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 decays in SM: 
flavour-changing neutral current transitions ( ) 
SM observables:  

(differential) branching fractions   

(  ) 

 polarisation fraction  for  
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Long-distance contribution 
from  B+ → τ+ν

[EPJC  83 (2023) 3, 252]

K+, K*+× 10−6

Newest prediction 

Decay SM total LD contribution SD contribution Experimental value
B

+ ! K
+
⌫⌫̄ 5.22± 0.32 0.63± 0.06 4.59± 0.32 13± 4 [3]

B
0 ! K

0

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

+ ! K
⇤+
⌫⌫̄ 11.27± 1.51 1.07± 0.10 10.20± 1.51 < 40 (90% CL) [5]

B
0 ! K

⇤0
⌫⌫̄ 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 exeprimental results
for the branching fractions of the four B ! K⌫⌫̄ decays. The experimental results treat
the LD contribution as background. For B

+ ! K
+
⌫⌫̄, an average branching fraction

evaluated in Ref. [3] is given.

|Vcb| (6% uncertainty). For decays involving a pseudoscalar in the final state, which23

are described by a single form factor (3% uncertainty), the CKM uncertainties tend to24

dominate. Conversely, for decays with a vector meson in the final state, the uncertainties25

in the form factors (10% uncertainty) play a more significant role.26

The study of the B ! K⌫⌫̄ decays is experimentally challenging as the final state con-27

tains two neutrinos that are not reconstructed. This prevents the full reconstruction of28

the kinematic properties of the decays, hindering the di↵erentiation of signal distributions29

from background. The recent measurement of B+ ! K
+
⌫⌫̄ performed by the Belle II30

collaboration provides the first evidence for this decay [3] reporting a branching fraction31

of (23± 7)⇥ 10�6. Additionally, the paper combines these results with previous measure-32

ments, yielding a combined branching fraction of (13 ± 4) ⇥ 10�6. Previous analyses of33

other decay modes have only provided upper limits, with the best results obtained by the34

Belle collaboration using hadronic and semileptonic tagging methods [5, 4]. A summary35

of the Standard Model expectations and experimental results is shown in Table 1.36

The first evidence for B+ ! K
+
⌫⌫̄ decay observed by the Belle II collaboration has37

generated significant interest from the community. Several models were proposed that38

can describe the tensions with the Standard Model. These include models involving39

leptoquarks and additional bosons, right-handed neutrinos, light dark matter, the Higgs40

portal, and other models (see, e.g., Refs. [7, 8, 9, 10, 11]). The papers highlight the41

importance of more accurate experimental data. In particular, the tension between the42

branching fractions of the B
+ ! K

+
⌫⌫̄ decay, where the first evidence is observed, and43

the B ! K
⇤
⌫⌫̄ decay, where only upper limits exist, is discussed. This underscores the44

importance of new measurements of B ! K
⇤
⌫⌫̄ and B

0 ! K
0

S⌫⌫̄, which would provide a45

check of B+ ! K
+
⌫⌫̄.46

The analysis presented here extends towards B0 ! K
0

S⌫⌫̄, B
0 ! K

⇤0
⌫⌫̄, B+ ! K

⇤+
⌫⌫̄47

decays. The measurement is based on the run I Belle II data sample comprising 364 fb�1
48

of data collected at ⌥ (4S) resonance and 42 fb�1 at 60MeV below it. An inclusive tagging49

analysis method (ITA) exploiting inclusive properties from the B-meson pair-produced50

along with the signal B, is employed. Special care is taken to preserve correlations among51

the channels and with the published analysis of the B
+ ! K

+
⌫⌫̄ decay. A combined52

analysis of the four decays is used to study the branching fractions within the SM. Addi-53

tionally, an investigation is performed within e↵ective field theory approach and simplified54

dark-mediator model, following the methodology outlined in Ref. [12].55

The analysis commences with the reconstruction of charged and neutral particles, fol-56

4
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Pre-summer 2023 status

 Measurement OverviewB → K(*)νν̄

All upper limits roughly order of 
magnitude above SM expectation

 decays are missing energy decays   golden channels of  B-factoriesB → K(*)νν̄ → e+e−

