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 Decays: SM and ExperimentB+ → K+νν̄
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Flavour-changing neutral current ( ) transitions
Precise SM prediction:  = 

  [Phys. Rev. D 107, 1324 014511 (2023), Phys. Rev. D 107, 119903 (2023)]
Leading theoretical uncertainty from hadronic form factors

 observables are sensitive to many BSM scenarios:
Axions [PRD 102, 015023 (2020)], dark scalars [PRD 101, 095006 (2020)], 
axion-like particles [JHEP 04 (2023) 131]
Z’ [PL B 821 (2021) 136607], leptoquarks [PRD 98, 055003 (2018)] 
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SuperKEKB operates nominally at 
 in 96 %

Currently 362 fb−1 ~ 390 mil. B-meson pairs 

Record-breaking  = 4.7 × 1034  cm-2 s-1 

Types of backgrounds:  -backgrounds, , 
      continuum backgrounds  ,  

control sample taken at  

s = 10.58 GeV
Υ(4S) → BB̄

ℒinst
B e+e− → ττ̄

e+e− → qq̄ q ∈ (s, c, d, u)
s = 10.52 GeV

5

SuperKEKB and Belle IIThe SuperKEKB accelerator

• e+e− collider in Tsukuba, Japan.

•
√
s = 10.6GeV = m(Υ(4S)).

• B(Υ(4S) → BB) > 96%.

•
∫ 22.06.2022

25.03.2019
L√

s=m(Υ(4S)) dt = 362 fb−1.

• Maximum instantaneous luminosity: 4.7× 1034 cm−2s−1 (world record).

• Target instantaneous luminosity: 6× 1035 cm−2s−1.

Cyrille Praz (KEK) | Electroweak penguins and radiative B decays | 20.03.2023 3

Bsig

B+

B−

Btag
Υ(4S)

e−

e+

Typical  event benefits from:
Detector with nearly full 4  coverage with excellent 
sensitivity to low energy deposits
Cleaner environment compared to LHCb
Constraints from well-known initial state kinematics

B+ → K+νν̄
π

mailto:slavomira.stefkova@kit.edu
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Newest Belle II search for    decays:
with full Belle II 362 fb-1 dataset
with improved analysis (inclusive tagging ITA)

first Belle II measurement with  = 63 fb-1 set 
competitive limit of 

cross-checked with additional validation techniques 
analysis based heavily on simulation

supported with a more conventional analysis (hadronic 
tagging HTA) on a nearly independent data sample

Challenges of searches for  decays:
high reconstruction efficiency for visible particles
excellent simulation modelling
excellent understanding of the neutral objects                   
( ,…)

B+ → K+νν̄

ℒ
4.1 × 10−5 @ 90% C.L.

B+ → K+νν̄

π0, K0
L, K0

s , n, γ

New Belle II Measurement

mailto:slavomira.stefkova@kit.edu
https://arxiv.org/abs/2110.00790
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Analysis strategy in a Nutshell

7

Basic selection 
and

reconstruction

Validation Statistical 
interpretation

 H
TA

 IT
A

Background 
suppression
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Reconstruction and Basic Selection

8

Basic reconstruction of tracks and clusters:
Charged particles: , close to collision point, in the central part of the detector
Neutral particles:  (ITA), -dependent (HTA) 
Signal kaon track candidates required to have high probability to be kaon

E > 100 MeV/c
E > 100 MeV E > [60,...,150] MeV, ϕ

Hadronic tagging  (HTA)  

Efficiency

Purity, Resolution 

Bsig

B
Υ(4S)

ν
ν̄

Rest of event 
(ROE)

q2
rec

K±

Inclusive tagging  (ITA)  

e−
Bsig

Btag

Υ(4S)

ν
ν̄

q2
rec

Other 
tracks and clusters 

in the event

e+
e+ e−

K±

 : mass squared 
of the neutrino pair
q2

rec
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1. ITA uses two consecutive multivariate binary classifiers based 
      on boosted decision trees  
      used for background suppression:

Discriminating variables: general event topology, 
      signal kinematics, ROE kinematics, track vertices

A first-level filter  uses 12 input variables 
Key discrimination achieved by 35 inputs fed to 

 variable =  w/ flat signal efficiency 

2. ITA signal region (SR) is defined:

(BDT1, BDT2)

BDT1
BDT2

μ(BDT2) BDT2

BDT1 > 0.9
μ(BDT2) > 0.92

9

Sensitivity Maximisation 
BB̄B( → Kνν̄)B̄qq̄

1. HTA uses a single multivariate binary classifier : 12 discriminating variables based on signal 
kaon, , other track and cluster information 

2. HTA signal region defined with 

BDTh
Btag

μ(BDTh) > 0.4

mailto:slavomira.stefkova@kit.edu
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ITA
Signal efficiency: 8%

: 159 / 17529 
Background composition in the SR:

40% continuum events ( )
60% B-meson decay events:  

52% from hadronic decays involving  and 
47% from semileptonic with 
1% from leptonic decays

Nsig /Nbkg

qq̄

K D
D → K0

L

 HTA
Signal efficiency: 0.4%

: 8 /211
Composition in the SR:
Nsig /Nbkg

10

Signal Region Statistics 

 
in SR

B+ → K+νν̄
 

in SR
B+ → K+νν̄

Next slides: validation shown for ITA, applicable to HTA

mailto:slavomira.stefkova@kit.edu


     Slavomira Stefkova, slavomira.stefkova@kit.edu                                                                                                                   CKM 2023

Validation: Signal Efficiency (ITA)

11

Data/MC efficiency ratio:   good agreement 
3% is included as signal shape systematic uncertainty 

1.00 ± 0.03 →

Signal efficiency checked with signal embedding procedure using  events:
1. Use   events
2. Remove muons from  
3. Replace  kinematics by  kinematics

         from simulated   signal 
4. Apply to data and simulation
5. Compare selection efficiency

         (except for PID efficiency)

B+ → K+J/ψ( → μ+μ−)
B+ → K+J/ψ( → μ+μ−)

J/ψ
K+ K+

B+ → K+νν̄

mailto:slavomira.stefkova@kit.edu


     Slavomira Stefkova, slavomira.stefkova@kit.edu                                                                                                                   CKM 2023

Validation: Neutral Energy (ITA)

12

Calorimeter clusters are reconstructed as photon candidates and include:
Real photons
Deposits from beam-backgrounds
Charged particle deposits away from trajectory
Neutral hadrons, e.g: K0

