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Motivation and previous measurements

Jdx10 }

. SearCh for Iepton flavor ViOIation in b — ST{ ) BaBar (429fb~1, 2012) Belle+Belle IT (711 + 365 b1, 2024) LHCD (9fb~1, 2023)
. . . . . . T 4 Belle (T11fb71, 2023) ® Belle+Belle IT (711 +365fb~1, 2025)
@ Motivated by tension with SM predictions in = LHCh (911, 2020) | @ LHCH (5.4, 2025)
.6 ‘
Ry« and Bt - KTvb excess S . °
(arXiv:2302.02886, arXiv:2311.14647) =t 4 A .
® Highly suppressed in the SM, significantly ? Ta, .
enhanced in various theoretical models 2 2 . o
@ predicted branching fractions up to 107° T e o ©
oL - Ll . ! . TR I I 1 . ] . L Ll . ! ]
(Phys. Rev. D 110, 075004) J N L N T
o y /gi & ]\;’ ;;: \\/\‘:‘v \\/‘\t‘v Q}\L% \\}«‘c‘w. \ \J \ & \\;@ . ¥
® No existing measurementof BY = K ¢ < ¢ ¢ ¢ o ¢ s 9 97 ¢ 909
A Phys. Rev. D 86, 012004 J. High Energ. Phys. 2023, 143
& Phys. Rev. Lett. 130, 261802 ® arXiv:2505.08418
J. High Energ. Phys. 2020, 129 ® arXiv:2506.15347

arXiv:2412.16470
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.261802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.012004
https://link.springer.com/article/10.1007/JHEP06(2020)129
https://link.springer.com/article/10.1007/JHEP06(2023)143
https://arxiv.org/pdf/2412.16470
https://arxiv.org/abs/2505.08418
https://arxiv.org/abs/2506.15347
https://arxiv.org/abs/2302.02886
https://arxiv.org/abs/2311.14647
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.075004

Belle Il at SuperKEKB

® Asymmetric ete™ collider, located in Tsukuba, Japan
® World-record &Z; . = 5.1 X 10°**cm™%s~!

® Main operation at the Y(4S) resonance \/E = 10.58 GeV

® Optimized for the production of BB pairs

® Recorded dataset: 365 fb~! ~ 387 x 10° BB pairs —_
@ General purpose detector, excellent PID performance
@ Well-known initial conditions

== Suitable for decays with missing energy in final state

arXiv:1011.0352

KIT



Reconstruction strategy

Signal-side

Signal-side B meson
@ Decay reconstruction via four decay channels

® Same-sign SSelp: B - K tr=¢*
® Opposite-sign 0Se/p: BT - K Trt¢~
B Reconstruction of K' * via K* 7" or Kgﬂ'+

@ Combination of K * candidate with prompt lepton, vertex fit

® |nclusive 7 reconstruction via single charged track (one-prong decays)
@ Target three-prong decays with up to three tracks in the Rest of Event

ntracks, ROE <3

Tag-side B meson
@ Full reconstruction via hadronic decays (Full Event Interpretation)
@ Hadronic tagging

KIT



Hadronic tagging

Tag-side B meson

@ Full Event Interpretation (FEI)
B T. Keck, et. al., Comp. Soft. Big Sci 3, 6 (2019)
@ Exclusive reconstruction algorithm for Belle Il
@ Semileptonic and hadronic tagging

@ Hadronic tagging
@ Reconstruction via hadronic decay chains only

@ Full reconstruction of B,,

@ High purity, low efficiency

kinematics, no missing energy

=3 |nfer constraints on signal side



https://link.springer.com/article/10.1007/s41781-019-0021-8

Recoil mass

Cl Btag and K ¢ four-momenta are fully known, only missing energy from 7 decay

@ Four-momentum conservation p_ = PBg, — (PK*+ +Pf)

— Mo = = M2 =M} +MK*+f 2<E* JEE

" Belle II Simulation (ownworlﬁ — E._p.

