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Why is  better with neutrinos? 

  simulated event B+ → K+νν̄

4

Typical events benefit from  collider set-up at 
 resonance and hermetic detector: 
cleaner environment compared to LHCb due to 
two entangled B-mesons 
constraints from well-known initial state 
kinematics 

  Challenges of rare -decays: 
high reconstruction efficiency for visible particles 

excellent background simulation modelling 

  Challenges of channels with neutrinos:  
excellent understanding of other neutrals 
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 decays in SM: 
  flavour-changing neutral current transitions 

immune to long-distance charm loop effects 
precise SM prediction for the branching fractions [EPJC 83 (2023) 3, 252]  

In experiment: 
 observables are sensitive to many NP scenarios it o 

of magnitude above SM expectations this 

 decays in experiment: 
Current limits order of magnitude above SM expectation 
Belle II searched for this decay with first 63 fb-1 using inclusive tagging 
method 

B → K(*)νν̄
b → s

B+ → K+νν̄

B+ → K+νν̄

Decay SM total LD contribution SD contribution Experimental value
B

+ → K
+
ωω̄ 5.22± 0.32 0.63± 0.06 4.59± 0.32 13± 4 [3]

B
0 → K

0

S
ωω̄ 2.12± 0.15 — 2.12± 0.15 < 13 (90% CL) [4]

B
+ → K

→+
ωω̄ 11.27± 1.51 1.07± 0.10 10.20± 1.51 < 40 (90% CL) [5]

B
0 → K

→0
ωω̄ 9.47± 1.40 — 9.47± 1.40 < 18 (90% CL) [4]

Table 1: In units of 10↑6, Standard Model predictions from [6] and experimental results
for the branching fractions of the four B → Kωω̄ decays. The experimental results treat
the LD contribution as background. For B

+ → K
+
ωω̄, an average branching fraction

evaluated in Ref. [3] is given.

|Vcb| (6% uncertainty). For decays involving a pseudoscalar in the final state, which34

are described by a single form factor (3% uncertainty), the CKM uncertainties tend to35

dominate. Conversely, for decays with a vector meson in the final state, the uncertainties36

on the form factors (10% uncertainty) play a more significant role.37

The study of B → Kωω̄ decays is experimentally challenging as the final state contains38

two neutrinos that are not reconstructed. This prevents the full reconstruction of the kine-39

matic properties of the events, hindering the di!erentiation of signal from the background.40

The recent B+ → K
+
ωω̄ measurement performed by the Belle II collaboration provides41

the first evidence for this decay [3] reporting a branching fraction of (23± 7)↑ 10↑6. The42

paper combines the result with previous measurements, yielding a combined branching43

fraction of (13 ± 4) ↑ 10↑6. Previous analyses of other decay modes have only provided44

upper limits, with the best results obtained by the Belle collaboration using hadronic and45

semileptonic tagging methods [5, 4]. A summary of the Standard Model expectations and46

experimental results is shown in Table 1.47

The first evidence of B+ → K
+
ωω̄ decays observed by Belle II has generated significant48

interest from the community. Several models were proposed that can describe the tensions49

with the Standard Model. These include models involving leptoquarks and additional50

bosons, right-handed neutrinos, light dark matter, the Higgs portal, and other models51

(see, e.g., Refs. [7, 8, 9, 10, 11]). The papers highlight the importance of more accurate52

experimental measurements. In particular, the tension between the branching fractions53

of the B+ → K
+
ωω̄ decay, where the first evidence is observed, and the B → K

→
ωω̄ decay,54

where only upper limits exist, is often discussed. This underscores the importance of55

new measurements on the B → K
→
ωω̄ and B

0 → K
0

S
ωω̄ channels, which would provide56

additional information also on B
+ → K

+
ωω̄.57

The analysis presented in this note extends the existing B
+ → K

+
ωω̄ analysis to58

the B
0 → K

0

S
ωω̄, B

0 → K
→0
ωω̄, and B

+ → K
→+
ωω̄ channels. The measurement is59

based on the Run I Belle II data sample comprising 365 fb↑1 of data collected at the60

ε (4S) resonance and 42 fb↑1 at 60MeV below it. An inclusive tagging analysis method61

exploiting inclusive properties of the signal B meson, along with the pair-produced B-tag62

meson, is employed. Special care is taken to preserve correlations among the channels63

and with the B
+ → K

+
ωω̄ published analysis. We perform a combined analysis of the64

four decay channels to measure their branching fractions. The K→ channels have a sizable65

contamination from states with a higher hadron multiplicity, B → Xsωω̄ (Further study66

is shown in Appendix K). This contamination is treated as background, following the67
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precise SM prediction for the branching fractions [EPJC 83 (2023) 3, 252] 

In experiment: 
 observables are sensitive to many NP scenarios 

of magnitude above SM expectations this 

 decays in experiment: 
Current limits order of magnitude above SM expectation 
Belle II searched for this decay with first 63 fb-1 using inclusive tagging 
method 

B → K(*)νν̄
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Light NP scenarios 
Axions: [PRD 102 (2020) 1, 015023] 
Dark Scalars: [PRD 101 (2020) 9, 095006] 
Axion-like particles: [JHEP 04 (2023), 131]

Z’:  [PL B 821 (2021), 136607] 
Leptoquarks: [PRD 98 (2018), 055003]
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Reconstruction aka Tagging Techniques 

Different reconstruction techniques lead to nearly orthogonal data samples

Efficiency 

Purity, Resolution 
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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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Purity
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
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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
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Belle II measurement with first 362 fb-1 of Belle II data (~ 365 million -meson pairs): 
hadronic tagging (HTA) + inclusive tagging (ITA) 
signal modelling from [PRD 107, 119903 (2023)]  

(measuring only short distance contribution: )

B

ℬSM = 4.97 × 10−6
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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.

Efficiency
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Exclusive Hadronic

⌥(4S)

B+
tag

B�
sig

⇡+

D̄0

K+
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(b)

O(1–100%)
Inclusive

⌥(4S)

B+
tag

B�
sig

K� ⌫`

⌫̄`

e+e�

(c)

Purity
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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                               Hadronic tagging (HTA)                                    
Novel & more sensitive Conventional 

Orthogonal samples 

of events

[PRD 109, 112006 (2024)]

mailto:slavomira.stefkova@uni-bonn.de
http://Phys.%20Rev.%20D%20107,%20119903%20(2023)
https://arxiv.org/abs/2110.00790
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006
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     Analysis Strategy in a Nutshell
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[PRD 109, 112006 (2024)]
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Background suppression: 
ITA: two consecutive BDTs to suppress the continuum and                                             
background   ITA signal efficiency = 8%; purity = 0.9%  

HTA: one BDT to suppress the continuum and                                                           
background  HTA signal efficiency = 0.4%; purity = 3.5% 

Fitting Strategy: 
Binned maximum likelihood fit to extract parameter                                                                                  
of interest signal strength  

ITA fit variable: transformed classifier output                                                                        
and mass squared of the neutrino pair  

HTA fit variable: transformed classifier output 

BB̄
→

BB̄
→

μ

η(BDT2)
q2

rec

η(BDTh)

13

Background Suppression and Fitting 

 with μ = ℬ(B+ → K+νν̄)
ℬSM(B+ → K+νν̄) ℬSM = 4.97 × 10−6

HTA

ITA

Background 
suppression 

Statistical 
interpretation

[PRD 109, 112006 (2024)]

mailto:slavomira.stefkova@uni-bonn.de
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006
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Selection Efficiency as a Function of q2

14

HTA much lower efficiency w.r.t. ITA analysis, but a smaller variation in  

 = invariant mass squared of di-neutrino pair

q2

q2

ITA HTA[PRD 109, 112006 (2024)]

mailto:slavomira.stefkova@uni-bonn.de
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006
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: ResultsB+ → K+νν̄ Statistical 
interpretation[PRD 109, 112006 (2024)]

 
corresponding to  

 

 compatibility wrt bkg only 
 compatibility wrt to the SM  

μ = 5.4 ± 1.0(stat) ± 1.1(syst)

ℬ = [2.7 ± 0.5(stat) ± 0.5(syst)] × 10−5

3.5 σ
2.9 σ

 
corresponding to  

 

 compatibility wrt bkg only 
 compatibility wrt to the SM 

μ = 2.2+1.8
−1.7(stat)+1.6

−1.1(syst)

ℬ = [1.1+0.9
−0.8(stat)+0.8

−0.5(syst)] × 10−5

1.1 σ
0.6 σ

 
corresponding to

 

Combination improves the ITA-
only precision by 10% 

 significance wrt bkg only 
 significance wrt to the SM 

μ = 4.6 ± 1.0(stat) ± 0.9(syst)

ℬ = [2.3 ± 0.5(stat)+0.5
−0.4(syst)] × 10−5

3.5 σ
2.7 σ

Combination HTAITA

mailto:slavomira.stefkova@uni-bonn.de
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006
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Systematic Uncertainties (ITA)

canonical form using eigendecomposition and represented
using six nuisance parameters. The uncertainty on the
branching fraction of theBþ → KþK0

LK0
L decay is estimated

to be 20% to account for potential branching fraction
differences between Bþ → KþK0

LK0
L and Bþ → KþK0

SK0
S

decays. The uncertainty on the branching fraction of the
Bþ → KþK0

SK0
L decay is estimated to be 30%. This

accounts for possible isospin-breaking effects (20%) and
uncertainties in the p-wave nonresonant contribution (20%).
The uncertainties on the branching fractions of B → D""

decays, which are poorly known, are assigned to be 50%.
Uncertainties in the modeling of baryonic decays involving
neutrons are covered by the 100% uncertainty on the Bþ →
Kþnn̄ branching fraction. The fraction of D-meson decays

