
Flavour Task Force Report
The Mandate 

In view of the interesting results of flavour experiments involving charged fermions both in the b-quark sector (LHCb, 
Belle, Babar  and ) as well as in the muon sector , the mandate is to explore what opportunities there 
might be for DESY in the years 2026+. This should include (but not be limited to) possible Belle-II Upgrades, the 
opportunities at the HL-LHC by LHCb, ATLAS and CMS, and future dedicated charm, muon and tau experiments. The 
landscape should be explored broadly as laid out in the 2020 European Particle Physics Strategy Update and in the ongoing 
Snowmass process in the US. 

The task force should primarily consider the physics interest, but should also reflect on the technical expertise we might be 
able to provide and contributions we could make to a possible construction, and DESY’s role as hub for the German 
participation in international projects. However, at present only very informal conversations can be held as it is yet unclear 
if we will be able to commit to any international experiment and if so to which one. 
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All started with anomalies… 
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< 2023
➡ Several measurements deviated from the SM predictions 

>2023 
➡ Only one is left 

➡ W-decay anomaly disappeared with precise measurement @ ATLAS
➡ R(K) anomaly disappeared with new measurement from LHCb, is confirmed by CMS
➡ R(D) % R(D*) still there
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The only tension left
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8

See for more details 
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Players in the game @ DESY

4

Belle II @ SuperKEKBATLAS & CMS @ LHC

What about LHCb?
➡ no overarching physics argument to join LHCb
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➡ LHC experiments combined 2.4σ from SM  

➡ Most precise signle measurement from CMS, 
in agreement with SM 

Bs → μ+μ−

CMS:

The CMS Collaboration Physics Letters B 842 (2023) 137955

lepton flavor universality violation via measurements of the RK
and RK∗ ratios [18–22]. Not all the individual measurements con-
firm these observations though [23,24] and the revised RK and RK∗

measurements are found to be consistent with the SM [25,26].
In the framework of an effective field theory, the b → s!+!−

decays are dominated by the semileptonic operators O 9 =
(sLγµbL)(!γ µ!) and O 10 = (sLγµbL)(!γ µγ5!). The BSM physics 
contributions could be observed as deviations of the correspond-
ing Wilson coefficients (C9 and C10) from their SM values. As the 
B0

s → µ+µ− and B0 → µ+µ− decays are dominated by the O 10
operator, they may be sensitive to the same effects. In contrast to 
the semileptonic case, the nonperturbative hadronic contributions 
for leptonic B meson decays enter solely through decay constants 
fB and fBS , which are precisely known from lattice QCD calcula-
tions [27], making the theory calculations more robust. Therefore, 
a precise measurement of the B0

s → µ+µ− decay properties may 
have a big impact on the interpretation of these anomalies.

The effective lifetime of the B0
s meson measured in the B0

s →
µ+µ− decay is an independent and theoretically clean probe for 
BSM physics [28]. In the SM, the heavy (B0

s,H) and light (B0
s,L) 

mass eigenstates are linear combinations of the flavor eigenstates. 
The lifetimes of the heavy and light mass eigenstates are τH =
1.624 ± 0.009 ps and τL = 1.429 ± 0.007 ps, respectively [29]. Only 
the heavy B0

s,H mass eigenstate can decay to the µ+µ− final state. 
This is because, in the absence of charge-conjugation and parity 
(C P ) violation in the B0

s mixing, the B0
s mass eigenstates are also 

C P eigenstates, with the heavier one being C P odd, while µ+µ−

is also a C P -odd final state. Therefore, any significant deviation 
of the measurement from the established value for the B0

s,H life-
time would indicate a BSM physics contribution. Currently, the 
most precise measurement of the B0

s meson lifetime (τ ) in the 
B0

s → µ+µ− decay, τ (B0
s → µ+µ−) = 2.07 ± 0.29 ps, comes from 

the LHCb experiment [9,10].
In this Letter, we report on new measurements of the B0

s →
µ+µ− decay properties and a search for the B0 → µ+µ− decay 
based on proton-proton collision data collected by the CMS ex-
periment in 2016–2018 at a center-of-mass energy of 13 TeV, 
corresponding to an integrated luminosity of 140 fb−1. This new 
analysis uses improved techniques compared to the earlier publi-
cation based on 2011–2012 and 2016 data [7]; consequently the 
2016 data sample has been re-analyzed, and the new results su-
persede the ones from Ref. [7]. Given that the sensitivity of the 
2016–2018 data significantly exceeds that of the 2011–2012 sam-
ple, no attempt is made to combine the new results with those 
from 2011–2012 data. Tabulated results are provided in the HEP-
Data record for this analysis [30].

