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Motivation

@ In the SM, the decay B® — K%7® proceeds via b — s loop diagrams.

@ Such FCNC transitions are highly suppressed in the SM and sensitive
to non-SM particles appearing in the loops.

@ Sum rule relation for B — K decays

B(KOx+ B(K+x0 B KO0
= Ak + AKOW+%% - 2AK*W°%I§E 2A 070 B(K+7r )) =0

Predicting AKoﬂo = —0.17 £ 0.06 (Phys.Lett. B627 (2005) 82-8)
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Status at Belle Il

@ Measurement of & and Acp from a time-integrated analysis using
62.8 fb~1

@ Suppress continuum background with a tight (optimised) cut on a
BDT classifier

@ Simultaneous fit to AE and Mp.. Use flavour tagging (7 bins of q.r)
o Consistent with results from Belle/Babar.
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B(B® — KOr0) = [8.51 1 (stat) + 1.2(syst)] x 1070 Agono = —0.407048(stat) + 0.04(syst)
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Enhancing the analysis

Extend to a time-dependent analysis: access to both direct and
mixing-induced CP asymmetries Acp and Scp

Challenge: vertexing only with K2, poor decay-time resolution.

Cut away candidates with large decay-time uncertainty. Retrieve
signal efficiency by relaxing the continuum-suppression cut, and fit
the BDT output

2D(AE, Mpc)— 4D(AE, My, At, C,,,) fit

Validate the analysis on data with B — J/9K2, vertexing only with
the Kg.

Use the full 200 fb~! data sample available. Target Lepton-Photon
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Selection criteria

B% — K97 selection

e Standard selection on 7% and K2 (see backup)

@ Trained a FastBDT to suppress continuum background, reproduced
selection performance of previous iteration. For the BDT used for
Moriond 2021:

— signal efficiency 16.37 %
— surviving continuum 11 %
— peaking background from listed decays (see backup)

B® — J/1KQ selection
@ Criterias are taken from BELLE2-NOTE-PH-202.
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BELLE2-NOTE-PH-202

Starting from solid ground

@ Results on 62.8 fb~! approved for Moriond 2021 obtained by NTU
group

o Before developing the new part of the analysis, check to start from
the same basis

@ Repeated the analysis on same MC sample with the new framework
and checked consistency
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4D (AE, My, At, C,,,)
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Going time dependent

Keep the same description in AE and M, of the time integrated
analysis.
Adding At variable in the fit:

exp!84/750

Pgg(At,q) = T (1 — gAw + qui(1 — 2w)] + [q(1 — 2w) + pi(1 — gAw)](Acp cos(AmgAt) — Scp cos(AmgAt))

Fix B lifetime and Amy to world-average value, keep only Yield, Acp
and Scp free

Flavour tagging parameters fixed from “B-flavor tagging at Belle II”
(https://arxiv.org/pdf/2110.00790.pdf), using 7 bins of q.r

Background modelled with empirical PDF determined from MC.
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Decay-time uncertainty and time resolution

@ Double peak observed in deltat err distribution, according to the first hits of

Kg tracks in VXD.

@ Feature reproduced in the control channel

B%->K2 pi°

B%->J/psi K°
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' peak =0.5 ps.
2" peak=0.9 ps

@ Decay time resolution: average model with a double gaussian from deltat

residual in MC.

@ Cut away candidates with At < 2.5 which dilute Acp and Scp sensitivity.

T
Atgr[ps]

25 3 85 05

Loose 6.25 % single efficiency.

@ Retrieve signal efficiency by loosening CS cut, from 9.99% to 16.37 %.
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2
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Include CS output in the fit to gain signal-to-background separation

v
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Analysis validation with toys and MC

@ Check consistency with
— toys: generate data from the PDF and fit back.
— resampling signal dataset from corresponding MC (GSIM).