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 uncertainty of the signal strength μ. The 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 is described by one
or more nuisance parameters (see the text for more details). The impact on the signal strength uncertainty σμ 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 type,

parameters Uncertainty size Impact on σμ

Normalization of BB̄ background Global, 2 50% 0.90
Normalization of continuum background Global, 5 50% 0.10
Leading B-decay branching fractions Shape, 6 Oð1%Þ 0.22
Branching fraction for Bþ → KþK0

LK0
L q2 dependent Oð100%Þ Shape, 1 20% 0.49

p-wave component for Bþ → KþK0
SK0

L q2 dependent Oð100%Þ Shape, 1 30% 0.02
Branching fraction for B → D"" Shape, 1 50% 0.42
Branching fraction for Bþ → Kþnn̄ q2 dependent Oð100%Þ Shape, 1 100% 0.20
Branching fraction for D → K0

LX þ30% Shape, 1 10% 0.14
Continuum-background modeling, BDTc Multivariate Oð10%Þ Shape, 1 100% of correction 0.01
Integrated luminosity Global, 1 1% <0.01
Number of BB̄ Global, 1 1.5% 0.02
Off-resonance sample normalization Global, 1 5% 0.05
Track-finding efficiency Shape, 1 0.3% 0.20
Signal-kaon PID p, θ dependent Oð10–100%Þ Shape, 7 Oð1%Þ 0.07
Photon energy Shape, 1 0.5% 0.08
Hadronic energy −10% Shape, 1 10% 0.37
K0

L efficiency in ECL −17% Shape, 1 8.5% 0.22
Signal SM form-factors q2 dependent Oð1%Þ Shape, 3 Oð1%Þ 0.02
Global signal efficiency Global, 1 3% 0.03
Simulated-sample size Shape, 156 Oð1%Þ 0.52

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

Source Correction
Uncertainty type,

parameters Uncertainty size Impact on σμ

Normalization of BB̄ background Global, 1 30% 0.91
Normalization of continuum background Global, 2 50% 0.58
Leading B-decay branching fractions Shape, 3 Oð1%Þ 0.10
Branching fraction for Bþ → KþK0

LK0
L q2 dependent Oð100%Þ Shape, 1 20% 0.20

Branching fraction for B → D"" Shape, 1 50% <0.01
Branching fraction for Bþ → Kþnn̄ q2 dependent Oð100%Þ Shape, 1 100% 0.05
Branching fraction for D → K0

LX þ30% Shape, 1 10% 0.03
Continuum-background modeling, BDTc Multivariate Oð10%Þ Shape, 1 100% of correction 0.29
Number of BB̄ Global, 1 1.5% 0.07
Track finding efficiency Global, 1 0.3% 0.01
Signal-kaon PID p, θ dependent Oð10–100%Þ Shape, 3 Oð1%Þ <0.01
Extra-photon multiplicity nγextra dependent Oð20%Þ Shape, 1 Oð20%Þ 0.61
K0

L efficiency Shape, 1 17% 0.31
Signal SM form-factors q2 dependent Oð1%Þ Shape, 3 Oð1%Þ 0.06
Signal efficiency Shape, 6 16% 0.42
Simulated-sample size Shape, 18 Oð1%Þ 0.60
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Notes 

1. Data/MC: Offres-continuum scale after selection 
2. Data/MC: Offres-continuum scale after selection 
3. Variation within PDG uncertainties 
4. Difference in BR wrt  
5. Isospin rules + p-wave 
6. Guesstimate (GE) 
7. GE + PDG values of similar decays 
8. Spread of the  in the ID sidebands  (link) 
9. 100% systematics on the shape 
10. Belle II measurement (link) 
11. Belle II measurement  (link) 
12. Data/MC: Uncertainty on the offres-continuum scale  
13. Belle II measurement (  , link) 
14. PID Systematics framework 
15. Belle II measurement (   link) 
16. Data/MC: Offres-continuum + PID sideband (link) 
17. 50% of Data/MC cor. from  (link) 
18. Theory paper (link) 
19. Data/MC:  signal embedded samples 
20. MC statistics 

B+ → K0
s K0

s K+

μfit(B → Xc → K0
LX)

e+e− → τ+τ−

e+e− → e+e−γ

e+e− → ϕγISR

B+ → J/ψK+

Green (external + guesstimates) 
Belle II common systematics 

 control samplesB+ → K+νν̄

Statistical 
interpretation
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[PRD 109, 112006 (2024)]

https://indico.belle2.org/event/8986/contributions/59332/attachments/21527/31883/EWP_Stefkova_21_03_2023_v23.pdf
https://iopscience.iop.org/article/10.1088/1674-1137/44/2/021001
https://docs.belle2.org/record/3468/files/BELLE2-NOTE-PH-2023-011_v2.pdf
https://docs.belle2.org/record/2035
https://docs.belle2.org/record/2035
https://indico.belle2.org/event/8986/contributions/59332/attachments/21527/31883/EWP_Stefkova_21_03_2023_v23.pdf
https://indico.belle2.org/event/8996/contributions/59484/attachments/21567/31946/NeutralMeeting_230323.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.014511
mailto:slavomira.stefkova@uni-bonn.de
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006
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Look-back Plots of q2 Statistical 
interpretation
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ITA HTA

q2
rec = s

4 + M2
K − sE*K q2

rec = ( s
4 − E*K)2 − (p*tag − p*K)2

[PRD 109, 112006 (2024)]

mailto:slavomira.stefkova@uni-bonn.de
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006
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Reaction 

2nd step: closure test of : Measurement of a branching fraction for a known rare 
decay mode  with ITA strategy,  but with: 
PionID instead of kaonID requirement 
Different   bin boundaries 
Only on-resonance data used in fit 

Measured   
consistent with PDG value of 

𝓑(B+ → π+K0)
B+ → π+K0

q2
rec

𝓑(B+ → π+K0) = (2.5 ± 0.5) × 10−5

(2.30 ± 0.08) × 10−5

  

[Schematic taken from M. 
Schmidt's presentation 

presented on October 2025 @ 
Belle II physics week]

We found “only” 2.7  consistency with SM, many reinterpretations followed!σ

Problem: simplified 
reinterpretation approach 

due to baked-in 
assumptions on the 

analysis

mailto:slavomira.stefkova@uni-bonn.de
https://arxiv.org/abs/2110.00790
https://indico.belle2.org/event/14981/contributions/98595/attachments/37144/55194/BelleIIPhysicsWeek-Michael_Schmidt_v2.pdf
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Can we do this better? 
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New Reinterpretation Method 
[EPJC 84  7, 693 (2024)] 

The idea: reinterpretation using kinematic reweighing to 
obtain model-agnostic likelihood, which then can be 

adjusted for testing different models on the Belle II data 

Two key ingredients: 
1. Public experimental SM likelihood 
2. Public joint number density                                                  

(map between generated  and fit bins) q2

YES!

Thanks to                                   this information can be stored easily
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Application to  Measurement B+ → K+νν̄
[PRD 112, 092016 (2025)] 

We took our ingredients [HEPData entry]: 
1. Public experimental SM likelihood  
2. Public joint number density (map between generated  and fit bins) 

and reinterpreted the measurement within weak effective theory (WET)

q2

dℬ(B+ → K+νν̄)
dq2 = 3 ( 4GF

2
α
2π )

2

V*tsVtb
2 λBKq2

(4π)3M3
B

× [ λBK

24q2 | f+(q2) |2 |CSM
VL |2 ]

+ (M2
B − M2

K)2

8 (mb − ms)2 f0(q2)
2

CSL + CSR
2

× [ λBK

24q2 | f+(q2) |2 |CVL + CVR |2

+ 2λBK

3 (MB + MK)2 fT(q2)
2

CTL
2]

dℬ(B+ → K+νν̄)
dq2 = 3 ( 4GF

2
α
2π )

2

V*tsVtb
2 λBKq2

(4π)3M3
B

CSM
VL ≃ 6.6

SM WET 
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https://www.hepdata.net/record/ins2947386
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Application to  Measurement B+ → K+νν̄
[PRD 112, 092016 (2025)] 

We took our ingredients [HEPData entry]: 
1. Public experimental SM likelihood  
2. Public joint number density (map between generated  and fit bins) 

and reinterpreted the measurement within weak effective theory (WET)

q2
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the priors for the unconstrained parameters ⌘ as detailed
in reference [12].

5.1. B ! K⌫⌫̄

The recent measurements of the total rate of B ! K⌫⌫̄

decays by the Belle II collaboration [13, 14] hint at an
excess of signal events compared to the SM expectation.
This has triggered a substantial interest in the HEP phe-
nomenology community to interpret this excess as a sign
of BSM physics and to extract the corresponding model
parameters [15, 16]. In this subsection, we study the
performance of our proposed approach at the hand of
simulated B ! K⌫⌫̄ data.

5.1.1. Weak E↵ective Theory parametrization

While we cannot achieve a general model-independent
theoretical description of the B ! K⌫⌫̄ decay, it is nev-
ertheless possible to capture the e↵ects of a large number
of BSM theories under mild assumptions, as mentioned
previously. Here, we assume that potential new BSM
particles and force carriers have masses at or above the
scale of electroweak symmetry breaking. In this scenario,
it is useful to work within an e↵ective quantum field the-
ory that describes both the SM and the potential BSM
e↵ects using a common set of parameters; this e↵ective
field theory is commonly known as the Weak E↵ective
Theory (WET) [17–19].