L

Real photons Neutral 
hadrons

Charged 
deposits

Beam-related 
bkgs

The energy of other hadronic clusters is biased:
Summed neutral energy in  events 
in data and MC in agreement after 10% shift
Validated also with continuum simulation and 

      off-resonance data

B+ → K+J/ψ( → μ+μ−)

Use 10 % as correction for energy of hadronic clusters and 
a systematic uncertainty of 100% on the correction

mailto:slavomira.stefkova@kit.edu
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    Validation: Physics Background I (ITA)
1.  background physics modelling validation with off-resonance data and continuum 

simulation:
Use found 40% normalisation factor as an uncertainty
Shape corrected by event weights derived following

      [J. Phys.: Conf. Ser. 368 012028]

2.  physics modelling validation 
      with fit in pion/lepton ID sidebands:

Scale up the normalisation of all
      simulated decays by 30%

Assign 33% of the correction as systematics uncertainty

qq̄

B → Xc( → K0
L)

B → Xc( → K0
L)

  with 
after fit

B → πX μ(BDT2) > 0.92

mailto:slavomira.stefkova@kit.edu
https://iopscience.iop.org/article/10.1088/1742-6596/368/1/012028
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   Validation: Physics Background II (ITA)
3. Physics modeling of rare most signal-like backgrounds;   decays:

BaBar study [PhysRevD.85.112010] on  used to model  
 and  used to model  

4. Similar treatment for another rare signal-like background:  

B+ → K+K0K0

B+ → K+K0
s K0

s B+ → K+K0
LK0

L
B+ → K+K0

SK0
S B0 → K0

SK+K− B+ → K+K0
SK0

L

B+ → K+nn̄

 Good data/MC agreement  systematic uncertainties assigned due to used assumptions→

mailto:slavomira.stefkova@kit.edu
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.112010
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Closure test:  (ITA)𝓑(B+ → π+K0)
Measure a branching fraction for a known rare decay mode  to validate the background 
estimation using nominal analysis, but with:

Pion ID instead of kaon ID
Different   bin boundaries
Only on-resonance data used for fit
Only normalization systematics included

Result:

B+ → π+K0

q2
rec

ℬ(B+ → π+K0) = (2.5 ± 0.5) × 10−5

Measured values consistent with PDG value 
 𝓑(B+ → π+K0) = (2.3 ± 0.08) × 10−5

mailto:slavomira.stefkova@kit.edu
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In total 24 signal region bins: 
Simultaneous fit to on-resonance and off-resonance data sample
Each sample has 4 bins of  and 3 bins of  

       
Statistical model based on binned likelihood for signal                   
and 7 background categories:

Poisson uncertainties for data counts
Systematic and MC statistical uncertainties included in the fit as 
nuisance parameters

μ(BDT2) q2
rec

The resulting likelihood has
192 nuisance parameters 
one parameter of interest: signal strength , 
where  ,                                  
(  removed, treated as background)

μ = 𝓑/𝓑SM
𝓑SM = 4.97 × 10−6

B → τ( → Kν)ν

Statistical model (ITA)

 in SR: pre-fit distributions 
for on-resonance data

B+ → K+νν̄

mailto:slavomira.stefkova@kit.edu
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TABLE I. Sources of systematic uncertainty in the ITA, corresponding correction factors (if any), their treatment in the fit,
their size, and their impact on the signal strength µ. Uncertainty type can be “Global”, corresponding to a global normalization
factor, common to all SR bins, or “Shape”, corresponding to a bin-dependent uncertainty. Each source can be described by a
single or a set of multiple nuisance parameters (NP) (see text for more details). The impact on the signal strength uncertainty
�µ is estimated by excluding the source from the minimization and subtracting in quadrature the resulting uncertainty from
the uncertainty of the nominal fit.

Source Correction Uncertainty Uncertainty Impact on �µ
type size

Normalization of BB̄ background — Global, 2 NP 50% 0.88
Normalization of continuum background — Global, 5 NP 50% 0.10
Leading B-decays branching fractions — Shape, 5 NP O(1%) 0.22
Branching fraction for B+ ! K+K0

LK
0

L q2 dependent O(100%) Shape, 1 NP 20% 0.49
p-wave component for B+ ! K+K0

SK
0

L q2 dependent O(100%) Shape, 1 NP 30% 0.02
Branching fraction for B ! D(⇤⇤) — Shape, 1 NP 50% 0.42
Branching fraction for B+ ! nn̄K+ q2 dependent O(100%) Shape, 1 NP 100% 0.20
Branching fraction for D ! KLX +30% Shape, 1 NP 10% 0.14
Continuum background modeling, BDTc Multivariate O(10%) Shape, 1 NP 100% of correction 0.01
Integrated luminosity — Global, 1 NP 1% < 0.01
Number of BB̄ — Global, 1 NP 1.5% 0.02
O↵-resonance sample normalization — Global, 1 NP 5% 0.05
Track finding e�ciency — Shape, 1 NP 0.3% 0.20
Signal kaon PID p, ✓ dependent O(10� 100%) Shape, 7 NP O(1%) 0.07
Photon energy scale — Shape, 1 NP 0.5% 0.08
Hadronic energy scale �10% Shape, 1 NP 10% 0.36
K0

L e�ciency in ECL �17% Shape, 1 NP 8% 0.21
Signal SM form factors q2 dependent O(1%) Shape, 3 NP O(1%) 0.02
Global signal e�ciency — Global, 1 NP 3% 0.03
MC statistics — Shape, 156 NP O(1%) 0.52
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The largest impact on the signal strength µ arises from966

the normalization of the background from charged B de-967

cays. Other important sources, ordered by the level of968

the correlation with µ, are the simulated sample size,969

branching fraction for B
+ ! K

+
K

0
L
K

0
L
decays, branch-970

ing fraction for B ! D
(⇤⇤) decays, reconstructed energy971

for hadrons, branching fractions of the leading B decays,972

and K
0
L
reconstruction e�ciency.973

The summary of systematic uncertainties for the HTA974

is provided in Table II. Three background components975

1.

2.

