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M. Garcia-Hernandez , R. Garg , L. Gärtner , G. Gaudino , V. Gaur , V. Gautam , A. Gellrich ,

D. Ghosh , H. Ghumaryan , G. Giakoustidis , R. Giordano , A. Giri , P. Gironella Gironell , B. Gobbo ,

R. Godang , P. Goldenzweig , W. Gradl , E. Graziani , D. Greenwald , K. Gudkova , I. Haide , Y. Han ,

C. Harris , H. Hayashii , S. Hazra , C. Hearty , M. T. Hedges , G. Heine , I. Heredia de la Cruz ,

T. Higuchi , M. Hoek , M. Hohmann , R. Hoppe , P. Horak , X. T. Hou , C.-L. Hsu , T. Humair ,

T. Iijima , K. Inami , N. Ipsita , A. Ishikawa , R. Itoh , M. Iwasaki , P. Jackson , D. Jacobi ,

W. W. Jacobs , E.-J. Jang , Y. Jin , A. Johnson , K. K. Joo , M. Kaleta , J. Kandra , K. H. Kang ,

G. Karyan , F. Keil , C. Kiesling , C.-H. Kim , D. Y. Kim , J.-Y. Kim , K.-H. Kim , H. Kindo ,
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S. E. Vahsen , R. van Tonder , K. E. Varvell , M. Veronesi , V. S. Vismaya , L. Vitale , R. Volpe ,

M. Wakai , S. Wallner , M.-Z. Wang , X. L. Wang , A. Warburton , C. Wessel , B. D. Yabsley ,

S. Yamada , W. Yan , S. B. Yang , J. Yelton , J. H. Yin , K. Yoshihara , B. Yu , C. Z. Yuan , J. Yuan ,

Y. Yusa , L. Zani , F. Zeng , B. Zhang , V. Zhilich , J. S. Zhou , Q. D. Zhou , L. Zhu , and R. Žlebč́ık
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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 publicly release the full analysis likelihood along with all necessary material
required for reinterpretation under arbitrary theoretical models sensitive to this measurement. 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, 0.0, 8.2). The respective 95% credible intervals are [1.9, 16.2], [0.0, 15.4], and
[0.0, 11.2].

I. INTRODUCTION

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 compu-
tationally intensive event simulation. Alternatively, the
ability to perform event-level reweighting using the orig-
inal analysis samples is needed. These are usually not
publicly accessible. The method introduced in Ref. [1] of-
fers an efficient approach to reinterpret measurements in
terms of alternative theoretical models, while accurately
accounting 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 compat-
ibility with a wide range of theoretical models. In this
work, we provide 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

1 Charge-conjugate channels are implied throughout this work.

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. The only experimentally ac-
cessible kinematic degree of freedom is the squared dineu-
trino invariant mass, q2 = (pν+pν̄)

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

tor,
∣∣f+(q2)

∣∣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-
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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]
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.

II. OVERVIEW OF THE BELLE II B+ → K+νν̄
ANALYSIS

The Belle II analysis of B+ → K+νν̄ decays [2], orig-
inating from an e+e− → Υ(4S) → B+B− process, was
performed using two different reconstruction methods.
These are the more sensitive inclusive tagging analy-
sis (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. Fur-
ther, the signal B meson is reconstructed, providing a
well-constrained event topology with low background but
limited efficiency. In contrast, in the ITA, we identi-
fied the signal by reconstructing the K+ track, summing
all visible particles in the event, and then inferring the
missing energy. Thereby, we achieved higher sensitivity,
though at the cost of increased background contamina-
tion. In addition to a basic preselection, the ITA used
two boosted decision trees (BDT1 and BDT2) while the
HTA used one (BDTh) to separate the signal from the
background. The statistical model was constructed us-
ing Monte Carlo simulated data for the signal and seven
background categories: decays of charged and neutral
BB̄ mesons; continuum processes (uū, dd̄, ss̄, cc̄); and
low-multiplicity τ+τ− backgrounds. In this measure-
ment, only the short-distance contribution was consid-
ered as signal, with a corresponding branching fraction
of (4.97± 0.37) · 10−6 [4].