* *
Bius PBy

® Recoil mass peaks at T mass for signal events 3300

E pcam Pheam
I:I Eg l:eam
B Use El;k and p;‘g for best resolution P

tag

@ Signal extraction via fit to M _

. L n n | n n P L L
1.2 1.4 1.6 1.8 2.0 2.2 2.4

M- (GeV/c?)
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Recolil mass after preselection
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[ Belle IT Simulation (ownwork) [ signal x0.25 BB G
JLdt=365fb"! — I BB
| OSp == dd . B
B uu

2.2 2.4

Channel  e45/107* 1) Ngg 2)Ngq

SSe 11.255 25181
OSe 11.566 4236
SSn 8.641 23311
OSp 8.787 4328

4675
3536
6440
5109

@ Efficiency defined as
£4q = Nyjg/ (20 % 10°)

W ¢, and N, restricted to

1.0 < M_ < 2.5GeV/c?

@ Applied selection criteria in backup
@ Best candidate selection (BCS):

candidate with highest p,
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Background suppression - main sources

1) eTe” —» Y(4S) —» BB events B* — lzoﬁw Channel 1) Ngg 2)Nag
. : 0.0 SSe 25181 4675
@ SS channels: semileptonic B decays iﬁ L os- R
N . - - Krrn SSp 23311 6440
OS channels: semileptonic D decays — OSn 4328 5109
B¥ — D*Vpt
@ Peaking background L DO0
. = * — 1
® SS channels: hadronic DY — KOtz L Kt Uy
decays Xl;;(zll; I Sinu;lljation (own work) C1ss I cc SO00F I;elle II Simulation (own work)
_ &) 4 JLdt=365 - ‘ £l W BBC | o) [ £dt =365
. A” Channels: J/w _> f‘l_f decays % Combined SS channels r— mEm B gm()“i Combined channels
20 8 5000
2. mpo = 1.9 GeV/c? g o o
- ~ my,, = 3.1GeV/c?
é) I L%) 1000 \
2) Contlnuum e+e_ —> qg, q E u, d’ S, C T 2.5 35 40 %o 0.5 1.0 L5 2.0 2. 3.0 3.5 4.0

MK 5 t,) (GeV/c?) /c?)
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Background suppression - BDT training

@ One BDT per channel targeting all background
. Mg+
sources simultaneously I
- . MK *;7)
@ Training samples are restricted to SR )
1.0 < M, < 2.5GeV/c?
sphericity
o P (K" *#)
. . 5‘5 HE% (Biag)
Training features: 5 ouEtw
— _ L HE) (Bag)
1) BB events (+ continuum) H (B,
*+ ] cos(TBTO) (By.,)
@ K *¢-vertex variables P (B,
. EROE. N, extra
@ ROE-related variables Mt
® Invariant masses e o
® Kinematic variables o

2) Continuum gg events
@ Event-shape variables

Example features: OSe

0.000 0.025 0.050 0.075 0.100 0.125 0.150
Importance
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Background suppression - BDT training

@ One BDT per channel targeting all background
sources simultaneously

@ Training samples are restricted to

sphericity
P2(K'+¢)

Hg5 (Biag)
M(K"*; t,)
Ho (Biag)
H30 (Biag)
cos(TBTO) (By,,)

Training features:

Feature

1) BB events (+ continuum)

k .
@ K *¢-vertex variables H (B
. EROE. N, extra
@ ROE-related variables M)

@ Invariant masses

@ Kinematic variables
2) Continuum gg events

@ Event-shape variables

Mg+
NROE, tracks
M(K™*; #)
dr(K"*¢)

1.0 < M, < 2.5GeV/c?

Hip (Biag)

Hgo (Bt;)g)
*
Emiss

Example features: OSe

Pr

Importance

x10*

Belle IT Simulation (own work) [ signal
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= ———
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g 05
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[ L£dt=365fb1 —
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~— 10? N cc
- B BB
g |
—
=
=i
[SARETIY

0.0 0.2 0.4 0.6 0.8 1.0

log Py (K*+ )
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Background suppression - BDT training

@ One BDT per channel targeting all background

sources simultaneously

@ Training samples are restricted to

1.0 < M, < 2.5GeV/c?

