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A. Budano , S. Bussino , Q. Campagna , M. Campajola , L. Cao , G. Casarosa , C. Cecchi , M.-C. Chang ,

P. Cheema , L. Chen , B. G. Cheon , K. Chilikin , J. Chin , K. Chirapatpimol , H.-E. Cho , K. Cho ,

S.-J. Cho , S.-K. Choi , S. Choudhury , L. Corona , J. X. Cui , E. De La Cruz-Burelo , S. A. De La Motte ,

G. de Marino , G. De Nardo , G. De Pietro , R. de Sangro , M. Destefanis , S. Dey , J. Dingfelder ,
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We recently measured the branching fraction of the B+ → K+νν̄ decay using 362 fb−1 of on-
resonance e+e− collision data, under the assumption of Standard Model kinematics, providing the
first evidence for this decay. To facilitate future reinterpretations and maximize the scientific impact
of this measurement, we hereby publicly release the full analysis likelihood along with all necessary
material required for reinterpretation under arbitrary theoretical models sensitive to this measure-
ment. In this work, we demonstrate how the measurement can be reinterpreted within the framework
of the Weak Effective Theory. Using a kinematic reweighting technique in combination with the
published likelihood, we derive marginal posterior distributions for the Wilson coefficients, construct
credible intervals, and assess the goodness of fit to the Belle II data. For the Weak Effective Theory
Wilson coefficients, the posterior mode of the magnitudes |CVL + CVR|, |CSL + CSR|, and |CTL|
corresponds to the point (11.3, 0.00, 8.21). The respective 95% credible intervals are [1.86, 16.2],
[0.00, 15.4], and [0.00, 11.2].

Measurements are typically performed under the as-
sumptions of a specific theoretical model, but have the
potential to constrain a large variety of additional mod-
els. Reinterpretations neglecting variations in detector
efficiency, at scales below the provided resolution, can
introduce biases. More robust alternatives typically re-
quire access to the full analysis strategy and the com-
putationally intensive event simulation, or the ability to
perform event-level reweighting using the original anal-
ysis samples – which are usually not publicly accessi-
ble. The method introduced in Ref. [1] offers an effi-
cient approach to reinterpret measurements in terms of
alternative theoretical models, while accurately account-
ing for efficiency variations at high resolution. The key
advantage of this method lies in its ability to construct
and publish a reinterpretable, model-agnostic, likelihood,
which enables the assessment of data compatibility with
a wide range of theoretical models. In this work, we pro-
vide the necessary information to apply this method to
our B+ → K+νν̄ result [2] and demonstrate its potential
using a selected alternative model.
Flavor-changing neutral-current b → sνν̄ transitions

are suppressed in the Standard Model (SM) of particle
physics due to the Glashow-Iliopoulos-Maiani mechanism
[3]. The branching fraction of the exclusive b → sνν̄
process, B+ → K+νν̄ decay,1 is predicted in the SM to
be [4]

B(B+ → K+νν̄) = (5.58± 0.37) · 10−6 , (1)

which includes a contribution of (0.61± 0.06) · 10−6

from the long-distance double-charged-current
B+ → τ+(→ K+ν̄τ )ντ decay. Since the B meson
is a pseudoscalar, the decay is isotropic in its rest frame.

1 Charge-conjugate channels are implied throughout this work.

Hence, the only experimentally accessible kinematic
degree of freedom is the squared dineutrino invariant
mass, q2 = (pν + pν̄)

2 = (pB − pK)2, a key variable
in probing new physics (NP) beyond the SM. The
differential branching fraction dB/dq2 is directly pro-
portional to the squared B → K transition form factor,
∣

∣f+(q
2)
∣

∣

2
, and the phase-space factor. The largest

theoretical uncertainty in the SM prediction stems from
imprecise knowledge of f+(q

2), which is parametrized
by 3 hadronic parameters.