For both the ITA and HTA methods, a likelihood was
constructed using the HistFactory statistical model [19].
In simplified form, this can be written as

p (n,a|η,χ) = p (n|ν(η,χ)) p(a|χ) , (2)

which is the product of a binned Poissonian likelihood
and a constraint term. Here, n and a are the observed
and auxiliary data, respectively. The expected event

counts ν(η,χ) depend on the unconstrained parameters
of interest η and the constrained nuisance parameters χ.
The analysis likelihood was implemented in the pyhf

framework [20, 21], incorporating all systematic uncer-
tainties. The ITA analysis used 4 × 3 bins in the
η (BDT2)×q2rec space. Here, η (BDT2) is the transformed
BDT2 output, such that each bin represents a 2% effi-
ciency quantile for the selection.
The variable q2rec is the reconstructed squared momen-

tum transfer, 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 1.0 GeV2 and 0.3 GeV2,
respectively, leading to differences in the q2rec and q2 dis-
tributions.2 Final state radiation has a negligible effect
on the presented results.
The ITA includes both a signal and a control region,

resulting in a total of 24 reconstruction bins. Signal re-
gion bins are populated with events that pass all selection
criteria in 362 fb−1 of on-resonance data. This data was
taken at a center of mass energy of

√
s ≈ 10.58 GeV,

which corresponds to the Υ(4S) resonance. Control re-
gion bins are filled with events that pass the same se-
lection in 42 fb−1 of off-resonance data, taken at

√
s ≈

10.52 GeV. The control region improves constraints on
the background contributions from continuum processes.
The HTA used 6 bins in the η (BDTh) space. These
bins contain only events that pass all selection 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,
in addition to one parameter of interest, the sig-
nal strength η = [µSM]. This represents the sig-
nal 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.

III. REINTERPRETATION METHOD

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

2 We set c = 1 throughout this work.
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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 distri-
bution. Crucially, this works without requiring access to
the original event-level Monte Carlo simulation.

The basic idea is as follows. To interpret a measure-
ment in terms of any theoretical model, we need the num-
ber density of expected events, ν(x), as a function of the
observables x used in the measurement. This is obtained
from the theoretical cross-section, σ(q2), which in this
case depends on the kinematic degree of freedom q2,

ν(x) = L

∫
dq2 ε(x|q2) σ(q2) =

∫
dq2 ν(x, q2) , (3)

where ε(x|q2) is the combined reconstruction and selec-
tion efficiency, L is the total integrated luminosity, and
ν(x, q2) ≡ L ε(x|q2) σ(q2) defines the joint number den-
sity.

To reinterpret the measurement in terms of a new the-
ory, we need to determine the number density ν1(x) for
an alternative theoretical prediction σ1(q

2). The origi-
nal analysis uses the null distribution, σ0(q

2), to obtain
ν(x) ≡ ν0(x) from simulated events. We obtain the alter-
native number density of expected events by reweighting,

ν1(x) =

∫
dq2 ν0(x, q

2) w(q2) , (4)

where ν0(x, q
2) is the joint number density for the null

distribution and w(q2) = σ1(q
2)/σ0(q

2) is the weight fac-
tor.

The null distribution serves as our reference point for
comparison. For the B+ → K+νν̄ analysis, this is the
SM prediction from Ref. [4] with hadronic parameters
from the HPQCD collaboration [11]. The alternative dis-
tribution can be any beyond-SM or updated SM predic-
tion.

For binned data (like the B+ → K+νν̄ likelihood [2]),
the reweighting step of Eq. (4) becomes a discrete sum:

ν1,x =
∑

q2 bins

ν0,xq2 wq2 , (5)

where the subscripts represent bin indices. The discrete
quantities ν0,xq2 and wq2 = σ1,q2/σ0,q2 can be obtained
from the continuous counterparts by integrating over bin
intervals, as detailed in Ref. [1].

Critically, this reweighting process only requires two
pieces of information: the joint number density ν0,xq2
from the original analysis, and the weight factor wq2 from
the ratio of theoretical predictions. Combined with the
likelihood, these provide sufficient information to test al-
ternative theories without access to the original Monte
Carlo samples. This reinterpretation method, integrated
within the pyhf framework [20, 21], is implemented in
the redist software [22].
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Figure 1. The ITA binned joint number densities. The hori-
zontal axis corresponds to the generated q2. The vertical axis
represents the binning used in the B+ → K+νν̄ analysis [2].
The heatmap shows the weighted signal events.