Training features:

1) BB events (+ continuum)

B Kt/ .vertex variables
@ ROE-related variables

@ Invariant masses

@ Kinematic variables

2) Continuum gg events

@ Event-shape variables

Feature

Mg+

NROE, tre
M(K";
dr(K*+#)
NROE, ECL clusters
Hip (Biag)
sphericity
Py (Kt ¢)
HG5 (Buag)
M(K™*; to)
HE (B,

H35 (Biag)
cos(TBTO) (By.,)
HG® (Brag)
EROE, N, extra
M(#; tr)

H5® (Buag)

Eli

acks

Example features: OSe

)

n;.',)

Pr

Importance

x10°
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1.2+

Belle II Simulation (own work) 1 signal I cc
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I uu
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219 |
=
M 10
0.5
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25 5.0 7.5
NROE, ECL clusters

KIT



Background suppression - BDT training

@ One BDT per channel targeting all background

sources simultaneously

@ Training samples are restricted to

1.0 < M, < 2.5GeV/c?

Training features:

1) BB events (+ continuum)

@ K¢ -vertex variables

@ ROE-related variables

@ Invariant masses

@ Kinematic variables
2) Continuum gg events

@ Event-shape variables

Feature

Mg+

NROE, tracks
M(K™*; #)
dr(K*+#)
NROE, ECL clusters
H33 (Bisg)
sphericity
Py (Kt ¢)
HE3 (Buag)
M(K™*; to)
HE (Buay)

H5% (Buag)
cos(TBTO) (By.,)
HE® (Biag)
EROE, N, extra
M(%; t)

HS (Biag)

E i

Pr

Example features: OSe

Importance
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Background suppression - BDT training

@ One BDT per channel targeting all background

sources simultaneously

@ Training samples are restricted to
1.0 < M, < 2.5GeV/c?

Training features:

1) BB events (+ continuum)

@ K¢ -vertex variables

@ ROE-related variables

@ Invariant masses

@ Kinematic variables
2) Continuum gg events

@ Event-shape variables

Feature

Example features: OSe

Mg+

NROE, tracks
M(K™*; #)
dr(K*+#)
NROE, ECL clusters
H33 (Bisg)
sphericity
Py (Kt ¢)
HE3 (Buag)
M(K™*; to)
HE (Buay)

H5% (Buag)
cos(TBTO) (By.,)
HE® (Biag)
EROE, N, extra
M(#; tr)
HS (Biag)
E o
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Importance
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Background suppression - BDT training

Example features: OSe

@ One BDT per channel targeting all background

. Mg+
sources simultaneously —_— /’»’\'}"‘{'\
.. . M(K*+; £) 'I' ',%'_\X/‘ \“
@ Training samples are restricted to SR ) -“ (( XI\ ,"
1.0 < M, <2.5GeV/c? T — Sl
iy / jet-like spherical
o P& N
=k 5 H3} (Buy)
Training features: 5 ouEtw
— _ L HE (Biay)
1) BB events (+ continuum) Hij (Bu)
* + ] cos(TBTO) (By,g)
@ K *¢-vertex variables HP (B
. EROE. N, extra
@ ROE-related variables M)
@ Invariant masses —
® Kinematic variables b
2) Continuum gg events 0.000 0.025 0.050 0.075 0.100 0.125 0.150

. Importance
@ Event-shape variables P

KIT



Background suppression - BDT training

sources simultaneously

@ Training samples are restricted to

1.0 < M, < 2.5GeV/c?

Training features:

1) BB events (+ continuum)

B Kt/ -vertex variables
@ ROE-related variables
@ [nvariant masses

@ Kinematic variables

2) Continuum gg events

@ Event-shape variables

Feature

@ One BDT per channel targeting all background

Mg+

NROE, tracks
M(K™*; #)
dr(K*+#)
NROE, ECL clusters
H3% (Bag)
sphericity
PXZ(K* *4)
H (Buag)
M(K™*; to)
HEo (Brag)

HS% (Brag)
cos(TBTO) (By,g)
HE® (Brag)
EROE, N, extra
M(#; tr)

H3® (Biag)

E i

Pr

Example features: OSe

Importance

x10*

10} Belle IT Simulation (own work)
JLdt=365fb"!
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dd

IIRE0T

000 025 050 075 100 125 150 L7 2.00
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10 x10*
Belle II Simulation (own work) 1 signal
JLdt=365fb1 I—
08t Z
OSe I dd
B uu
(=]
|
|