3.
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Statistical model (HTA)

Statistical model based on binned likelihood for signal and 
3 background categories: 

Signal region bins: 6 bins in 
One-dimensional binned fit in  for                              
the on-resonance data 

BB̄, cc̄, qq̄ (q = u, d, s)
μ(BDTh)

μ(BDTh)

The resulting likelihood has
45 nuisance parameters 
one parameter of interest: signal strength , 
where  ,                                  
[  removed, treated as background]

μ = 𝓑/𝓑SM
𝓑SM = 4.97 × 10−6

B → τ( → Kν)ν

 in SR: pre-fit distributions 
for on-resonance data

B+ → K+νν̄
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statistical uncertainty
 on μ = 2.3

19

Systematic Uncertainties (HTA)14

TABLE II. Sources of systematic uncertainty in the HTA (see caption of Table I for details).

Source Correction Uncertainty type Uncertainty size Impact on �µ

Normalization BB background — Global, 1 NP 30% 0.91
Normalization continuum background — Global, 2 NP 50% 0.58
Leading B-decays branching fractions — Shape, 3 NP O(1%) 0.10
Branching fraction for B+ ! K+K0

LK
0

L q2 dependent O(100%) Shape, 1 NP 20% 0.20
Branching fraction for B ! D(⇤⇤) — Shape, 1 NP 50% < 0.01
Branching fraction for B+ ! K+nn̄ q2 dependent O(100%) Shape, 1 NP 100% 0.05
Branching fraction for D ! KLX +30% Shape, 1 NP 10% 0.03
Continuum background modeling, BDTc Multivariate O(10%) Shape, 1 NP 100% of correction 0.29
Number of BB̄ — Global, 1 NP 1.5% 0.07
Track finding e�ciency — Global, 1 NP 0.3% 0.01
Signal kaon PID p, ✓ dependent O(10� 100%) Shape, 3 NP O(1%) < 0.01
Extra photon multiplicity N� dependent O(20%) Shape, 1 NP O(20%) 0.61
K0

L e�ciency — Shape, 1 NP 17% 0.31
Signal SM form factors q2 dependent O(1%) Shape, 3 NP O(1%) 0.06
Signal e�ciency — Shape, 6 NP 16% 0.42
Simulated sample size — Shape, 18 NP O(1%) 0.60

are considered in the HTA: BB̄, accounting for both976

charged and neutral B decays, cc̄, and light-quark contin-977

uum (uū, dd̄, ss̄). The contribution from ⌧ -pair decays978

is negligible. The primary contribution to the systematic979

uncertainty arises from the determination of the normal-980

ization of the BB̄ background. This determination is981

based on the comparison of data-to-simulation normal-982

ization in the pion-enriched control sample, which shows983

agreement within the 30% statistical uncertainty. The984

other important sources are the uncertainty associated985

with the bin-by-bin correction of the extra photon can-986

didate multiplicity, and the uncertainty due to the lim-987

ited size of the simulated sample. The uncertainty on988

continuum normalization (50%), determined using o↵-989

resonance data, is the fourth most important contribu-990

tion. The other sources of systematic uncertainty are the991

same in both analyses, except for those related to pho-992

ton and hadronic energy corrections (not applied in the993

HTA) and p-wave contribution from B
+ ! K

+
K

0
S
K

0
L

994

(whose contribution is negligible).995

For both analyses, nuisance-parameter results are in-996

vestigated in detail. No significant shift is observed for997

the parameters corresponding to the background yields998

from charged and neutral B-meson decays. For the ITA,999

the parameters corresponding to the continuum back-1000

ground yields are shifted consistently with the di↵erence1001

observed in the normalization of the continuum simula-1002

tion with respect to the o↵-resonance data.1003

XII. RESULTS1004

A comparison of the data and fit results in the SR of1005

the ITA is shown in Fig. 13. The observed signal purity1006

is found to be 5% in the SR and is as high as 19% in1007

the three bins with ⌘(BDT2) > 0.98. The compatibility1008

between the data and fit results is determined with sim-1009

plified experiments simulated by sampling the likelihood1010

to be 48% for the ITA. Figs. 14 and 15 present distribu-1011

tions of several variables for the events within the signal1012

region. The simulated samples are corrected di↵eren-1013

tially using ratios of post-to-pre-fit yields for each SR bin.1014

A good overall agreement is observed. However, certain1015

discrepancies are evident in the q2rec distribution, showing1016

a deficit in data-to-predictions for q
2
rec < 3GeV2

/c
4 and1017

an excess for 3GeV2
/c

4
< q

2
rec < 5GeV2

/c
4.1018

An excess over the background-only hypothesis is ob-1019

served in the ITA. The signal strength is determined to be1020

µ = 5.6± 1.5 = 5.6+1.0
�1.0(stat)

+1.1
�0.9(syst) , where the statis-1021

tical uncertainty is estimated using simplified simulated1022

experiments based on Poisson statistics. The total un-1023

certainty is obtained by a profile likelihood scan, fitting1024

the model with fixed values of µ around the best-fit value1025

while keeping the other fit parameters free; see Fig. 16.1026

The systematic uncertainty is calculated by subtracting1027

the statistical uncertainty in quadrature from the total1028

uncertainty. An additional 8% theoretical uncertainty,1029

arising from the knowledge of the branching fraction in1030

the SM, is not included.1031

The compatibility between the data and fit results1032

is also checked for HTA and is determined to be 61%.1033

The HTA observes a signal strength of µ = 2.2+2.4
�2.0 =1034

2.2+1.8
�1.7(stat)

+1.6
�1.1(syst), which is lower compared to the1035

ITA result, but consistent at 1.2 standard deviations.1036

A corresponding comparison for the HTA is shown in1037

Fig. 17. In the whole SR, a signal purity of 7% is mea-1038

sured, which increases to 20% in the three bins with1039

⌘(BDTh) > 0.7, with the main background contribution1040

from BB̄ decays. Fig. 18 presents distributions of sev-1041

eral variables for the event within the signal region. Good1042

agreement is observed.1043

If interpreted in terms of signal, the results corre-1044

spond to a branching fraction of the B
+ ! K

+
⌫⌫̄ de-1045

cay of [2.8± 0.5(stat)± 0.5(syst)]⇥10�5 for the ITA and1046

14
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Normalization BB background — Global, 1 NP 30% 0.91
Normalization continuum background — Global, 2 NP 50% 0.58
Leading B-decays branching fractions — Shape, 3 NP O(1%) 0.10
Branching fraction for B+ ! K+K0

LK
0

L q2 dependent O(100%) Shape, 1 NP 20% 0.20
Branching fraction for B ! D(⇤⇤) — Shape, 1 NP 50% < 0.01
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K0