The B+ → K+νν̄ decay has been studied by the
CLEO, BABAR, Belle, and Belle II collaborations [2, 5–
10], with the latest measurement by the Belle II collab-
oration finding the first evidence for this decay at 3.5
standard deviations. This result, based on the SM pre-
diction from Ref. [4] and hadronic parameters from the
HPQCD collaboration [11] as a model ansatz, exceeds
the SM expectation by 2.7 standard deviations. This
enhanced branching fraction triggered the high-energy
physics community to interpret this result under different
NP scenarios [12–14]. However, such reinterpretations
are only approximate as not all relevant information on
the measurement was previously accessible to the public.

Generally, two distinct classes of NP models can repli-
cate the signature of a B+ → K+νν̄ decay. These mod-
els naturally mimic the neutrino pair in the final state
of B+ → K+νν̄ decays, as the neutrinos remain unde-
tected at Belle II. NP scenarios can proceed via either
three-body or two-body decays. In three-body decays,
the properties of NP can be studied within the frame-
work of the Weak Effective Theory (WET). This is an
effective quantum field theory that describes both the
SM and potential NP effects within a common parame-
ter framework, where NP particles and force carriers have
masses at or above the electroweak symmetry-breaking
scale. Examples of such models include leptoquarks [15]
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and heavy Z ′ bosons [16]. Two-body decays would sig-
nal the presence of light NP, which lies below the scale
of electroweak symmetry breaking, and is not described
by the WET. Explicit examples include axion-like parti-
cles [17] or other dark-sector mediators [18].
The primary goals of this work are twofold: to publish

the model-agnostic likelihood for the B+ → K+νν̄ anal-
ysis; and to reinterpret the result in the framework of
the WET, providing constraints on relevant Wilson co-
efficients. This work includes: a summary of the most
relevant aspects of the B+ → K+νν̄ analysis [2]; a de-
scription of the kinematic reweighting method used for
reinterpretation; details of the statistical inference proce-
dure; results for the WET reinterpretation; and compar-
isons of model fit quality and relative performance with
respect to the SM and background-only hypotheses.
The Belle II analysis of B+ → K+νν̄ decays [2], orig-

inating from a e+e− → Υ(4S) → B+B− process, was
performed using two different reconstruction methods:
the more sensitive inclusive tagging analysis (ITA) and
the more conventional hadronic tagging analysis (HTA),
targeting nearly orthogonal datasets. In the HTA, we
reconstruct the non-signal B meson of the B+B− pair
in specific hadronic decay modes. Further, the signal
B meson is reconstructed, providing a well-constrained
event topology with low background but limited effi-
ciency. In contrast, in the ITA, we identified the sig-
nal by reconstructing the K+ track, summing all visible
particles in the event, and then inferring the missing en-
ergy. Thereby, we achieved higher sensitivity, though at
the cost of increased background contamination. In ad-
dition to a basic preselection, the ITA (HTA) used two
(one) boosted decision trees, BDT1 and BDT2 (BDTh)
to separate the signal from the background. The statisti-
cal model was constructed using Monte Carlo simulated
data for the signal and seven background categories: de-
cays of charged and neutral BB̄ mesons; continuum pro-
cesses (uū, dd̄, ss̄, cc̄); and low-multiplicity τ+τ− back-
grounds. In this measurement, only the short-distance
contribution was considered as signal, with a correspond-
ing branching fraction of (4.97± 0.37) · 10−6 [4].

For both the ITA and HTA methods, a binned Poisso-
nian likelihood was constructed using the HistFactory

statistical model [19], implemented in the pyhf frame-
work [20, 21], incorporating all systematic uncertainties.
The ITA analysis used 4× 3 bins in the η (BDT2)× q2rec
space, where η (BDT2) is the transformed BDT2 output,
such that each bin represents a 2% efficiency quantile for
the selection, and q2rec is the reconstructed q2. The lat-
ter is defined as q2rec = s/4 + M2

K
− √

sE∗

K
, where

√
s

is the center of mass energy, MK is the nominal kaon
mass and E∗

K
is the reconstructed energy of the kaon in

the collision center of mass frame. The ITA and HTA
q2 resolutions are approximately 1 GeV2 and 0.3 GeV2,
respectively, leading to differences in the q2rec and q2 dis-
tributions.2 We note that final state radiation has a neg-