The method has some limitations. It performs best
when the alternative theory remains close to the null dis-
tribution. When theories deviate significantly, sparsely
populated phase space regions receive very large weights,
potentially leading to unreliable results. In particular,
the alternative distribution should not extend beyond the
kinematic range of the null distribution [1].
To obtain the joint number density ν0,xq2 , we use sim-

ulated SM signal events from the B+ → K+νν̄ analy-
sis [2], satisfying all selection criteria. These include in-
formation on the generated and reconstructed squared
momenta, q2 and q2rec, as well as the classifier responses
η(BDT2) and η(BDTh). The number of q2 bins for ν0,xq2
is determined by the differences between the null and the
anticipated alternative distributions. The null distribu-
tion is the B+ → K+νν̄ SM prediction based on the form
factors from Ref. [11]. The WET predicts a broad distri-
bution in q2. With future studies in mind, the binning
strategy is optimized to capture localized features in the
q2 spectrum, resulting in 100 equally spaced q2 bins in
the kinematically allowed region plus one negative q2 bin
for events falling outside of this region. An example of
ν0,xq2 for the ITA is shown in Fig. 1.
In this reinterpretation study, we build on the

HistFactory likelihood [19] to construct a Bayesian pos-
terior for parameter inference. Starting from the likeli-
hood in Eq. (2), we construct the posterior model

p (η,χ|n,a) ∝ p (n|ν(η,χ)) p (χ|a) p (η) . (6)

The constraint likelihood is translated into a prior for
all constrained parameters p(χ|a) ∝ p(a|χ) p(χ) with a
normally distributed initial prior p(χ), as detailed in
Ref. [23]. Additionally, a prior for unconstrained pa-
rameters p (η) is introduced. The bayesian pyhf frame-
work [23] implements the posterior, using pymc [24] as a
back-end for sampling.
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IV. WEAK EFFECTIVE THEORY

A commonly-used framework to describe NP scenar-
ios without using a UV-complete theoretical model is
the WET. The Lagrangian density for the sbνν sector
reads [1, 25]

LWET ⊃ −4GF√
2

α

2π
V ∗
tsVtb

∑

i

Ci(µb)Oi + h.c. . (7)

The operators Oi describe interactions at energies be-
low the separation scale µb = 4.2 GeV. The complex-
valued Wilson coefficients Ci(µb) encode the dynamics
above this energy scale, calculated in the MS scheme. In
the SM, only CVL is non-zero, with CSM

VL = 6.6± 0.1 [4].
Here, GF is the Fermi constant, α is the fine structure
constant, and Vts and Vtb are elements of the Cabibbo-
Kobayashi-Maskawa quark mixing matrix.

The full set of relevant dimension-six operators is [25],

OVL = (νLγµνL) (sLγ
µbL)

OVR = (νLγµνL) (sRγ
µbR)

OSL =
(
νcLνL

)
(sRbL)

OSR =
(
νcLνL

)
(sLbR)

OTL =
(
νcLσµννL

)
(sRσ

µνbL) .

(8)

Here, qL/R and νL/R denote left- and right-handed quark
and neutrino fields, respectively. The charge-conjugated
neutrino field is νcL ≡ CνL

T , where C is the charge con-
jugation operator. The sigma tensor σµν ≡ i

2 [γ
µ, γν ]

is the antisymmetric combination of Dirac gamma ma-
trices. The subscripts V, S, T denote vector, scalar,
and tensor operators, respectively. The analysis assumes
massless neutrinos, with operators summed over all neu-
trino flavors.

The scalar and tensor operators are of dimension six in
the WET and their matrix elements therefore enter at the
same level as the vector operator. However, additional
suppression is possible. For example, when matching to
the Standard Model Effective Field Theory (SMEFT),
the scalar and tensor WET coefficients receive contribu-
tions only from SMEFT operator of dimension seven or
higher [26].