2. Data analysis overview

The data analysis strategy employed in this measurement is 
based on the previous CMS studies of the B0

s → µ+µ− and B0 →
µ+µ− decays. We made several modifications and improvements 
to increase the analysis sensitivity, while also benefiting from the 
large amount of data collected in 2017–2018. Because of the in-
creased sensitivity, new methods were developed to achieve a bet-
ter understanding of various systematic effects.

Leptonic B meson decays are reconstructed by combining two 
oppositely charged muons, performing a common vertex fit, and 
imposing selection criteria to separate small signals from large 
backgrounds. Here and in what follows, we use the notation B
to denote either the B0 or B0

s meson. The dominant background 
sources are the combinatorial background where the two muons 
originate from two different heavy quarks, the partially recon-
structed semileptonic decays where both muons originate from 
the same B meson, and the peaking background coming from the 
charmless two-body hadronic decays of B mesons.

The combinatorial and partially reconstructed backgrounds are 
the main limiting factors in the analysis sensitivity. Despite be-
ing reducible backgrounds with several distinct features, they are 
copious, which makes it difficult to reject them completely with-
out losing a significant fraction of signal events. To maximize the 
analysis sensitivity, we perform a multivariate analysis (MVA) com-
bining multiple discriminating observables in a single powerful 
discriminator (dMVA) using a boosted decision tree algorithm. The 
training and performance evaluation of the MVA are described in 
Section 6.

The charmless two-body decays, such as B0 → K+π− and 
B0

s → K+K− , could mimic signal when both charged hadrons are 
misidentified as muons. We measure the misidentification prob-
abilities in data using the K0

S → π+π− , φ(1020) → K+K− , and 
Λ → pπ− decays after restricting the decay distance to match that 
of the B mesons. We find a reasonable agreement between the 
data and Monte Carlo (MC) simulation for pions and kaons, where 
the misidentification probability is dominated by pion and kaon 
decays to a muon and a muon antineutrino. The probability to 
misidentify protons as muons is an order of magnitude smaller ac-
cording to simulation, and found to be even smaller in data, thus 
making contributions from the associated processes unimportant. 
With a stringent muon identification based on a multivariate anal-
ysis [7], we reduce the charmless two-body backgrounds to a neg-
ligible level compared to the dominant combinatorial background.

The results are extracted using simultaneous unbinned max-
imum likelihood (UML) fits in multiple categories (discussed in 
Section 7). For the branching fraction measurements, we per-
form a two-dimensional (2D) fit using the dimuon invariant mass 
(mµ+µ− ) and its uncertainty as the observables. For the lifetime 
extraction, we perform a three-dimensional (3D) fit using the 
dimuon mass, the decay time, and the decay time uncertainty as 
the observables.

Given the poor precision in the knowledge of the bb cross sec-
tion at the LHC, a direct extraction of the branching fractions of 
the B0

s → µ+µ− and B0 → µ+µ− decays would be affected by a 
large uncertainty. As commonly done in B physics analyses, the 
signal branching fraction is instead calculated by normalizing it 
to another decay channel of a B meson, for which the branch-
ing fraction is well known and whose characteristics allow for a 
precise reconstruction with small backgrounds. The B+ → J / ψK+

decay with J/ ψ → µ+µ− is the best candidate in our case as a 
normalization channel. We also consider B0

s → J/ ψφ(1020) decays 
with φ(1020) → K+K− as a cross-check of the nominal result. The 
signal branching fractions B(B0

s → µ+µ−) and B(B0 → µ+µ−) can 
then be extracted as

B(B0
s → µ+µ−) = B(B+ → J/ψK+)

NB0
s →µ+µ−

NB+→J/ψK+

×
εB+→J/ψK+

εB0
s →µ+µ−

fu

fs
, (1)

B(B0
s → µ+µ−) = B(B0

s → J/ψφ(1020))
NB0

s →µ+µ−

NB0
s →J/ψφ(1020)

×
εB0

s →J/ψφ(1020)

εB0
s →µ+µ−

, (2)

B(B0 → µ+µ−) = B(B+ → J/ψK+)
NB0→µ+µ−

NB+→J/ψK+

×
εB+→J/ψK+

εB0→µ+µ−

fu

fd
, (3)

where NX is the number of the candidates of decay X, as ex-
tracted from the fit, and εX is the corresponding full selection 
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Fig. 3. The projections on the dimuon mass axis of the fit to the branching fraction 
for the dMVA > 0.99 (upper) and 0.99 > dMVA > 0.90 (lower) categories. The solid 
blue curves represent the corresponding projections of the final fit model, while 
the individual components of the fit are represented by the dashed curves (back-
grounds) and hatched histograms (signals).

