.

n and K?

0
/  KS

Misidentified particles in n)° decay

| Pions (one or both)
[ Pions (one or both) and n
. 8 [ W]
The incorrect reconstruction -
of the n’ particle is mainly

due to the 7 reconstruction
(~ 50%),
but also pions are frequently

mistaken.
Stefano Lacaprara, INFN Padova

Aions (one-or both)=

30
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Momentum of misreconstructed pions in ' — n(77)7r+7rz:
decay Belle IT

INFN

Signal

3 isSignal !'=1
ZZ72 isSignal == 1

Incorrectly reconstructed
pions tend to have
low momentum.

Signal

2.0 2.5 1600

3 isSignal I=1
p(m) [GeV/c] ©vZZ) isSignal == 1
1400

Same area normalization for 1200 |
histograms. 1000 |
800 |
600 |
400

200 |

0.0 0.5 10 15 2.0 21?
" p(ri7) [GeVic]
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K? when isSignal=NaN

isSignal=NaN in B? decay

7 and k2
. K0

AFE distribution for these
candidates is similar to the Signal

distribution (histograms scaled to
have same area)

Stefano LaCaplala, 1HnyNLiIN 1 aguuvuva

B

Belle IT

Whenever isSignal is NaN for the By,
it is NaN also for the K¢

Signal
8000 3 K_S0_isSignal == NaN
FZ73 K_SO_isSignal == 1
7000
6000 |- %
5000 [ é
4000 |
3000
2000
1000 [
0 A71—
-2 -1 0 1 2 32
. AE[GeVL .
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E gamma (eta->gamma gamma)

[ qgbar
3.0F [ bbbar
1 Signal
25F [ SxF
20
15F
10
0.5/ ’
0 : 1 L ! I ! ! Mo . AL
'8.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
EV)

Stefano Lacaprara, INFN Padova

2500

2000

1500

1000

500

[Ldt=34.58 b~

D
o

Belle IT

Belle Il - Prefiminary

T

il L

ccbar
uubar
sshar
ddbar
taupair
charged
mixed
Signal
Data

INFN
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1

qqbar
bbbar
Signal
SxF

eta->gg peak not well visible due to low gamma threshold (60 MeV)

Stefano Lacaprara, INFN Padova

600

500

400

300

200

100

[Lat=34.58 ip-?

taupair
charged
mixed
Signal
Data




M(etaprime)

II\'
g 1 qqgbar
. [ bbbar
25 F l [ Signal
' 1 1 sxf
20 f \
§ 1
15}
10
5 -
0 el I 1 1 o . 1 i 1
0.900 925 0.950 0.975 1.doo 1.025 1.050 1.075 1.100

Mq"

eta’->eta(gg)pipi peak not well visible due to low gamma threshold (60

MeV) and pion ones

Stefano Lacaprara, INFN Padova

700

600

500

400

300

200

100

JLar=34.55 m-*

Bl

Belle IT

Belle Nl - Prefiminary

il UL
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E(gamma) from eta’->rho gamma Bl

ILat= 34.58 b™* Belle Il - Praliminary
10? [ qqgbar
[ bbbar
ol - 1 Signal 10 b
10°EF [ SxF
107k
102 -
 — |
102 f =1
. [—]
1073 F 10° | mmm
|
10°4% b =
| Lpl 1072
g f m—
T ey |
|
0 4 5 0.5 1.0 1.5 2.0 25 3.0
EY
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cos(theta gamma)

14
12
1.0
0.8
0.6
0.4

0.2

0._01

L [ qgbar
[ bbbar
L 1 Signal
» g = SxF
L ln. | ]
ik
1K | 1L
; ] u| it
, [»_ﬁ :‘~; Ll ,
- f[ Y 1
f : g
ns at |
3 ‘,L,"IL“F'IL: 3
-_— f I ! ! ! ! ! ! )%
.00 -0.75] =050 ~0.25 0.00 0.25 0.50 0.75 1.00

cosé,

Stefano Lacaprara, INFN Padova

5000

4000

3000 |

2000

1000

D
]/ INFN
Belle IT

Belle Il - Preliminary

[Lat=34.58 fb-

uubar
ccbar
ssbar
ddbar

-(Haaanoao

taupair
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100

01

qqbar
bbbar
Signal
SxF

b

11

e Clear Ks peak
e Shift between rho peak for signal and SxF

Stefano Lacaprara, INFN Padova

1.2

[Lat=34.