2 We set c = 1 throughout this work.

ligible effect on the presented results. The ITA includes
both a signal and a control region, resulting in a total of
24 reconstruction bins. Signal region bins are populated
with events that pass all selection criteria in 362 fb−1 of
on-resonance data, taken at a center of mass energy of√
s ≈ 10.58 GeV, which corresponds to the Υ(4S) res-

onance. Control region bins are filled with events that
pass the same selection in 42 fb−1 of off-resonance data,
taken at

√
s ≈ 10.52 GeV. The control region improves

constraints on the background contributions from contin-
uum processes. The HTA used 6 bins in the η (BDTh)
space. These bins contain only events that pass all selec-
tion criteria in 362 fb−1 of on-resonance data.
The ITA and HTA likelihoods were combined into

one likelihood, accounting for the correlations between
the systematic uncertainties in the two methods. The
combined likelihood includes 231 nuisance parameters
χ, in addition to one parameter of interest, the sig-
nal strength η = [µSM], which represents the signal
branching fraction relative to its SM expectation. A
maximum likelihood fit yielded a signal strength of
µSM = 4.6± 1.3 , which corresponds to a branching frac-
tion of

(

2.3± 0.5(stat)+0.5
−0.4(syst)

)

· 10−5. This result
has a significance of 3.5 standard deviations over the
background-only hypothesis and a significance of 2.7
standard deviations over the SM hypothesis. The com-
bined likelihood serves as the basis for reinterpretation
in this study.
For the reinterpretation of such a SM–dependent tem-

plate likelihood, an alternative signal template must
be derived from the corresponding theoretical predic-
tion, while ensuring consistency with the experimen-
tal acceptance. This is enabled by the reinterpretation
method introduced in Ref. [1], which allows the construc-
tion of a model-agnostic likelihood from the published
B+ → K+νν̄ likelihood [2] using histogram reweighting.
The key innovation of this method lies in its ability to
capture the effect of reweighting a measured observable
distribution based on a parametrized theoretical distribu-
tion without requiring access to event-level Monte Carlo
information.
The number density of expected events after all se-

lections, given a theoretical prediction of the cross sec-
tion density σ(q2) for a reconstruction (fitting) variable
x reads

n(x) = L

∫

dq2 ε(x|q2) σ(q2) =
∫

dq2 n(x, q2), (2)

where reconstruction and selection efficiency is combined
into ε(x|q2), L is the total integrated luminosity, and
n(x, q2) ≡ L ε(x|q2) σ(q2) is defined as the joint number
density. For a reinterpretation, it is necessary to deter-
mine the number density n1(x) of an alternative theo-
retical prediction σ1(q

2), starting from the joint number
density n0(x, q

2), based on a kinematic null distribution
σ0(q

2). This can be obtained by weighting,

n1(x) =

∫

dq2 n0(x, q
2) w(q2), (3)
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performing inference with a likelihood constructed from
joint number densities defined over a single bin in the
kinematic range, thereby discarding differential distri-
bution information. Within this naive framework, the
resulting 95% credible intervals are |CVL + CVR| < 14.4,
|CSL + CSR| < 8.51 and |CTL| < 7.08. These values show
a bias arising from the assumption that kinematic shape
differences can be neglected, as evidenced by the discrep-
ancies relative to the results reported in Table I. The
significant variations of the inferred intervals highlight
the necessity for reinterpretation approaches, which take
these kinematic shape differences into account.
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 |CVL +CVR|, while the largest variations occurred
for |CSL+CSR|, due to the low sensitivity of the analysis
to this parameter.
We compare the goodness of fit and relative perfor-

mance of the WET and the unconstrained B+ → K+νν̄
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) hypothesis, which assumes no B+ → K+νν̄ con-
tribution, and the constrained B+ → K+νν̄ SM, where
µSM is fixed to the SM prediction. The constrained
model includes a 5% normalization uncertainty, which
accounts for a 4.4% uncertainty in the CKM matrix ele-
ments |V ∗

ts
V
tb
|2 and a 2.3% uncertainty in |CSM

VL |2 [4].
A detailed summary of the models and their defining

characteristics is provided in Table II.

Table II. A summary of the models under consideration,
their corresponding theoretical predictions, references for the
hadronic parameters, and the number of hadronic parameters
included in each model is provided.