=
[

4.02+0.40
−0.38 (stat) +0.28

−0.23 (syst) +0.18
−0.15 (B)

]
× 10−9,

where the last uncertainty comes from the uncertainty in the 
B0

s → J/ ψφ(1020) branching fraction.
The 90 and 95% confidence level (CL) upper limits on B(B0 →

µ+µ−) are evaluated using the CLs criterion [54,55] and found to 
be

B(B0 → µ+µ−) < 1.5 × 10−10 at 90% CL,

B(B0 → µ+µ−) < 1.9 × 10−10 at 95% CL,

as shown in Fig. 5.
The effective lifetime for the B0

s → µ+µ− decay is found to be

τ = 1.83 +0.23
−0.20 (stat) +0.04

−0.04 (syst) ps.

The UML fit projection on the decay time axis for the signal region 
5.28 < mµ+µ− < 5.48 GeV is shown in Fig. 6. The observed lifetime 
is consistent with the world average value of 1.624 ± 0.009 ps [29]
within 1 σ , and therefore we do not correct the corresponding 
selection efficiency when performing the branching fraction mea-
surement.

Fig. 4. The profile likelihood as a function of B0
s → µ+µ− (upper) and B0 → µ+µ−

(middle) decay branching fractions in 1D (top and middle plots) and in 2D (lower 
plot). The contours in 2D enclose the regions with 1–5 σ coverage, where 1, 2, and 
3 σ regions correspond to 68.3, 95.4, and 99.7% confidence levels, respectively.

10. Summary

Measurements of the branching fraction (B) of the B0
s → µ+µ−

decay and the effective B0
s meson lifetime in this decay based on a 

data set of proton-proton collisions at 
√

s = 13 TeV corresponding 
to an integrated luminosity of 140 fb−1 have been presented and 
found to be:

8
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Table 4
Summary of the systematic uncertainties in the B0

s → µ+µ− effective lifetime mea-
surement (in ps) in four data-taking periods.

Effect 2016a 2016b 2017 2018

Lifetime fit bias 0.04 0.04 0.05 0.04
Decay time distribution mismodeling 0.10 0.06 0.02 0.02
Efficiency modeling 0.01
Lifetime dependence 0.01

Total 0.11 0.07 0.05 0.04

The decay time is also correlated with many selection require-
ments. Most of them are well simulated. We measure the lifetime 
bias in B+ → J/ ψK+ events using a relaxed selection requirement, 
dMVA > 0.90, and compare it to the prediction from simulation. We 
find the bias for the lifetime measurement to be 0.04–0.05 ps, de-
pending on the data-taking period (“Lifetime fit bias”).

For the final selection, we derive a correction as a ratio of the 
decay time distributions for the dMVA > 0.99 and dMVA > 0.90 re-
quirements using B+ → J/ ψK+ events in data. Then we apply this 
correction to the B0

s → µ+µ− decay time distribution extracted 
from simulation using dMVA > 0.90 as the selection requirement. 
Repeating the procedure using simulated events, we find that the 
method may introduce a bias of up to 0.10 ps in 2016 data. The 
bias is found to be much smaller in 2017 and 2018 data. These 
effects (“Decay time distribution mismodeling”) are taken into ac-
count in the lifetime fit by introducing independent nuisance pa-
rameters in the fit model.

Two additional minor systematic uncertainties are also in-
cluded. The uncertainty from the imperfect parameterization of 
the efficiency dependence on the decay time is derived using 
different analytical functions in the lifetime fit to B+ → J/ ψK+

events (“Efficiency modeling”). We also measure the lifetime in the 
MC samples generated with different lifetimes from the pseudo-
experiments while sharing the same efficiency function. The dif-
ference between the measured lifetime and the input lifetime of 
the MC samples is assigned as a systematic uncertainty (“lifetime 
dependence”).

Table 4 summarizes the systematic uncertainties in the lifetime 
measurement. The uncertainties of 2017 and 2018 data-taking pe-
riods are treated as correlated and other two are treated as uncor-
related.