0.0
0.0 0.2 0.4
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0.6 0.8 1.0
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Background suppression - BDT output and selection

signal B+

Belle IT Simulation (own work) B BB
| BB

Belle II Simulation (own work) [ signal
B qq

@ Selection of BDT cut by maximizing Punzi
E.; 9

=
S1g S 4000
S

figure of merit FOM = <
3/2 + 4 [Ny,

® Optimization range: 1.56 < M_ < 2.0GeV/c? |

0.0 0.2 0.4 0.6 0.8 1 0.0 0.2 0.4 0.6 0.8 1.0

I B'B 3 sig
[ L£dt=365tb"" aa - 5 20 [ £dt =365 fh! B
| OSe

¥}
=}
=3
S

Entries / (0.025)

500

BDT output BDT output
e Belle II Simulation (ownwork) [ signal HEE B*B sooo [ Belle II Simulation (ownwork) [ signal EEE BB~
5000 J £dt =365~ — | BOF‘ ( [ £dt=365b" B qq - E?“E“
Channel Opt. cut Esig /1074 Npg 3 Ei 5 g O5H
SSe 0.925  2.702 (-76.0%) 182 (-99.4%) 3 =
OSe 0.875 4.063 (-64.9%) 122 (-98.4%) 53‘"’“ o
SSp 0925  1.646 (-81.0%) 154 (-99.5%) =
oSy 0.9  3.627 (-58.7%) 155 (-98.4%)
(reStriCted to 1,0 < MT < 25 GCV/Cz) 0.0 0.2 0.4 0.6 0.8 1 0.0 0.2 0.4 0.6 0.8 I 10

BDT output BDT output
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Entries / (0.0375GeV/c?)

Entries / (0.0375GeV/c?)

Background suppression - recoil mass

T

— N s . . . 200 . . .
Belle II Simulation (own work) 1 signalfx0.05 § ‘5 12001 Belle II Simulation (own work) [ signal x0.05 &, 1201 Belle IT Simulation (own work) [ signalffx0.05 &: Belle II Simulation (own work) [ signal x0.05
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” Belle II Simulation (own work) [ signal x0.05 %\ M00F Belle IT Simulation (own work) [ signal x0.05 ‘/\‘: 1007 Belle IT Simulation (own work) [ signal x0.05 &:)\ 500 | Belle II Simulation (own work) [ signal x0.05
M [ L£de=3651b" B g = iof [ Ldt=3656b"1 . g = | JLdi=36507 g = [ Lde=s65mt -
~18Sp mm BB o OSp B BB o s SSp B BB > " OSp B BB
2000 - EE BB S)) 1000 E BB g HE BB’ (;_;2 150 E B'B°
=~ = =
1500 0B swop 3 " = ’
) 100 F
S € =
1000 - ~ ~ 7
w400 0 %)
et 2 I 50
“ E g »f B
16 18 2.0 2. 4 . . 16 18 2.0 ) ) 1.0 1.2 14 16 1.8 2.0 2.2 2.4 %0 12 14 1.6 1.8 2.0 2.2 2.4
M, (GeV/c?) M, (GeV/c?) M. (GeV/c?) M. (GeV/c?)

After preselection After BDT selection
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Data/MC comparison in recoil mass sidebands

Check data/MC agreement in M _ sidebands:
M_ € (1.0,1.49) U (2.07,2.5) GeV/c?
~ 15 % signal region

Data/MC corrections applied:

FEI, PID, ¥, off-resonance calibration, photon energy
bias, track momentum scaling

® Including statistical uncertainty onl

-} Validation of BDT training and signal extraction variable
Channel Data/MC ratio pre-BDT  Data/MC ratio post-BDT
SSe 1.039 4 0.009 0.969 + 0.108
OSe 1.117 4 0.016 1.064 + 0.146
SSn 1.015 4 0.009 0.985 + 0.128
OSn 1.057 4 0.014 1.042 & 0.134

2
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Belle IT (own work)
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1 1
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0.8
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i S
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~
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2
=
[}
>
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PSP ol 2l
] %} %T g é)
| | | |
0 0.2 0.4 0.6 0.8 1.0
BDT output

1500 Belle IT (ownwork) HEEE qd 77 Model stat. une.
[ L£dt=365fb"! = ;@? t Data
1250 F OSe

2
o taatataritand gy (IS I ,‘.'}'1/
O 1 1 1 1 l
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BDT output
3000 Belle IT (ownwork) HEEE aq ’/’// Model stat. unc.
— =1 N BB Data
2500 J £dt=3651b e
OSn
2000
1500
1000
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0 tatctia
27 ; T
N bapyhadbhdd *';;HU';} ;'14’
07 | | | |
0.0 0.2 0.4 0.6 0.8 1.0

