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S 1. Measurements of  transitions with invisible energy

2. Novel reconstruction techniques with robustness against 
beam backgrounds 

3. Reinterpretation and combination of experimental results
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the priors for the unconstrained parameters ⌘ as detailed
in reference [12].

5.1. B ! K⌫⌫̄

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

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

5.1.1. Weak E↵ective Theory parametrization

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

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

2
B/M

2
W ' 0.004, which

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

sector reads [21]

L
WET = �

4GF
p

2

↵

2⇡
V

⇤
tsVtb

X

i

Ci(µb)Oi + h.c. , (13)

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

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

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

µ and their commutator �
µ⌫

⌘
i

2 [�µ
, �

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

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

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

5

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

5.1. B ! K⌫⌫̄

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

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

5.1.1. Weak E↵ective Theory parametrization

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

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

2
B/M

2
W ' 0.004, which

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

sector reads [21]

L
WET = �

4GF
p

2

↵

2⇡
V

⇤
tsVtb

X

i

Ci(µb)Oi + h.c. , (13)

with GF the Fermi constant, ↵ the fine structure con-
stant, and V the Cabibbo-Kobayashi-Maskawa quark
mixing matrix, respectively. The separation scale is cho-
sen to be µb = 4.2 GeV. Matrix elements of the opera-
tors Oi describe the dynamics of the process at energies
below µb, while the dynamics at energies above µb are
encoded in the (generally complex-valued) Wilson coe�-
cients Ci(µb) in the modified minimal subtraction (MS)
scheme. This enables a simultaneous description of SM-
like and BSM-like dynamics in b ! s⌫⌫̄ processes, as
long as all BSM e↵ects occur at scales larger than µb;
the di↵erent dynamics result simply in di↵erent values of
the Wilson coe�cients.

0 5 10 15 20

q2 [GeV2]

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

dB
/d

q2

⇥10�8

EOS v1.0.11vector

scalar

tensor

FIG. 1. Illustration of the variety of shapes of the B ! K⌫⌫̄
decay rate due to purely vectorial, scalar, or tensorial inter-
actions. Each curve corresponds to setting a single non-zero
Wilson Coe�cient in Equation (17) to unity while keeping all
other coe�cients at zero.

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

OVL =
�
⌫L�µ⌫L

�
(sL�

µ
bL)

OVR =
�
⌫L�µ⌫L

�
(sR�

µ
bR)

OSL =
⇣
⌫
c

L⌫L

⌘
(sRbL)

OSR =
⇣
⌫
c

L⌫L

⌘
(sLbR)

OTL =
⇣
⌫
c

L�µ⌫⌫L

⌘
(sR�

µ⌫
bL) ,

(14)

with

⌫L ⌘ ⌫
†
L
�
0
,

⌫
c

L ⌘ C⌫L
T

,

(15)

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

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

µ and their commutator �
µ⌫

⌘
i

2 [�µ
, �

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

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

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

× 10−8

5

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

5.1. B ! K⌫⌫̄

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

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

5.1.1. Weak E↵ective Theory parametrization

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

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

2
B/M

2
W ' 0.004, which

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

sector reads [21]

L
WET = �

4GF
p

2

↵

2⇡
V

⇤
tsVtb

X

i

Ci(µb)Oi + h.c. , (13)

with GF the Fermi constant, ↵ the fine structure con-
stant, and V the Cabibbo-Kobayashi-Maskawa quark
mixing matrix, respectively. The separation scale is cho-
sen to be µb = 4.2 GeV. Matrix elements of the opera-
tors Oi describe the dynamics of the process at energies
below µb, while the dynamics at energies above µb are
encoded in the (generally complex-valued) Wilson coe�-
cients Ci(µb) in the modified minimal subtraction (MS)
scheme. This enables a simultaneous description of SM-
like and BSM-like dynamics in b ! s⌫⌫̄ processes, as
long as all BSM e↵ects occur at scales larger than µb;
the di↵erent dynamics result simply in di↵erent values of
the Wilson coe�cients.

0 5 10 15 20

q2 [GeV2]

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

dB
/d

q2

⇥10�8

EOS v1.0.11vector

scalar

tensor

FIG. 1. Illustration of the variety of shapes of the B ! K⌫⌫̄
decay rate due to purely vectorial, scalar, or tensorial inter-
actions. Each curve corresponds to setting a single non-zero
Wilson Coe�cient in Equation (17) to unity while keeping all
other coe�cients at zero.

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

OVL =
�
⌫L�µ⌫L

�
(sL�

µ
bL)

OVR =
�
⌫L�µ⌫L

�
(sR�

µ
bR)

OSL =
⇣
⌫
c

L⌫L

⌘
(sRbL)

OSR =
⇣
⌫
c

L⌫L

⌘
(sLbR)

OTL =
⇣
⌫
c

L�µ⌫⌫L

⌘
(sR�

µ⌫
bL) ,

(14)

with

⌫L ⌘ ⌫
†
L
�
0
,

⌫
c

L ⌘ C⌫L
T

,

(15)

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

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

µ and their commutator �
µ⌫

⌘
i

2 [�µ
, �

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

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

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

mailto:sstefkov@uni-bonn.de


     Slavomira Stefkova, slavomira.stefkova@uni-bonn.de                                                                                                         Belle II Germany Meeting 2024

Join the team!

3

Valerio 
Bertacchi
Postdoc

S 

PhD

 Coming soon :)Before

Aim: find NP in  
transitions with invisible energy

b → s

Slavomira 
Stefkova

mailto:sstefkov@uni-bonn.de