L e�ciency — Shape, 1 NP 17% 0.31
Signal SM form factors q2 dependent O(1%) Shape, 3 NP O(1%) 0.06
Signal e�ciency — Shape, 6 NP 16% 0.42
Simulated sample size — Shape, 18 NP O(1%) 0.60

are considered in the HTA: BB̄, accounting for both976

charged and neutral B decays, cc̄, and light-quark contin-977

uum (uū, dd̄, ss̄). The contribution from ⌧ -pair decays978

is negligible. The primary contribution to the systematic979

uncertainty arises from the determination of the normal-980

ization of the BB̄ background. This determination is981

based on the comparison of data-to-simulation normal-982

ization in the pion-enriched control sample, which shows983

agreement within the 30% statistical uncertainty. The984

other important sources are the uncertainty associated985

with the bin-by-bin correction of the extra photon can-986

didate multiplicity, and the uncertainty due to the lim-987

ited size of the simulated sample. The uncertainty on988

continuum normalization (50%), determined using o↵-989

resonance data, is the fourth most important contribu-990

tion. The other sources of systematic uncertainty are the991

same in both analyses, except for those related to pho-992

ton and hadronic energy corrections (not applied in the993

HTA) and p-wave contribution from B
+ ! K

+
K

0
S
K

0
L

994

(whose contribution is negligible).995

For both analyses, nuisance-parameter results are in-996

vestigated in detail. No significant shift is observed for997

the parameters corresponding to the background yields998

from charged and neutral B-meson decays. For the ITA,999

the parameters corresponding to the continuum back-1000

ground yields are shifted consistently with the di↵erence1001

observed in the normalization of the continuum simula-1002

tion with respect to the o↵-resonance data.1003

XII. RESULTS1004

A comparison of the data and fit results in the SR of1005

the ITA is shown in Fig. 13. The observed signal purity1006

is found to be 5% in the SR and is as high as 19% in1007

the three bins with ⌘(BDT2) > 0.98. The compatibility1008

between the data and fit results is determined with sim-1009

plified experiments simulated by sampling the likelihood1010

to be 48% for the ITA. Figs. 14 and 15 present distribu-1011

tions of several variables for the events within the signal1012

region. The simulated samples are corrected di↵eren-1013

tially using ratios of post-to-pre-fit yields for each SR bin.1014

A good overall agreement is observed. However, certain1015

discrepancies are evident in the q2rec distribution, showing1016

a deficit in data-to-predictions for q
2
rec < 3GeV2

/c
4 and1017

an excess for 3GeV2
/c

4
< q

2
rec < 5GeV2

/c
4.1018

An excess over the background-only hypothesis is ob-1019

served in the ITA. The signal strength is determined to be1020

µ = 5.6± 1.5 = 5.6+1.0
�1.0(stat)

+1.1
�0.9(syst) , where the statis-1021

tical uncertainty is estimated using simplified simulated1022

experiments based on Poisson statistics. The total un-1023

certainty is obtained by a profile likelihood scan, fitting1024

the model with fixed values of µ around the best-fit value1025

while keeping the other fit parameters free; see Fig. 16.1026

The systematic uncertainty is calculated by subtracting1027

the statistical uncertainty in quadrature from the total1028

uncertainty. An additional 8% theoretical uncertainty,1029

arising from the knowledge of the branching fraction in1030

the SM, is not included.1031

The compatibility between the data and fit results1032

is also checked for HTA and is determined to be 61%.1033

The HTA observes a signal strength of µ = 2.2+2.4
�2.0 =1034

2.2+1.8
�1.7(stat)

+1.6
�1.1(syst), which is lower compared to the1035

ITA result, but consistent at 1.2 standard deviations.1036

A corresponding comparison for the HTA is shown in1037

Fig. 17. In the whole SR, a signal purity of 7% is mea-1038

sured, which increases to 20% in the three bins with1039

⌘(BDTh) > 0.7, with the main background contribution1040

from BB̄ decays. Fig. 18 presents distributions of sev-1041

eral variables for the event within the signal region. Good1042

agreement is observed.1043

If interpreted in terms of signal, the results corre-1044

spond to a branching fraction of the B
+ ! K

+
⌫⌫̄ de-1045

cay of [2.8± 0.5(stat)± 0.5(syst)]⇥10�5 for the ITA and1046

1.

2.

3.
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Results: signal strength  μ

 First evidence of the  process B+ → K+νν̄

ITA fit results:

Significance of the excess with respect to the background-only hypothesis ( ): 3.6 σ
Significance of the excess with respect to the SM signal hypothesis ( ): 3.0 σ

μ = 5.6 ± 1.1(stat)+1.1
−0.9(syst)

ℬ(B+ → K+νν̄) = 2.8 ± 0.5(stat) ± 0.5(syst) × 10−5

μ = 0
μ = 1

HTA fit results:

Significance with respect to the background-only hypothesis ( ): 
Significance with respect to the SM signal hypothesis ( ): 

μ = 2.2 ± 2.3(stat)+1.6
−0.7(syst)

ℬ(B+ → K+νν̄) = [1.1+0.9
−0.8(stat)+0.8

−0.5(syst)] × 10−5

μ = 0 1.1 σ
μ = 1 0.6 σ
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Post-fit distributions (ITA)
Post-fit distributions for signal and background

On-resonance data Off-resonance data
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Post-fit distribution (HTA)
Post-fit distributions for signal and background

On-resonance data

mailto:slavomira.stefkova@kit.edu


     Slavomira Stefkova, slavomira.stefkova@kit.edu                                                                                                                   CKM 202323

Combination
Compatibility between ITA and HTA results at :

Events from the HTA signal region represent only 2% of the signal region ITA
Perform combination at likelihood level:

Correlations among common systematic uncertainties included
Common data events excluded from ITA sample

1.2 σ

Combination improves the ITA-only precision by 10%
 significance w.r.t background-only hypothesis
 significance w.r.t SM signal hypothesis

 first evidence of the  process 

3.6 σ
2.8 σ
→ B+ → K+νν̄

ℬ(B+ → K+νν̄) = [2.4 ± 0.5(stat)+0.5
−0.4(syst)] × 10−5

μ = 4.7 ± 1.0(stat) ± 0.9(syst)
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 : global pictureB+ → K+νν̄

ITA result has some tension with previous 
semileptonic tag measurements:

a  tension with BaBar
a  tension with Belle 

HTA result in agreement with all the 
previous measurements

2.4 σ
1.9 σ

Overall compatibility is 
good:  χ2/ndf = 4.3/4

Privately produced comparison

(*) Belle reports upper limits only; branching fractions are estimated using published number of events and efficiency