BDT output
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Data/MC comparison in recoil mass sidebands

H
o
o

:GC: Belle IT Eownv&iolrk) = ;Zl‘B NE ) Belle IT (ownvsi?rk) = EB
@ Check data/MC agreement in M_ sidebands: gwggj;‘“fb - : tespfeaswsn - Qg
= I 2 10.0;—
M_e (1.0,1.49) U (2.07,2.5)GeV/c? R S
~ | ~ 5.0F
~ 15 % signal region £ £ Ll
M <9)

0.0

@ Data/MC corrections applied:

M, (GeV /c?)

2 2
. . skt J” L Ahaodl F 0 He L jt}i}yl
FEI, PID, 71'0, off-resonance calibration, photon enerqgy £ """ ”fH Al MATYT77772 /* !
b. t k t I 800 1,25 1 50 1.75 2.00 2. 25 2450 1.00 1.25 1.50 1.75 2.00 2.25 2.50
las, track momentum scalin M- (GeV/e?) My (GeV/e?)
| | | | g %\ Belle IT (ownwork) = ;lig— //+// i\)[(lw:l‘gl stat. unc. NE 15.0 f]?y;lleltli(goﬁwsnfllv?rk) = ng //+// ?)liw:l‘el stat. unc.
® Including statistical uncertainty only 2 s o] = Zeslos | =
0 I v 10.0 F
. . . . . . ) 2 10k 2
-} Validation of BDT training and signal extraction variable = | s 7
~ I ™~ 5.0H
w b 4?
Channel Data/MC ratio pre-BDT Data/MC ratio post-BDT g g 28
SSe 1.039 + 0.009 0.969 + 0.108 o 00
SSp 1.015 £ 0.009 0.985 =+ 0.128 w0 R R T
OSp. 1057 :|: 0014 1042 :|: 0134 1.00 1.25 1.50 1.75 2.00 2.95 2.50 1.00 1.25 1.50 1.75 2.00 2.25 2.50

M; (GeV/c?)
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Signal and background modeling

@ Unbinned maximum likelihood fits to M

® Fitregion: 1.3 < M, < 2.3GeV/c?

to avoid low statistics at edges — fit stability

@ Signal pdf:

@ Johnson SU pdf + broad Gaussian
to model main peak and tails

@ Means fixed to m_=P 5 free parameters 4,7, 0, 65,5 W

@ Background pdf:

@ Second order Chebyshev polynomials

Events

SignalMC — Pred.

GenericMC — Pred.

O SignalMC

FEvents

|
)

15

oS ot O

Example fit: OSe

[ Belle II Simulation (own work)
r OSe

F \=0.027 + 0.001

[ ~=-0.365 + 0.015 S
[ 5=0.673 + 0.031 t Signal MC

[ 0Gauss=0.357 £ 0.035
- w=0.840 + 0.016

=== Johnson SU
Gaussian
—— Signal fit

1.4 1.6 | 1.8 | 2.0 2.2
M, (GeV/c?)

- Belle IT Simulation (own work) Background fit
| [L£dt=365b" t  Generic MC
- OSe

[ ¢1=0.239 + 0.091
[ ¢=-0.239 + 0.097
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Combined signal and background fit

@ Extended unbinned maximum likelihood fits to

background MC only

@ Signal shape parameters are fixed to results

from MC fit

@ 4 free fit parameters:

@ Signal yield Nsig

@ Background yield Nbg

@ Polynomial coefficients ¢, ¢,

MC — Pred.

Events

oMC

Events

30

20

30

20

I ¢1=-0.170 £ 0.082
I co=-0.422 £ 0.096

| [L£dt=365b~"
L SSe

| ¢1=0.115 4 0.078
| c2=-0.139 £+ 0.098

I Belle IT Simulation (own work)

b Niig, 5o = 170277 (Nyig, ia=0)
[ Nigs— 12031718 (N, =130.97) ¢

- Signal fit

MC

Background fit
—— Total fit

1 L L 1 L 1 L 1 L L 1
14 1.6 1.8 2.0 2.2
M, (GeV/c?)
| Belle IT Simulation (ownwork) Signal fit
L [ £dt=365fb"!
| SSp ---- Background fit
[ Nug = —3.697747 (Nyg 1=0) — Total fit
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Signal fit
Background fit
Total fit

MC

| 1.4 1.6 | 1.8 | 2.
M. (GeV/c?)