9. Results

Using the result of the B+ → J/ ψK+ normalization fit with 
Eqs. (1) and (3), we find the branching fractions to be:

B(B0
s → µ+µ−) =

=
[

3.83+0.38
−0.36 (stat) +0.19

−0.16 (syst) +0.14
−0.13 ( fs/ fu)

]
× 10−9,

B(B0 → µ+µ−) =
[

0.37+0.75
−0.67 (stat) +0.08

−0.09 (syst)
]
× 10−10.

The correlation between the extracted B(B0
s → µ+µ−) and 

B(B0 → µ+µ−) branching fractions is −0.120. These results are 
based on the following external inputs:

• B(B+ → J/ ψK+) = (1.020 ± 0.019) × 10−3,
• B(J/ ψ → µ+µ−) = (5.961 ± 0.033) × 10−2, and
• fs/ fu = 0.231 ± 0.008.

The branching fractions are taken from Ref. [29]. The fs/ fu ratio 
is derived from the pT-dependent measurement of the fs/ fu ratio 
by LHCb [51]. We are using the pT distribution observed in this 
measurement, shown in Fig. 2, to compute an effective fs/ fu ratio 

Fig. 2. The distribution of the B meson pT after the sPlot background subtraction in 
data (points with error bars) and simulation (hatched histogram) for B+ → J/ ψK+

(upper) and B0
s → µ+µ− (lower) events. The MC distributions are normalized to 

the total number of events in data.

for the corresponding phase space. Measurements of the pT and η
dependence of the ratio by the CMS Collaboration [52] are found 
to be consistent with the LHCb results.

The mass projections of the likelihood fits with all four data-
taking periods combined together are shown in Fig. 3. The event 
yields for each component of the fit are summarized in Table 5. 
The profile likelihood as a function of the B0

s → µ+µ− and B0 →
µ+µ− branching fractions for 1D and 2D cases are shown in Fig. 4.

We also estimate the branching fractions using the B0
s →

J/ ψφ(1020) decays for the normalization. While this result is free 
from the explicit systematic uncertainty in the fs/ fu ratio, it de-
pends on the B0

s → J/ ψφ(1020) branching fraction. At the moment, 
this branching fraction measurement uses the fs/ fu ratio measure-
ment as an input, but this dependence may be eliminated when 
new independent measurements of the B0

s → J/ ψφ(1020) branch-
ing fraction become available, such as the measurement planned 
by the Belle II Collaboration at the KEKB e+e− collider [53] us-
ing the Υ(5S) data. Experimentally, the measurement based on the 
B0

s → J/ ψφ(1020) normalization channel has slightly larger system-
atic uncertainties due to the presence of the second kaon in the 
final state.

Taking the world average value of B(B0
s → J/ ψφ(1020)) =

(1.04 ± 0.040) × 10−3 [29], dominated by the LHCb measure-
ment [51], and using the result of the B0

s → J/ ψφ(1020) normal-
ization fit with Eq. (2), we get:

B(B0
s → µ+µ−) =

7
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CMS b trigger scheme:
10 billion events 
containing unbiased 
decays of b hadrons 
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Figure 7: The correlations of B(K+
! ⇡

+
⌫⌫̄) with B(Bs ! µ

+
µ
�)1.4 (left panel) and with

B(Bd ! µ
+
µ
�)1.4 (right panel) as given in (40) and (43), for di↵erent values of � within the

SM. The ranges of branching ratios correspond to 38  |Vcb|⇥ 103  43 and 20�  �  24�.
The gray area represents the present experimental situation.

Figure 8: The function H(�, �) defined in (48) as functions of � for � = 22.2�.

on a similar correlation in [5] we find

B(K+
! ⇡

+
⌫⌫̄) = (7.92± 0.25)⇥ 10�11


B(Bs ! µ

+
µ
�)

3.39⇥ 10�9R̄s

�0.74 
227.7MeV

FBs

�1.4

⇥


B(Bd ! µ

+
µ
�)

0.973⇥ 10�10R̄d

�0.74 190.5MeV

FBd

�1.4
H(�, �)

H(22.2�, 67�)
, (47)

where

H(�, �) =
1

(G(�, �))1.4
. (48)

In Fig. 8 we show the � dependence of H(�, �) for � = 22.2�, which is very weak, implying
a variation of less than 1% for H(�, �) when � takes values in [60�, 75�]. The � dependence
is even weaker, less than 0.5% for � in [20�, 24�] and it is not shown.