SM prediction: EPJC  83 3, 252
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First Evidence for  Decays B+ → K+νν̄
Latest Belle II measurement of :  

with Run 1 Belle II 365 fb-1 dataset ~ 390 mil. -meson pairs  
with signal modelling based on [PRD 107, 119903]: 

          measuring only short distance contribution:  
with improved analysis (inclusive tagging ITA) + more conventional analysis (hadronic tagging HTA)

𝓑(B+ → K+νν̄)

B

→ 𝓑SM = 4.97 × 10−6

PRD 109, 112006 (2024)
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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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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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ITA 
1. Perform basic reconstruction (tracks and clusters) 
2. Reconstruct signal track being consistent with kaon 
3. Characterise rest-of-event properties 

HTA 
1. Perform basic reconstruction (tracks and clusters) 
2. Reconstruct hadronic tag ( ) 
3. Reconstruct signal track being consistent with kaon 

Btag

q2
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s
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K − sE*K → resolution of ∼ 1 GeV2/c4
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Background suppression: 
ITA: two consecutive BDTs to suppress the continuum and                                             background   
signal efficiency = 8%; purity = 0.9%  

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

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

ITA fit variables: 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)

7

Background Suppression and Fitting 

 with μ =
ℬ(B+ → K+νν̄)

ℬSM(B+ → K+νν̄)
ℬSM = 4.97 × 10−6

HTA

ITA

N.B: measuring 
short-distance 

contribution only

Background 
suppression 

Statistical 
interpretation
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corresponding to  

 

 significance wrt bkg only 
 significance wrt the SM  

μ = 5.4 ± 1.0(stat) ± 1.1(syst)

ℬ(B+ → K+νν̄) = 2.7 ± 0.5(stat) ± 0.5(syst) × 10−5

3.5 σ
2.9 σ

8

: ResultsB+ → K+νν̄

 
corresponding to  

 

  significance wrt bkg only 
 significance wrt the SM 

μ = 2.2+1.8
−1.7(stat)+1.6

−1.1(syst)

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

−0.5(syst)] × 10−5

1.1 σ
0.6 σ

 
corresponding to

 

 significance wrt bkg only 
 significance wrt the SM 

2% of overlap events removed 

μ = 4.6 ± 1.0(stat) ± 0.9(syst)

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

3.5 σ
2.7 σ

Combination HTAITA

Statistical 
interpretation

Combination improves the 
ITA-only precision by 10%

mailto:sstefkov@uni-bonn.de
https://www.google.co.uk/search?sca_esv=45c41d3e543101a5&hl=en&sxsrf=AHTn8zoasoKMRYTdiC0n13qRHZkq5j9Zgg:1742330472630&q=Rencontres+de+Moriond&spell=1&sa=X&ved=2ahUKEwjr65vnvpSMAxVAzwIHHWuuIVoQkeECKAB6BAgJEAE


     Slavomira Stefkova, slavomira.stefkova@uni-bonn.de                                                                                                         Rencontres de Moriond 2025

Light NP scenarios 
Axions: PRD 102, 015023 (2020) 
Dark Scalars: PRD 101, 095006 (2020) 
Axion-like particles: JHEP 04, 131 (2023) 

Heavy NP scenarios 
Z’:  PL B 821, 136607 (2021) 
Leptoquarks: PRD 98, 055003 (2018) 

S

S
S

Correlation to other flavour anomalies

 Sensitivity to NPB+ → K+νν̄
We found only 2.7  consistency with SM, can we say something about NP?σ

9
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We found only 2.7  consistency with SM, can we say something about NP? 

In weak effective theory, heavy degrees of freedom are integrated out 
Their contribution = interaction  Wilson coefficient 

σ

×

 b s

⌫

⌫

u u

u, c, t

W+
Z0 CiOi

[Eur. Phys. J. C (2024) 84: 693]

YES!

