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Motivation

@ The sum-rule relation proposed by Gronau for B — K provides a

stringent test of SM

B(K°rt) Tgo B(K*n%) Tg0 (K°7%)

B
AK+7T_ + *AKOﬂ*‘*'B(Kfﬂp—)TBfJr = AK+7TOWTB+ = ‘AKO"TOB(TW—)

@ Predicted Ayo,0 = —0.17 £ 0.06, Phys.Lett. B627 (2005) 82-8

@ The limiting factor is Ao, o precision. Need to push on this
measurement, where Belle Il is the key player.

e BY — KO0 is a golden mode at Belle Il

V
~ .
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https://arxiv.org/pdf/hep-ph/0508047.pdf

B meson reconstruction

Selection criteria

BY — KSO(—> 7T+7T_)7TO(—> ¥7)

0

@ 7 reconstructed from a pair of photons

° Kg reconstructed from two oppositely charged tracks, assummed to
be pions
B® — J/y(— utum)KQ(— mtm) [control channel]

° Kg selection criteria are same like the signal mode

o Only K2 used for BY vertexing to mimic the signal decay

@ J/4 reconstructed from dimuons

@ Following two kinematic variables used to select B meson
° My = El;kgam - ﬁ:‘kBZ
o AE=E;, ... — Eg
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Background study

Continuum supression

@ Use a BDT to suppress the et e~ — gg background
@ An example input varRizabIe

Belle Il (simulation)

4000

N signal
[l Continuum background

o
W R Background S
\ 5 [B° - K¢ 1 signal
g 4 A
q
®
S g
2
N &

3500

a000F-
2500
2000F
1500F-

1000

500

N 00 0.10203040506070809 1
IAANRMARAARRN AR NSRS
04 05 06 07 08 c

of
‘out

S. Hazra DAE symposium 2022 December 15, 2022 4/10



Flavor tagging

D~ ttv,
t=0 ty
{B° ‘D B°
: E ecay as
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The other Bis
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Going for time-dependent analysis

==

et-e” collision

Decay att = 0

e

B/B pair creation

= j@ 3

Decay at t

)

e EE—

@ Challenge: For Kgﬂ'o, no primary charge track to help in vertexing,
which leads to a poor decay time resolution
e BY vertex position is determined by projecting the Kg trajectory to

the interaction region

12000F

10000F

Events/(0.08)
[o2] o ]
o o
o o
P

4000

2000

Belle Il (simulation)

B’ > Kg n°

DAE symposium 2022

P IR I b
15 2 25 3 35 4
Aty [ps]

December 15, 2022 6/10



TDCPV fitter preparation

@ Divide the dataset into 7 g - r bins for a simultaneous miaximun liklihood fit:

Compt.

Treatment during the fit

Signal PDF shapes fixed from a g - r binned signal MC fit
Floating parameters are the signal yield and Acp
Fix the Scp value to the world-average of 0.57 [1]

BB PDF shapes are fixed from integrated q - r bin MC fit
BB yield is floated with Gauss-constraint.

qq PDF shape parameters are floated over the g - r bin

@ Signal and background modelled with an empirical PDF determined from

MC

@ Challenge: Perform a four-dimensional simultaneos fit in seven g - r bins

@ Validate the framework with B® — J/1K2 control channel.

1] https://hflav-eos.web.cern.ch/hflav-eos/triangle/pdg2021
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https://hflav-eos.web.cern.ch/hflav-eos/triangle/pdg2021

Projection of the fit result

@ Signal enhanced region: 5.27< M. < 5.29 GeV//c?, -0.15 < AE < 0.1
>0

Shown fit projections are for the candidates with integrated g - r bin
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Dominant systematic uncertainties

Final results

Preliminary

Source B (%) | Acp
70 reconstruction efficiency 7.5 -
Resolution function - 0.050
Observable Fitted value World-average|[1]
B(B® — KO7%) x 1070 | 11.0 4 1.2(stat) & 1.0(syst) 99405
Acp —0.417539(stat) + 0.09(syst) —0.01+0.1

16.0
Ngig = 135.07 720

@ A and Acp are consistent with PDG values within uncertainty
1] https://hflav-eos.web.cern.ch/hflav-eos/triangle/pdg2021
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Summary and Plans

o Studied the 189.8fb—! data to measure & and Acp
@ A and Acp are consistent with PDG values within uncertainty

@ The Belle Il public result is available online:
https://arxiv.org/abs/2206.07453

@ Work underway to have a journal paper soon with 361.5fb~! dataset

Thank You
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https://arxiv.org/abs/2206.07453

Motivation

@ In the SM, the decay B® — K%x°
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.