Note that having in the future very accurate values for FBs , FBd
and the experimental

branching ratios for Bs ! µ
+
µ
� and K

+
! ⇡

+
⌫⌫̄ will allow to predict the branching ratio

for Bd ! µ
+
µ
� with high precision in the SM practically without any dependence on CKM

parameters due to the very weak dependence of H(�, �) on � and �.

Correlation 
K-B in SM

[arXiv:2109.11032]
[CMS DP -2019/043] 



FCNCs golden channels 

Motivation

● The B→K+ νν process is known with high accuracy in the SM:

             B(B→K+ νν) = (5.6 ± 0.4) x 10-6   (arXiv:2207.13371)

● Extensions beyond SM may lead to significant rate increase
● Very challenging experimentally, not yet observed

○ Low branching fraction, high background contributions
○ 3-body kinematics, no good kinematic variable to fit

● Unique for Belle II 12EPS presentation

s → dνν̄ b → sνν̄
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Golden channels of rare decays

7

Belle II2023: BR(B+ → K+νν) < (2.4 ± 0.7) × 105

FCNCs very clean theoretically 
Unique for B-factories

KOTO2023:    BR(KL → π0νν) < 2.0 × 109



     Ami Rostomyan                                                                                                                                                                                                                                                                         Flavour task force                                                                                                                                     

18

Golden-channels of rare decays
(see C. Lazzaroni’s talk from Monday)

NA622021:
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Figure 9: Left: Model-independent observed upper limits as functions of the X mass and
lifetime hypotheses. Right: Excluded regions of the parameter space (mS, sin

2 ✓) for a dark
scalar, S, of the BC4 model [20] decaying only to visible SM particles. Exclusion bounds from
the present search for the decay K+

! ⇡+X are labelled as “K+
! ⇡+ + inv.” and are shaded

in red. The constraints from the independent NA62 search for ⇡0
! invisible decays [34] are

shown in purple. Other bounds, shown in grey, are derived from the experiments E949 [17],
CHARM [37], NA48/2 [38], LHCb [39,40] and Belle [41].

9 Conclusions

The NA62 experiment at CERN has analysed the data set collected in 2018, searching for the
very rare K+

! ⇡+⌫⌫̄ decay, taking advantage of new shielding against decays upstream of
the kaon decay volume, and of improved reconstruction algorithms and particle identification
performance with respect to earlier data sets. Combining the results obtained from the whole
2016–2018 data set, a single event sensitivity of (0.839 ± 0.053syst) ⇥ 10�11 has been reached.
The number of expected K+

! ⇡+⌫⌫̄ events in the signal regions is (10.01± 0.42syst ± 1.19ext),
assuming the Standard Model BR of (8.4± 1.0)⇥ 10�11, while 7.03+1.05

�0.82 background events are
expected in the same signal regions, mainly due to upstream background. After unmasking the
signal regions, twenty candidate events are observed, consistent with expectation. This leads to
the branching ratio BR(K+

! ⇡+⌫⌫̄) = (10.6+4.0
�3.4|stat± 0.9syst)⇥ 10�11 at 68% CL, which is the

most precise measurement to date. In a background-only hypothesis, a p-value of 3.4⇥ 10�4 is
obtained, which corresponds to a 3.4 standard-deviation evidence for this very rare decay.

This result is also interpreted in the framework of a search for a feebly interacting scalar
or pseudo-scalar particle X, produced in the decay K+

! ⇡+X with the same experimental
signature as the dominant background process K+

! ⇡+⌫⌫̄. Upper limits on the branching
ratio at 90% CL of 3–6 ⇥10�11 are obtained for mX masses in the range 0–110 MeV/c2 and
1⇥ 10�11 for mX masses in the range 160–260 MeV/c2. A particular model where X is a dark-
sector scalar mixing with the Higgs boson has been explored, setting more stringent constraints
on the allowed region in the plane (mX, sin

2 ✓), where ✓ is the mixing angle.
NA62 will continue taking data in 2021 with an upgraded detector including beam line

modifications, with the aim of further reducing the upstream background, thus allowing for an
improved signal sensitivity.
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BR(K+ → π+ ν ν̅)SM  =  (8.62 ± 0.42) × 10-11

Buras et al. 1503.02693, 2109.11032

KOTO2021: BR(KL → π0 ν ν̅)  <  4.9 × 10-9 @ 90%CL

Buras et al. 1503.02693, 2109.11032

BR(KL → π0 ν ν̅)SM  =  (2.94 ± 0.15) × 10-11

s → d ν ν̅

K+ → π+ ν ν̅,    KL → π0 ν ν̅
NA62 (CERN) KOTO (JPARC)

b → s ν ν̅

B → K(*) ν ν̅
BaBar, Belle,  Belle II (JPARC)