@ Simulate different signal-to-background ratio in the q.r bins, but
simplified approach first:
— assume background PDF do not change in the 7 q.r bins (will
check later)

o fix all shape parameters, only free parameters are: Yield, Acp, and
Scp
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Example of fit projections from MC test
Shown fit projection for candidates with q.r in [0.875,1.0]

Events/ (05)

Events/(0.03)

AT (Projection) for bin 6

Mg (Projection) for bin 6

Events / (0.0013)

CS (Projection) for bin 6

528 5

Events / (0.45)
T

6 4 2 0 2 4
Transformed Continuum Suppression

@ Rest of the bin fit projection shown in backup slide

(S.Hazra)

B® — KOx0

October 19, 2021 @B2GM

12 /20



Validation results

o Signal efficiency=16.37 % (all selection + loose cont. supp. cut

+O'At)
Pure toy
Parameter Pull mean | Pull width | Average uncertainty
Signal Yield -0.026 1.04 18
Continuum Yield -0.011 0.99 69
Acp -0.017 1.03 0.297
Scp -0.063 1.04 0.431
GSIM toy
Parameter Pull mean | Pull width | Average uncertainty
Signal Yield -0.045 1.07 18
Continuum Yield -0.046 1.08 71
Acp -0.11 1.01 0.277
Scp 0.07 0.99 0.392
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Control Sample study B° — J/¥K?
B Lifetime
Acp & Scp
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Control channel modelling

@ Want to perform the full analysis on the B — J/ng decay as a
validation. Compare with known values, a measurement of
— BO lifetime
— ACP and Scp
o First, develop the analysis on simulation, as done for the rare decay
o Simplified fit: since B® — J/1K2 is much cleaner, don't need CS. Fit
Mpce and At only.
@ Same approach for flavour-tagging and time-dependent PDF:
— 7 bins of q.r with parameters fixed fromm “B-flavor tagging at
Belle II" (https://arxiv.org/pdf/2110.00790.pdf)
— cut a Ater < 2.5 ps, and average resolution function (2 Gaussian)
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B Lifetime fit

@ 200 fb~ ! cocktail of signal, background are generated from PDFs.

@ All shape parameters are fixed

A T (Projection) Mg (Projection)
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Parameter Fitted value | Expected value
Signal Yield 1045 4+ 33 1044
Background Yield 275+ 18 275
Lifetime (ps) 1.523 +£0.136 1.52

(S.Hazra) B® — KOx0 October 19, 2021 @B2GM 16 /20



Validation of TDCPV fitter

@ Test with toys and full MC successful, found unbiased results for
lifetime, Acp and Scp.

@ Expected sensitivity on Acp and Scp from control sample on 200
fb~1: 0.09 and 0.15 (details in backup).

o Validate the analysis with 3 times better precision than that on the
B% — K970 decay.

o Next: run the analysis on data for B® — J/¢K2
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Summary

Extend to a time-dependent analysis: access to both direct and
mixing-induced CP asymmetries Acp and Scp from B® — Kgﬂ'o

Perform the full analysis on the B® — J/¢K2 decay as a validation.

Validate the analysis with toys and MC
Two groups are working on B® — K970 time-dependent analysis

Expect to have preliminary result in next winter conference.
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Plans

@ Calculate the systematics uncertainty
— Vertex Reconstruction, Resolution function, Flavor Tagging,
Physics parameters...

@ Before going to unblind full dataset, first unbind Moriond 2021
dataset, measure Z to check compatibility and move to the rest

o B lifetime, Acp & Scp measurement in control sample for full dataset

@ Full analysis report will be ready by this month.

Belle IT (Preliminary)

0.6

0.4

Ajozo sensitivity

0
0.06 05 1 5 10 50
Integrated luminosity [ab~!]