The resulting differential branching fraction for
B+ → K+νν̄ as predicted by the WET is given by [25,
27]

dB
dq2

= 3τB

(
4GF√

2

α

2π

)2

|V ∗
tsVtb|2

√
λBKq2

(4π)3M3
B

·
[
λBK

24q2
∣∣f+(q2)

∣∣2 |CVL + CVR|2

+

(
M2

B −M2
K

)2

8 (mb −ms)
2

∣∣f0(q2)
∣∣2 |CSL + CSR|2

+
2λBK

3 (MB +MK)
2

∣∣fT (q2)
∣∣2 |CTL|2

]
,

(9)
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Figure 2. The B+ → K+νν̄ differential branching fraction
prediction from Eq. (9). Individual contributions are shown
here with the combinations of vector, scalar and tensor Wilson
coefficients set to unity, respectively. The uncertainties shown
(bands) stem from the hadronic parameters.

where MB and MK are the masses of the B meson and
the kaon, respectively. The quantities mb and ms are the
masses of the b and s quarks in the MS scheme, respec-
tively. The term λBK ≡ λ(M2

B ,M
2
K , q2) is the Källén

function, and τB is the lifetime of the B meson.
Due to sensitivity to only the absolute values of the

three linear combinations of Wilson coefficients, this
analysis treats each linear combination as a real-valued
number.
The hadronic matrix elements are described by three

independent hadronic form factors f+(q
2), f0(q

2) and
fT (q

2). In this study, the form factors are parametrized
following the BSZ parametrization [28], which is trun-
cated at the second order. The eight resulting hadronic
parameters are obtained from a joint theoretical prior
probability density function (PDF). This PDF is com-
prised of the 2021 lattice world average based on re-
sults by the Fermilab/MILC and HPQCD collabora-
tions [11, 29]. Theoretical predictions are obtained from
the EOS software [30, 31].
The predicted kinematic distributions of the respective

vector, scalar and tensor operators are shown in Fig. 2.

V. RESULTS

A. Inference of Wilson coefficients

To obtain a marginal posterior for the WETWilson co-
efficients, we introduce 11 additional parameters to the
B+ → K+νν̄ statistical model. These include three un-
constrained parameters of interest,

η = [CVL + CVR, CSL + CSR, CTL] , (10)

along with eight nuisance parameters that parameter-
ize the hadronic form factors. The latter set comprises
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Figure 3. The marginalized posterior for the Wilson coeffi-
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panels show the 1-dimensional and 2-dimensional sample den-
sity 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% cred-
ible intervals. The dashed black lines and cross mark the SM
point; the dash-dotted yellow lines and cross indicate the pos-
terior mode; dotted red lines mark the symmetry axes used
for sample symmetrization.

8 correlated parameters, which are decorrelated using
the eigendecomposition of their covariance matrix (see
App. B of Ref. [1]). The three nuisance parameters
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 af-
terward. We choose uniform priors for all Wilson coeffi-
cients in the range [0, 20]. Uniform priors are justified by
neither wanting to assign preference to any part of the pa-
rameter space, nor anticipating inference based on a non-
linear transformation of the Wilson coefficients. Ranges
are chosen to cover the full posterior. The marginal pos-
terior 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 distribu-
tion peaks around a non-zero value for the tensor contri-
bution. This indicates that a pure SM signal template
does not provide the best description of the data (see
Section A). From the 1-dimensional marginal posterior
distributions, we can calculate the highest density credi-

ble 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.

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

|CVL + CVR|
|CSL + CSR|
|CTL|

11.3

0.0

8.2

[7.8, 14.6]

[0.0, 9.6]

[2.3, 9.6]

[1.9, 16.2]

[0.0, 15.4]

[0.0, 11.2]

To provide a baseline for comparison, we assess the
effect of neglecting kinematic shape information by com-
puting credible intervals using a simplified reinterpreta-
tion approach. In this approach, the SM branching ratio
is scaled by an overall factor, discarding all differential
distribution information. This is implemented by per-
forming inference with a likelihood constructed from joint
number densities defined over a single bin in the kine-
matic range, reducing Eq. (5) to ν1,x = ν0,xw. Within
this simplified framework, the resulting 95% credible in-
tervals are |CVL + CVR| < 14.4, |CSL + CSR| < 8.5 and
|CTL| < 7.1. These values demonstrate a bias from ne-
glecting kinematic shape differences, as evidenced by the
discrepancies compared to the results in Table I. The sig-
nificant variations highlight the importance of reinterpre-
tation 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 Section 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.

