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Motivation

* Most sensitive analysis of sin 28/ in B® — 77,'7(yy)7T+n—K7(T)+n—
b — gqs loops

* Belle Il published with run1 dataset,
now repeat with run1+run2
. Use GNN flavor tagger
. Include 5 additional modes

. Resolve PID and mass window
inefficiencies

* Expecting sensitivity on C and S
similar to world’s best

New since run1 Belle Il analysis

Belle Il Run1 analysis: Phys. Rev. D 110, 112002



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.112002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.112002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.112002

Summary

* Focuson K¢ — m”

 Reconstruction, selection and

signal extraction fit

7Y% modes
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K¢ — m97° reconstruction

* Normally, we use the "
standard lists

* Mass windows in the lists are
optimized assuming IP
production

e ForK¢ -» %, the n% is
produced away from the |IP

* This biases M (%) and M (K{)
* |p(y)|incorrect

. Comblnatlons of y to reconstruct
Y, etc. incorrect
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[ Beforg #"-mass constrainted vertex fit

L L

1200 ) After| 7%nass constrainted vertex fit
Unbiasing the K¢, T mases ..,
800
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Ordering photons

* K3 = m[= yy]n® [- yy]
*nN-—=vy
 Ordery, n° by energy

* Reduces complexity of
optimization

* More intuitive 7%, y
variables
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Photon preselection

* 34% of K_SO0_isSignal!=1 events
have at least one beam
background photon

* Of the 34%, 79% of them have a
beam background photon as
the less energetic photon from
the less energetic pi0

* Loose cut on photon MVAs
(fakePhotonSuppression and
beamBackgroundSuppresion) >
0.1

¢ 99% sig eff, 18% bkg re;j

B® [ — py] K[ — 7°7°] (normalized)

[ K_S0_pi0_low_gamma_low is not beam background

[ K _SO_pi0_low_gamma_low is beam background

- normalized

5L H
0 —

0.0 0.2 0.4 0.6 0.8
K_S0_pi0_low_gamma_low beamBackgroundSuppression

1.0




B = [ = ) K[ = 77 + B = [ = [ = yn T K[ — 7070

wu

F signal K-S test score: 0.055
L signal x? test score: 0.268
bkg K-S test score: 0.259

bkg x? test score: 0.307

1 Train Background
1 Train Signal
®  Test Background

®  Test Signal

H
T

Event Density
w

* Train xgboost BDT to select true
K - n°7° using KJ and m°

2k

variables e N T T
* Kinematics, flight distance, etc. 2 || B

» Signal sample: signal events e e e

with truth-matched K¢ ZE‘ e

.0 0.2 0.4 BDT output 0.6 0.8 1.0

* Background sample: signal

0o

events with no truth-matched
K¢ (K_SO_isSignal!=1)

* Choose loose cut: 99% signal
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K_S0_pi0_low_gamma _low_pt K_S0_pi0_low_gamma_low_E K_S0_pi0_high_gamma_high E K_S0_pi0_high_gamma _low_E

8



MC — Data
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CS BDT

Dominant background is from
continuum

Train with off resonance data
 Data/MC and offres/onres agree

Can train one BDT for both
modes

Signal: TM signal events
Background: udsct events

Most important variables:
 cosTBTO
e KSFW_hso12
* sphericity
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MC — Data

CS output in sidebands
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Joint optimization

Optimize mass windows + E (yn(,)) + CS BDT
simultaneously using optuna

* Can improve figure of merit by 8.3%, 9.8% for ch4, ch6
respectively compared to standard optimization in

series

Optimizer favors different window widths* % |
* ois abitmisleading due to large tail

* Ch4: M(T]): 3 o, M(U’): 2.5 0o, M(KSQ): 250 * o is calculated from weighted average
e Ch6: M(po): 20 M(U'): 1o M(KSO): 3 g of Gaussians (see backup)

Channel Change in Change in Change in
signal yield background | FOMin SR [%]
in SR [%] yield in SR [%]

ch4 +15.2 +8.1 +8.3
chb6 -2.1 -34.4 +9.8 12



After all selection
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Signal definition

* Consider a candidate from a signal event to be truth-matched if
the tracks are truth matched —ignore incorrect clusters

* They don’t improve/diminish the vertex resolution

14



n' = p°

Model BB
and qq bkg
together
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Ché (n' — p°[- n*r™y)

* Fix signal PDF tails
* Validated with pure
and bootstrapped

toys without
significant bias
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Summary

- Selection of K — n°x°

modes optimized

e Other modes selected in
parallel

* ~3000 signal events
 ~3500 in Belle
« ~2500 in BaBar
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Backup
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Photon, pi0 ordering
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Feature importance for both
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ROC curves for different BDT trainings

ch4 training applied to ch4 ch4 training applied to ch6 ch4 training applied to ch4+ch6
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Feature importance for both
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Stability of optimization / similarity in optimized cuts (ch6)

Parameter distributions for ch6 within statistical uncertainty of the best trial (FOM = 6.76 + 0.09)
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Parameter distributions for ch4 within statistical uncertainty of the best trial (FOM = 8.14 + 0.10)
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Projections of FOM curves (ch6)

B — [ — py|K2[— 7070

0 ! 0
B . - ny(w)n*n‘KLO
B* - nn(3n)n+n_KL

'z x I Iililllg!lgiliili Iy I
6 H ITE x EL III I1
: ; x x i ¥f I ' x . I
saF e T
St . .
o - - i
2,_ -
O; R N R S R N
0.1 0.2 0.3 0.4 0.5
E(vy) [GeV]
0 ! 0
B _)”n(w)n* Kyt
BO = Ny Kyt -
0 0
B” - nn(Sn)n"'n_Kn"‘n_
0 ! 0
ch4 B” - UU(YV)HJ’H'KHOHO
0 I} 0
ché B™ = npyKroz0