B> K% w
_b SNWH@ <
9 d
d
d d

CP eigenstate

Bo fer

Decay @t = tcp

—|At]/Tp

P(At) =

DAE symposium 2022

@ Tgo= lifetime o_f BY,
Amg = B — BY mixing frequency
@ At = tcp — tag (decay time diff.)

_ [(B'—fep)—T(B°—=fep) _
o Acp = r(éo—)f:-/i)+r(30—>f(f£) o
@ Scp = mixing induced CPV

@ In SM ACPNO& SCPZSin2[3

7[1 + g{Acp cos(AmygAt) + Sep sin(AmgAt)}]
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Outline

Motivation

Development of time-dependent CPV fit
Systematic uncertainties

First measurement of 5 and Acp

Summary and Plans
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Analysis overview

Selection

@ baseline selection cut optimised on simulation followed by optimisation of
continumm suppression cut.

Efficiencies and corrections

@ efficiencies from simulation, validated on data

Signal extraction
@ develop fit model from simulation, adjusted on control mode

@ determine selection efficiencies for % calculation

Sytematic uncertainties

@ toy studies and control mode analyses

Validation & unblinding

@ validate the full analysis on control on data
@ apply full analysis to data
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Modified M,

o 70 in the final state causes correlation between AE and M.

o My = \/E2

eam
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Background study

Continuum supression

/l

], for qg events cosf;; ~ 1

o Ry= 1 — S 1A 16 |- (3 cos® 05—1)
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Log-transform of continuum output

60000 — L Piemp
=:§ _ _ 12000 Enires 260745
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BDT Output Transformed continuum suppression

@ We transform the BDT classifier
output (Cout) to (C,,;) in order to
parametrize using a simple PDF

. - mSignal
@ Transform continumm suppression

variable is defined as

Events/(0.001225 GeV/cz)

Cout - C.out,,,,‘,,

1
Coutmax - Cout) ( )
where Cout,,,,=0.99 and Cot,,,, =0.60

Ctl)ut = /Og(

§24 5.245 5.25 5255 5.26 5.265 5.27 5275 5.28 5.285 5.29
M, [GeV/c?]
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Background study continued

@ We do not find any BB events peaking in the AE signal region
@ There is non-neglible BB combinatorial background present.

45.2455.25 5.255 5.26 5.265 5.27 5.275 5.28 5.285 5.29
M, [GeV/c?]

. ,
03 -02 01

Correlation among fit variables

AE[GeV]

Category | AE-At | My—C,,, | Mye—At | AE-C,,, | At=C,,,
Sigrlal —0.01% 0.8% 0.7% 0.2% 0.3%
BB -0.1% 2.1% —0.6% -3.7% —-3.2%
qq -0.3% —-0.5% 0.5% 0.2% 0.6%
December 15, 2022
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Decay-time uncertainty and time resolution

@ Double peak observed in At,,, distribution.
@ Feature reproduced in the control channel.
@ Considering contributions from both the peaks.
@ Sum of two Gaussian use for the resolution function.
12000; 24000;7
[ . . 22000 ) .
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@ Removing poor decay time resolution by applying oa¢,, < 2.5 ps.
o Signal efficiency = 12.3% (N;-);pt = 122)
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Validation results

@ Check consistency with 1000 experiment
— Pure toys: generate data from the PDFs and fit back.
— GSIM toys: signal are sampling from simulated data, BB and qg are
generated from PDFs