B. Model comparison

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 ∗

tsVtb|2 and a 2.3% uncertainty in |CSM
VL |2 [4].

3 The smallest possible credible interval at a given probability
level.
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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. (9) [11, 29] 8

SM unconstrained
Eq. (9), CVL ≥ 0
Cγδ = 0 otherwise

[11] 3

SM constrained
Eq. (9), 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 =

∫ ∞

tobs

dt p(t), t = −2 ln
p(n,a | η̂, χ̂)
psat(n,a | χ̄) , (11)

where η̂, χ̂ is the best-fit point, and psat(n,a | χ̄) is the
saturated likelihood. In the saturated likelihood, the ex-
pected event rates of the Histfactory likelihood [19] are
set to the observed data, with all constraint terms maxi-
mized at χ̄. The PDF of the test statistic p(t) 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, indi-
cating good fits for both 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 [33] 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 Bconstr.
SM Pgof

WET 1.8 0.7 0.6

SM unconstrained 2.0 0.9 0.6

4 Note that for the WET, p(t) does not follow the asymptotic chi-
square distribution, as the Wilson coefficients can only positively
contribute to the rate in Eq. (9) (for a discussion see Ref. [32]).

To provide a complementary frequentist perspective
and support the conclusions derived from the Bayesian
model comparison in Table III, a hypothesis test was con-
ducted using the P -value

P =

∫ ∞

tobs

dt p(t), t = −2 ln
p(n,a | η = 0, ˆ̂χ)

p(n,a | η̂, χ̂) . (12)

While the Bayes factor compares models globally across
parameter space, the P -value provides a local test of
statistical significance at the best-fit point. This test
compares the model at η̂, χ̂ against the background-only
hypothesis, where η = 0 and the nuisance parameters

are optimized to ˆ̂χ. The distribution of the test statis-
tic p(t) 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 hypothesis. This is smaller
than the Z = 3.5 obtained in Ref. [2] because the present
analysis uses a likelihood ratio test statistic rather than
an upper limit test statistic.

VI. CONCLUSION

In conclusion, this paper describes a robust reinterpre-
tation of the B+ → K+νν̄ result [2] within the WET,
using the model-agnostic likelihood approach. From the
analysis likelihood, in conjunction with the joint number
densities, we construct Bayesian posterior models and de-
rive marginal posteriors as well as credible intervals on
theoretical model parameters.
This work presents the first reported credible in-

tervals on the b → s WET Wilson coefficients
from a thorough reinterpretation of Belle II data
(see Table I). The posterior mode for the magni-
tudes of the Wilson coefficient combinations is found
at (|CVL + CVR|, |CSL + CSR|, |CTL|) = (11.3, 0.0, 8.2),
with corresponding 95% credible intervals of [1.9, 16.2],
[0.0, 15.4], and [0.0, 11.2], respectively. The results indi-
cate 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. This consists of the full
likelihood from the B+ → K+νν̄ result [2] and the joint
number densities used in this reinterpretation [34, 35] (for
details see Section 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.
This work, based on data collected using the
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Figure 4. Observed and predicted best-fit yields in the
highest-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 individually for the neutral and charged B-meson
decays, and the summed five continuum categories. Pulls are
shown in the lower panels.
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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.

First, 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].

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,

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 poste-
rior 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.

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)

|CVL + CVR|
|CSL + CSR|
|CTL|

11.4

0.0

7.7

[8.0, 14.6]

[0.0, 9.2]

[1.5, 8.8]

[2.2, 16.4]

[0.0, 14.7]

[0.0, 11.0]

Eq. (B2)

|CVL + CVR|
|CSL + CSR|
|CTL|

11.6

8.9

7.2

[8.2, 14.0]

[4.6, 12.6]

[3.9, 9.6]

[4.2, 16.0]

[1.3, 15.6]

[1.4, 11.7]

Appendix C: HEPData 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 [34, 35].
The release will include the following components:

• The SM B+ → K+νν̄ differential branching frac-
tion as a function of q2;

• 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);

https://www.hepdata.net/
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• 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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