(*)

(*)
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Conclusion
In summary:

 A search for the rare decay  was performed with first 362 fb−1 

 The analysis strategy exploited an innovative technique with high sensitivity which allowed to 
obtain a good precision with a limited dataset
 Furthermore a -factory conventional approach was used as support analysis
 The combination of the two analyses results in the

Future Belle II prospects:
Measurement of other SM decay channels: ,  ,  
Search for two-body 

B+ → K+νν̄

B

B0 → K0
s νν̄ B+ → K*+νν̄ B0 → K*0νν̄

B → KS( → χχ̄)

 evidence for the   decay,

with 

B+ → K+νν̄

𝓑(B+ → K+νν̄) = [2.4 ± 0.5(stat)+0.5
−0.4(syst)] × 10−5

Thank you! 
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Backup

26
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KL  and muon detector (KLM)
Muon ID efficiency ~ 90 %

Charged PID detectors (TOP + ARICH)
Pion mis-ID efficiency ~ 5 %

Kaon ID-efficiency ~ 90 %

Central Drift Chamber (CDC)
Spatial  ~ 100  

     = 0.4 %
σ μm

pT σ

Vertex detectors (PXD+SVD)
Vertex  ~ 15   σ μm

EM Calorimeter (ECL)
Energy  ~ 2 %σ

Magnet

Belle II Detector

28

LER
( ) 4 GeVe+

HER
( ) 7 GeVe−

Excellent performance:
High tracking efficiency and 
resolution
Sensitivity to low energy 
deposits
Very good PID
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-1Ldt = 208 fb∫
 preliminaryBelle II

Belle II Performance

29

21

Greatly improved time resolution 
compared to previous B-factories.

 QBelle II = (30.0 ± 1.3) %

Flavor tagging efficiency comparable to Belle.
 X

Performance overview

Strong charged particle identification. High ɣ efficiency.Good momentum resolution.

docs.belle2.org/record/2604docs.belle2.org/record/2012docs.belle2.org/record/1558

ICHEP 2020To be submitted to EPJC

21

Greatly improved time resolution 
compared to previous B-factories.

 QBelle II = (30.0 ± 1.3) %

Flavor tagging efficiency comparable to Belle.
 X

Performance overview

Strong charged particle identification. High ɣ efficiency.Good momentum resolution.

docs.belle2.org/record/2604docs.belle2.org/record/2012docs.belle2.org/record/1558

ICHEP 2020To be submitted to EPJC

Good flavour tagger performance
EPJC 82, 283 (2022)

  
 High photon matching efficiency

[BELLE2-NOTE-PL-2021-008]
 

Good particle identification
[BELLE2-NOTE-PL-2020-024]

[BELLE2-NOTE-PL-2022-003]

Most precise measurement of
D  lifetimes

PRL 127, 211801 (2021)

Flavour tagging efficiency* 
comparable to Belle

 resolution comparable to 
Belle

π0

Muon ID superior wrt Belle

 Factor 2 improvement 
in proper time resolution wrt Belle

mailto:slavomira.stefkova@kit.edu
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Experimental Status

30
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The first analysis on  performed by Belle II used first  = 63 fb-1

Based on innovative reconstruction approach (inclusive tagging) 
  no significant signal was observed

Set competitive upper limit of  

Best upper limit
 Set by BaBar  [PhysRevD.87.112005]

B+ → K+νν̄ 𝓛

ℬ(B+ → K+νν̄) = [1.9+1.3
−1.3 (stat)+0.8

−0.7 (syst) ] × 10−5 →
4.1 × 10−5 @ 90% C.L.

1.6 × 10−5 @ 90 %  C.L. 

Recap of last Belle II measurement

31

[Phys. Rev. Lett. 127, 181802]

Good sensitivity with rather small dataset
thanks to innovative approach

Measured central values*
*N.B. only limits were set
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Fit Results (old)

  

Step 4: Perform ML fit to binned  distribution to extract signal strength  :

  no significant signal is observed

Limit of   @ 90 % C.L.    competitive with only 63 fb-1

Leading systematic: background normalisation

pT(K+) × BDT2 μ
μ = 4.2+2.9

−2.8(stat)+1.8
−1.6(syst) = 4.2+3.4

−3.2 →
4.1 × 10−5 →

μ = 4.2+2.9
−2.8(stat)+1.8

−1.6(syst)

On-resonance data

 Purity: 22%

                        Purity: 6%

32

Step 4

[PRL 127, 181802 (2021)]

1  =SM μ ℬ(B+ → K+νν̄)
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Uncertainty on the Signal Strength µ (old)
Belle II Snowmass paper : 2 scenarios baseline (improved*)

3  (5 ) for SM  decays with 5 ab-1σ σ B+ → K+νν̄
 *The "improved" scenario assumes a 50% increase in signal 
efficiency for the same background level

Limit  

33

𝓑

Angular
Observables  

mailto:slavomira.stefkova@kit.edu
https://www.slac.stanford.edu/~mpeskin/Snowmass2021/BelleIIPhysicsforSnowmass.pdf


     Slavomira Stefkova, slavomira.stefkova@kit.edu                                                                                                                   CKM 2023

Prospects for :
Analyse bigger datasets
Improve inclusive and hadronic analysis method (including reducing the largest systematics)
Employ semileptonic tag reconstruction

 
Prospects for :

Measure other decay channels

                           

B+ → K+νν̄

B → K(*)νν̄

B+ → K*+νν̄ : K*+ → K+π0, K*+ → K0
s π+

B0 → K*0νν̄ : K*0 → K0
s π0, K*0 → K+π−

B0 → K0
s νν̄

34

Future Prospects @ Belle II
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Other Avenues with Invisibles

B → K(*)νν̄

B → K(*)X

B → K(*)ττ

B → π/ρνν̄

B → K(*)τl

B → Xsνν̄
BSM search

b → sll b
→

d
transitions

LF
V

inclusive b → sνν̄

baryonic decays

B → K(*)nn̄

35
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0.2 0.3 0.4 0.5
R(D)

0.2

0.25

0.3

0.35

0.4

R
(D

*)