Pure toy
Parameter Pull mean Pull width Fit value Expected
Signal yield 0.06 £0.03 | 1.06 £0.03 | 124415 122
Continuum yield | 0.02+£0.04 | 1.02+£0.03 | 2501 +53 2509
BB yield gauss-cons. | gauss-cons. 43+ 4 43
Acp 0.024+0.04 | 1.08+0.03 | 0.02+0.33 0.0
GSIM toy
Parameter Pull mean Pull width Fit value Expected
Signal yield 0.03+0.04 | 1.03£0.03 123+ 14 122
Continuum yield | —0.03 +0.04 | 1.02+0.03 2506 + 49 2509
BB yield gauss-cons. | gauss-cons. 43+ 4 43
Acp —0.07+=0.04 | 0.98£0.03 | —0.01+0.30 0.0

@ There is no significant bias!

DAE symposium 2022
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Control channel modelling

“Yesterday's discovery is today’s calibration” — R.Feynman

@ Want to perform the full analysis on the B® — J/¢(— putp~)KQ decay as a
validation. Compare with known values, a measurement of
— B lifetime, Acp and Scp

@ Only K2 used for B® vertexing
@ First, develop the analysis on simulation, as done for the rare decay

o Simplified fit: since B® — J/¢K2 is much cleaner, don't need CS. Fit Mp,
and At only (details in backup).

@ Same approach for flavour-tagging and time-dependent PDF:
— 7 q - r bin fit. — cut a At,,, < 2.5 ps, and resolution function (sum of
two Gaussian)

DAE symposium 2022 December 15, 2022 10/50



B Lifetime fit(Data)

@ 189.8 b1 Data

o Data

— Total Fit

B% 5 Jy K
3B

o Data
E — Total Fit

Belle Il (preliminary) 350F
Ldt=189.81b"

Belle Il (preliminary)

o g B’ - Uy K _[Ldt=1895m‘
2 o B s
S 80 § 250 —B
% Continuum S Continuum
2 6 = 200
H :% 150|
40 a

Pull
bbolio s
% l
Pull
bblo .

3 =
_ e HefGl

Parameter | Fitted value | WA[1] value
Lifetime (ps) | 1.597055 | 1.519 +0.004

@ Lifetime is consistent within uncertainty.
1] https://hflav-eos.web.cern.ch/hflav-eos/triangle/pdg2021
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Example of fit projection (Data)
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_Figure: 5th-bin fit projection in Data
@ Rest of the bin fit projection shown in backup slide
L2 b 5
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Results for B® — J/1K2

@ Sample size corresponding to 189.8 fb~!

Parameter | Fitted value WA[1]
Acp 0.03179:355 | 0.000 + 0.020
Scp 0.8187512% | 0.695 + 0.019

o Acp and Scp are consistent within uncertainty.
1] https://hflav-eos.web.cern.ch/hflav-eos/triangle/pdg2021
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Systematic uncertainty

Table: List of systematic uncertainties contributing to the measured branching

fraction.

Source 0B(%)
Tracking efficiency 0.6
Kg reconstruction efficiency 4.2
70 reconstruction efficiency 7.5
Cont. supp. efficiency (see backup) 1.6
Number of BB events 3.2
Signal model 1.0
Continuum background model 0.9
Possible fit bias 2.0
Physics parameters 0.4
Total 9.6

December 15, 2022
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Systematic uncertainty

Table: List of systematic uncertainties contributing to Acp.

Source 0 Acp

Flavor tagging 0.040
Resolution function 0.050
Physics parameter 0.021

B decay background asymmetry | 0.002
Possible fit bias 0.010
Tag-side interference[1] 0.038
Background modeling 0.004
Signal modeling 0.015

Total | 0.086

1] I. Adachi et al. (Belle Collaboration), Phys. Rev. Lett. 108, 171802 (2012)
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CKM Matrix

Vud Vus Vub Vud Vus Vub
* The CKM matrix is a unitary matrix: | Vea Vs Vo Vea Ves Ven
Vld Vts th th Vts th

1
~
o O
o = o
= oo
N———

From the unitarity condition, 6 equations are derived.