Prospects: HIKE/KLEVER and KOTO-II 

8

KOTO II: high-beam-power experiment proposed at J-PARC 
➡ Increase proton beam power > 100 kW
➡ New neutral beamline 
➡ Increase fiducial volume from 2x2m to 3x12m → new detectors 
➡ 60 SM events of  in 3 years, ~20% precision
➡ Search for exotic particles in 

KL → π0νν
KL → π0X

HIKE/KLEVER: multi-purpose high-intensity kaon decay-in-flight experiments proposed at CERN SPS 
➡ High-intensity beams at CERN North Area after LS3 with x 4-6 current NA62 nominal 
➡ Phase 1 decays per year    (  at ~5% precision)
➡ Phase 2:  decays per year  (  at ~20% precision) 
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Golden-channels of rare decays
(see C. Lazzaroni’s talk from Monday)

NA622021:

0 50 100 150 200 250
]2 [MeV/cXm

11−10

10−10

9−10

8−10

X
) a

t 9
0%

 C
L

+ π
→+

U
L 

on
 B

R
(K

 

∞ = τ
 = 5 nsτ

 = 2 nsτ
 = 1 nsτ

 = 500 psτ

 = 200 psτ

 = 100 psτ

NA62
E787/E949

1−10 1
]2 [GeV/cSm

8−10

7−10

6−10

5−10

4−10

3−10θ2
sin

E949

E9
49

CHARM

 inv.→ 0π
   NA62   

 + inv.+π → +K
      NA62    

NA48
/2

LHCb

LHCb & Belle

Figure 9: Left: Model-independent observed upper limits as functions of the X mass and
lifetime hypotheses. Right: Excluded regions of the parameter space (mS, sin

2 ✓) for a dark
scalar, S, of the BC4 model [20] decaying only to visible SM particles. Exclusion bounds from
the present search for the decay K+

! ⇡+X are labelled as “K+
! ⇡+ + inv.” and are shaded

in red. The constraints from the independent NA62 search for ⇡0
! invisible decays [34] are

shown in purple. Other bounds, shown in grey, are derived from the experiments E949 [17],
CHARM [37], NA48/2 [38], LHCb [39,40] and Belle [41].

9 Conclusions

The NA62 experiment at CERN has analysed the data set collected in 2018, searching for the
very rare K+

! ⇡+⌫⌫̄ decay, taking advantage of new shielding against decays upstream of
the kaon decay volume, and of improved reconstruction algorithms and particle identification
performance with respect to earlier data sets. Combining the results obtained from the whole
2016–2018 data set, a single event sensitivity of (0.839 ± 0.053syst) ⇥ 10�11 has been reached.
The number of expected K+

! ⇡+⌫⌫̄ events in the signal regions is (10.01± 0.42syst ± 1.19ext),
assuming the Standard Model BR of (8.4± 1.0)⇥ 10�11, while 7.03+1.05

�0.82 background events are
expected in the same signal regions, mainly due to upstream background. After unmasking the
signal regions, twenty candidate events are observed, consistent with expectation. This leads to
the branching ratio BR(K+

! ⇡+⌫⌫̄) = (10.6+4.0
�3.4|stat± 0.9syst)⇥ 10�11 at 68% CL, which is the

most precise measurement to date. In a background-only hypothesis, a p-value of 3.4⇥ 10�4 is
obtained, which corresponds to a 3.4 standard-deviation evidence for this very rare decay.

This result is also interpreted in the framework of a search for a feebly interacting scalar
or pseudo-scalar particle X, produced in the decay K+

! ⇡+X with the same experimental
signature as the dominant background process K+

! ⇡+⌫⌫̄. Upper limits on the branching
ratio at 90% CL of 3–6 ⇥10�11 are obtained for mX masses in the range 0–110 MeV/c2 and
1⇥ 10�11 for mX masses in the range 160–260 MeV/c2. A particular model where X is a dark-
sector scalar mixing with the Higgs boson has been explored, setting more stringent constraints
on the allowed region in the plane (mX, sin

2 ✓), where ✓ is the mixing angle.
NA62 will continue taking data in 2021 with an upgraded detector including beam line

modifications, with the aim of further reducing the upstream background, thus allowing for an
improved signal sensitivity.