HFLAV SM Prediction
 0.004±R(D) = 0.298 
 0.005±R(D*) = 0.254 

 = 1.0 contours2χΔ

Average
 0.012± 0.025 ±R(D) = 0.358 

 0.008± 0.010 ±R(D*) = 0.285 
 = -0.29ρ

) = 32%2χP(

HFLAV

Prelim. 2022

σ3

LHCb22

LHCb18

Belle17

Belle19

Belle15
BaBar12

Average

PRD 94 (2016) 094008
PRD 95 (2017) 115008
JHEP 1712 (2017) 060
PLB 795 (2019) 386
PRL 123 (2019) 091801
EPJC 80 (2020) 2, 74
PRD 105 (2022) 034503

HFLAV

2021

HFLAV
Prelim. 2022

Relation to Flavour Anomalies

the
ore

tic
all

y cle
ane

r
[PRL 125 (2020) 011802]

Anomalies observed in exclusive  and   transitionsb → sμ+μ− b → clν

sum
over all flavours

Transition
Observable
Significance

b → sνν̄

 transitions are correlated to flavour anomalies   b → sνν̄

36

      

                Around  3.0 σ

b → clν

R(D(*)) =
𝓑(B → D(*)τν)

𝓑(B → D(*)lν) (l = e, μ)

                     

             ,  
Above 2.5 σ

b → sμ+μ−

P′￼5 𝓑
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Other post-fit distributions

37
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ITA Results: Post-fit distributions

μ(BDT2) > 0.92

μ(BDT2) > 0.98

Signal region

High sensitivity bins of 
the signal region

Examples:
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ITA Results: Post-fit distributions
μ(

BD
T 2

)>
0.

92
μ(

BD
T 2

)>
0.

98
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HTA Results: Post-fit distributions

HTA Signal region μ(BDTh) > 0.4

Examples:
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HTA Results: Post-fit distributions
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Validation Details
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    Validation: Particle Identification (ITA)

Kaon candidate: a track with kaon PID hypothesis:

Mis-ID rate ( )

PID Data/MC correction factors:
Obtained from  calibration channels
Associated errors are propagated as systematic uncertainties

Validation with  samples, where 
 :

Remove  daughters to mimic signal topology
Apply  selection
Fit   to obtain yields and calculate fake rate

ϵ(KaonID) ∼ 68 %
π → K ∼ 1.2 %

D*+ → π+D0( → K−π+)

B+ → D0( → K+π−)h+

h = (K, π)
D0

B+ → K+νν̄
ΔE Data consistent with MC within 9%: 

 No further corrections applied 
1.03 ± 0.09

→

  signal regionB+ → K+νν̄
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  data and MC events with 
 to validate the fake rate:

Remove -decay tracks to mimic signal signature
Use the full  selection 
Compute  with  mass hypothesis and select  
with nominal KaonID
Estimate the number of  and 

 by fitting  both for MC and data 
Obtain fake rate: 

B+ → D0( → K+π−)h+

h = K, π

D0

B+ → K+νν̄
ΔE π h

B+ → D0K+

B+ → D0π+ ΔE
F = Nπ /(Nπ + NK)

ΔE = E*B − s /2

  signal regionB+ → K+νν̄

Observed minus expected B energy

    Particle Identification: Validation (ITA)

Data consistent with MC within 9%: 
 No further corrections applied 

1.03 ± 0.09
→
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Check  reconstruction efficiency with : 
Look for a photon with ,   and no extra tracks
Extrapolate  trajectory to the calorimeter
Calculate efficiency from checking energy deposit distance-matched to the  trajectory

 Efficiency in data lower than MC of 17%

K0
L e+e− → ϕ( → K0

LK0
s )γ

E*γ > 4.7 GeV K0
S

K0
L

K0
L

→

Use difference (17%) as a correction and and a systematic uncertainty of 100% on the correction

Validation:  Efficiency (ITA)K0
L

K0
s )γK0

Le+e− → ϕ( →

Neutral 
hadrons

γ
K0

L

e+

e−

ϕ

π+

π−

K0
s
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To check  background modeling compare data and MC in pure continuum off-resonance data

Discrepancies in:
Normalization (data 40% larger)  propagated as systematic uncertainty 
Shape: event weights derived following [J. Phys.: Conf. Ser. 368 012028]   100% of this correction is 
considered as systematic uncertainty 

qq̄

→
→

 Backgroundsqq̄

46

After these corrections data/MC agreement is improved

Before corrections After corrections

Signal region 
for off-resonance 
data and 

 simulationqq̄
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  BackgroundsBB̄

47

Semileptonic   decays with K coming from a D decay are checked in: 
Invariant mass of the signal kaon and a ROE charged particle                                                                     
(most probable mass hypothesis from PID info )
Resonances well reproduced

B+

X = π, K, p

D0 → K+π−

 after 
 selection

B+ → K+νν̄
BDT1
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  BackgroundsBB̄

48

Hadronic decays involving  and  mesons  and  are critical 
because  decays to   are poorly known:

Modelling checked with pion enriched sample (pion ID instead of kaon ID: )
3-components fit to  yields the scale for the contributions with   of 1.3

K D B0 → K+D*− B+ → K+D*0

D K0
L

B → πX
q2

rec D → KLX

  with B → πX
μ(BDT2) > 0.92 Before fit After fit

1.3 normalization to  and  corresponds to good agreement 
 Use as 30% as a correction + 10% systematic uncertainty

B+ → π+D D → K0
LX

→
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ROE Reconstruction: Charged tracks

49

 Rest of the Event (ROE) 
Other charged tracks

The efficiency of reconstruction of charged particles is checked with 

 systematic uncertainty of 0.3% assigned for track detection efficiency
Kinematics is checked by comparing the reconstructed masses of resonances with simulation

 very good agreement
Other ECL clusters

e+e− → τ+τ−(τ → 1 charged track/τ → 3 charged tracks)
→

→

K0
S
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B+ → K+nn̄
PhysRevD.76.092004 

• Neutrons can escape the ECL detector
•    is not measured, use the isospin 
partner process: 

• BaBar data show a threshold enhancement not 
modeled in the three-body phase-space MC

B+ → K+nn̄
B0 → K0pp̄

Treatment of the background source: B+ → K+nn̄

shape and rate modeled
according to BaBar data
and assigned a 100% uncertainty
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Neutral Extra Energy HTA

5151

Corrections and the validation of the signal efficiency and background estimation 
follow similar methods as in ITA 

One of the differences is the photon selection, which leads to specific needs for   (the most 
discriminant variable)  derived with control samples (same charge K and )

Eextra
ECL

Btag

  multiplicity distribution shows some data/MC disagreement γ

Correction applied

The residual difference is 
considered as uncertainty 

nγextra nγextra

Method validated with 
pion enriched samples 

pion enriched sample
no correction
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Reconstruction details