For the description of b ! s⌫⌫̄ transitions, it su�ces
to discuss the sb⌫⌫ sector of the WET. It is spanned by
a subset of local operators of mass-dimension six, which
is closed under the renormalization group [20]. Since the
mass of the initial on-shell B meson limits the maximum
momentum transfer in this process, the matrix elements
of operators with mass dimension eight or above are sup-
pressed by at least a factor of M

2
B/M

2
W ' 0.004, which

are hence commonly neglected in these types of analy-
ses. The corresponding Lagrangian density for the sb⌫⌫

sector reads [21]

L
WET = �

4GF
p
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↵

2⇡
V

⇤
tsVtb

X

i

Ci(µb)Oi + h.c. , (13)

with GF the Fermi constant, ↵ the fine structure con-
stant, and V the Cabibbo-Kobayashi-Maskawa quark
mixing matrix, respectively. The separation scale is cho-
sen to be µb = 4.2 GeV. Matrix elements of the opera-
tors Oi describe the dynamics of the process at energies
below µb, while the dynamics at energies above µb are
encoded in the (generally complex-valued) Wilson coe�-
cients Ci(µb) in the modified minimal subtraction (MS)
scheme. This enables a simultaneous description of SM-
like and BSM-like dynamics in b ! s⌫⌫̄ processes, as
long as all BSM e↵ects occur at scales larger than µb;
the di↵erent dynamics result simply in di↵erent values of
the Wilson coe�cients.
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FIG. 1. Illustration of the variety of shapes of the B ! K⌫⌫̄
decay rate due to purely vectorial, scalar, or tensorial inter-
actions. Each curve corresponds to setting a single non-zero
Wilson Coe�cient in Equation (17) to unity while keeping all
other coe�cients at zero.

Assuming massless neutrinos, the full set of dimension-
six operators is given by [21],
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and where C = i�
2
�
0 is the charge conjugation operator.

In the above, the subscripts V, S, T represent vectorial,
scalar, and tensorial operators, respectively; ⌫L/R repre-
sent left- or right-handed neutrino fields; and qL/R repre-
sent left- or right-handed quark fields. The spin structure
of the operators is expressed in terms of the Dirac ma-
trices �

µ and their commutator �
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⌘
i

2 [�µ
, �

⌫ ]. The
operators are defined as sums over the neutrino flavors,
since this is a property that we cannot determine experi-
mentally. If one assumes the existence of only left-handed
massless neutrinos, all operators except VL and VR van-
ish. The SM point in the parameter space of the WET
Wilson coe�cients reads

CVL ' 6.6 , Ci = 0 8 i 6= VL . (16)

Presently, the only measured observable is the di↵er-
ential decay rate for B ! K⌫⌫̄, which we simulate in
this example. Since the B meson is a pseudoscalar, the
decay is isotropic in the rest frame of the B meson and
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ory that describes both the SM and the potential BSM
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field theory is commonly known as the Weak E↵ective
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to discuss the sb⌫⌫ sector of the WET. It is spanned by
a subset of local operators of mass-dimension six, which
is closed under the renormalization group [20]. Since the
mass of the initial on-shell B meson limits the maximum
momentum transfer in this process, the matrix elements
of operators with mass dimension eight or above are sup-
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with GF the Fermi constant, ↵ the fine structure con-
stant, and V the Cabibbo-Kobayashi-Maskawa quark
mixing matrix, respectively. The separation scale is cho-
sen to be µb = 4.2 GeV. Matrix elements of the opera-
tors Oi describe the dynamics of the process at energies
below µb, while the dynamics at energies above µb are
encoded in the (generally complex-valued) Wilson coe�-
cients Ci(µb) in the modified minimal subtraction (MS)
scheme. This enables a simultaneous description of SM-
like and BSM-like dynamics in b ! s⌫⌫̄ processes, as
long as all BSM e↵ects occur at scales larger than µb;
the di↵erent dynamics result simply in di↵erent values of
the Wilson coe�cients.
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decay rate due to purely vectorial, scalar, or tensorial inter-
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Assuming massless neutrinos, the full set of dimension-
six operators is given by [21],
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In the above, the subscripts V, S, T represent vectorial,
scalar, and tensorial operators, respectively; ⌫L/R repre-
sent left- or right-handed neutrino fields; and qL/R repre-
sent left- or right-handed quark fields. The spin structure
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operators are defined as sums over the neutrino flavors,
since this is a property that we cannot determine experi-
mentally. If one assumes the existence of only left-handed
massless neutrinos, all operators except VL and VR van-
ish. The SM point in the parameter space of the WET
Wilson coe�cients reads

CVL ' 6.6 , Ci = 0 8 i 6= VL . (16)

Presently, the only measured observable is the di↵er-
ential decay rate for B ! K⌫⌫̄, which we simulate in
this example. Since the B meson is a pseudoscalar, the
decay is isotropic in the rest frame of the B meson and
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decays by the Belle II collaboration [13, 14] hint at an
excess of signal events compared to the SM expectation.
This has triggered a substantial interest in the HEP phe-
nomenology community to interpret this excess as a sign
of BSM physics and to extract the corresponding model
parameters [15, 16]. In this subsection, we study the
performance of our proposed approach at the hand of
simulated B ! K⌫⌫̄ data.

5.1.1. Weak E↵ective Theory parametrization

While we cannot achieve a general model-independent
theoretical description of the B ! K⌫⌫̄ decay, it is nev-
ertheless possible to capture the e↵ects of a large number
of BSM theories under mild assumptions, as mentioned
previously. Here, we assume that potential new BSM
particles and force carriers have masses at or above the
scale of electroweak symmetry breaking. In this scenario,
it is useful to work within an e↵ective quantum field the-
ory that describes both the SM and the potential BSM
e↵ects using a common set of parameters; this e↵ective
field theory is commonly known as the Weak E↵ective
Theory (WET) [17–19].

For the description of b ! s⌫⌫̄ transitions, it su�ces
to discuss the sb⌫⌫ sector of the WET. It is spanned by
a subset of local operators of mass-dimension six, which
is closed under the renormalization group [20]. Since the
mass of the initial on-shell B meson limits the maximum
momentum transfer in this process, the matrix elements
of operators with mass dimension eight or above are sup-
pressed by at least a factor of M
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sector reads [21]

L
WET = �

4GF
p

2

↵

2⇡
V

⇤
tsVtb

X

i

Ci(µb)Oi + h.c. , (13)

with GF the Fermi constant, ↵ the fine structure con-
stant, and V the Cabibbo-Kobayashi-Maskawa quark
mixing matrix, respectively. The separation scale is cho-
sen to be µb = 4.2 GeV. Matrix elements of the opera-
tors Oi describe the dynamics of the process at energies
below µb, while the dynamics at energies above µb are
encoded in the (generally complex-valued) Wilson coe�-
cients Ci(µb) in the modified minimal subtraction (MS)
scheme. This enables a simultaneous description of SM-
like and BSM-like dynamics in b ! s⌫⌫̄ processes, as
long as all BSM e↵ects occur at scales larger than µb;
the di↵erent dynamics result simply in di↵erent values of
the Wilson coe�cients.
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Presently, the only measured observable is the di↵er-
ential decay rate for B ! K⌫⌫̄, which we simulate in
this example. Since the B meson is a pseudoscalar, the
decay is isotropic in the rest frame of the B meson and
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excess of signal events compared to the SM expectation.
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of BSM physics and to extract the corresponding model
parameters [15, 16]. In this subsection, we study the
performance of our proposed approach at the hand of
simulated B ! K⌫⌫̄ data.
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While we cannot achieve a general model-independent
theoretical description of the B ! K⌫⌫̄ decay, it is nev-
ertheless possible to capture the e↵ects of a large number
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previously. Here, we assume that potential new BSM
particles and force carriers have masses at or above the
scale of electroweak symmetry breaking. In this scenario,
it is useful to work within an e↵ective quantum field the-
ory that describes both the SM and the potential BSM
e↵ects using a common set of parameters; this e↵ective
field theory is commonly known as the Weak E↵ective
Theory (WET) [17–19].

For the description of b ! s⌫⌫̄ transitions, it su�ces
to discuss the sb⌫⌫ sector of the WET. It is spanned by
a subset of local operators of mass-dimension six, which
is closed under the renormalization group [20]. Since the
mass of the initial on-shell B meson limits the maximum
momentum transfer in this process, the matrix elements
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with GF the Fermi constant, ↵ the fine structure con-
stant, and V the Cabibbo-Kobayashi-Maskawa quark
mixing matrix, respectively. The separation scale is cho-
sen to be µb = 4.2 GeV. Matrix elements of the opera-
tors Oi describe the dynamics of the process at energies
below µb, while the dynamics at energies above µb are
encoded in the (generally complex-valued) Wilson coe�-
cients Ci(µb) in the modified minimal subtraction (MS)
scheme. This enables a simultaneous description of SM-
like and BSM-like dynamics in b ! s⌫⌫̄ processes, as
long as all BSM e↵ects occur at scales larger than µb;
the di↵erent dynamics result simply in di↵erent values of
the Wilson coe�cients.
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scale of electroweak symmetry breaking. In this scenario,
it is useful to work within an e↵ective quantum field the-
ory that describes both the SM and the potential BSM
e↵ects using a common set of parameters; this e↵ective
field theory is commonly known as the Weak E↵ective
Theory (WET) [17–19].

For the description of b ! s⌫⌫̄ transitions, it su�ces
to discuss the sb⌫⌫ sector of the WET. It is spanned by
a subset of local operators of mass-dimension six, which
is closed under the renormalization group [20]. Since the
mass of the initial on-shell B meson limits the maximum
momentum transfer in this process, the matrix elements
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stant, and V the Cabibbo-Kobayashi-Maskawa quark
mixing matrix, respectively. The separation scale is cho-
sen to be µb = 4.2 GeV. Matrix elements of the opera-
tors Oi describe the dynamics of the process at energies
below µb, while the dynamics at energies above µb are
encoded in the (generally complex-valued) Wilson coe�-
cients Ci(µb) in the modified minimal subtraction (MS)
scheme. This enables a simultaneous description of SM-
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Wilson Coe�cient in Equation (17) to unity while keeping all
other coe�cients at zero.