New Reinterpretation Method
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In SM only left-handed vectorial interaction 

The branching fraction as a function of  : 

Used as SM in [PRD 109, 112006 (2024)] 

q2

11

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 ]

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 = �
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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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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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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 �
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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 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]
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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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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-
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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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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;
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sent left- or right-handed neutrino fields; and qL/R repre-
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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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factor entering the expression for dB(B → Kνν̄)/dq2 ∝
| f+(q2)|2. We will then argue, like in Ref. [25], that the ratio
B′(B → Kµµ)/B′(B → Kνν̄), in the low q2-bin, is essen-
tially free of the form factor uncertainty and, if measured,
it allows us to extract the desired Wilson coefficient Ceff

9 ,
which is the one plagued by uncertainties arising from the
hadronic matrix element of the non-local operator. A simi-
lar discussion, even if somewhat less accurate, can then be
extended to B → K ∗νν̄. In that way one can also assess the
size of the non-factorizable contribution to the Ceff

9 which,
according to Ref. [16], is different in the case of K from the
case of K ∗ in the final state.

On the basis of that information, the controversies in com-
parison of other observables extracted from the experimen-
tal angular analysis of B → K (∗)µµ with their SM values
would be removed, and the search of a scenario of physics
BSM consistent with many more experimental constraints
would become more compelling. We show that a study of
the ratio B′(B → Kµµ)/B′(B → Kνν̄) could provide us
with a useful filter to select among the acceptable models of
physics BSM.

The remainder of this letter is organized as follows: in
Sect. 2 we describe the B → K (∗)νν̄ decays in the SM, with
a focus on hadronic uncertainties. In Sect. 3, we propose
alternative observables that are potentially less sensitive to
hadronic uncertainties, and we discuss their sensitivity to
physics beyond the SM in Sect. 4. Our findings are briefly
summarized in Sect. 5.

2 B → K (∗)νν̄ Decays in the SM

2.1 Effective theory description

Decays based on the b → sνν̄ transition are described by
the following effective Lagrangian,

Lb→sνν
eff = 4GF√

2
λt

∑

a

Ca Oa + h.c. , (1)

where GF is the Fermi constant, λt = VtbV ∗
ts is a suitable

product of the CKM entries, and the only relevant operator
in the SM is given by1

Oνi ν j
L = e2

(4π)2 (s̄LγµbL)(ν̄iγ µ(1 − γ5)ν j ) . (2)

The SM effective Wilson coefficient
[
C

νi ν j
L

]
SM ≡ δi j CSM

L
is known [26,27],

1 The right-handed operator Oνi ν j
R = e2

(4π)2 (s̄RγµbR)(ν̄iγ µ(1−γ5)ν j )

is absent in the SM, but it can appear in some of the BSM scenarios
(see Sect. 4).

CSM
L = −Xt/ sin2 θW , Xt = 1.462(17)(2) , (3)

and it includes the NLO QCD corrections [28–30], as
well as the two-loop electroweak contributions [31]. Using
sin2 θW = 0.23141(4) [32], one finally arrives at CSM

L =
−6.32(7), where the dominant source of uncertainty comes
from the higher order QCD crrections.

B → Kνν̄ The SM differential decay rate of B → Kνν̄ can
be written as

dB
dq2 (B → Kνν̄) =NK (q2) |CSM

L |2 |λt |2
[
f+(q2)

]2
, (4)

where 0 < q2 ≤ (mB − mK )
2 is the di-neutrino invariant

mass, f+(q2) is the B → K vector form factor which will
be discussed in Sect. 2.2, and NK (q2) denotes a known q2-
dependent function,

NK (q2) = τB
G2

F α2
em

256π5

λ
3/2
K

m3
B

, (5)

with λK ≡ λ(q2,m2
B,m

2
K ) being the triangle function

λ(a2, b2, c2) ≡
(
a2 − (b − c)2) (

a2 − (b + c)2). Note that
in the above expressions we summed over the neutrino fla-
vors.

B → K ∗νν̄ Similarly to the previous case, the B → K ∗νν̄

branching fraction can be written as:

dB
dq2 (B → K ∗νν̄) = NK ∗(q2)|CSM

L |2|λt |2F(q2) , (6)

where the kinematical factor reads,

NK ∗(q2) = τB
G2

F α2
em

128π5

λ
1/2
K ∗ q2

m3
B

(mB + mK ∗)2 , (7)

with λK ∗ ≡ λ(q2,m2
B,m

2
K ∗), and F(q2) given by

F(q2) = [A1(q2)]2 + 32 m2
K ∗m2

B

q2(mB + mK ∗)2 [A12(q2)]2

+ λK ∗

(mB + mK ∗)4 [V (q2)]2 . (8)

The B → K ∗ form factors A1(q2), A12(q2) and V (q2) will
be defined shortly, in Sect. 2.3.