(S.Hazra) B® — KOx0 October 19, 2021 @B2GM 19/20



Thank You

(S.Hazra) B® — KOx0 October 19, 2021 @B2GM 20 /20



Selection criteria
B® — K970 selection
@ 120 < m, o < 145 MeV and | cosfy| < 0.98
@ Barrel E, > 30, Backward E, > 60 and Forward E, > 80 MeV
© 482 < my < 513 MeV
@ 5.24 < Mp. < 5.3 GeV and —0.3 < AE < 0.3 GeV

B® — J/¢K2 selection

Criterias are taken from BELLE2-NOTE-PH-202.

dr < 0.5 cm, |dz| < 3 cm, for muon tracks.
muonID(u*) or muonID(u™) > 0.2

2.80 < My < 3.40 GeV and 482 < My < 513 MeV
5.2 < Mpe < 5.3 GeV and |AE| < 0.05 GeV

For CP-side: IP constraint and only Kg vertexing
@ For tag-side : IP constraint

@ oar < 2.5 ps
(S.Hazra) B® — KOx0 October 19, 2021 @B2GM
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BELLE2-NOTE-PH-202

Rare components investigation

2D (M., AE) Extended Fit (Cont'd)

o Rare background contributing to the analysis region:

Mode B[10-°] (PDG2020 Avg. [1]) %) Yield
KO (3 1.05 55+08 dominant processes
Bt K*(892)*7° 6809 085 41£05 B — K'r*x’
'rr ! . L1£0.
N=[Zdt-c-f*-2-B-¢ (PDG; PRD)
. KXoy 349+19 <0.01 0.7£0.0
1(1260)*K° 3547 <0.01 01£0.0
f2(1270)K° 27513 052 10£0.4
fo(980)K° 41404 019 05+0.1
0 4
N= Ii’dl o f0.0. B¢ B Xoay 34919 <0.01 05+0.0
KIKY 0.61+0.08 050 02+0.0
Ko 664 <0.01 01£0.0
Sum 127+1.1

o Finally assign a Gauss(u=12.7, 0=1.1) constraint on the normalization of rare background
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Continuum suppression validation
FatBDT as the multivariate classifier.
Same number of signal and background events.
800 fb~! for training and 400 fb~! for testing.

Use only continuum (u,d, s, c) background instead of
generic(u, d, s, ¢, BB) background.
@ Same classifier input used(BELLE2-NOTE-PH-2020-046).

Classifier Output

Our study BELLE2-NOTE-PH-2020-046
<10
450005 ua -
400005 [mldd ° — le
35000 [sS s
ao000gy CC =
- 5}
25000 Egt’% _g “
20000) ! Ss
15000l BS0" =,
1
%01 02 03 04 05 06 07 08 09 | o b T ryes r. o
BDT Output CSMVA
(S.Hazra) B® — KOx0 October 19, 2021 @B2GM

3/39



Background rejection comparison

Using our CS weight file
1) generic BKG to train CS

Cut | BKGrej. | #uli | #dd | #ss | #cc | #B9B0 | #BTB~ | # signal
0.0 5434 | 2287 | 4180 | 4280 109 22 98
09 | 9833 % 80 46 52 90 58 11 53

2) Continuum BKG to train CS

Cut | BKGrej. | #uli | #dd | #ss | #cc | #B9B0 | #BTB~ | # signal
0.0 5434 | 2287 | 4180 | 4280 109 22 98
09 | 98.25 % 90 49 58 84 54 9 13

Using BELLE2-NOTE-PH-2020-046 CS weight file——

https://stash.desy.de/projects/B2B2C/repos/btohadronscripts/browse/BToCharmless_WithCorr_CSFBDT.root

Cut | BKGrej. | #ull | #dd | #s5 | #cc | #B°B0 | #BTB~ | # signal
0.0 5434 | 2287 | 4180 | 4280 109 22 98
00 | 9839 % 74 75 52 38 54 11 13

@ Now we use the common BToCharmless weight file for CS
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At,,, distribution

only Kg vertexing

B->K? pi’

B’->J/psi K?

' peak =0.4 ps
2" peak=0.8 ps
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 peak =0.5 ps
2" peak=0.9 ps

Aty [ps]

@ After including only Kg in the vertexing we get double peak in both

cases.
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At,,, double peak
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@ We observe the decond peak due to fewer hits in VXD.
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Effect of IP constraint

9. K o 0.2KO o
B"™->K¢ pi B'->K; pi
2000 — with constraint 2000F — with constraint
1800F 1800F
— without constraint — without constraint
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1400F 1400F
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5 5
G1000F oooE-
800F 800f-
600 600F-
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200F 200F
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0K o 0 i KO
B°->K? pi B%> Jipsi K.
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2 2
®000f- 1000F-
i i
1500F 3000F-
1000F 2000F-
500F 1000F
T T T T R R R S
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o After applying IP constraint in tag side At resolution improves.