B =l — py|K2[— 77

‘]

L l I
I . i
°F - : I ; :
o [ - i} : '
M~ - 3
9 L -
0; 1 L 1 L 1 L 1 L 1
1.0 1.5 2.0 2.5 3.0
Ny (M(p®))
]

HHH W HH

N, (M(Kg))

2.5

3.0

B =i — ;7| K[ — 77

]

6| ]
I ey
S 4} : ’
o [ = -
S
N ]
0 ; 1 L 1 1 L 1 L 1
1.0 1.5 2.0 2.5 3.0
N (M(ny))
B° — [ — ;] Kg[— n°7°]
B e xrx!‘x; ﬁngk‘%i
. =Tt ) 3
0.0 0.2 0.4 0.6 0.8 1.0
CS BDT

3




BO—>n/[—>n[—>77]7r+7r’]K§[—>7ro7r

Projections of FOM curves (ch4)

]

51 !!g!?iﬁfizr;
I cx

I orr s,
Irx £F T 1
I

0 I 0
b , ~ ny(w)n*n‘KLO
B* - nn(3n)n+n_KL

6? zixx T 11; IIIIII;[iIII ix! .
2 4 )
~ T

2

O;‘|““|““|““I““Iw

0.1 0.2 0.3 0.4 0.5
E(vy,,) [GeV]
0 ! 0
B™ = myoyymtn-Knt -
0 ! 0
B - nPYKn"'n_ %
0 ! 0
B" - nn(Sn)n"'n_Kn"‘n_ =
0 ! 0
ch4 B _)nn(yy)n"'n_KnOnO
0 ! 0
ch6 B = 1y, K o0

B i —=nl—yrTr K[ — w7

BO—>77/[—>77[—>7'y]7r+7r’]Kg[—>7T07r

]

HHHHH

HH  HHAHHHA  HH

Lol

]

HH

L] H HHHHH  H-H

H

§ !
I
I

No(M(Kg))

2.5

3.0

3.0

B =l —=nl—=ylr T r K[ — w7

B 5[ —=nl—=yyr T K[ — w07
I |
Orz : : :

2 af
=
2r
0 - L I S RS
1.0 1.5 2.0 2.5 3.0
No (M)

]

I

o Iz
L ¥l g ] I
PR L i Y g T
o 1 ar EE"
I x I
I I
I | I I

I I I
II

0.0

0.2

0.4 0.6 0.8 1.0

CS BDT

32




0 ' 0
B™ - Moymtn- Kot n

BY = 1oy Ky

Continuum suppression variables e o mrker,
comparison between channels P

0 5 ! 0
Sion: e 9 ) ~
Signal events Signal events B nn (yy)n+n KL

ch6

ch3 —

ch6

ch3 —

0.025 F I g— 0 / 0
0.020 F no g <:1(;» B" - nn(3ﬂ)ﬂ+ﬂ_KL
02 0.0100 F
2: n
= £ 00075 b
= 00101 = 0.0050
0.005 0.0025 F
0.000 b— 1 1
 In signalregion —0.15 <
e e n 0 AE < 0.1 and My,. > 5.27
- 0.1 0.2 - 0.3 0.4 = 02 04 06 0.8
“ sTBTO 1 1
e ovente * Signalis truth matched
" qgbar events —
0.025 F — S (BOC h ?_eta p_t m== )
~0020f 0.06 L — 40
* Should we use event
A o.010F ;; ' h . th t
. ol shape using the entire
oooobwnertnlion L - event?
: 0 g O
s ! ! I | N 0F
- 0.1 0.2 0.3 0.4 ] . . . ; 3 3
R2 = 0.2 0.4 0.6 0.8

cosTBTO



Candidates / 0.002

Pulls

: 'chiProb>=0'
skim_gqgs==1"'

Resonant massfjfs | ; ‘

_K o o
nn(y)/)n (A [
><104 ><105
1.2}
a i <t
S 10| S
= S
~08} ~
g | g
S 06} 3
= Z
S04l =
O O
0.2F
0.0 bbb S
5 S DF
- F A F
0 = 0F = OF
_55“‘|“‘|“‘|“‘|“‘ D"_5E“‘|“‘|.“|‘.‘|“‘ D"L:):“‘l“‘.l‘...|,..‘
0.50 0.52 0.54 0.56 0.58 0.60 0.90 0.92 0.94 0.96 0.98 1.00 0.40 0.45 0.50 0.55 0.60
M(n) [GeV/c?] M) [GeV/c?] M(K3) [GeV/c?]
BifurGauss +BifurGauss,+Gauss Gauss +Gauss,+Gauss; Gauss,+Gauss,

34



Candidates / 0.013

Resonant mass fits
BY - npyKO

X

—_

]
'

aalecdanaaa

0.6 0.7 0.8 0.9 1.0

M(p°) [GeV/c?]

BifurGauss+Gauss

1.1

Candidates / 0.002

Pulls

x 104

5 L
0.90

0.92 0.94 0.96 0.98 1.00

M(nt) [GeV/c?|

BifurGauss +BifurGauss,+Gauss

Candidates / 0.004

Pulls

OOTOOT

: 'chi

and K_S@_pi@_hi
and K_S@_pi@_hi
and K_S@_pi@_hi

and K_S@_pie_1lo

_S0_pid_lo
75@ pi@_lo

PfOb
skim_qqs==1"'

<K_S0_M_bf<0.535"
ap_rho@_|
ap_M_bf<

pi@_high_g
gamma_high

nBackgroundSuppression>0.1"'

40

0.45

M(

0.50 0.55 0.60

K?2) [GeV/c?]

Gauss t+Gauss,

35



Normalized counts
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Normalized counts
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