Besides the small and controlled uncertainty in CSM
L , two

other sources of theoretical uncertainties in the above expres-
sions come from: (i) the B → K (∗) form factors that must
be determined nonperturbatively, see Sects. 2.2 and 2.3, and
(ii) the product of the CKM matrix elements λt = VtbV ∗

ts ,
which will be discussed in Sect. 2.4.
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Within general weak effective theory: 

Goal: reinterpretation using kinematic reweighing 
     to obtain model-agnostic likelihood =  experimental  
     SM likelihood + joint number density  
     (map between generated  and fit bins) 
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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]
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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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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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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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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],
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0
,

⌫
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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
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Presently, the only measured observable is the di↵er-
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*Each curve corresponds to setting a single non-zero Wilson 
coefficient to unity while keeping all other coefficients at zero
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combination of these shapes
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  toy example with following simplifications: 
approximate efficiency 
no extra systematics included 
data (Belle II inspired): 
1.  = 14 
2. = 4 
3. = 1 

Reinterpretation of this example: 
SM: , all others   

Alternative WET models:  
Obtained posterior distribution of the Wilson coefficients 

      using MCMC sampling  constraints on the Wilson  
      coefficients  

B+ → K+νν̄

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

CSM
VL ≃ 6.6 Cij = 0

Cij = any

→

13

New Reinterpretation Method
[Eur. Phys. J. C (2024) 84: 693] 8

FIG. 4. The bin-integrated null/SM (blue) and alterna-
tive/BSM (red) predictions for the di↵erential branching ratio

dB(B ! K⌫⌫̄)/dq
2
.

FIG. 5. The null joint number density, where we see the 8
bins of the reconstruction variable on the vertical axis and
the 24 bins of the kinematic variable on the horizontal axis.

ber. Their prior is chosen as the uncorrelated product of
uniform distributions with support

5 < |CV L + CV R| < 20,

0 < |CSL + CSR| < 15,

0 < |CTL| < 15.

(22)

The correlated hadronic parameters describe the B ! K

form factors as discussed in Section 5.1.1. Their prior is
a multivariate normal distribution, which is implemented
as a sequence of independent univariate normal distribu-
tions, as discussed at the end of Section 4.1.

The experimental constraint includes one parameter
per bin of the reconstruction variable, representing the
statistical uncertainty of the MC yields. The prior for
these parameters are normal distributions N (1, 1/

p
Nb),

where Nb is the total yield in reconstruction bin b. For
the purpose of this proof-of-concept study, we do not
account for further (systematic) sources of uncertainty.
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true model

362 fb�1

50 ab�1

FIG. 6. The marginalized posterior distributions, obtained
by MCMC sampling from the B ! K⌫⌫̄ likelihood. On the
diagonal, we see the 1-dimensional marginal distributions of
the Wilson coe�cients in Equation (18). The contours on
the 1-dimensional plots correspond to 68% (inner) and 95%
(outer) probability. The dashed lines indicate the true under-
lying model (Equation (20)).

5.1.4. Reinterpretation results

Having built a model-agnostic likelihood function from
our toy data, we investigate the potential of our approach
to constrain the Wilson coe�cients. Using MCMC sam-
pling, we obtain the 3-dimensional marginal posterior
distribution of the Wilson coe�cients. The values at
the mode of the full posterior agree with those of the
benchmark point outlined in Equation (19). We show the
full set of 2-dimensional marginalizations of this posterior
and the resulting intervals at 68% and 95% probability
in Figure 6.

We find that the marginal posterior peaks at the ex-
pected point, Equation (20). The anti-correlation of the
scalar and tensorial Wilson coe�cients can be seen in
their marginalized 2-dimensional distribution. This be-
haviour is not surprising, as the tensorial and scalar terms
in Equation (17) peak at larger values of q

2, where the
e�ciency (Equation (21)) is low. Moreover, the observed
behaviour weakens as the statistical power of the data
increases.