Assuming massless neutrinos, the full set of dimension-
six operators is given by [21],
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and where C = i�
2
�
0 is the charge conjugation operator.

In the above, the subscripts V, S, T represent vectorial,
scalar, and tensorial operators, respectively; ⌫L/R repre-
sent left- or right-handed neutrino fields; and qL/R repre-
sent left- or right-handed quark fields. The spin structure
of the operators is expressed in terms of the Dirac ma-
trices �

µ and their commutator �
µ⌫

⌘
i

2 [�µ
, �

⌫ ]. The
operators are defined as sums over the neutrino flavors,
since this is a property that we cannot determine experi-
mentally. If one assumes the existence of only left-handed
massless neutrinos, all operators except VL and VR van-
ish. The SM point in the parameter space of the WET
Wilson coe�cients reads

CVL ' 6.6 , Ci = 0 8 i 6= VL . (16)

Presently, the only measured observable is the di↵er-
ential decay rate for B ! K⌫⌫̄, which we simulate in
this example. Since the B meson is a pseudoscalar, the
decay is isotropic in the rest frame of the B meson and
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the priors for the unconstrained parameters ⌘ as detailed
in reference [12].

5.1. B ! K⌫⌫̄

The recent measurements of the total rate of B ! K⌫⌫̄

decays by the Belle II collaboration [13, 14] hint at an
excess of signal events compared to the SM expectation.
This has triggered a substantial interest in the HEP phe-
nomenology community to interpret this excess as a sign
of BSM physics and to extract the corresponding model
parameters [15, 16]. In this subsection, we study the
performance of our proposed approach at the hand of
simulated B ! K⌫⌫̄ data.

5.1.1. Weak E↵ective Theory parametrization

While we cannot achieve a general model-independent
theoretical description of the B ! K⌫⌫̄ decay, it is nev-
ertheless possible to capture the e↵ects of a large number
of BSM theories under mild assumptions, as mentioned
previously. Here, we assume that potential new BSM
particles and force carriers have masses at or above the
scale of electroweak symmetry breaking. In this scenario,
it is useful to work within an e↵ective quantum field the-
ory that describes both the SM and the potential BSM
e↵ects using a common set of parameters; this e↵ective
field theory is commonly known as the Weak E↵ective
Theory (WET) [17–19].

For the description of b ! s⌫⌫̄ transitions, it su�ces
to discuss the sb⌫⌫ sector of the WET. It is spanned by
a subset of local operators of mass-dimension six, which
is closed under the renormalization group [20]. Since the
mass of the initial on-shell B meson limits the maximum
momentum transfer in this process, the matrix elements
of operators with mass dimension eight or above are sup-
pressed by at least a factor of M

2
B/M

2
W ' 0.004, which

are hence commonly neglected in these types of analy-
ses. The corresponding Lagrangian density for the sb⌫⌫

sector reads [21]

L
WET = �

4GF
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2⇡
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⇤
tsVtb

X
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Ci(µb)Oi + h.c. , (13)

with GF the Fermi constant, ↵ the fine structure con-
stant, and V the Cabibbo-Kobayashi-Maskawa quark
mixing matrix, respectively. The separation scale is cho-
sen to be µb = 4.2 GeV. Matrix elements of the opera-
tors Oi describe the dynamics of the process at energies
below µb, while the dynamics at energies above µb are
encoded in the (generally complex-valued) Wilson coe�-
cients Ci(µb) in the modified minimal subtraction (MS)
scheme. This enables a simultaneous description of SM-
like and BSM-like dynamics in b ! s⌫⌫̄ processes, as
long as all BSM e↵ects occur at scales larger than µb;
the di↵erent dynamics result simply in di↵erent values of
the Wilson coe�cients.
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operators are defined as sums over the neutrino flavors,
since this is a property that we cannot determine experi-
mentally. If one assumes the existence of only left-handed
massless neutrinos, all operators except VL and VR van-
ish. The SM point in the parameter space of the WET
Wilson coe�cients reads

CVL ' 6.6 , Ci = 0 8 i 6= VL . (16)

Presently, the only measured observable is the di↵er-
ential decay rate for B ! K⌫⌫̄, which we simulate in
this example. Since the B meson is a pseudoscalar, the
decay is isotropic in the rest frame of the B meson and
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Application to  Measurement B+ → K+νν̄
[PRD 112, 092016 (2025)] 

We performed Bayesian analysis to extract posterior distributions of
 : 

The fits prefer a larger vector component (compared to SM 
) and a non-zero tensor component 

An alternative fit where only  is let free, with all others  fixed 
(SM unconstr.) gets worse agreement 

|CVL + CVR | , |CSL + CSR | , CT

CSM
VL ≃ 6.6

CVL Ci

cryogenics group for the efficient operation of the detector
solenoid magnet and IBBelle on site; the KEK Computer
Research Center for on-site computing support; the NII for
SINET6 network support; and the raw-data centers hosted
by BNL, DESY, GridKa, IN2P3, INFN, and the University
of Victoria.

DATA AVAILABILITY

The data that support the findings of this article are
openly available [34,35].

APPENDIX A: PREDICTED YIELDS AT THE
POSTERIOR MODE

Direct comparison of the observed data yields to
the predicted yields at the posterior mode parameter
point (the best-fit point to data; see Table I) for the
unconstrained Bþ → Kþνν̄ SM and the WET is shown in
Fig. 4, for the highest-sensitivity bins of the analysis. The
WET model provides a better fit to the data than the
unconstrained SM prediction, as indicated by the smaller
pull values.

APPENDIX B: PRIOR SENSITIVITY STUDY

To investigate the sensitivity of the results in Table I to
the choice of priors, we derived the posterior mode and
credible intervals for alternative sets of priors.
First, we select truncated-normal priors centered on

the SM expectation (the only nonzero Wilson coefficient
being CSM

VL ¼ 6.6), which disfavor deviations from the SM
expectation:

pðηiÞ ¼
!
N ðηijμ ¼ CSM

i ; σ ¼ 20Þ ηi ≥ 0;

0 ηi < 0:
ðB1Þ

Here, ηi ∈ ½jCVL þ CVRj; jCSL þ CSRj; jCTLj& and CSM
i cor-

respond to the respective SM point CSM
i ∈ ½6.6; 0.0; 0.0&.

Second, we select uniform priors in the squared
Wilson coefficients, as these enter Eq. (9), which
subsequently translate to linear priors for the Wilson
coefficients:

pðηiÞ ∝
!
ηi ηi ≤ 30;

0 ηi > 30:
ðB2Þ

These priors favor larger values for the Wilson
coefficients.
The resulting credible intervals for both cases are shown

in Table IV. The vector Wilson coefficient posterior mode
and credible intervals are found to be the most robust to
prior choices. The largest changes are found for the scalar
Wilson coefficients, to which the analysis is the least
sensitive, due to low efficiency at high q2. This is also
expected from the posterior distribution in Fig. 3.

APPENDIX C: HEPDATA INVENTORY

To enable reinterpretation under any NP model with the
model-agnostic likelihood [1], the necessary information
from Belle II will be published on HEPData [34,35]. The
release will include the following components:
(1) the SM Bþ → Kþνν̄ differential branching fraction

as a function of q2;
(2) signal selection efficiency as a function of q2;
(3) binned joint number densities:

FIG. 4. Observed and predicted best-fit yields in the highest-
sensitivity bins of the analysis. These correspond to the
ηðBDT2Þ > 0.98 region of the ITA. The signal is shown for
the unconstrained Bþ → Kþνν̄ SM (left) and the WET (right)
predictions. The predicted background yields are shown indi-
vidually for the neutral and charged B-meson decays, and the
summed five continuum categories. Pulls are shown in the lower
panels.

TABLE IV. The posterior modes and HDIs at 68% and 95% for
the (sums of the) WET Wilson coefficients in Eq. (9), for
alternative prior choices (cf. Table I).

Priors Parameters Mode 68% HDI 95% HDI

Eq. (B1) jCVL þ CVRj 11.4 [8.0, 14.6] [2.2, 16.4]
jCSL þ CSRj 0.0 [0.0, 9.2] [0.0, 14.7]

jCTLj 7.7 [1.5, 8.8] [0.0, 11.0]

Eq. (B2) jCVL þ CVRj 11.6 [8.2, 14.0] [4.2, 16.0]
jCSL þ CSRj 8.9 [4.6, 12.6] [1.3, 15.6]

jCTLj 7.2 [3.9, 9.6] [1.4, 11.7]

MODEL-AGNOSTIC LIKELIHOOD FOR THE … PHYS. REV. D 112, 092016 (2025)

092016-9

for the hadronic parameters entering the SM prediction,
which were already present in the statistical model, are
removed to avoid double counting.
We exploit the symmetry of Eq. (9) and sample only in

the octant of the parameter space where all Wilson
coefficients are positive and symmetrize the samples after-
ward. We choose uniform priors for all Wilson coefficients
in the range [0, 20]. Uniform priors are justified by neither
wanting to assign preference to any part of the parameter
space nor anticipating inference based on a nonlinear
transformation of the Wilson coefficients. Ranges are
chosen to cover the full posterior. The marginal posterior
is shown in Fig. 3. There is a clear deviation from the SM in
the vector sector, as expected from the result of Ref. [2].
Further, we find that the posterior distribution peaks around
a nonzero value for the tensor contribution. This indicates
that a pure SM signal template does not provide the best
description of the data (see Appendix A). From the one-
dimensional marginal posterior distributions, we can cal-
culate the highest density credible intervals (HDI)3 at 68%
and 95% probability on the absolute values of the Wilson

coefficients. The posterior mode and the credible intervals
are shown in Table I.
To provide a baseline for comparison, we assess the

effect of neglecting kinematic shape information by com-
puting credible intervals using a simplified reinterpretation
approach. In this approach, the SM branching ratio is
scaled by an overall factor, discarding all differential
distribution information. This is implemented by perform-
ing inference with a likelihood constructed from joint
number densities defined over a single bin in the kinematic
range, reducing Eq. (5) to ν1;x ¼ ν0;xw. Within this sim-
plified framework, the resulting 95% credible intervals are
jCVL þ CVRj < 14.4, jCSL þ CSRj < 8.5 and jCTLj < 7.1.
These values demonstrate a bias from neglecting kinematic
shape differences, as evidenced by the discrepancies
compared to the results in Table I. The significant variations
highlight the importance of reinterpretation approaches that
account for these kinematic shape differences.
A prior sensitivity analysis was performed to assess the

dependence of the presented results on the chosen priors
(see Appendix B). Two alternative prior choices were
considered. The most stable parameter was found to be
jCVL þ CVRj, while the largest variations occurred for
jCSL þ CSRj, due to the low sensitivity of the analysis to
this parameter.