58 fb—*

Bl

Belle IT

Belle Ul - Preliminary

4000

3500

3000

2500

2000

1500

1000

500

0.4

uubar
ccbar
ssbar
ddbar
taupair
charged
mixed
Signal
Data

-JNREnEnm
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M(etaprime) Bl

Belle I
[Ldt=34.58 fb~? Belle Il - Preliminary
60 |- [ qgbar 4000 | [ uubar
1 bbbar [ ccbar
50 - 1 Signal 3500 ssbar
[ SxF [ ddbar
3000 [ taupair
40 - I charged
2500 B mixed
R [ Signal
30 2000 ;
20k 1500
1000
10 F
500
FEPEre
0 Lo i S g A g 1 NWWWMW 0
0.900 .925 0.950 0975 1.¢00 1.025 1.050 1.075 1.100
Y n
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cos(alpha) (momentum vs vertex)

104

103 E

102}

101 E

10° B

102

10!

100 bt

107!
1072

1073

Stefano Lacaprara, INFN

b Wbl 2 kol 01 1, b L aib, o, Hirllfinifile i I
-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00

K_SO_cosAngleBetweenMomentumAndVertexectpr

[ Background
[ bbbar
[ Signal
[ SxF

J..M.JMl

K_SO_cosAngleBetweenMomentumAndVertexVector
Padova

105+

103 L

101 L

10—1 L

10—3 -

Bl

Belle IT

MIJII - Preliminary

[Ldt=34.58 fb~!

[Ldt=34.58 fb~! Bellb 11 - Preliminary

-[RIANEDD

-1.0

cos(b, V). . 40



M(Ks) BICR

Belle I
200 det= 34.58 fb~* Belle 11 - Preliminary
F [ Background 2000 [ ccbar
175 [ bbbar 1750 =3 uubar
1 Signal 1 ddbar
150 F ﬂ [ SxF [ ssbar
1300 I charged
125 1250 E || mixed'
I taupair
100 F 1000 - [ Signal
t Data
5¢ 750
50 500
25 F 250
8.44 0.46 0.48 0.50 0.52 0.54 0.56 8
K_SO_M_Dbf
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Correlation between training variables and fit variables (1. and AFE) Q(B INEN

qq Candidates (MC)

Mbc 8 2 =l 10 1 7 0 k] ] 16 20 7 443 42 1 46 12 8 27 49 16 5 as 2 2 0 0 3 4 3 3 0 1 0 1 1

Belle, [T
deltak & Y 1+ o0 3 s - ¢ o o © 0o 4 o o© 4 © © 0 © o 4 0 ©0 1 I 2 1 2 O B o0 O
R2 » 0 14 JEEE 4 10 0 0 o 0 1] 0
thrustOm -1 © 0
cosTBTO =7 2 0
csTBz-0 4 o
KSFW et = 4 0
KSFW_mm2 = 0 0

KSFW_hso00 =16 0
KSFW_hso02 =3
KSFW _hso04 =7 0
KSFW_hsol0 713 0
KSFW_hsol2 =42 o
KSFW_hsol4 =11 1
KSFW_hso20 =46 ©
KSFW_hso22 =42 0
KSFW_hso24 =8 1

£
©

KSFW_hoo0 =47 0 i -0
KSFW_hool =@ © 0
KSFW_hoo2 * 0 0
KSFW_hoo3 0 0 |
KSFW_hood =35 0 0

cci:z2 2 0

cc2:z o 0

cc3zo o 0 -40

cc4z:0 1 0

€cC5:3 1 0

o4 2 0

cCc7:3 1 0

cg:a 2 1

ccgio o 0

DeltaZ » 1 n 1 1 o o B A 0 ° 0 0 o o 0 0 0 0o 9 o 0 0 0 0o 0 1 0 1 0 o 0 80
DeltaZErr - 0 0 0 0 0 o 0 0 0 0o 0 0 0 0 0 0 0 0 0 L 0 0 1 0 1 0 0 0 0 0
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Signal Region B”

[Ldt=34.58 b1

Belle Il - Preliminary

35 ==
|
L ==
—
[ -
|
[ -

ccbar
uubar
ssbar
ddbar
charged
mixed
taupair
Signa

30

25

20

Cands / (0.008 GeV)

5.24
Mbc [GeV]

[Ldt=34.58 b1

5.26

(R2 < 0.50) & (cosTBTO < 0.70)
eff=63% - S=89.3, FOM=8.827

5.28

Belle Il - Preliminary

uubar
cchar
ssbar

40

30
taupair
Signal

20

10

Cands / (0.008 GeV)

5.24
Mpc [GeV]

Stefano Lacaprara, INFN Padova

5.26

(R2 < 0.50) & (cosTBTO < 0.70)
eff=62% - S=115.3, FOM=6.974

5.30

5.30

Cands / (0.003 GeV)

Cands / (0.003 GeV)

[
N B O
T

o N B~ O

o

[Ldt=34.58 fb-!