Model Prediction Hadronic Params.

Ref. Nr.

WET Eq. (7) [11, 28] 8

SM unconstrained
Eq. (7), CVL ≥ 0
Cγδ = 0 otherwise

[11] 3

SM constrained
Eq. (7), CVL = 6.6,
Cγδ = 0 otherwise,
5% norm. unc.

[11] 3

BKG no signal – –

A local goodness-of-fit (gof) P -value is calculated from

Pgof =

∫

∞

λobs

dλ p(λ), λ = −2 ln
p(n,a | η̂, χ̂)
psat(n,a | χ̄) , (9)

where η̂, χ̂ is the best fit point, and psat(n,a | χ̄) is the
saturated likelihood, where the expected event rates of

the Histfactory likelihood [19] are set to the observed
data, with all constraint terms maximized at χ̄. The
PDF of the test statistic p(λ) is obtained from fits to toy
data,4 sampled from p(n,a | η̂, χ̂). The goodness of fit
P -values are reported in Table III, indicating good fits
for all models.
A global model comparison is performed using the

Bayes factor, defined as the ratio of the marginal like-
lihoods between two competing models. The computed
Bayes factors are presented in Table III. Both models
exceed Jeffreys’ condition [32] for a very strong model
preference (log10 B > 1.5) over the background-only hy-
pothesis. Furthermore, both models surpass the thresh-
old for a substantial model preference (log10 B > 0.5)
over the constrained B+ → K+νν̄ SM.

Table III. The Bayes factors of each model over the back-
ground (constrained B+ → K+νν̄ SM) hypothesis, BBKG

(Bconstr.
SM ), and the goodness of fit P -values.

Model log10 BBKG log10 B
constr.
SM Pgof

WET 1.8 0.68 0.63

SM unconstrained 2.0 0.92 0.58

To support the conclusions derived from the Bayes fac-
tor results in Table III, a hypothesis test was conducted
using the P -value

P =

∫

∞

λobs

dλ p(λ), λ = −2 ln
p(n,a | η = 0, ˆ̂χ)

p(n,a | η̂, χ̂) , (10)

as a frequentist measure of comparison. The test com-
pares the model at the best fit point η̂, χ̂ to the model

at the best fit point ˆ̂χ under the condition η = 0, corre-
sponding to the background-only hypothesis. The distri-
bution of the test statistic p(λ) is obtained from fits to

toy data, sampled from p(n,a | η = 0, ˆ̂χ). For the WET
we obtain a P -value of P = 4.6 · 10−4, corresponding to
a significance of Z = 3.3, over the background-only hy-
pothesis. This is smaller than the Z = 3.5 obtained in
Ref. [2] due to the increased number of model parameters
and the updated form factor parametrization.
In conclusion, this letter describes a robust rein-

terpretation of the B+ → K+νν̄ result [2] within the
WET, using the model-agnostic likelihood approach.
From the analysis likelihood, in conjunction with only
the joint number densities, we construct Bayesian
posterior models, and derive marginal posteriors as well
as credible intervals on theoretical model parameters.
We present the first reported credible intervals on
the b → s WET Wilson coefficients, from a thor-
ough reinterpretation of Belle II data in Table I. In
summary, the posterior mode for the magnitudes

4 Note that for the WET, p(λ) does not follow the asymptotic chi-
square distribution, as the Wilson coefficients can only positively
contribute to the rate in Eq. (7) (for a discussion see Ref. [31]).
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of the Wilson coefficient combinations is found at
(|CVL + CVR|, |CSL + CSR|, |CTL|) = (11.3, 0.00, 8.21),
with corresponding 95% credible intervals of [1.86, 16.2],
[0.00, 15.4], and [0.00, 11.2], respectively. We find that
an enhancement in the vector sector is required to
obtain good compatibility with the data. However, the
best overall compatibility is achieved with an additional,
sizable tensor contribution.