B. Model comparison

We compare the goodness of fit and relative performance
of the WET and the unconstrained Bþ → Kþνν̄ SM, where
the signal strength parameter μSM is treated as a free
parameter. To assess relative performance, these models
are evaluated against the background-only (BKG) hypoth-
esis, which assumes no Bþ → Kþνν̄ contribution, and the
constrained Bþ → Kþνν̄ SM, where μSM is fixed to the SM
prediction. The constrained model includes a 5% normali-
zation uncertainty, which accounts for a 4.4% uncertainty
in the Cabibbo-Kobayashi-Maskawa matrix elements
jV#

tsVtbj2 and a 2.3% uncertainty in jCSM
VL j2 [4].

A detailed summary of the models and their defining
characteristics is provided in Table II.
A local goodness-of-fit (gof) P value is calculated from

Pgof ¼
Z

∞

tobs
dt pðtÞ; t ¼ −2 ln

pðn; ajη̂; χ̂ Þ
psatðn; ajχ̄ Þ

; ð11Þ

FIG. 3. The marginalized posterior for the Wilson coefficients
in Eq. (9). We adopt the convention that CVL þ CVR, CSL þ CSR,
and CTL are real valued. Diagonal and off-diagonal panels show
the one-dimensional and two-dimensional sample density PDFs
on a linear scale, respectively. The overall scale is omitted, as all
relevant information is contained in the shape of the distribution.
The contours indicate 68% and 95% credible intervals. The
dashed black lines and cross mark the SM point; the dash-dotted
yellow lines and cross indicate the posterior mode; dotted red
lines mark the symmetry axes used for sample symmetrization.

TABLE I. The mode of the posterior and HDI at 68% and 95%
for the (sums of the) WET Wilson coefficients in Eq. (9), derived
from the posterior in Fig. 3.

Parameters Mode 68% HDI 95% HDI

jCVL þ CVRj 11.3 [7.8, 14.6] [1.9, 16.2]
jCSL þ CSRj 0.0 [0.0, 9.6] [0.0, 15.4]
jCTLj 8.2 [2.3, 9.6] [0.0, 11.2]

3The smallest possible credible interval at a given probability
level.

M. ABUMUSABH et al. PHYS. REV. D 112, 092016 (2025)

092016-6

 first highest credible intervals (HDI) on the Wilson coefficients from   decays → B+ → K+νν̄
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Light NP e.g ? B+ → K+X

We reinterpreted the measurement as a two-body decay  with different  mass and width 
hypotheses

B+ → K+X X
5

the priors for the unconstrained parameters ⌘ as detailed
in reference [12].

5.1. B ! K⌫⌫̄

The recent measurements of the total rate of B ! K⌫⌫̄

decays by the Belle II collaboration [13, 14] hint at an
excess of signal events compared to the SM expectation.
This has triggered a substantial interest in the HEP phe-
nomenology community to interpret this excess as a sign
of BSM physics and to extract the corresponding model
parameters [15, 16]. In this subsection, we study the
performance of our proposed approach at the hand of
simulated B ! K⌫⌫̄ data.

5.1.1. Weak E↵ective Theory parametrization

While we cannot achieve a general model-independent
theoretical description of the B ! K⌫⌫̄ decay, it is nev-
ertheless possible to capture the e↵ects of a large number
of BSM theories under mild assumptions, as mentioned
previously. Here, we assume that potential new BSM
particles and force carriers have masses at or above the
scale of electroweak symmetry breaking. In this scenario,
it is useful to work within an e↵ective quantum field the-
ory that describes both the SM and the potential BSM
e↵ects using a common set of parameters; this e↵ective
field theory is commonly known as the Weak E↵ective
Theory (WET) [17–19].

For the description of b ! s⌫⌫̄ transitions, it su�ces
to discuss the sb⌫⌫ sector of the WET. It is spanned by
a subset of local operators of mass-dimension six, which
is closed under the renormalization group [20]. Since the
mass of the initial on-shell B meson limits the maximum
momentum transfer in this process, the matrix elements
of operators with mass dimension eight or above are sup-
pressed by at least a factor of M

2
B/M

2
W ' 0.004, which

are hence commonly neglected in these types of analy-
ses. The corresponding Lagrangian density for the sb⌫⌫

sector reads [21]

L
WET = �

4GF
p

2

↵

2⇡
V

⇤
tsVtb

X

i

Ci(µb)Oi + h.c. , (13)

with GF the Fermi constant, ↵ the fine structure con-
stant, and V the Cabibbo-Kobayashi-Maskawa quark
mixing matrix, respectively. The separation scale is cho-
sen to be µb = 4.2 GeV. Matrix elements of the opera-
tors Oi describe the dynamics of the process at energies
below µb, while the dynamics at energies above µb are
encoded in the (generally complex-valued) Wilson coe�-
cients Ci(µb) in the modified minimal subtraction (MS)
scheme. This enables a simultaneous description of SM-
like and BSM-like dynamics in b ! s⌫⌫̄ processes, as
long as all BSM e↵ects occur at scales larger than µb;
the di↵erent dynamics result simply in di↵erent values of
the Wilson coe�cients.
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FIG. 1. Illustration of the variety of shapes of the B ! K⌫⌫̄
decay rate due to purely vectorial, scalar, or tensorial inter-
actions. Each curve corresponds to setting a single non-zero
Wilson Coe�cient in Equation (17) to unity while keeping all
other coe�cients at zero.

Assuming massless neutrinos, the full set of dimension-
six operators is given by [21],

OVL =
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with
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⌫
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L ⌘ C⌫L
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,

(15)

and where C = i�
2
�
0 is the charge conjugation operator.

In the above, the subscripts V, S, T represent vectorial,
scalar, and tensorial operators, respectively; ⌫L/R repre-
sent left- or right-handed neutrino fields; and qL/R repre-
sent left- or right-handed quark fields. The spin structure
of the operators is expressed in terms of the Dirac ma-
trices �

µ and their commutator �
µ⌫

⌘
i

2 [�µ
, �

⌫ ]. The
operators are defined as sums over the neutrino flavors,
since this is a property that we cannot determine experi-
mentally. If one assumes the existence of only left-handed
massless neutrinos, all operators except VL and VR van-
ish. The SM point in the parameter space of the WET
Wilson coe�cients reads

CVL ' 6.6 , Ci = 0 8 i 6= VL . (16)

Presently, the only measured observable is the di↵er-
ential decay rate for B ! K⌫⌫̄, which we simulate in
this example. Since the B meson is a pseudoscalar, the
decay is isotropic in the rest frame of the B meson and
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the priors for the unconstrained parameters ⌘ as detailed
in reference [12].

5.1. B ! K⌫⌫̄

The recent measurements of the total rate of B ! K⌫⌫̄

decays by the Belle II collaboration [13, 14] hint at an
excess of signal events compared to the SM expectation.
This has triggered a substantial interest in the HEP phe-
nomenology community to interpret this excess as a sign
of BSM physics and to extract the corresponding model
parameters [15, 16]. In this subsection, we study the
performance of our proposed approach at the hand of
simulated B ! K⌫⌫̄ data.

5.1.1. Weak E↵ective Theory parametrization

While we cannot achieve a general model-independent
theoretical description of the B ! K⌫⌫̄ decay, it is nev-
ertheless possible to capture the e↵ects of a large number
of BSM theories under mild assumptions, as mentioned
previously. Here, we assume that potential new BSM
particles and force carriers have masses at or above the
scale of electroweak symmetry breaking. In this scenario,
it is useful to work within an e↵ective quantum field the-
ory that describes both the SM and the potential BSM
e↵ects using a common set of parameters; this e↵ective
field theory is commonly known as the Weak E↵ective
Theory (WET) [17–19].