Belle Il - Preliminary

1D

[Ldt=34.58 fb~!

[ -

(R2 < 0.50) & (cosTBTO < 0.70)
eff=63% - S=89.3, FOM=8.827

ccbar
uubar
ssbar
charged
ddbar
mixed
Signal

—-0.10 -0.05 0.00 0.05
deltaE [GeV]

0.10 0.15

Belle Il - Preliminary

30

25 |

20 |

r—

515 -0.10 -0.05 0.00
AE [GeV]

(R2 < 0.50) & (cosTBTO < 0.70)

uupar eff=62% - S=115.3, FOM=6.974

ccbar
charged
ssbar
ddbar
mixed
taupair
Signa

0.05 0.10

D
]/ INFN
Belle IT

B:I: S n/K:l:

n —nr’

ﬂ__

e For each plot select CR on
the other variable

e Background and signal
normalized to L.,

e Signal removed from bbbar

montecarlo
Bi s 77/ Ki
/
n = pY
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Try to fit signal: only MC + signal injection INFN

Belle Il 2019 preliminary Belle Il 2019 preliminary
% 257 4+ pam (R2 < 0.50) & (coSTBTO < 0.70) & (-0.07<deltaE<+0.05) > 2% F —¢— Data (R2 < 0.50) & (cosTBTO < 0.70) & (Mbc>5.27)
= L Fit [ 2o Fit
() - Signal ©) E Signal
O] 0 |- ez Continuum N =35.7 £9.3 cands 5 (aV] 20 ez Continuum N = 27.8 + 6.9 cands
20— ) 1 = 5281.2 + 1.0 MeV/c b E ) 2
"‘N) B C13b + 31 _slgnal 5= 3.3 + 0.7 MeV/c? g 18- MC13b + 31 f|gnal p=-0.1+2.7 MeV/c
8 L } L dt=10.00 fb S 16 ;_[ L dt=10.00 fb 6 =10.0 + 0.0 MeV/c?
s [ ~ =
© 15 2 L=
- L < E
(0] e
% ’ : 12
o 10 , 10
KT T 5
N 000 vy
- MC13b o
SU /i N >
V7,7 2;////,’/// 0k /7 Z
0 % Q24 027 0 E I A N7 .
= 2E _ 2
5 0f x O
-2 2
E TR T TR N . Y N B T | E | ! . | | |
5.2 5.22 5.24 5.26 5.28 5.3 -0.1 0 0.1
2
M, [ GeV/c? ] AE}[ GeV ]

e Cut Mbc>5.27 GeV/c? and -7<De<+5 MeV in the other plot.
o 1D plot shown (2D implemented)
e Injected 31 events, seen 35.7+/-9 (Mbc) and 28+/-7 (De)
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DeltaE vs Mbc BICR

Belle IT

Proc10 + bucket8

Data MC13b

0.2 0.2
0.1 0.1
$ 3
9 00 S o0
4 Y
=0:1 -0.1
-0.2 -0.2
_det =8.86 fb~! Belle Il - Preliminary det =10.00 fb~'Belle Il - Preliminary

520 522 524 526 528 530

520 522 524 526 528 530
M. [GeVic?]

My [GeV/c?]
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Try to fit signal: Data

Belle Il 2019 preliminary

) [ —+— Data (R2 < 0.50) & (cosTBTO < 0.70) & (-0.07<deltaE<+0.05)
S o5 Fit
o) - I Signal
0] I Zzzz Continuum N =45.4 +10.0 cands
ps C 1 =5279.4 + 0.8 MeV/c?
N ool Data . 6 =3.5 + 0.6 MeV/c?
3 r IL dt=8.86 fb N¢,,=30.1
© L
— 15— }
[2] L
Bt/
c s
i Ny
5 i/ '
o AL
5
% =
o 0 e
_%_— I I | T A N I L I | 1 I
2 5.22 5.24 5.26 5.28
2
M,. [ GeV/c?]