(a) VuaWus + VeaVes + VegVis =0 (@) VeaVeg + VesVeis + Ve Vi = 0
(b) Vudvc*d + V;/stcz' + VubV;b =0 (e) Vuth*d + VLLSV;S + VubV;;) =0
() VusVup + VesVep + VesVi, =0 (£) VuaVup + VeaVep + VeaVp = 0

* From physics discussion, the Wolfenstein parameterization is obtained:

Via Vis Vup 1-22/2 A A3 (p — in)
Vekm = (Vcd Ves Vcb) = -2 1-—4%/2 AA?
Via Vis Vo AVB(A—-p—in) —AA? 1

- You need to remember that V;; and V,,;, are complex.
- You need to remember A = 0.2 plus the order of 4 for each element.
- Youneed to remember A = 0.8.
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CKM Triangle

* Each of the equation forms a triangle on the

complex plane.

@
Faks  0(AY) 5

05 W W
Fabs  0(AY)
b) .
. Tl oY)
O(A%) B Wi
Vaki 0(A")

(e} (d)

% LDW 2 uv\-ﬁi‘_\)_r\_l\\
ot o)

AT B 02
* The bottom right triangle, which is associated © 0w T
. 4 00
to the equatlon VudVJb + VCdV;b + thVt*b =0 Vv v, Kl Vaks Aljd v
is moderately large. o) o
Yo b 0(2%) Yali  0(F)

« By assuming V,,qViip, Vea Vop, and VgV, are vectors, we can draw a triangle
associated to the equation on the complex plane, which is called “CKM triangle”.

Vupb'Vud

Vio'Vid

VebVed

Interior angle definition

Vch:b
= _— | = —_ V.
1 arg( Vove) =" arg(Vea)

ViaVii
Y

Vudvﬁb

VidVy,
¢3 = arg (— L ub)

*
Vea cb

If the KM theory is correct, ¢, # 0, 7. |

DAE symposium 2022 December 15, 2022 17 /50




Mixing-Induced CP Violation

Phase difference from decay

B :
 CPeigenstate
d 4 b - fep
arg | we - B° :
b w d Phase difference from decay i .
Phase difference from
the mixing +2¢,
; wyf )J,’W B® =]/ Ks . )J/w
Vr'{: c Vi - c
B ( b WV<f ) K0 — Ky B ( b W Vrf‘<:j ) KK
d d ) d d ’
arg(8° - J /Y K¢) = arg(VjVes) = 0 arg(B® — J /P KJ) = arg(VepVes) = 0

Remember only arg(V,4) and arg(V,,;,) are non zero.

’ We can extract ¢, by analyzing the B — J/ K° and other (c¢)K° modes.
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Determination of the B-Decay Position

* Charged particle trajectory in a * The decay position (called vertex)
magnetic field = helix is determined wit the y2-
———————————————————————————————————————————————— minimizing method.

------------------------------------------------ Jj-th measured
Belle Il (BELLE2-NOTE-TE-2018-003) helix

&FyP, 2 pipy 7)) at i-th measured
POCA = Point of Closest Approach helix

\\
POCA

2= Oh)Vi(sh)

F 4 V; ... inverted error
~" Fitted vertex matrix of the helix

v
The vertex that gives the minimum y? is
\ ol taken as the fitted vertex (KFit).
\ / When the “IP constraint” is applied to
KFit, % + x3& is minimized where y%
XP =dysing, = cos ¢/ aw accounts for the IP spread.
yP = —d, cos ¢, py =singy/aw

2P =z, pf = tan /aw Typical vertex resolution: §z ~ 50 um
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35

The Last Piece, /lfa,

* Assume we use the golden mode for the test of the Kobayashi-Maskawa theory,
where B® - J /Y KQ and B® = [/ K.

q_ViVu
P Vo V;d

: r""""""-"".; * Skipped derivation.

R o J /P o e i +  K°-K° mixing is

" B Kl o omitted for its small
0 -

contribution to the B-
meson system.

c
— no CKM phase froriﬁ/i ) Iy Veb . ) Iy
the decay. Ve — b/ W
v Ve o —
d d

2 ( Vo
— Vs

20 /50



Application: CPV in B Decays at Belle (II)
VioVesliVa Vo Vea

CSVuS Vud tb Vm‘

_ A
. 0 0 0 =ﬁg
For BX(B) = ]/ Ks , 2; k0 = A, p J/W‘SV

Since only V,4 and V,;;, are complex, )L]/W(g = 'f]/wxg - g2

im (A]/WKE) = —fj/w{su sin2¢p; = sin2¢;.