For the description of b ! s⌫⌫̄ transitions, it su�ces
to discuss the sb⌫⌫ sector of the WET. It is spanned by
a subset of local operators of mass-dimension six, which
is closed under the renormalization group [20]. Since the
mass of the initial on-shell B meson limits the maximum
momentum transfer in this process, the matrix elements
of operators with mass dimension eight or above are sup-
pressed by at least a factor of M
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are hence commonly neglected in these types of analy-
ses. The corresponding Lagrangian density for the sb⌫⌫

sector reads [21]

L
WET = �

4GF
p

2

↵

2⇡
V

⇤
tsVtb

X

i
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with GF the Fermi constant, ↵ the fine structure con-
stant, and V the Cabibbo-Kobayashi-Maskawa quark
mixing matrix, respectively. The separation scale is cho-
sen to be µb = 4.2 GeV. Matrix elements of the opera-
tors Oi describe the dynamics of the process at energies
below µb, while the dynamics at energies above µb are
encoded in the (generally complex-valued) Wilson coe�-
cients Ci(µb) in the modified minimal subtraction (MS)
scheme. This enables a simultaneous description of SM-
like and BSM-like dynamics in b ! s⌫⌫̄ processes, as
long as all BSM e↵ects occur at scales larger than µb;
the di↵erent dynamics result simply in di↵erent values of
the Wilson coe�cients.
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Assuming massless neutrinos, the full set of dimension-
six operators is given by [21],
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and where C = i�
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In the above, the subscripts V, S, T represent vectorial,
scalar, and tensorial operators, respectively; ⌫L/R repre-
sent left- or right-handed neutrino fields; and qL/R repre-
sent left- or right-handed quark fields. The spin structure
of the operators is expressed in terms of the Dirac ma-
trices �

µ and their commutator �
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⌫ ]. The
operators are defined as sums over the neutrino flavors,
since this is a property that we cannot determine experi-
mentally. If one assumes the existence of only left-handed
massless neutrinos, all operators except VL and VR van-
ish. The SM point in the parameter space of the WET
Wilson coe�cients reads

CVL ' 6.6 , Ci = 0 8 i 6= VL . (16)

Presently, the only measured observable is the di↵er-
ential decay rate for B ! K⌫⌫̄, which we simulate in
this example. Since the B meson is a pseudoscalar, the
decay is isotropic in the rest frame of the B meson and
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the priors for the unconstrained parameters ⌘ as detailed
in reference [12].

5.1. B ! K⌫⌫̄

The recent measurements of the total rate of B ! K⌫⌫̄

decays by the Belle II collaboration [13, 14] hint at an
excess of signal events compared to the SM expectation.
This has triggered a substantial interest in the HEP phe-
nomenology community to interpret this excess as a sign
of BSM physics and to extract the corresponding model
parameters [15, 16]. In this subsection, we study the
performance of our proposed approach at the hand of
simulated B ! K⌫⌫̄ data.

5.1.1. Weak E↵ective Theory parametrization

While we cannot achieve a general model-independent
theoretical description of the B ! K⌫⌫̄ decay, it is nev-
ertheless possible to capture the e↵ects of a large number
of BSM theories under mild assumptions, as mentioned
previously. Here, we assume that potential new BSM
particles and force carriers have masses at or above the
scale of electroweak symmetry breaking. In this scenario,
it is useful to work within an e↵ective quantum field the-
ory that describes both the SM and the potential BSM
e↵ects using a common set of parameters; this e↵ective
field theory is commonly known as the Weak E↵ective
Theory (WET) [17–19].

For the description of b ! s⌫⌫̄ transitions, it su�ces
to discuss the sb⌫⌫ sector of the WET. It is spanned by
a subset of local operators of mass-dimension six, which
is closed under the renormalization group [20]. Since the
mass of the initial on-shell B meson limits the maximum
momentum transfer in this process, the matrix elements
of operators with mass dimension eight or above are sup-
pressed by at least a factor of M

2
B/M

2
W ' 0.004, which

are hence commonly neglected in these types of analy-
ses. The corresponding Lagrangian density for the sb⌫⌫

sector reads [21]

L
WET = �

4GF
p

2

↵

2⇡
V

⇤
tsVtb

X

i

Ci(µb)Oi + h.c. , (13)

with GF the Fermi constant, ↵ the fine structure con-
stant, and V the Cabibbo-Kobayashi-Maskawa quark
mixing matrix, respectively. The separation scale is cho-
sen to be µb = 4.2 GeV. Matrix elements of the opera-
tors Oi describe the dynamics of the process at energies
below µb, while the dynamics at energies above µb are
encoded in the (generally complex-valued) Wilson coe�-
cients Ci(µb) in the modified minimal subtraction (MS)
scheme. This enables a simultaneous description of SM-
like and BSM-like dynamics in b ! s⌫⌫̄ processes, as
long as all BSM e↵ects occur at scales larger than µb;
the di↵erent dynamics result simply in di↵erent values of
the Wilson coe�cients.
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FIG. 1. Illustration of the variety of shapes of the B ! K⌫⌫̄
decay rate due to purely vectorial, scalar, or tensorial inter-
actions. Each curve corresponds to setting a single non-zero
Wilson Coe�cient in Equation (17) to unity while keeping all
other coe�cients at zero.

Assuming massless neutrinos, the full set of dimension-
six operators is given by [21],

OVL =
�
⌫L�µ⌫L

�
(sL�

µ
bL)

OVR =
�
⌫L�µ⌫L

�
(sR�

µ
bR)

OSL =
⇣
⌫
c

L⌫L

⌘
(sRbL)

OSR =
⇣
⌫
c

L⌫L

⌘
(sLbR)

OTL =
⇣
⌫
c

L�µ⌫⌫L

⌘
(sR�

µ⌫
bL) ,

(14)

with

⌫L ⌘ ⌫
†
L
�
0
,

⌫
c

L ⌘ C⌫L
T

,

(15)

and where C = i�
2
�
0 is the charge conjugation operator.

In the above, the subscripts V, S, T represent vectorial,
scalar, and tensorial operators, respectively; ⌫L/R repre-
sent left- or right-handed neutrino fields; and qL/R repre-
sent left- or right-handed quark fields. The spin structure
of the operators is expressed in terms of the Dirac ma-
trices �

µ and their commutator �
µ⌫

⌘
i

2 [�µ
, �

⌫ ]. The
operators are defined as sums over the neutrino flavors,
since this is a property that we cannot determine experi-
mentally. If one assumes the existence of only left-handed
massless neutrinos, all operators except VL and VR van-
ish. The SM point in the parameter space of the WET
Wilson coe�cients reads

CVL ' 6.6 , Ci = 0 8 i 6= VL . (16)

Presently, the only measured observable is the di↵er-
ential decay rate for B ! K⌫⌫̄, which we simulate in
this example. Since the B meson is a pseudoscalar, the
decay is isotropic in the rest frame of the B meson and

SM  B+ → K+X

3

Wigner density:

fBW(q2|mX , !X) =
k

(q2 → m2
X)2 + m2

X!2
X

,

k =
mX!X

ω/2 + arctan(mX/!X)
,

(1)

where mX is the resonance mass, !X is the decay width
and k ensures normalization. Since both the B and K
mesons are spinless, the decay kinematics do not depend
on the spin of the boson X. Consequently, the analysis
is insensitive to this quantity.

Adding the two-body model to the B+
↑ K+εε̄ SM

expectation,

ϑ0(q
2) = µSM

dBSM

dq2
, (2)

the total di”erential branching fraction is

ϑ1(q
2) =

dB

dq2
= µSM

dBSM

dq2
+ µXϖX fBW(q2|mX , !X),

(3)
with SM signal strength µSM, new-physics signal
strength µX , and ϖX = 10→6 for numerical stabil-
ity, such that B(B+

↑ K+X)PX,inv = µXϖX , where
PX,inv = PX,out + (1 → PX,out) · B(X ↑ inv) is the sum
of the probability for the particle to decay outside the
detector coverage, PX,out, and the probability to decay
invisibly inside the detector coverage (see, e.g., Ref. [39]).
For the large invisible X decay widths considered in this
analysis, PX,inv ↓ B(X ↑ inv).

The B+
↑ K+εε̄ SM contribution is treated as back-

ground. The parameter µSM is constrained around unity
with a 5% normalization uncertainty (added to other sys-
tematics), accounting for a 4.4% uncertainty on the prod-
uct of CKM matrix elements |V ↑

tsVtb|
2 and a 2.3% uncer-

tainty on the contributing Wilson coe#cient |CSM
VL |

2 [33].
The SM input uses the HPQCD form factors [37].

The parameters µX and mX are inferred for two fixed
widths, !X ↔ {0.1, 0.5} GeV. The coarse q2rec binning
used in the Belle II analysis [1] limits the sensitivity to
narrow structures in the spectrum. As a result, widths
below ↗ 0.1GeV produce bin-averaged distributions that
are indistinguishable from the case !X = 0.1 GeV. This
value e”ectively represents the narrow-width limit and
covers all narrow-width models discussed above. The
broader width !X = 0.5GeV tests a strongly coupled bo-
son which can be realized in scenarios such as Higgs-like
scalars or dark gauge bosons. A future Belle II analysis
with finer q2rec binning would significantly improve the
mass resolution. Figure 1 shows the predicted di”eren-
tial branching fraction for both widths, assuming µX = 1,
mX = 2GeV.

IV. POSTERIOR AND CREDIBLE INTERVALS

This section presents the Bayesian reinterpretation of
the Belle II B+

↑ K+εε̄ measurement using the sig-
nal model described in Eq. (3). Posterior distributions

0 5 10 15 20
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10�7

10�6

dB
/d

q2
[G
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�

2 ]

SM

SM+NP: �X = 0.5 GeV

SM+NP: �X = 0.1 GeV

Figure 1. Predicted di!erential branching fraction from
Eq. (3) for two resonance widths at µX = 1, mX = 2GeV.
Bands include hadronic form-factor and 5% SM normalization
uncertainties. Form factor uncertainties on the resonance con-
tribution are not considered.

and credible intervals are derived for the signal strength
µX and mass mX , assuming fixed resonance widths of
!X = 0.1 and 0.5 GeV.

The HistFactory likelihood [34] is translated into a
Bayesian posterior for inference,

f (ω,ε|n,a) ↘ f (n|ϑ(ω,ε)) f (ε|a) f (ω) . (4)

Here, f (n|ϑ(ω,ε)) is the likelihood, given observed and
expected bin yields n and ϑ(ω,ε), respectively; f(ε|a)
encodes priors for nuisance parameters ε using auxiliary
data a (normally distributed), and f(ω) specifies priors
for unconstrained parameters ω. Prior distributions for
the parameters of interest are chosen to be uniform over
the ranges specified in Table I. Ranges are chosen to cover
the full posterior, as verified a posteriori. Appendix A
examines the robustness of the results with respect to
alternative prior choices. The posterior is implemented
and sampled with bayesian pyhf [40] using pymc [41] as
the back end.