A central goal of this work is to enable broad reinter-
pretation of theB+ → K+νν̄ measurement by publishing
the model-agnostic likelihood, which consists of the full
likelihood from the B+ → K+νν̄ result [2] and the joint
number densities used in this reinterpretation [33] (for de-
tails see Appendix C). This allows the broader scientific
community to test alternative theoretical models in a sta-
tistically rigorous way. Importantly, this publication sets
a template for future Belle II measurements that are suit-
able for reinterpretation and reflects the collaboration’s
commitment to publish model-agnostic likelihoods as a
means to maximize the scientific impact and reusability
of its results.
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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 uncon-
strained B+ → K+νν̄ SM and the WET is shown in
Fig. 4, for the highest-sensitivity bins of the analysis.
TheWETmodel 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.
Firstly, we select truncated-normal priors, centered on

the SM expectation (the only non-zero Wilson coefficient
being CSM

VL = 6.6), which disfavor deviations from the
SM expectation,

p (ηi) =

{

N (ηi|µ = CSM
i

, σ = 20) ηi ≥ 0

0 ηi < 0
. (B1)

Here ηi ∈ [|CVL+CVR|, |CSL+CSR|, |CTL|] and CSM
i

cor-
respond to the respective SM point CSM

i
∈ [6.6, 0.0, 0.0].

Secondly, we select uniform priors in the squared Wil-
son coefficients, as these enter Eq. (7), which subse-
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B0 B̄0

B+B−

Continuum

Data

Signal

Figure 4. Observed and predicted best fit yields in the high-
est sensitivity bins of the analysis. These correspond to the
η(BDT2) > 0.98 region of the ITA. The signal is shown for the
unconstrained B+ → K+νν̄ SM (left) and the WET (right)
predictions. The predicted background yields are shown in-
dividually for the neutral and charged B-meson decays, and
the summed five continuum categories. Pulls are shown in
the lower panels.

quently translate to linear priors for the Wilson coeffi-
cients,

p (ηi) ∝
{

ηi ηi ≤ 30

0 ηi > 30
. (B2)

These priors favor larger values for the Wilson coeffi-
cients.
The resulting credible intervals for both cases are

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

Appendix C: Belle II HEPData reinterpretation
inventory

To enable reinterpretation under any NP model with
the model-agnostic likelihood [1], the necessary informa-
tion from Belle II will be published on HEPData [33].
The release will include the following components:

• The SM B+ → K+νν̄ differential branching frac-
tion as a function of q2;
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Table IV. The posterior modes, and HDIs at 68% and 95%
for the (sums of the) WET Wilson coefficients in Eq. (7), for
alternative prior choices (cf. Table I).

Priors Parameters Mode 68% HDI 95% HDI

Eq. (B1)

|CVL + CVR|

|CSL + CSR|

|CTL|

11.4

0.00

7.69

[7.97, 14.6]

[0.00, 9.16]

[1.54, 8.75]

[2.21, 16.4]

[0.00, 14.7]

[0.00, 11.0]

Eq. (B2)

|CVL + CVR|

|CSL + CSR|

|CTL|

11.6

8.93

7.17

[8.21, 14.0]

[4.56, 12.6]

[3.86, 9.59]

[4.17, 16.0]

[1.27, 15.6]

[1.41, 11.7]

• Signal selection efficiency as a function of q2;

• Binned joint number densities:

– ITA: x-axis: q2, y-axis: q2rec × η(BDT2) (flat-
tened), z-axis: events (weighted);

– HTA: x-axis: q2, y-axis: η(BDTh) (flattened),
z-axis: events (weighted);

• pyhf combined likelihood in json format:

– Containing templates for signal and back-
ground after all selections, binned in q2rec ×
η(BDT2) (ITA) and η(BDTh) (HTA);

• The code to reproduce the WET reinterpretation
results obtained in this analysis.
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A. Kokulu, C. Bolognani, et al., eos/eos: EOS version
1.10.16 (2025), see also the GitHub webpage.

[31] F. U. Bernlochner, D. C. Fry, S. B. Menary, and E. Pers-
son, SciPost Phys. Core 6, 013 (2023).

[32] H. Jeffreys, The Theory of Probability, 3rd ed. (Oxford
University Press, 1961).

[33] Belle II Collaboration, To follow after journal submission,
HEPData (collection).