0 2.2

I Belle II Simulation (own work)
L [ Ldt=365fb"

:_ OSp

r Niig, fit =4'76t§:gé (Nisig, in=0)

L Nug o= 117.62738 (N, u=122.30) ¢
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Fit validation

@ Signal extraction is tested in toy studies
@ Background is generated from fitted pdf
@ Signal is sampled from MC

-} Validation of linearity and pull distribution

@ Ideal linear relationship (within uncertainty) =

@ Reliable extraction of signal yield

Belle II Simulation (ownwork) SSe

r—— Slope: 1.002 + 0.007; Intercept: -0.039 + 0.098
t  Fitted Ny,

Niogs = 1000

T T TS S Y RS
0 5 10 15 20

Input Ngig

Belle II Simulation (ownwork) SSp

20

—— Slope: 0.994 4 0.007; Intercept: -0.091 + 0.108
t  Fitted Ny,

Nioys = 1000

Input N

!
25

Belle II Simulation (own work) OSe

Slope: 0.995 + 0.007; Intercept: -0.027 + 0.100
t  Fitted Ny

boys — 1000

! ! ! ! ! !
0 5 10 15 20 25

Input Nge

Belle II Simulation (ownwork) OSp

25— Slope: 0.995 + 0.009; Intercept: -0.033 + 0.130
t  Fitted Ngg

Nioys = 1000

I I
20 25
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Fit validation

@ Signal extraction is tested in toy studies
@ Background is generated from fitted pdf g™
@ Signal is sampled from MC S
-} Validation of linearity and pull distributions
@ Slight asymmetry and bias towards
negative values caused by toy datasets
with few events generated around m_ §

® Better agreement with u = 0, 6 = 1 for

higher signal injections and Nbg

F Nsigin=0 * *

Belle II Simulation (own work)

SSe p =-0.048 + 0.015

o = 1.034 4+ 0.010

Pull

g,
Nioys = 5000

[ Belle IT Simulation (own work) W= -0.078 + 0.015

| OSe | T 0 =1077 + 0011
400 - Nggin=0

[ sig, in Pull

[ Nioys = 5000 toPu

100

Belle II Simulation (own work)

b =-0.069 + 0.015

SSn T 5 =1.054 + 0.011
Nyig.in=0

sig, in P H
Nioys = 5000 } "

00T Belle II Simulation (own work) 1= -0.056 + 0.015

I OSu * * o = 1.035 & 0.010
L N. o —0

400 + sig, in Pull
[ Nigys = 5000 + !

N,

N

ig,

fit \Nsig, in)

PUIISig =

A(]vsig, ﬁt)



Sensitivity estimation

1.0

@ Derivation of expected 90% C.L. upper limits on

.8

signal yields for MC with asymptotic CLs method i

0.6

: 30 5
@ Scanning over N, € [0, Nge] s
@ Conversion into limit on branching fractions v

BUL

B Ny@s) 2+ [t - eqig 1oy

BL=15.76x10"5

exp

Belle II Simulation (ownwork) SSe
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---- Expected CLs— Median
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Expected CLg + 20
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! ] ) UL 0.6 -
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-5 ’ . I
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OSI']' 9'75 X ]'0_ H 07\\\'\\\'\Hl\HlH\|H\l\ul\Hl\ulu\lu\l\u =
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Summary

® First search for BT — K Tt/
@ Reconstruction in four signal channels:
SSe, OSe, SSy, OSp
@ Hadronic tagging: full reconstruction of By
@ BDTs for background suppression

@ Signal extraction via fits to M

Outlook

@ Estimation of systematic uncertainties
@ Validation on control channels

(1)

3.0 Belle I Simulation (own work) Pred. upper limits
[ Ldt=365fb!

2.5

2.0 |

15 F

1.0 f

0.5

0.0 ' ' ' — '

) QJX y o \}x \})/

% xS o x S X < * X <

¥ § B § B 5 ¥

e ) ©
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MC samples

@ MC15ri, hadronic FEI skim (release-06) — move to MC16 (release-08)
@ Signal MC: 80M generated BY — K 757 events