@ Similar trend is seen in the control channel .

(S.Hazra) B® — KOx0 October 19, 2021 @B2GM 7/39



@ We plots number of hits in VXD and CDC to find out the double

nVXDHits
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At., vs. Hits
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B> J/psi K:
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peak structure in the At distribution.
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At., vs. Hits

B%->Kg pi’ B> J/psi KZ
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@ We plots number of hits in VXD and CDC to find out the double
peak structure in the At,,, distribution.
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D

DeltaTErr and Ks Vertex Position

e Location of Ks vertex on x-y Ks_xKs_y {(0 < DeltaTErr < 2.5)}
plane 15

e Cutof2.50n DeltaTErr o
corresponds to the 5th layer of (B -> J/Psi Ks)
the SVD 5

e This means the cut requires two 0
hits in the SVD

123 4 5 6 SVDLayer

Tim Green, University of Melbourne
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DeltaTErr and Ks Vertex Position

Ks_xKs_y ((0 < DeltaTErr < 2.5)}

Ks_xKs_y {(0 < DeltaTErr < 2.5)}

MELBOURNE

Ks_xKs_y {(0 < DeltaTErr < 2.5)}

0<DeltaTErr<2.5 *

5

~19

BO -> J/Psi Ks

Ks_x:Ks_y {(0 < DeltaTErr < 0.7)}

L | |
e S R (. )

Ks_x:Ks_y {(0 < DeltaTErr < 0.7)}

0 < DeltaTErr < 0.7
(First peak)

BO -> J/Psi Ks

Tim Green, University of Melb":

L
T R R

B+ -> Ks pi+

I T N AN
Ks_xKs_y {(0 < DeltaTErr < 0.7)}

B+ -> Ks pi+

B® — KOx0
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Signal mode
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Signal yield calculation

The expected signal yield is calculated as

N;zpected — % .€- %s L2 NBOB_O (1)

® Ngogo=[L-0-f% where ¢ =1.110 and % = 0.487

o %5 = 0.5, probability of KO — Kg/K{J

o B(B° — K1) =9.93 x 10~ (PDG value 2020)

e Signal efficiency=16.37 % (all selection + loose cont. supp. cut
+oat)

o NGP'=165 (200 fb~1)
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Modified M.
® My = Ez;e23m _ PE2
° pg = p*Kg + Plo

- %
F . * P-0 * _F* )2 2
© Pp = Pho + 1527 (y/(Bieam — Eip)® = m2

cor=0.143(signal) cor=-0.03(signal)

.3,

0.

>
[}
S
w
<

.24 5.2455.255.2555.265.2655.27 5.2755.28 5.285

M, [GeV] M, [GeV]

.24 5.2455.255.255 5.265.2655.27 5.2755.28 5.285
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Signal Modeling
@ At : RooBCPGenDecay PDF PDF convolved with double Gaussian:

Pag(Bt, q) = 22 (1 qAw + qui(1 — 2w)] + [q(1 — 2w) + 1i(1 — gAW)|(Acp cos(AmgAt) — Scp cos(AmaAit)))
Core and ta|| Gaussian, 7g0 = 1.520 ps and Amy = 0.507/ps

@ AE : Crystal Ball + double Gaussian with common mean

@ My, : Crystal Ball + Gaussian, C... : Bifurcated + Gaussian

out * h
Example plot of integrated q - r bin

Signal A E Signal Mbe
10

70000F-

g

s0000F-

Events /( 0.0026 )

sof-
s0000F-

40000f- ol

30000F-

20000F-

10000F-

Signal AT Signal Continuum Suppression

30000f"

soo00f-
25000f-
o000
20000F-

30000F-
15000

AL 3

10000]-

L
R ]

I
246 8 0
7 Delat Tanstonme Gontraim Supre

@ In same way performed 7 g - r bin flt to extract the PDFs parameters
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Continuum bkg modeling