Table I. Prior ranges for the new-physics signal strength µX

and resonance mass mX , for the two resonance widths.

”X = 0.1GeV 0.5GeV

µX

mX [ GeV]

[0.0, 24.0]

[1.5, 3.0]

[0.0, 32.0]

[1.5, 3.2]

Marginal posteriors for µX and mX are obtained by
sampling the joint posterior with Markov Chain Monte
Carlo and marginalizing over nuisance parameters. Fig-
ure 2 shows 1- and 2-dimensional marginal distributions
for the two widths, with contours enclosing 68% and 95%
credible regions.

From 1-dimensional marginal distributions, highest
density intervals (HDIs) are calculated at 68% and 95%
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Figure 4. Modified frequentist 95% CLs upper limit on
B(B+ → K+X) · PX,inv as a function of mX (solid black),
compared to the expected SM limit (dashed black) with ±1ω
(green) and ±2ω (yellow) bands.

Figure 4 shows the observed and expected limits. The
observed limit exceeds the SM expectation by over 2 stan-
dard deviations in the mass range mX → [1.8, 2.8] GeV
for !X = 0.1GeV, and mX → [1.7, 3.0] GeV for !X =
0.5 GeV.

These numerical results agree well with the upper cred-
ible intervals from Section IV. The observed upper lim-
its exhibit a similar shape as the contours of the 2-
dimensional posterior in Fig. 2.

At higher masses (mX > 3.5GeV), sensitivity degrades
due to reduced experimental e”ciency. Localized fea-
tures in the expected limit near 2 and 3GeV correspond
to analysis bin boundaries.

These results are compared to the preliminary dedi-
cated search for B ↑ KX using 711 fb→1 Belle data [43].
This reinterpretation yields stronger constraints in the
low-mass region and uniquely retains sensitivity around
mX ↓ 2GeV, a region excluded in the dedicated search.
Conversely, the dedicated analysis achieves superior sen-
sitivity at high masses.

VI. GOODNESS-OF-FIT

The fit quality of the B+
↑ K+X hypothesis is as-

sessed with a saturated-likelihood statistic:

pgof =

∫ ↑

tobs

dtgof f(tgof), tgof = ↔2 ln
f(n,a | ω̂, ε̂)

fsat(n,a | ε̄)
,

(7)
where f(n,a | ω̂, ε̂) is the likelihood at the global best
fit, and fsat is the saturated likelihood that represents a
perfect fit to the observed data.

The sampling distribution f(tgof) is obtained from fits

to toy data generated at the best fit of each B+
↑ K+X

width [44], and pgof is the fraction with t > tobs.
The goodness-of-fit values, summarized in Table III,

are high and nearly width-independent: pgof = 0.83, 0.82
for !X = 0.1 and 0.5 GeV, respectively. Thus about 80%
of toys yield worse fits than the data, indicating excel-
lent fit quality. The weak dependence on !X reflects the
limited resolution due to the coarse q2rec binning.

For comparison, the unconstrained SM yields
pgof = 0.58, which also indicates a good fit to the data.

Table III. Bayes factors relative to the background-only model
(BKG) and the constrained SM, and goodness-of-fit p-values
for B+ → K+X at the two considered widths.

Model !X log10 BBKG log10 BSM pgof

B+ → K+X 0.1GeV 2.82 1.71 0.83
B+ → K+X 0.5GeV 2.93 1.83 0.82
unconst. SM — 2.02 0.92 0.58

VII. MODEL COMPARISON

Model comparison quantifies the relative support for
competing hypotheses. The B+

↑ K+X model is as-
sessed against two references: background-only (µSM =
µX = 0) and the constrained SM (µSM constrained,
µX = 0), using Bayes factors and frequentist hypothe-
sis testing.

Bayesian comparison uses the Bayes factor (ratio of
marginal likelihoods) [45]. For !X = 0.1 and 0.5 GeV the
values are log10 BSM = 1.71 and 1.83 (very strong prefer-
ence over the constrained SM on Je#reys’ scale [46]) and
log10 BBKG = 2.82 and 2.93 (decisive preference over the
background-only hypothesis). The B+

↑ K+X model
is preferred over the unconstrained SM (see Table III),
consistent with a resonance better capturing the excess
near q2rec ↗ 3–7 GeV2. Because the marginal likelihood
integrates over the full parameter space, these Bayes fac-
tors already include the look-elsewhere e#ect [47] and
thus represent global, not merely local, preference for
B+

↑ K+X.
To complement the Bayesian comparison, B+

↑ K+X
is tested against the constrained SM with a likelihood-
ratio statistic and toy-based p-values:

p =

∫ ↑

tobs

dt f(t), t = ↔2 ln
f(n,a | ω = 0, ˆ̂ε)

f(n,a | ω̂, ε̂)
, (8)

where f(n,a | ω̂, ε̂) is the global best fit and
f(n,a | ω = 0, ˆ̂ε) fixes the parameters of interest to their
null values while optimizing nuisances. The sampling dis-
tribution f(t) is obtained from toys generated under the
SM hypothesis, and p is the fraction with t > tobs.

For B+
↑ K+X with !X = 0.1 GeV, the resulting p-

value is 1.4·10→3—a 3.0ω deviation from the SM. This ex-
ceeds the 2.7ω in Ref. [1] because the B+

↑ K+X shape

95% C.L limits on  ℬ(B+ → K+X) ⋅ 𝒫X,inv Best-#t projections 4
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Figure 2. Marginalized posterior distributions for
B+ → K+X model parameters from Eq. (3) for two res-
onance widths !X = 0.1 and 0.5GeV. Diagonal panels
show 1-dimensional densities; the o”-diagonal panel shows 2-
dimensional densities (linear scale). Contours enclose 68%
and 95% credible regions. The dash-dotted yellow lines and
cross mark the posterior mode.

probability. Table II summarizes posterior modes and
credible intervals.

Table II. Posterior mode and HDIs at 68% and 95% cred-
ible levels for B+ → K+X model parameters from Eq. (3),
derived from Fig. 2. The product of branching fractions is
B(B+ → K+X) · PX,inv = µX · 10→6.

Param. !X [ GeV] Mode 68% HDI 95% HDI

µX
0.1

0.5

9.2

11.1

[5.8, 11.0]

[7.8, 15.0]

[3.4, 14.0]

[4.2, 20.2]

mX [ GeV]
0.1

0.5

2.1

2.2

[2.0, 2.3]

[2.1, 2.5]

[1.9, 2.7]

[2.0, 2.8]

Direct comparison of the observed data with the pre-
dicted yields at the posterior mode for the unconstrained
B+

→ K+ωω̄ SM (µSM unconstrained, µX = 0) and
B+

→ K+X (!X = 0.1 GeV) models is illustrated in
Fig. 3, for the highest sensitivity region of the analy-
sis (ITA, ε(BDT2) > 0.98). The B+

→ K+X model fits
the data significantly better than the unconstrained SM
prediction, as indicated by the smaller pull values.

For the considered widths, mX peaks sharply at 2.1 ↑

2.2 GeV with an extended tail toward higher masses. The
peak location is consistent across widths, indicating the
data favor a resonance in this range regardless of the
assumed width. This agrees with the excess observed in
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Figure 3. Observed and predicted best-fit yields in the high-
est sensitivity region. Signal predictions are for the un-
constrained B+ → K+ωω̄ SM (left) and B+ → K+X with
!X = 0.1GeV (right). For B+ → K+X, the constrained
B+ → K+ωω̄ SM background is shown separately. Back-
ground yields include neutral and charged B-meson decays
and summed continuum categories. Lower panels show pulls.

Ref. [1] and its interpretations presented in Refs. [2, 3, 5].
The new-physics signal strength µX deviates clearly

from zero for both widths, indicating a preference for
a non-zero B+

→ K+X contribution. Posterior modes
increase with width: µX = 9.2 and 11.1 for !X = 0.1 and
0.5 GeV, respectively. This is expected because broader
resonances distribute the same total rate over a larger
q2 range, requiring higher normalization to match the
observed excess.

The narrow resonance (!X = 0.1GeV) yields

B(B+
→ K+X) · PX,inv = 9.2+1.8

→3.4 · 10→6 , (5)

roughly twice the B+
→ K+ωω̄ SM expectation

BSM = (4.97 ± 0.37) · 10→6 [33].

V. UPPER LIMIT MASS SCAN

A modified frequentist scan over the resonance mass
mX is performed to derive 95% confidence level up-
per limits on the product of branching fractions
B(B+

→ K+X) · PX,inv. The confidence limit is deter-
mined using the CLs criterion [42],

CLs =
p(qobs | B+

→ K+X + SM)

p(qobs | SM)
= 0.05. (6)

Here qobs is the upper limit test statistic evaluated on
data, and p(qobs | B+

→ K+X + SM) and p(qobs | SM)
are the corresponding p-values under the B+

→ K+X
+SM and SM-only hypotheses, respectively.