_lAz|

P(t; %) = T '80(1 + sin2¢p, sin Am At)
B

* Im(s,,) depends on the Ay, and Jifcp, which are determined by the

chosen B°(B®) — f.» mode. For example, if one chooses B°(B®) —» n*n™,
he/she obtains the P(t; £%) equation with sin 2¢,.
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B[10~9]
Mode BaBar Belle
Ktn— 19.140.6+ 0.6 [10] 20.00 + 0.34 £ 0.60 [17]
K+n0 13.6 0.6+ 0.7 [11] 12.62 4+ 0.31 £ 0.56 [17]
KOnt 23.9+ 1.1+ 1.0 1] 23.97 £ 0.53 £ 0.71 [17]
KOx0 10.14+ 0.6+ 0.4 [20] 9.68 £ 0.46 + 0.50 [17]
Acp
Mode BaBar Belle LHCb CDF
Ktr~ | —=0.107 £ 0.01673:0%5 [20] | —0.06940.014£0.007 [17]| —0.084 £ 0.004 + 0.003 [21] |—0.083 +0.013 £ 0.004 [2°]
K+x% | 0.030 +0.039 + 0.010 [1+] | 0.043 £ 0.024 % 0.002 [17] [0.02520.01540.006-0.003 [ ]
KO+ |=0.02940.03940.010 [19]|—0.011+0.021£0.006 [17]| —0.022 & 0.025 + 0.010 [>]
K970 | —0.13+0.13+0.03 2] | 0.14+0.13 4 0.06 [20]

sensitivity

T

0.30

0.25

0.20

Belle IT (Preliminary)

Igr =—011£0.13

Belle+BaBar+LHCb+Belle II Winter 2021

- Projected uncertainty without Belle 11
—— Projected uncertainty with Belle 11

2021 2022

2026
Year
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CP Violation

* Physical laws not invariant under charge w
conjugation + parity inversion (mirror flip)
« Consequence of interference when a physical 7
process can proceed in different ways

« CP violation in mixing: B® - B® # B9 - B° q q

* Indirect CP violation: asymmetry due to interference A =9 —Aﬂ.z ~
between mixing and decay amplitudes B

* Direct CP violation: B > f # B - f due to N o A3 (p—in) A
interference in decay amplitudes 3

* Requires non-zero relative weak and strong phase
between amplitudes W
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The B —» Kt System

« B K*n~,B® - K1°,
B* - K*n® B* - Kn*
* Dominated by QCD
penguin diagrams
* Suppressed by loop
* Tree suppressed by V;,;,
* Different Km decays
have contributions from
different diagrams
* Potentially sensitive to new
physics through massive
virtual particles in loops

W B
5 5
q u
W
7 b i
q q q 1
(a) B — K penguin diagrams (b) B = K*= colour-favored tree diagrams
7
b @
u Z q
w ; ;v/_\ !
3 3 3
q q q q
(¢) B = K= color-suppressed tree diagrams  (d) B — K" electroweak penguin diagrams
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The K1 Puzzle

* CPasymmetryin B » K*m~ and
B* - K*n® from interference
between tree and penguin diagrams

* Expected to be equal from isospin
arguments

 Differs by more than 5¢ according
to current measurements

Acp(B* > K*1%) — Acp(B® » K*n™)
=0.124 £ 0.021

w+ BO 5 K+ -
b H
u u
+
u b a
d d d d
(a) B— K*7~ penguin diagram

W
B* - K*n®

0 3 I

u u u u

(a) B — K*x penguin diagram

(b) B — K*7° colour-favored tree diagram
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The K1 Puzzle

Acp(B* > K*%) — Acp(B® » K*m™)