@ At : RooDecay PDF convolved with double Gaussian : e~ ltl/T
Core and tail Gaussian

e AE : Linear function
@ My : ARGUS function, C,,, : Bifurcated 4+ Gaussian

(S.Hazra)

Continuum A E

Gontinuum Moc

3 2000
{1600
1 1600]

+ +

12000]

10000]

8000)

6000]

4000

2000]

Continuum AT

L L
52 k25 527 528 529
Noc

Cont Continuum Suppression

October 19, 2021 @B2GM
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BB bkg Modeling

o At : RooDecay PDF convolved with double Gaussian : e~ Itl/7
Core and tail Gaussian

@ 2D Kernel estimation PDF used for AE — M. modeling

o C,,, : Bifurcated + Gaussian

8

]

Events/(02)
Events /(0.45)

2
19
it
14
12
10
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Adding extra dimension to the fitter

’

@ We transform the BDT classifier output (Cout) to (C,,;) in order to

parametrize using a simple PDF

@ Transform continumm suppression variable is defined as

’ Cout - COUtmin
Coyt = log(——-"")
Coutmax - Cout
where Cout,n,.=0.999339 and Coyt,,,=0.6
o000 A L -
L |Mean 2204
E ‘0000; Std Dev 1.929
BGGDD; F
250002— 8000~
onf. i
WUDD; ‘Uvu;
mu; 20002—
E 02 04 06 ’ — N ‘ : ‘

08 1 5 0
continuum suppression Transformed continuum suppression
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7-bin fit projection

AT (Projection) for bin 0 Mg (Projection) for bin O

Events/(0.5)

IS
&
T

Events / (0.0013)

L L
5.25 5.26 527 5.28 5.2%
Mac (GeV)

CS (Projection) for bin 0

Events / (0.45)
B
8
T

80—

6 4 2 0 2 4
Transformed Continuum Suppression
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2 220}
5 200

2 180)
i

7-bin fit projection

AT (Projection) for bin 1

A E (Projection) for bin 1

Mg (Projection) for bin 1

Events / (0.0013)
Iy
&

35|

0
AT (ps)

Events / (0.03)

526 52/ 528 52
Mg (GeV)

CS (Projection) for bin 1

Events / (0.45)
B
8
T

(S.Hazra)
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7-bin fit projection

AT (Projection) for bin 2 Mg (Projection) for bin 2
bl LU
TeTT

20—
10~
0 E 52 527 528 52
AT (ps) Mg (GeV)
A E (Projection) for bin 2 CS (Projection) for bin 2

)

S 160

é 140

I

% 4 2 0 2 4
Transformed Continuum Suppression
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7-bin fit projection

AT (Projection) for bin 3
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7-bin fit projection

AT (Projection) for bin 4
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Pure toy test

o To validate the fitter, 1000 toy experiments performed
@ Signal, continuum and BB dataset are generated
@ Expected Acp: 0.0 and Scp: 0.0

B® - K% 20 A, Toy fits B” - K n° Error in A, Toy fits B’ — K 70 Pull in A, Toy fits

120f =-0.017 +-0.03
o= 103 +-0.02 {

fir= 0207 +-0.001
o= 00337 4-0.00 é

1o = 0.0096 +- .01
= 0.305 +/- 0,007

120[inPut A, =0.000

Events/ (0.25)

ooty iocery I D et A SN
nos Rop anar Ao Pul
B° — K n° Toy fits B’ - K n° Error in S, Toy fits B° — K 7 Pull in S, Toy fits

1= -0.063 +/-0.03
o= 104 +-0.02
100

11 =-0.039 +-0.01
[o= 0.6 +-0.01 %

nput S, = 0.000

Events /(001
Events /(025 )

Tasha 0 s 0 o
sep Secperror

@ There is no significant bias !
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B® — K 20 A, Toy fits

GSIM Toy test

Signal dataset are used from the corresponding MC sample
Continuum and BB dataset are generated using the PDF shape
sin(28) = sin(2¢1) = Scp = 0.7032, where 5 = 0.39 rad
Expected Acp: 0.0 and Scp: 0.7032

