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Light NP in Rare B- and D-decays
CFT5 Ongoing and Future Project Overview: 
1. Search for SM  decays with semileptonic tagging  (exp)                                                           

Proponents: Georgios Alexandris, Slavomira Stefkova + other Belle II collaborators 
2. Search for SM  decays with inclusive tagging   (exp)                                                               

Proponents: Valerio Bertacchi, Slavomira Stefkova + other Belle II collaborators  
3. Search for SM   (exp)                                                                                                                   

Proponents: Other Belle II collaborators 
4. Prediction for   (theory) 
     Proponents: Jack Jenkins 
5. RA2-17: Search for ,   (exp + theory)                                                                                                    

Flavor Structure in Axion models and generic extension with light NP                                           
Proponents: Feldmann, Stamou, Stefkova: 1 experimental PhD position to be filled 

6. RA2-15: Charm with Invisibles  (exp + theory) 
     Proponents: Hiller, Stefkova 

B → K(*)νν̄

B → K(*)νν̄

B → ρνν̄

B → Xsνν̄

B → K(*)/D/p . . . + X

If you know of anyone in your groups working  
on light NP searches (theory + experiment), let us know!
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Light NP in rare B-decays
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Rare  decays: 

GIM suppressed flavour changing neutral currents 
(FCNC)  [ ], e.g  

B

b → s/d(γ) B+ → K+νν̄
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 first evidence of the  → B+ → K+νν̄

1.1 σ

3.5 σ

3.5 σ

SM prediction: EPJC 

Pre-summer 2023 Post-summer 2023 
PRD 109, 112006 

 Measurements OverviewB → K(*)νν̄
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https://link.springer.com/article/10.1140/epjc/s10052-023-11388-z
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006
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We performed both Bayesian and frequentist analysis to obtain constraints on  parameters B+ → K+X
Marginalised posterior distributions 95% C.L limits on  ℬ(B+ → K+X) ⋅ 𝒫X,inv 5
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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

Best-fit 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.

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

Probing Light NP in  MeasurementsB+ → K+νν̄

mailto:slavomira.stefkova@kit.edu
https://arxiv.org/abs/2602.09666
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Search for B → K+X
Belle performed first direct search for 

 and 
 

Sensitive to ALPS, dark scalars and dark baryons                 
(B-mesogenesis models) 

B± → hX( → inv), h = π±, K±, D±
s , p

B0 → D0X( → inv)

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, to be done with Belle II data 

Predecessor for RA2-17

(*)B+ → K+τ+τ−

[arxiv:2601.07104]  
Submitted to PRL
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RA2-15: Predict & measure  + missing energy: 
This avenue is largely experimentally unexplored and CmF perfect platform to study  
such decays 

Charm tagging & FEI @ Belle II  provides an interesting sample to study such decays e.g 
 … 

c → u

D → πνν̄

Rare charm-decays with missing energy

optimised
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Backup
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How does it work?

mailto:slavomira.stefkova@kit.edu


     Slavomira Stefkova, slavomira.stefkova@uni-bonn.de                                                                                          CFT5 Kick-off, 28.4.202610

Charm FEI
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Charm Datasets
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