20

BR(K+ → π+ ν ν̅)SM  =  (8.62 ± 0.42) × 10-11

Buras et al. 1503.02693, 2109.11032

KOTO2021: BR(KL → π0 ν ν̅)  <  4.9 × 10-9 @ 90%CL

Buras et al. 1503.02693, 2109.11032

BR(KL → π0 ν ν̅)SM  =  (2.94 ± 0.15) × 10-11

s → d ν ν̅

K+ → π+ ν ν̅,    KL → π0 ν ν̅
NA62 (CERN) KOTO (JPARC)

b → s ν ν̅

B → K(*) ν ν̅
BaBar, Belle,  Belle II (JPARC)
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CLFV in muons
μ+ → e+γ μ+ → e+e−e+ μ−N → e−N μ−N → e+N

μ+ → e+X

Mu3eMEG II COMET, DeeMee, Mu2e (II)
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Best limit from the SINDRUM experiment @ PSI:
➡  (90% CL)

Sensitivity from Mu3e @ PSI experiment: ~10-16

➡ data taking > 2025
➡ high intensity muon beam under study, available > 2028

BR(μ+ → e+e−e+) < 1.0 × 10−12

μ+ → e+e−e+ μ−N → e−N
Current status and prospects

SM + m𝜈 ≠ 0 BSM heavy particles

𝜇 - e conversion in the field of a nucleus

<latexit sha1_base64="/PPNSS+WnRO119GSl1R56hM6oTE="></latexit>

μ−
e−

Best limit from the SINDRUM experiment @ PSI:

 < 3.3 x 10-13             

➡ COMET (J-PARC),  Sensitivity of ~10-17 AL target
➡ DeeME (J-PARC), Sensitivity of ~10-13 Carbon target
➡ Mu2e (FNAL) - run I FY2024; run II up to FY2030. 

Sensitivity of ~10-17

➡ Mu2e II (FNAL) > FY2030 Sensitivity of ~10-18

μ−N → e−N
captured μ − N
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5.1. INTRODUCTION/THEORY OF FLAVOUR 67
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Fig. 5.1: Reach in new physics scale of present and future facilities, from generic dimension
six operators. Colour coding of observables is: green for mesons, blue for leptons, yellow for
EDMs, red for Higgs flavoured couplings and purple for the top quark. The grey columns illus-
trate the reach of direct flavour-blind searches and EW precision measurements. The operator
coefficients are taken to be either ⇠ 1 (plain coloured columns) or suppressed by MFV factors
(hatch filled surfaces). Light (dark) colours correspond to present data (mid-term prospects,
including HL-LHC, Belle II, MEG II, Mu3e, Mu2e, COMET, ACME, PIK and SNS).

compared with the reach of direct high-energy searches and EW precision tests (in grey), il-
lustrated by using flavour-blind operators that have the optimal reach [258]: the gluon-Higgs
operator and the oblique parameters for EW precision tests, respectively. The shown effective
energy reach of flavour experiments do have several caveats. First of all, in many realistic the-
ories either the coupling constants are smaller than unity and/or the symmetries suppress the
sizes of the coefficients. This effect is illustrated by including in the quark sector the present
bounds in tree level NP with Minimal Flavour Violation (MFV) pattern of couplings (hatch filled
areas) [259–262]. Furthermore, there could be cancellations among several higher-dimension
operators. In addition, for theories in which the new physics contributes as an insertion inside a
one-loop diagram mediated by SM particles, all the shown scales should be further reduced by
extra GIM-mass suppressions and/or a factor �/4� ⇠ 10�3 (where � denotes the generic gauge
structure constants).

Finally and importantly, the new physics scale behind the flavour paradigm may differ
from the electroweak new physics scale. Despite these caveats, Fig. 5.1 does illustrate the
unique power of flavour physics to probe NP. The next generation of precision particle physics
experiments will probe significantly higher effective NP scales, as discussed in more detail
below.