® One decay file combining signal channels with 25% branching fraction each
® Generic Kt and 7 decays

® Generic MC: 1 ab~! continuum ¢g, charged B*B~ and mixed BB’

MC/Data corrections

@ FEI corrections @ Off-resonance calibration
@ Charged hadron PID corrections e e =LA TR OBl lomuork) D S
. Channel Calibration factor E’ 400;’ t_ o = D E 40(%{)3; - =
@ Lepton PID corrections S L1310 £ 0017 2,, """ 2| Gl tactor: Ligy + 0018
) 0 0 - OSe 1130 £ 0.018  — |
Neutral 7", KS corrections SSp 1.161 £ 0.018 £ |
OSp 1.110 + 0.018 ™ j
@ Data corrections: photon energy bias & et sevsns L ] v ;
| ! =y A * Y
(71'0 daughters), track momentum scaling : > ) ! i 5 3 ’
EROE,I\', extra (GCV) EROE, N, extra (GCV)
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Signal-side selection (K T/-system)

et /4+
@ FixedThresh09 global BDT
@ Track cuts:
17°< 0 < 150°, dr < 2cm, |dz| < 4cm,
p.> 0.1GeV/c

@ Bremsstrahlung correction for electrons

K+ 71'+
@ Track cuts + nepepis > 20
® Global PID > 0.6

0
K
@ stdKshort
@ goodBelleKshort

JZ'O

@ May2020 recommendations 30 % efficiency list
® 70 daughter cuts

z° daughters
® £ > 0.075,0.05,0.1 GeV (FW, BRL, BW)

® beamBackgroundSuppression > 0.3 and
fakePhotonSuppression > 0.3 if minC2TDist > 20 cm

K™
® 0.79GeV/c? < My, < 0.994 GeV/c?
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Tag-side and ROE selection

B, ROE
® Hadronic tag: single candidate selection with ® “Good photons”: fakePhotonSuppression > 0.3 and
highest Ppg; beamBackgroundSuppression > 0.3

if mMinC2TDist > 20 cm (isolated photons)

B M >527GeV/c?

be evre E > 0.075,0.05,0.1 GeV (FW, BRL, BW)
@ Ppg > 0.001 |dz| <4cm, dr <2cm, 17° < 0 < 1507,
® cosTBTO < 0.9 p.>0.1GeV/c

a ntracks, ROE <3

Best candidate selection

® Main cause of multiplicity: misreconstructed candidates with prompt lepton and 7 daughter switched
@ BCS:

1. Candidate with highest prompt lepton momentum p,

2. Random selection
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Charged background composition - SS modes

SSe

SSu

Bt daughters Frac. (%) | D° daughters Frac. (%) | Dt daughters Frac. (%)
D*%ty, 32.7 K-zl 21.3 K-rntgt 28.5
D%t ey 16.6 a;mt 12.6 K 9.5
DOy, 11.6 K—nt 7.8 K*0n07+ 9.0
Detuyy 5.9 K*p*t 7.3 K-ntnty 4.4
Dfetv, 5.0 K—nt7n070 3.9 Kzt 4.3
D*0etyeyy 4.2 Kin—7™t 3.5 Tt KY 3.5
Detvey 2.4 K*O0rt = 2.9 KPKQ 3.3
Detu, 2.0 K rtw 2.5 Kty 2.8
Diletu, 1.7 K=rtn0y 2.4 K*0pt 2.7
Diletu, 1.5 KOr+tr—x0 1.7 K%, 2.5
D%t veyy 1.4 Kt 1.7 KTK—nt 2.4
Detvey 1.1 K- nty 1.4 K% v, 1.8
DiVetvey 0.8 K-ntr—rnt 1.3 K*0ety, 1.7
D%t veyyy 0.7 K*07070 1.2 K-ntpt 1.6
Dilet vy 0.7 K*~u+uv, 1.2 K*~rtrnt 1.4
sum 88.4 sum 72.7 sum 79.4