=0.124 +0.02 T =
0.124 £+ 0.021 W B S K'n ;
3 3
u u
W
* Color-suppressed tree and a 5 w
electroweak penguin diagrams d d d d
n +..0 +o—
contribute to K*m° but not K*m (a) B — K*7~ penguin diagram (b) B — K*7~ colowr-favored tree diagram
B* > K*n®
w - =
< 7
g 3 a
- u " u z q
u u u u u u u
(a) B — K*7° penguin diagram (b) B = K*7" colour-favored tree diagram (¢) B — K*7" color-suppressed tree diagrams  (d) B — K* =" electroweak penguin diagrams|
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SuperKEKB and Belle Il Detector

@ Asymmetric collider: e~ to 7 GeV
and e’ to 4 GeV
— clean experimental environment

@ World record peak luminosity:
3.1 x 103*cm 2571

@ New tracking system and improved
vertexing

@ Improved particle identification

@ Better time resolution at
calorimeter

KL and muon detector
Rosistivo Plato Counter (barel uter layers)
Scintlator + WLSF + MPPC

e vh (end-caps ,irner 2 bartel Iayers)
A5
EM Calorimeter 2

GslT), waveform samping slecironics

Particle Identification
“Time-of-Propagation counier (verre)
Prox. focusing Aerogel RICH (forward)
Vertex Detector

2 layers Si Pixels (DEPFET) + L
4 layers Si double sided strip DSSD I

s 4

Central Drift Chamber
Smaler cel size, long lever arm

Goal:

o Collect more than 50 ab~! data (5 x 101°BB pairs)

@ 700 BB pairs/second
Currently:

@ 216 fb~! data are collected. Today: results on ~ 63fb~!
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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 < Myy < 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-2020-038.
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
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BELLE2-NOTE-PH-2020-038

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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Thrust

@ Thrust: For a colection of N momenta p; (i=1, ... N), the thrust axis
T is defined as the unit vector along which their total projection is

maximal.
SMIT 5
N | =
22 1Al

o T = max

cosTBTO

16000]

EE Signal
Background

14000

12000

10000

8000

6000

4000

2000

|

0.2 0.4 0.6 0.8 1

Figure: Cosine angle between signal B-meson and ROE (rest of the events)
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Continuum suppression

FatBDT as the multivariate classifier.
Same number of signal and background events.
600 fb—* for training and 400 fb~! for testing.

Same classifier input
used(BELLE2-NOTE-PH-2020-046, BELLE2-NOTE-PH-2020-007).

Classifier Output

60000 I 0.9F
i dd . . .
50000 -ﬁ Belle Il (simulation) .§°-8 L
Il Signal 807 -
240000 &)0.6 2
§’soooo '§0.5 ]
. 20.4}
20000 | i n %’0.3 | — Train(0.941)
! Bo.2f
10000 — - Test(0.940)
0.1}
0 0 ol b b b e b b b b
0 0.10203040506070809 1 0 0.10.20.30.40.50.60.70.80.9 1
BDT Output Signal Efficiency
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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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https://stash.desy.de/projects/B2B2C/repos/btohadronscripts/browse/BToCharmless_WithCorr_CSFBDT.root

Best candidate selection
@ Found some events with more than one B candidate in an event.

o Multiplicity=1.009

120

100 -

80

60

40

20

0

x10°

|~ Multiplicilty

T
0 1 2 3 4 5 6 7 8
B multiplicity

o 7% multiplicity is severe than that of K2.
— First selection based fit 7 chiProb (p-value) (e = 73%)
— If the candidate has the same chiProb (p-value) on 7%, then we do

the K2 chiProb (p-value) check (e = 99%)
No. of truth mathed events after BCS

=T74%

€bcs =

@ Self-crossfeed fraction=1.5 %.

@ Self-crossfeed component is taken into the signal PDF.

DAE symposium 2022

No. of truth matched events with multiplicity > 1

December 15, 2022

()

33/50



At,,, double peak

cvens
5
s

—— nVXDHits > 6

L.