Overall, we see a good agreement with the expected
Wilson coe�cients, which acts as a closure test for our
method.
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New Reinterpretation Method
We are working to provide first Belle II reinterpretation using Belle II data 

We aim to provide all the ingredients necessary for reinterpretation including: 
Likelihood specification 
Joint number density 

Bonus: 
SM model-updating if reference changes 
Good basis for future combinations 
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[Eur. Phys. J. C (2024) 84: 693]
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Future Prospects for  B → K(*)νν̄
Measure all the  modes in Belle II: 

 
                            

  

In order to improve sensitivity, I work on 
improving reconstruction efficiency for 

B → K(*)νν̄
B+ → K*+νν̄ : K*+ → K+π0, K*+ → K0

s π+

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

B0 → K0
s νν̄

K0
s

 = uncertainty on signal strength assuming SMΔμ

5  3σ σ 5  3σ σ

Belle II snowmass paper : 2 scenarios baseline (improved*)

The "improved" scenario assumes 
a 50% increase in signal efficiency 
for the same background level: 

Better background suppression 
More tagging approaches 
Systematics improvement

Exploit Belle data

[arxiv: 2207.06307] from 2022
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Conclusions

Limit   

𝓑

Angular 
Observables, Asymmetries   

Ratios , Amplitude 
Analyses  

CP observables 

Belle II found a first evidence  for  decays using two different tagging methods 
targeting orthogonal Belle II data samples: 

 
only  consistency with SM 

Novel reinterpretation method based on kinematic reweighing allows to infer constraints on 
alternative models (e.g WET) making impact beyond the SM measurement 
Belle and Belle II are working to leverage their datasets while refining analysis methods to enhance 
precision and sensitivity 

(3.5σ) B+ → K+νν̄

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

2.7σ
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Backup
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Why shape-respecting reinterpretation? 
Assume just simple branching fraction scaling    
= one-bin kinematic reweigting 

e projections

18

New Reinterpretation Method
[Eur. Phys. J. C (2024) 84: 693]
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What if you wanted to do this at home? 

19

New Reinterpretation Method
[Eur. Phys. J. C (2024) 84: 693]

Alternative models Likelihood specification joint number density
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2. & 3. Needs to be provided by collaboration
Bonus: 

SM model-updating if reference changes 
Good basis for future combinations 
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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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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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Experimental Summary (Information) 
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Prospects for FL

Angle between B and K from K* decays
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Prospects for  with B+ → K+νν̄ μ = 4.6
arxiv: 2207.06307

Belle II snowmass paper : 2 scenarios baseline (improved*)
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https://arxiv.org/abs/2207.06307
https://www.slac.stanford.edu/~mpeskin/Snowmass2021/BelleIIPhysicsforSnowmass.pdf
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     Analysis Strategy in a Nutshell
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Basic 
selection and 

reconstruction

Validation Statistical 
interpretation 
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Post-fit Distributions: q2

ITA HTA
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Split Samples
Stability checks by splitting the sample into pairs of statistically independent datasets, according to various features

ITA HTA
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SuperKEKB and Belle Experiment
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● SuperKEKB is asymmetric  collider at  energy: 
 in 96 % 

 collected 573 fb−1 ~ 600 mil. -meson pairs since 2019 

record-breaking  = 5.1 × 1034  cm-2 s-1 last December!

e+e− Υ(4S)
Υ(4S) → BB̄

B
ℒinstJapan 

Tsuku
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SuperKEKB and Belle Experiment
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● SuperKEKB is asymmetric  collider at  energy: 
 in 96 % 

 collected 573 fb−1 ~ 600 mil. -meson pairs since 2019 

record-breaking  = 5.1 × 1034  cm-2 s-1 last December!

e+e− Υ(4S)
Υ(4S) → BB̄

B
ℒinstJapan 

Tsuku

  KL  and muon 
detector (KLM) 

Charged PID detectors 
(TOP + ARICH) 

Central Drift 
Chamber (CDC) 

Vertex detectors 
(PXD+SVD) 

EM Calorimeter 
(ECL) 

Magnet 

● Belle II is hermetic general purpose detector excellent 
for missing energy decays: 

known initial state kinematics 
sensitive to low energy deposits 
very good neutral particle reconstruction ( ,…) 
rather clean environment

π0, K0
L, γ
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