B — K n° Error in A, Toy fits

B® — K n° Pullin A, Toy fits

607 = -0.029 +/- 0.02

= fo= 02941001

£ sof

£ prputA, =000

o

aof

20f

10
Ll .
B R A

QIR

B’ > Kg 7° Toy fits

Acp

Events/(0.1)

Ti= 075 +-0.02
Fo= 039 +-0.01

nput S, = 0.703

40

W= 0.277 +/-0.002
Fo= 0031 +-0.001

vents /(0.0075 )

2

Events /(0.0125)

¢

2 b2 03 0%

CHN) ;
8 - K 20 Error in S, Toy fits

fii=-0111+-0.06
101008 {

LU b

5 B R R A
‘Acp error

B° > K« Pullin S, Toy fits

>
Acp Pul

W= 0.392+/-0.004
Fo= 0.066 +/-0.003 }

0.07 +-0.05
0.99 +-0.04

2025 0.3 035 0.4 045 0.5 0

@ There is no significant bias !
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‘Scp error

October 19, 2021 @B2GM

25 /39



Control mode
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Signal Modeling

o At : RooBCPGenDecay PDF convolved with double Gaussian:

o184/ 750

Psig(At, q) = ©

(1 — gAw + qui(1 —2w)] + [q(1 — 2w) + i(1 — gAw)](Acp cos(AmyAt) — Scp cos(AmgAt)))

4750

Core and tail Gaussian

@ My : Crystal Ball function

Signal AT Signal Mbc
0
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25000 g [
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@ 8o
S L
20000~ 2
g
60—
150001 t
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8 10
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BB modeling

@ Peaking compoment peaking at the true B mass (2 — 3% of signal
events)

o At : RooDecay PDF convolved with double Gaussian : e~ Itl/7
Core and tail Gaussian

@ My, : ARGUS + Gaussian function

T B B Mbc

Evenis /(0.2
@
8
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— = | >

S

L ‘:{-u\uu\uu\uumu L)
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(S.Hazra) B® — KOx0 October 19, 2021 @B2GM 28 /39



qq modeling

e At : RooDecay PDF convolved with double Gaussian : e~ /tl/7
Core and tail Gaussian

@ My : ARGUS function

< 1000)
i
800
600

400

200

Continuum A T

Continuum Mbc

Events / (0.0045 )
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(S.Hazra)

7-bin fit projection

AT (Projection) for bin 0

Mg (Projection) for bin 0
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(S.Hazra)

Events (05)

Events /(05)

7-bin fit projection

AT (Projection) for bin 2

Mg (Projection) for bin 2

Fiof
£l
o
-
PRI STTTRV A oY
S et 5t a5 shi 3z She 57 5% 8%
e
AT (Projection) for bin 3 My (Projection) for bin 3
g sl
20 é
of B
£l
18 @
s
sof
of
of
o+ o
i
b 4 L 1
4
yly Ll lalllﬂ il
g g i TR e S TP SO0 5ok o % oo7 oo o2
AT (ps) My (GeV)
B® — KOx0

October 19, 2021 @B2GM

31/39



(S.Hazra)

Events (05)

Events /(05)

7-bin fit projection

AT (Projection) for bin 5 My (Projection) for bin 5
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Lifetime fit on Signal MC

o At : RooBCPGenDecay PDF convolved with double Gaussian:

—latl/r
oxp 2/ 7g0

Psig(At, q) =

470

Core and tail Gaussian
B® — J/¢ K

150000

50001

200001

100001

(11 - gAw + qui( — 2w)] + [q(1 — 2w) + (1 — GAW)](Acp cos(AmyAt) — Scp cos(AmgAt))

Signal AT

Entries = 139304

250001

8 10
DeltaT

| Lifetime (ps) | 1.5214+0.011 | 1.52 |
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GSIM toy

Fit uncertainty

" oo oy

o6 042 015 014 015 01
Liftime eror

(S.Hazra)

Parameter Fitted value | Expected value
Signal Yield 1045 + 33 1044
Background Yield 275+ 18 275
Lifetime (ps) 1.523 +£0.136 1.52
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7-bin fit projection