L WNMHL—.«J\
5

05 1 2 2
Atar[ps]

B> | K° p\”

I
385

cvens

—— nVXDHis <=6

@ We observe

TR | I}
T
At..[ps]

Events

Events

B%> Jips KY

—— AVXDHis > 6

2
At [ps]

B%> Jips Kg

—— AVXDHis <=6

z
At..[ps]

the decond peak due to fewer hits in VXD.
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Effect of IP constraint

B%>KY pi’

2000F
1800F
1600F-
1400F

5
f1000f-
800F-
600F-
400F
200F

— with constraint

— without constraint

T
L L N

Atlps]

B%>KS pi’

3500
3000
2500F

2

2o00F

=

1500F

1000F

5005

— with constraint

— without constraint

o After applying IP constraint in tag side At resolution improves.

@ Similar trend is seen in the control channel .

(Atioc-Atyc)lps]

B™>K pi’

20005
1800F
16005
14005

Z200E

B

Sooof-

800F

600F
400
200F

— with constraint

— without constraint

ot
520 15 10 8

570 20

Atlps]

0 K0
B%> Jipsi K.

7000)

6000)

8

cvgins
8

3000)

2000

1000|

— with constraint

— without constraint
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At., vs. Hits

0K b 0 i KO
B>Kg pi B> J/psi Ks
10c
of ——— — oc of— S
8 = — oF — -
7 - 00 7E
2 o — 2 6 — soc
5 -
z g
Z 4 z 4 faoc
3 ES
2 2 20c
1 13
% < FEI

L
At.lps]

B> J/psi K:

I I
S S
a a
Q Q
2 2

At [ps]

@ We plots number of hits in VXD and CDC to find out the double
peak structure in the At distribution.
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At., vs. Hits

0 0 0 i KO
B%->K¢ pi B™> J/psi KI
e
o o o
f 2 -
b 8 250
K3 100 7
P — ® 2oc
I eoc 3
S B 1sc
2 2 4
3F 3F 100
2F 2F
soc
i 1
L 0.5 1 15 2 25 3 35 4 q 05 1 15 e 3 35 o
Aty [ps] Aty [ps]

9

nPXDHits
L
_nPXDHits

°

@ We plots number of hits in VXD and CDC to find out the double
peak structure in the Ate,, distribution.
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DeltaTErr and Ks Vertex Position

e Location of Ks vertex on x-y
plane

e Cutof 2.5 on DeltaTErr
corresponds to the 5th layer of
the SVD

e This means the cut requires two
hits in the SVD

Tim Green, University of Melbourne

Ks_x:Ks_y {(0 < DeltaTErr < 2.5)}

D
Belle T

(B -> J/Psi Ks)

Layer
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MELBOURNE

DeltaTErr and Ks Vertex Position

Ks_xKs_y {(0 < DeltaTErr < 2.5)} Ks_xKs_y {(0 < DeltaTErr < 2.5)} Ks_xKs_y {(0 < DeltaTErr < 2.5)}

BO -> Ks pi0 BO -> J/Psi Ks B+ -> Ks pi+

0<DeltaTErr<2.5 *

sk

10

o) o) seun| conl soe] ol g Fnes fonn Covs P Covea s
L R T T L

IR TV T O
Ks_x:Ks_y {(0 < DeltaTErr < 0.7)} Ks_xKs_y {(0 < DeltaTErr < 0.7)} Ks_x:Ks_y {(0 < DeltaTErr < 0.7)}
BO -> Ks pi0 BO -> J/Psi Ks o B+ ->Ks pi+
s ol -
s ES E
0 < DeltaTErr < 0.7 i
. £ of o
(First peak) i
sE " sf i
10 10 10
L L L L L L L "
Tim Green, University of Melb'%s 5156555 I L I R B B e S B A (N1
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Signal mode
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A calculation

The £ is calculated as

N.
B — sig
¢ f9.2. B, Ngz (3)

o % = 0.5, probability of KO — K2/K}
o B(BY = KO7%) = 9.93 x 106 (PDG value 2020)

e Signal efficiency=12.3 % (all selection + loose cont. supp. cut +oa¢)
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Signal Modeling
@ At : RooBCPGenDecay PDF PDF convolved with double Gaussian:

18t /750

Pgg(At, q) = %([1 — qAw + qui(1 = 2w)] + [q(1 — 2w) + pi(1 — gAw)](Acp cos(AmgAt) — Scp cos(AmyAt)))
Core and tail Gaussian, g0 = 1.520 ps and Amy = 0.507/ps
@ AE : Crystal Ball + double Gaussian with common mean

@ Moy, : Crystal Ball + Gaussian Blfurcated + Gaussian

Example plot of mtegrafed
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@ 2000 2 &
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1000 f §
A
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4 4
H H
2 2
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) ) —""""'Ij]l"'l'l"ﬂ"f‘l‘h‘l"“lu
ki ki
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s000
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Sam0 b s
3 = 5000
il & om0
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0
% e 6 4 2 0 Z 4 5 81 e S B R
4 4
3 H
3 3
z2 o0 Z 0 |'|J
& &g
3 3
] 5
3 3
c

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

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

@ AE : Linear function

@ My : ARGUS function, C,,, : Bifurcated + Gaussian

500

400 4
— ¥
s §
£ w0 T 4
= +
2 aof +
rys
%3 o ol o ooz 8245245 5 25 5253 5 26 6265 527 5273 5 28 6285 5.
4 4
H 3
s JeEL a R Jl-_ s il i | T ]
“—21 LI sl il B &:2‘ Lol B B | I] L|
5 B
3 B
AE [Gev] M, [Gevic?]
3000 1800 -
1600
2500}
G20}
Ss00f 5
H £ a0
& 1000 2 a0
a0
sof
20
o , o AT
R M e R B R A b R B B
3 H
H H
s 4 ] e | RN T I I |
) T g g rmr
3 3
B B
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BB bkg Modeling

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

@ 2D Kernel estimation PDF used for AE — M. modeling
o C,, : Bifurcated 4 Gaussian

— 2D Kemel estimation PDF —2D Kernel estimation

Events /(0.03)

it

AE [Gev]

M, [GeV]

Events /(1)
Events/(09)

Pul
[

Pul
| ]

Atlps] c,
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My,.—AE distribution between bad and good tag

E 7, o1l N
0.14 = P * — r-bin <=
£ —r-bin <=2 .. r-bin <=2
IR b2 .. 008 1~ . — r-bin>2
01F
008 | . . 0.06 [~ - H
0.06 = 0.04 : .
0.04 = - =
E - - 002 |- K =
002 N _ - -
0 E - - 0 " e
5.24 5.245 5.25 5.255 5.26 5.265 5.27 5.275 5.28 5.285 5.29 03 0.2 0 03
M, [GeVi/c?] AE[GeV]
008 ‘} 014
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5.24 5245 525 5.255 5.26 5.265 527 5.275 5.28 5255 5.29 0.3 -0.2 -0.1 0
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Figure: Signal (top), BB (middle) and g (bottom)
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BB normalisation sideband study

@ Sideband region (—0.3 < AE < —0.2)

@ Optimsed CS> 0.9 to reduce the continuum contribution.

I w'Lw T
b 5285 527 5275 528 528

Figure: Sideband My, fit results in MC (left) and data (right) events.

55
£

Parameter MC Data
Npeak 8+5 10+5
Neomb 87+10 | 90 =10

@ We have confirmed this hypothesis in the case of MC events.

@ Therefore, the uncertainty in the BB background vyield is 5.

DAE symposium 2022

December 15, 2022

46 /50



Control mode
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Signal Modeling

o At : RooBCPGenDecay PDF convolved with double Gaussian:
Pas(Bt,) = 2222 (11— qw + qui (1~ 2w)] + [a(1 — 2w) + (1 — GAw)](Age cos(AmaAt) — Scp cos(AmsAt)))
Core and tail Gaussian

@ My : Crystal Ball function

Events/(0.2)

Pull
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At[ps] M, [Gev/c?]
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BB modeling

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

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

@ Mpe : ARGUS + Gaussian function

Events/ (0.5)
/(0.00225)

Events

Pull
bibLonwa
; E‘
Pull
Lo
Abblovws oo

At [ps] M, [Gev/c?]
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qq modeling

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

@ Mp. : ARGUS function
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