2020 2022 2024 2026 2028 2030 2032 2034 2036

LHCb

LHCb Upgrade

Belle II

Belle II Upgrade

Mu3e

Mu3e Upgrade

Mu2e II

KLEVER

KOTO II

FPF

Timeline Flavor Experiments

Start Construction Data taking

Figure 1: Le� panel: Reach in new physics scale of present and future facilities, from generic dimension
six operators. Colour coding of the observables is as follows: green for mesons, blue for leptons, yellow for
EDMs, red for Higgs �avoured couplings and purple for the top quark. �e grey columns illustrate the
reach of direct �avour-blind searches and electroweak precision measurements. �e operator coe�cients
are taken to be either 1 (plain coloured columns) or suppressed by MFV factors (hatch �lled surfaces).
Light (dark) colours correspond to present data (mid-term prospects, including HL-LHC, Belle II, MEG II,
Mu3e, Mu2e, COMET, ACME, PIK and SNS).�e plot is taken from [1]. Right panel: �e timeline of
the experiments as extracted from publicly available information. �e bars fade to the le� and right as
a measure of the uncertainty.

�nal stage while Phase 3, also known as KLEVER, focuses on measuring the branching ratio of the
KL ! ⇡

0
⌫⌫ decay with a 20% relative precision, assuming the SM rate. To protect against ⇤ ! n⇡

0

background, the beamline needs to be lengthened by 150 m compared to the existing NA-62 location.
It is planned to start the operation a�er Phase 2 of the LHC in 2038. �e �rst critical decision
for HIKE is foreseen in 2023 since both HIKE and the re-designed SHIP experiment compete
for the same beamline.

8 Neutron/anti-neutron oscillation

�e neutron anti-neutron experiment HIBEAM/NNBAR at the European Spallation Source (ESS) is a
proposal that uses the cold neutron beam from the ESS. In the presence of interactions that violate
Baryon number by two units, a neutron in the beam can oscillate into an anti-neutron. �e la�er then
annihilates with nucleons in a target and the annihilation products are detected by time projection
chamber tracker and a calorimeter [86]. �e stated goal of the experiment is to achieve a sensitivity
that is 1000 times that of previous a�empts at the ILL in Grenoble [87]. �e ESS itself is still under
construction and the user program is slated to start in 2027.

9 Summary

We have refrained from proposing speci�c contributions to the ATLAS, CMS, and Belle II experiments,
given the already going activities within the respective research groups. However, the topics discussed
in the Section 3 - 5 indicate the potential directions for grant applications such as YIG / ERC / etc.

Among the existing and proposed experiments we consider the following experiments (see the table
below) given their high physics impact and suitable timeline (see �gure 1) in accordance with the

13
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mandate. �e ��h column of the table indicates whether an experiment will make a SM measurement,
or place a limit because the SM prediction is out of reach given the projected sensitivity.

Experiments Labs Impact Timeline Measurement/Limit

Mu3e upgrade PSI � � L
Mu2e II Fermilab � � L
KOTO 2 KEK/J-PARC � � M
KLEVER CERN � � M

J-PARC (g � 2) J-PARC � � M
MUonE CERN � � M

We propose

• Mu3e II or Mu2e II experiments:

– search for LFV in muon decays;

– high sensitivity to NP.

• KOTO 2 or KLEVER experiments:

– search for the KL ! ⇡
0
⌫⌫ decay which has not been observed yet;

– the highest sensitivity to NP in the kaon sector.

• J-PARC (g � 2) or MUonE experiments

– contributions to the current tension between the experimental result and the SM prediction.

�e scope of these experiments is more limited than in large scale experiments. However, all experi-
ments are not tied to the CERN accelerator schedule, meaning data-taking may take place during the
LHC shutdowns.
Both Mu2e-II at Fermilab and the upgrade of the Mu3e II at PSI have a signi�cant reach for new

physics. Both experiments o�er the opportunity for new contributions to their detector systems and
can serve as a test bed for new technologies, e.g using net-generation MAPS detectors for the Mu3e II
upgrade.

While the KOTO II collaboration is open for new contributions both in hardware and so�ware, the
KLEVER experiment is currently under discussion at CERN and critically depends on the decisions on
the experiments in the SPS North area.
In the context of assessing the impact, the J-PARC (g � 2) and MUonE experiments are depicted

in light gray, re�ecting their relatively lower impact in the �eld. We have chosen to retain them for
completeness of the discussion. In the case of the J-PARC (g � 2) experiment, the key question is
whether the usage of a new and independent technique for the g � 2 measurement, the result will
yield to a new insight in the experimental g � 2 measurement. �is query persists due to the inherent
challenge lying within the theoretical interpretation. Conversely, the MUonE experiment does not
constitute a direct measurement of aµ. Rather, if it meets its physics goals, it would make an important
albeit indirect contribution to elucidating the tension in aµ by independently measuring the hadronic
vacuum polarization contribution.
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Mu2e II

Figure 2: Current participation from German institutions in the experiments listed in table 9.
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