We performed both Bayesian and frequentist analysis to obtain constraints on  parameters B+ → K+X

Belle II data strongly prefers the resonance hypothesis, with a posterior mode for the mass  
 GeV and a branching fraction of  mX = 2.1+0.2

−0.1 ℬ(B+ → K+X) ⋅ 𝒫X,inv = 9.2+1.8
−3.4 ⋅ 10−6
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Belle performed first direct search for 
 and 

 
Sensitive to ALPS, dark scalars and dark baryons                 
(B-mesogenesis models) 
Use hadronic tag for the other  
On signal side, reconstruct the signal tracks 
Suppression of backgrounds using BDTs 
Narrow known resonances vetoed 
Momentum of the hadron in the signal  rest frame  fitted 
across the momentum range looking for excess above 
background expectation

B± → hX( → inv), h = π±, K±, D±
s , p

B0 → D0X( → inv)

B

B

5

fit results are parameterized as a function of the ph value319

corresponding to the generated mXinv of the sample. The320

resolution ω of the peak is the quadrature sum of the321

two width parameters, taking into account their relative322

weights, and the width scaling factor derived from the323

control mode fits. This approach provides a well-defined324

signal probability density function (PDF) at any scan325

point.326

To parameterize the background, we use a kernel den-327

sity estimator (KDE) [70], with the kernel width set by328

the local event density. The KDE is built from simu-329

lated background events and has a fixed shape during the330

signal extraction fit. Di!erences in the ph distribution331

between o!-resonance data and simulated e
+
e
→

→ qq332

events are accounted for by applying a linear correction333

to the e
+
e
→

→ qq background PDF. Independent fits are334

conducted for several hundred mass hypotheses for each335

channel, with scan steps equal to half the signal reso-336

lution. The resolution ranges from about 5 MeV/c to337

40 MeV/c, generally increasing as mXinv decreases. The338

KDE for a given fit window is defined over a ±15ω win-339

dow. A combined signal and background fit is performed340

in a ±10ω window to mitigate the impact of the KDE341

boundary problem [70].342

For all channels, a toy MC study is performed in343

which simulated events are sampled with varying yields344

of signal, qq, and BB background events. The mean345

signal yield obtained from the combined fitting method346

closely matches the number of signal events in the sam-347

pled datasets, indicating the signal extraction method348

responds linearly to the presence of signal events.349

The only background processes that can mimic the350

peaking structure of the signal are two-body B decays.351

For common processes with narrow peaks, such as B
+

→352

K
+
D̄

0, events within three times the resolution of the353

peak are vetoed. For some of these processes, such as354

B
+

→ K
+
f0(1370), the recoil peak is so broad that it355

can be safely treated as a non-peaking background. For356

very rare processes where the expected number of events357

is below the expected sensitivity of the search, such as358

B
+

→ K
+
K

↑(892)0 (which has a branching fraction359

O(10→7)) [71], a signal-like PDF component correspond-360

ing to the SM particle mass is added to the fit, and its361

yield is allowed to float within ±100% of the predicted362

branching fraction or two events, whichever is greater.363

The dominant systematic uncertainty is the 2.5% un-364

certainty on the FEI correction factor for both charged365

and neutral B mesons. Other sources include uncer-366

tainties in particle identification, tracking e”ciency, cor-367

rections made to the ph distributions from e
+
e
→

→ qq368

events, and limited signal MC statistics. For channels in-369

volving D
+
s and D̄

0 mesons, uncertainties in the branch-370

ing fractions of the specific decay modes used for their re-371

construction are included, with an additional uncertainty372

from ε
0 reconstruction in the D̄

0 case. Peaking back-373

ground yields also contribute to the total uncertainty.374

Statistical uncertainties dominate across all five chan-375

nels, while total systematic uncertainties remain below376

a few percent.377

The branching fraction B(B → hXinv) is extracted di-378

rectly from an extended maximum likelihood fit to the379

ph spectrum. The selection e”ciency and the number of380

BB pairs are included as nuisance parameters, allowing381

their associated uncertainties to be propagated through382

the fit.383
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FIG. 2. Upper limits on the branching fraction B(B → hXinv)
at 90% CL as a function of mXinv are shown in black. Replac-
ing the invisible decay assumption with X → ωω yields the
colored limits, shown for several orders of magnitude of cεX .
Mass regions vetoed for known SM particles ϑ0, K0(→), D0(→),
ϖc, ϱc1, and ς(2S) are shaded gray. Not all veto regions apply
to every channel.

The local significance for each mass hypothesis is de-384

fined as Slocal =
√

2 · (log Ls+b ↑ log Lb), where L de-385

notes the maximum likelihood under the signal-plus-386

background and background-only hypotheses. Given387

the scan over several hundred mass points per channel,388

the look-elsewhere e!ect [72] is addressed by converting389

Slocal to a global significance Sglobal using the trial factor390

method of Ref. [73].391

No significant excess is observed. The most signifi-392

cant local excess, Slocal = 2.95ω, is observed at mXinv =393

The most stringent upper upper limit to date @ 90 % CL set 
to date 

(*) the excess region of [PRD 109, 112006 (2024)] is vetoed

(*)B+ → K+τ+τ−
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SM predictions: 
Precise SM prediction   [JHEP02, 184 (2015)] 

Recent SM update: [arxiv:2512.19138] significantly higher and more precise 

  
Previous limits @ 90% CL from ALEPH  [EPJC 19, 213–227 (2001)] 
On signal side, “inclusive” reconstruction = sum-of-exclusive (30 exclusive final states) covering 
roughly 93% of both resonant and non resonant decays 

𝓑(B → Xsνν̄) = (2.9 ± 0.3) × 10−5

ℬ(B → Xsνν̄) = 6.4 × 10−4

mailto:slavomira.stefkova@uni-bonn.de
https://link.springer.com/article/10.1007/JHEP02(2015)184
https://arxiv.org/abs/2512.19138
https://link.springer.com/article/10.1007/s100520100612


     Slavomira Stefkova, slavomira.stefkova@uni-bonn.de                                                                 Beyond Flavour Anomalies Workshop 2026

First Search for  DecaysB → Xsνν̄
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[arxiv:2511.10980]  
Accepted by PRL

Belle II performed first search for “inclusive”  at -factories 362 fb-1 of Belle II data: 
Previous limits @ 90% CL from ALEPH  [EPJC 19, 213–227 (2001)] 
In Belle II using hadronic tagging 
On signal side, “inclusive” reconstruction = sum-of-exclusive (30 exclusive final states) covering 
roughly 93% of both resonant and non resonant decays 

B → Xsνν̄ B
ℬ(B → Xsνν̄) = 6.4 × 10−4

Belle

mailto:slavomira.stefkova@uni-bonn.de
https://arxiv.org/abs/2511.10980
https://link.springer.com/article/10.1007/s100520100612
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First Search for  DecaysB → Xsνν̄
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Belle II performed first search for “inclusive”  at -factories using 362 fb-1 of Belle II data: 
Background suppression with BDTs 
Signal extraction: template fit to the BDT output 

B → Xsνν̄ B

η(BDT) × MXs

Search for inclusive 𝐵 → 𝑋𝑠𝜈𝜈̅

9

arXiv:2511.10980, PRL submitted

Validate simulations from data-driven control samples

● Off resonance data (60 MeV below Y(4S)) for 𝑒+𝑒–→𝑞𝑞̅

● BDT sideband for 𝐵𝐵̅ backgrounds

● 𝐵→𝑋𝑠 𝐽/𝜓(→𝜇+𝜇–) sample for signal efficiency, removing 𝜇+𝜇– tracks

Extract signal yield from fit in bins of (BDT output) x 𝑀(𝑋𝑠)

● No signal observed, UL set at 3.2 x 10–4 @90% CL (most stringent to date)

● Statistical uncertainty at the same level as systematics. Dominant 
sources: limited size of MC samples and background normalization

(*)

(*) compatible with hadronic-tag 𝐵 →𝐾𝜈𝜈 ̅Belle II measurement

EECL (GeV)

𝐵→𝑋𝑠  𝐽/𝜓 
control sample

(*) compatible with hadronic tag result in [PRD 109, 112006 (2024)]  

Belle

Most stringent upper limit to date set @ 90 % CL on   and first in -factory𝓑(B → Xsνν̄) of 3.2 × 10−4 B

Search for  decaysB ′ Xsℓℓ̄

• Strategy: 

- hadronic B-tagging 

- sum-of-exclusive from 30 decay modes (93% of the inclusive, according to MC): 
 

- Signal extraction: template fit to the BDT output 

K, Knτ (n → 4,τ0 → 2), 3K, 3Kτ
μ(BDT) − m(Xs)

16

Belle

Results: no signal observe  World best UL (90% CL)and first at B-factory 
  

Compatible with the hadronic tagged contribution to Belle II 

⇒
B+ ′ K+ℓℓ̄

⋅ <  (all mass regions)⋅(B ′ Xsℓℓ̄) < 3.6 − 10∼4

• Motivation: 

- FCNC, with  [Fael et al., arXiv:10.48550] 

- World best (similar) limit [ALEPH, EPJC 19 213-227(2001)]:  

- Inclusive decays sensitive to different NP compared to exclusive  [Felkl et al., JHEP 12(2021)118]

⋅SM(B0/+ ′ Xsℓℓ̄) = (3.3/3.6 ± 0.1) − 10∼5

⋅(b ′ sℓℓ̄) < 6.4 − 10∼4

B ′ K(*)ℓℓ̄

[Belle II, arXiv:2511.10980]

365 fb∼1

(*) 

[arxiv:2511.10980]  
Accepted by PRL

mailto:slavomira.stefkova@uni-bonn.de
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006
https://arxiv.org/abs/2511.10980
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Today we have seen rich program of : 
:  

first evidence with central value of  at 2.7  tension with SM 
Belle II data is more compatible with both light NP and heavy NP 

Other modes roughly an order of magnitude above SM 
: limits in range  (~ 2 orders of magnitude above SM) 

Compatibility with the above  results  
: limits in range  

Vetoed the interesting  regions 

B → K(*)νν̄
B → K(*)νν̄

ℬ(B+ → K+νν̄) = [2.3 ± 0.5(stat)+0.5
−0.4(syst)] × 10−5 σ

B → Xsνν̄ 10−3 − 10−4

B → K(*)νν̄
B → K(*)X 10−5 − 10−6

q2

mailto:slavomira.stefkova@uni-bonn.de
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