Example plot of few bin

AT (Projection) for bin 4

M (Projection) for bin 4
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@ Rest of the bin fit projection shown in backup slide
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Pure toy test

o To validate the fitter, 1000 toy experiments performed
@ Signal, continuum and BB dataset are generated using the shape
@ Expected Acp: 0.0 and Scp: 0.0

B% > Uiy K? Agp Toy fits 8° > Jy K Error in Ag, Toy fits B > J/y K Pull in A, Toy fits

it = -0.0076 +/- 0.00: Fir= 0.09313 +/- 0.04009 g 120fr=-0.078 +-0.03
= 0.090 +/- 0.002 = 0.00297 +/- 0.0 07% 2 fo=098+-002 +
2
g £ 100f
£ 20fMput A, =0.000 2 H
b 3
150
oo
100
aof-
sof-
20f-
RO A vudauosk . TN, n
2y B O R a1 20 2 e R T I 4
Acp Acp error Acp Pul
8’ — J/y K} Error in Sy, Toy fits B° - Jiy K‘; Pullin S, Toy fits
= 0010+ 0.005 2 [r=oorerom
- 01514000 {. <L 100002 ‘}
nput S, = 0.000 5 100
E H
100 s
eof- o
o 1
eof-
60) aof
aof
a0f
20f-
2F 20)
T
0 R R s PO 0TS B o e Y e aE I B B R
sep Scperror Scp Pul

@ There is no significant bias !
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GSIM Toy test

@ Signal dataset are used from the corresponding MC sample
@ Continuum and BB dataset are generated using the PDF shape
@ Expected Acp: 0.0 and Scp: 0.74

B% > Uiy K? Agp Toy fits 8° > Jy K Error in Ag, Toy fits B > J/y K Pull in A, Toy fits

Ji= 0.000 +/-0.003 Fi= 0.09023 +- 0.0 g [r=o00+-003
= 0.091+/-0.002 0 = 0.00305 +/- 0.0 2 120fe = 1.01 4-0.02
of H
input A, = 0.000 5 ob
2 169
a00f- 140) b
120]
oo
soof- 100)
80)
aof
60f
100
e 20f-
20f
LD BaE A S Mt et 4 2 e e R R T RN 4
Acp Acp error Acp Pul
0 0 . 0 o .
B° > J/y K2 Error in S Toy fits B” - Jiy K2 Pullin S, Toy fits
g [fu=007+-003
2 12005 = 1.024-0.02
H
200f sof-
150 oo
100 aof
sof- 20f-
s
o P02 0.5 014 0.15 016 TP DR DTS
sep Scperror

@ There is no significant bias !
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Toy results

o Expected signal yield= 1044 (200 fb~1)

Pure toy
Parameter Fitted value Expected value
Signal Yield 1043 £+ 33 1044
Continuum Yield 275+ 18 275
Acp —0.007 + 0.093 0.0
Scp 0.010 +0.151 0.0
GSIM toy
Parameter Fitted value | Expected value
Signal Yield 1044 + 33 1044
Continuum Yield 274 + 18 275
Acp 0.0+ 0.09 0.0
Scp 0.744 +£0.140 0.74

(S.Hazra)

B® — KOx0

e Scp = 0.749 4+ 0.055 (500/b~ 1) BELLE2-NOTE-PH-202.
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cosHelicityAngleMomentum selection

cosHelicityAngleMomentum

If the given particle has two daughters: cosine of the angle between the line defined by the
momentum difference of the two daughters in the frame of the given particle (mother) and the
momentum of the given particle in the lab frame.

If the given particle has three daughters: cosine of the angle between the normal vector of the
plane defined by the momenta of the three daughters in the frame of the given particle
(mother) and the momentum of the given particle in the lab frame.

Otherwise, it returns 0.

(a) Defination

/
P, pfyl —All
— True
~— Fake
Ou
L
—0.5 o 0.5 1
cosHelicityAngleMomentum (Cose)
(b) Helicity Angle (0x) (c) cosHelicityAngleMomentum
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