52
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Reconstruction Techniques 

Different reconstruction techniques lead to nearly orthogonal data samples
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ment an ideal environment to measure such challenging B decays with missing energy. In particular,
reconstructing one B meson in the event as a tag-side (see Fig. 2) can provide powerful constraints
on the flavour and kinematics of the remaining B meson, that is studied as a signal-side. This so
called method of tag-side reconstruction will be crucial to the discovery and measurements of the
properties of b ! s⌫⌫̄ transitions at Belle II (including the most amenable channels B ! K(⇤)⌫⌫̄).
The most stringent limits on the branching fractions of B ! K+⌫⌫̄ and B ! K⇤0⌫⌫̄ were made by
the Belle experiment with semileptonic tagging and are, 1.6⇥ 10�5 and 2.7⇥ 10�5, respectively [25],
which can be compared to the SM expectations of 4.6 ⇥ 10�6 and 9.6 ⇥ 10�6. Measurements of
such channels can offer a crucial and complementary insight on the anomalies as they are free from
potential contributions from long-distance cc̄ loops, which affect the SM predictions of b ! s`` transi-
tions. Furthermore, since the summed rate of all three neutrino flavours is measured any preferred
coupling to the third generation would enhance the branching fraction of the decay.
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(c)
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Figure 2: illustrations of tag-side reconstruction in which the tag-side is reconstructed in (a) specific fully

hadronic final states (b) specific semileptonic modes (B ! D(⇤)`⌫) or (c) inclusively from unassigned
tracks and neutral energy deposits in the event.

Lastly, the strength of Belle II at measuring final states with missing energy gives Belle II the
opportunity to potentially probe the b ! s⌧⌧ transition. This decay like b ! s⌫⌫̄ involves several
neutrinos produced from the subsequent decays of the ⌧ leptons. Although the branching fraction is
very low at roughly 1.4⇥ 10�7 a number of NP explanations for the anomalies indicate that the decay
rate could be significantly enhanced by even three orders of magnitude [26]. However, currently the
most stringent experimental limits from BaBar on the branching fraction of B ! K⌧⌧ decays is only
2.3⇥10�3 [27]. Closely related is the potential for NP induced lepton flavour violating transitions B !

K(⇤)⌧`. Limits at a 90% confidence level have been made on the branching fraction of B ! K(⇤)⌧`
by Babar (< 3/4.8 ⇥ 10�5 for ` = e/µ) [28] and LHCb (< 3.9 ⇥ 10�5 for ` = µ) [29]. Any observed
enhancement in the branching fraction of B ! K(⇤)⌧⌧ decays or observation of B ! K(⇤)⌧` decays,
would be clear indications of new physics.

Tag-side reconstruction An essential method for the aforementioned orthogonal probes is tag-
side reconstruction. As shown in Fig. 2 tag-side reconstruction can either be performed exclusively
by reconstructing a tag-side B in specific final modes or inclusively. In the inclusive approach the
signal-side B meson must be reconstructed first allowing for all remaining particles in the event to
be assigned to the remaining B meson, the inclusive tag-side. This approach has the benefit of
large efficiency O(1–100)%4 but with a very low purity, where purity is the percentage of correctly
reconstructed tag-sides. The exclusive approach, in which specific final states are reconstructed,
has generally a much higher purity particularly when hadronic final states are chosen but with the
disadvantage of a loss of efficiency 0.1–1% (1–3%) for hadronic (semileptonic) states. The Belle

4The efficiency varies in a large range as it depends on selections applied to the full ⌥(4S) decay chain.
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Lastly, the strength of Belle II at measuring final states with missing energy gives Belle II the
opportunity to potentially probe the b ! s⌧⌧ transition. This decay like b ! s⌫⌫̄ involves several
neutrinos produced from the subsequent decays of the ⌧ leptons. Although the branching fraction is
very low at roughly 1.4⇥ 10�7 a number of NP explanations for the anomalies indicate that the decay
rate could be significantly enhanced by even three orders of magnitude [26]. However, currently the
most stringent experimental limits from BaBar on the branching fraction of B ! K⌧⌧ decays is only
2.3⇥10�3 [27]. Closely related is the potential for NP induced lepton flavour violating transitions B !

K(⇤)⌧`. Limits at a 90% confidence level have been made on the branching fraction of B ! K(⇤)⌧`
by Babar (< 3/4.8 ⇥ 10�5 for ` = e/µ) [28] and LHCb (< 3.9 ⇥ 10�5 for ` = µ) [29]. Any observed
enhancement in the branching fraction of B ! K(⇤)⌧⌧ decays or observation of B ! K(⇤)⌧` decays,
would be clear indications of new physics.

Tag-side reconstruction An essential method for the aforementioned orthogonal probes is tag-
side reconstruction. As shown in Fig. 2 tag-side reconstruction can either be performed exclusively
by reconstructing a tag-side B in specific final modes or inclusively. In the inclusive approach the
signal-side B meson must be reconstructed first allowing for all remaining particles in the event to
be assigned to the remaining B meson, the inclusive tag-side. This approach has the benefit of
large efficiency O(1–100)%4 but with a very low purity, where purity is the percentage of correctly
reconstructed tag-sides. The exclusive approach, in which specific final states are reconstructed,
has generally a much higher purity particularly when hadronic final states are chosen but with the
disadvantage of a loss of efficiency 0.1–1% (1–3%) for hadronic (semileptonic) states. The Belle

4The efficiency varies in a large range as it depends on selections applied to the full ⌥(4S) decay chain.