e C(Clear signal visible

Proc10 + bucket8 @ INEN

Belle I
Belle Il 2019 preliminary

> [ —+— Data (R2 < 0.50) & (cosTBTO < 0.70) & (Mbc>5.27)

[) 16 Fit

(O] [ s Signal

Y 14|- == Continuum N =29.1 + 13.9 cands
— C

o = u=-13.0 + 9.8 MeV/c?
e 121 o = 24.1 £ 12.9 MeV/c?
~ I

2 10~

= I

g

T 8

NN

NN

z U
2y //%%//////////P/%
N . /
_ 2
: o
e
AE} [ GeV ]

o Projection w/ selection on other variable
e seen 45.7+/-10 (Mbc) and 29.1.4+/-14 (De)

o Expected: 31

e Sitill 1D fit; later for 2D

Stefano Lacaprara, INFN Padova
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B*->n' (->n (yy) m'm) K*

e Simple signal selection

(@)

(@)
(@)
(@)

Signal eff 32% (40% reconstruction only)
SxF 2.4 (vs 7.1 %)

w/ CS eff: 32 * 0.75 = 24%

Belle was 22%

Only first candidate

31.8%
34.2%
34.9%
37.3%
40.3%
a47.2%
100.0%

0%.H

25%  50%  75%  100%

Stefano Lacaprara, INFN Padova

AE [GeV]

<

0.3

0.2

0.1

0.0

-01

-0.2

o3 | JLdt=8.86 fb~! Belle Il - Preliminary

518 520 522 524 526 528 530
My [GeV/c?]

Proc10 + bucket8
Low Background

Tested with MC w/ signal inection
And MC w/o signal removal
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30

25

20

15

10

B*->n' (->n (yy) m'm) K*

[Ldt=8.86 fb~?

Belle Il - Preliminary

[ uubar

[0 sshar

I ddbar

B charged

B ccbar

[ signal
} Data

5.24 5.26 5.28 5.30

Mg [GeV/c?]

Data vs MC with expected signal

Stefano Lacaprara, INFN Padova

Proc10 + bucket8

[Ldt=8.86 b1

D
]/ INFN
Belle IT

Belle Il - Preliminary

17.5 | =3 uubar

[ ssbar
15.0 | BB ddbar

B charged

B ccbar
12.5

[ signal

} Data

-0.15 -0.10

-0.05 0.00 0.05 0.10 0.15
AE [GeV]
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B* ->n’ (->n (yy) m'm) K* 2D FIT B

Belle IT
A RooPlot of "M, " A RooPlot of "AE"
S F S
g o Data 1 § 4 Data 1
& ~J‘ L dt=8.86 fb 2 J L dt=8.86 fb
= S 7
2 o 2 of
T 5_— - =
61— - &
B Proc10 + bucket8
41— >
i o |
2 o
! * I i
! il I L 10 0. all 1 LdL P O i R L | u —t S Tl T e B Sk s Rt Bt T o B i b
83 5.I21 5.|22 5.]23 E5.24 5.25 5.|26 5.127 528 529 53 TS —0.1 : 0.1 0.15
My (GeV) AE (GeV)

e 2D fit for Mbc and DeltaE
o Fit result: 29.0 +/- 10 evevents
o Expected 31 events
e Fit on MC and Toy studies (injected 10-100) looks good
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Expected signal (MC + injection)

MC13b

o

L2

>

0.3 )

O]

Te}

0.2 S

Q

o

e

s 2

O 00 S

m >

4 |
-0.1
-0.2

-03 _det =10.00 fb'Belle I - Preliminary
5175 5200 5.225 5.250 5.275 5300 5325 0_3_

My [GeV/c?]

e Small signal yield with current lumi
o but very low background

e Closure test ok: injected 6, fit 9.5 +/- 3.3

Stefano Lacaprara, INFN Padova

Bl

Belle IT

Belle 11 2019 preliminary

[22]
TTT T T T T 717

T

‘!\\\‘l\l\l\l\!

-
T

N\

—+4— Data

Fit

[ Signal
=== Continuum

MC13b + 6 sig
L dt=10.00 fb”

(R2 < 0.50) & (coSTBTO < 0.80) & (-0.07<deltaE<+0.05)

N =9.5 + 3.3 cands

1 = 5280.6 + 1.3 MeV/c?
6 =3.5 + 1.0 MeV/c?
Nex,=6.0

i\)l\‘\l\ [I\‘H

M, [ GeV/c? ]
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