Bt daughters Frac. (%) | D° daughters Frac. (%) | Dt daughters Frac. (%)
DTy, 44.8 K—atr 21.1 K-ntgt 27.5
Dty 15.6 K-af 12.8 Kint 0 9.4
DOty 7.1 K—rnt 7.7 K Ogt70 8.8
Ddutuv, 6.7 K*pt 7.5 K-mtnty 4.1
DPuty, 2.8 K-ntn070 3.8 K7+ 4.1
Dutu,y 2.5 Kdrtm 3.5 K uty, 3.8
D3 utu, 2.1 K Ortn~ 2.9 K3n+t 3.4
Duty 1.9 K rtw 2.4 Klay 3.4
DYutv,y 1.1 K-rmta0y 2.4 K*uty, 3.1
Dutv,n 0.8 K*0ntg=q0 1.7 KTK—nt 2.9
Dyt n 0.8 Kint 1.7 K*0p+t 2.6
D Outv, vy 0.5 K7ty 14 K-ntpt 1.8
DPutv,y 0.5 K-ntr—nt 1.3 K*0¢ty, 1.6
D*%af 0.5 K*07070 1.3 K"y, 1.3
D Orty, 0.4 K* utu, 1.2 KtK-—atrnd 1.2
sum 87.9 sum 2.7 ‘ sum 79.1
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Charged b
ackground composition - OS
: modes

OSe

oSu

BT dau
ght
Dy ers Frac. (%) D0 q
50+ z 14.8 _ aughters Frac. (%
D vy K ntn0 (%) | D* da
D0+ 15.6 K—at 21.1 ughters Fr
2ol Y 7.1 ! ' K-rmtat ac. (%) Bt d
121”+VM : K—nt 12.8 KOr+0 27.5 — aughters Fra
DPutv 6.7 K*pt 7.7 I‘(%T N 9.4 D™Dy c. (%) | D° daught
Do,u"'yu,y 2.8 Kfﬂ'p‘kwo . 7.5 K- 7r+ 71-—? 8.8 Q*OD:+ 2-7 =0 ers Frac. (%) | D* daught
. m T 1 T . D*O + é _ gnters
Dyt ;5 [ggﬂ_,_ﬂ,_ 3.8 Ri0n+ v 41 D*OM+V“ o K- puty, 290.4 IgfﬂJrﬂJr Frac. (%)
Dy%utv, 1 jr 3.5 Kt 4.1 D0t =t : K-nt 6 ROuty 19.4
750,+ 1.9 e 9.9 BTV D*0a 3.4 K-af 9.4 o Lt 17.0
71/’L VM’)/ 7r+w K07T+ 3.8 = 1 al KsTF+7TO :
DOt 1.1 _ 2.4 S DD+ 3.4 K*pt 9.2 7 9
_ :LL VN’I’] K 7T+7TO . Koa— 34 _ s p K*O/LJ’_[/ 0
D*0,,+ 0.8 0 v 9.4 15y DOD*+ 2.6 Kt 4.3 - 1 5
e v K*Or+t1—70 . K*0,,+ 3.4 s0 nry, K*Op+,0 9
D*0,+ 0.8 - g 1.7 K Vi D*~gtptg0 2.3 KOt 4.0 0 4.8
utv,yy K;ont : K+K-n+ 3.1 ~ T 9 gm™m K{nt :
DO+ 0.5 K- 1.7 _ ™ D*9DF 0 e 3.8 > 3.3
T VY 7r+,>, 0t 2.9 — s T Knatnat .
D%} 0.5 Fommt 1.4 Ko 06 Dop:+ 1-9 Jra 2.3 K0at gl 3.9
) * =, ™ ' *0 g* . _
D 0T+V’T 0.5 FK*0,0,0 1.3 Jo*0 +P 1.8 1_) K*t 9 K—nt+70:0 2.3 K,07]:'l+ 2.5
0.4 — 1.3 L e e DD+ 1.7 K-t 2.0 4 9
sum K + . KO + 1.6 _ sl Ty K07_[_+ 0 4
87.9 adlhd- 1.2 ol 1.3 D°u+v 1.6 K-pt 1.7 s 2.0
: sum KtK—ntq0 . DOyt ® 1.5 KJ&VMY 15 2 K7t 1'
72.7 ‘ sum 1.2 D0+ 13 T . K*0p+ .8
1% : 7T+7T_ 0 1.3 7T+ — 1.4
79.1 1.2 & 770
sum : K-ntw 1.3 ROutu,m 1.2
35.4 sum 1.2 K*77T+'L;T+ 1.0
74.1 ‘ — 1.0
75.8
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