                               Exclusive hadronic  (HAD)                 Exclusive semileptonic                     Inclusive  (ITA)               

Efficiency 
ϵ ∼ 0.1 − 1 % ϵ ∼ 1 − 3 % ϵ ∼ 1 − 100 %

Purity, Resolution 
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Reconstruction and Basic Selection

54

e+ e−

Bsig

B
Υ(4S)

K±

ν
ν̄Kaon candidate:

Reconstruct a track with at least one pixel 
hit and use PID to identify it as kaon

Reconstructed
 objects 
(ECL clusters, 
tracks,…)

Rest Of the 
Event (ROE)

q2
rec

 : mass squared of the neutrino pair
If multiple signal candidates are reco’d, pick 
lowest  one

q2
rec

q2
rec

q2
rec =

s
4

+ M2
K − sE*K

 Rest of the Event (ROE) 
 Other charged tracks
 Other ECL clusters
K0

S

Perform basic reconstruction (tracks and clusters)
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Signal and background discriminating variables are related to:  
General event topology 
Signal kinematics
ROE kinematics
Two-three track vertices (help to identify D-meson)

7 background categories:
 decays

 decays 
B+B−

B0B̄0

τ+τ−

cc̄
ss̄
uū
dd̄

55

Discriminating variables I

continuum

BB̄B( → Kνν̄)B̄qq̄

qq̄
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Discriminating variables II
Many variables are defined, some examples: 

Pre-selection level, 1% of data, with detector-level corrections applied but no physics modeling corrections
Each variable is examined to have reasonable description by simulation and significant separation power
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Background composition in SR

57

  decaysB+B−   decays B0B̄0

Background composition in the SR:
Continuum events ( ) represent 40%
B-meson decays represent 60%:  

52% from hadronic decays involving  and , 
47% from semileptonic with 
1% from leptonic decays,…

qq̄

K D
D → KX
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Basic Reconstruction
Reconstruct the  in one of the 35 hadronic final states with the full-
event interpretation algorithm [arXiv:2008.06096]

Requirements a good : 
Cut on quality of  reconstruction

Same kaon selection and identification as ITA

Event requirements:
 and K opposite charge

Btag

Btag
Btag

Btag
Ntracks ≤ 12
Ntracks(in drift chamber not associated to Btag or K) = 0
n(KS), n(π0), n(Λ) = 0

FEI

Rest of the event: 
Remaining tracks
ECL deposits (E > 60/150 MeV) 
not associated to kaon or Btag

mailto:slavomira.stefkova@kit.edu
https://arxiv.org/abs/2008.06096


     Slavomira Stefkova, slavomira.stefkova@kit.edu                                                                                                                   CKM 202359

Main discriminating variables
Neutral  : calorimeter deposits not associated 
with tracks, with the  nor the signal kaon and with 
energies > 60-150 MeV (depending on the polar angle)

Eextra
ECL

Btag

These, together with other variables are combined in a boosted decision tree classifier:  BDTh

: sum of the missing energy and 
absolute missing three-momentum vector
Emiss + pmiss
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Further Selection and Efficiency
Further selection:

: 12 discriminating variables based on signal kaon, , rest-of-event information 
Define  as for ITA, signal region selected as  
If an event has multiple  candidates, the one with highest  probability is chosen

BDTh Btag
μ(BDTh) μ(BDTh) > 0.4

K-Btag Btag

Much lower efficiency 
w.r.t. ITA analysis, but a 
smaller variation in q2

ITA  signal regionB+ → K+νν̄ HTA  signal regionB+ → K+νν̄

mailto:slavomira.stefkova@kit.edu


     Slavomira Stefkova, slavomira.stefkova@kit.edu                                                                                                                   CKM 2023

Other checks

61
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Lepton-ID sidebands
Also lepton-enriched samples are used to validate the method

 ID instead of K ID:  and  e/μ B+ → e+X B+ → μ+X

B+ → μ+XB+ → e+X

The correction factors found in the three sidebands 
are within 10% => considered a systematic uncertainty
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Half-split samples
Stability checks by splitting the sample into pairs of statistically independent datasets, according to various features

For all the ITA tests χ2/ndf = 12.5/9

ITA HTA
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More on reconstruction

64
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Reconstruction and basic selection I
Objects definition:
• Charged particles: good quality tracks with  impact parameters close to 
the interaction point,with  and within CDC acceptance

• Photons:  ECL clusters not matched to tracks and with E>0.1 GeV
• KS  reconstruction with displaced vertex

pT > 0.1GeV

First event cleaning:
4 ≤ Ntracks ≤ 10
17∘ ≤ θ*miss ≤ 160∘

e+

e−

Bsig

K±

B
Υ(4S)

Reconstructed
 objects 
(ECL clusters, tracks)

 to reject low-track-
multiplicity background 
events ( ,..)

Ntrack > 4

γγ

•Each of the charged particles and photons is required 
to have an energy of less than 5.5 GeV to reject mis-
reconstructed particles and cosmic muons

• Total energy > 4 GeV
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Reconstruction and basic selection II

Reconstruct a track with at least one deposit in the Pixel Detector
 and use particle identification tools to identify the kaon 

 : mass squared of the neutrino pairq2
rec

q2
rec =

s
4

+ M2
K − sE*K

Particle ID likelihood computed with information from 
• PID detectors
• silicon strip detector, CDC, KLM
ϵ(K) ∼ 68%
Probability to mis-id a pion for a Kaon: 1.2 %

the candidate which corresponds to the lowest  q2
rec

If more than one candidate is selected, the choice is:

e−

Bsig

K±

B
Υ(4S)

q2
rec

(  at rest)Bsig  All the other objects 
 (tracks, photons, KS)

 constitute the 
Rest Of the Event (ROE)

e+

 SelectionK+

ROE
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Selection efficiency
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Input variables BDTs
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Input variables BDTs
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Input variables BDTs: ITA
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Input variables BDTs: ITA

mailto:slavomira.stefkova@kit.edu


     Slavomira Stefkova, slavomira.stefkova@kit.edu                                                                                                                   CKM 202372

Input variables BDTs: ITA
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Input variables BDTs: ITA
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Input variables BDTh
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Validation of the signal efficiency (HTA)

Same method as ITA
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Input variables BDTh (HTA)
 preselection level: no BDTh cut, no best candidate selection
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Beam-backgrounds

77

PXD Backgrounds @ Belle II

Single-beam backgrounds:

. Touschek scattering ! scattering of particles within a bunch !

Touschek rate/ Nparticles ⇥ ⇢ ! I⇥ I
�ynb

. beam-gas scattering ! Coulomb scattering and Bremsstrahlung
(scattering off gas molecules) ! Beam-gas rate / Ngas molecules ⇥

Nparticles ! P⇥ I⇥ Z2eff

. synchrotron radiation background! consequence of a radial acceleration of the beam’s particles achieved in
bending magnets and quadrupoles

. injection background! continuous injection of charge into beam bunch modifying the beam bunch

Single-beam backgrounds can be mitigated with beam-steering, collimators, and vacuum-scrubbing

Luminosity backgrounds:

. two-photon background! leading luminosity background (e+e� ! e+e��� ! e+e�e+e�), unlike any of the
backgrounds above cannot be reduced!
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Belle II vs LHCb
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SuperKEKB vs KEKB
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Long Shutdown 1
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