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Figure 1: Schematic side view of the NA62 beamline and detector.

1. Introduction

In the standard model (SM) lepton number (LN) and lepton flavour (LF) numbers are conserved
in interactions, corresponding to accidental global symmetries. However, their conservation is not
imposed by any local gauge symmetry and in several beyond-the-standard-model (BSM) scenarios
processes violating both LN and LF conservation are predicted to occur. Examples of such BSM
scenarios are: LN violation via exchange of Majorana neutrinos [1], or LF violation via exchange of
leptoquarks [2, 3], a 𝑍 ′ boson [4, 5] or in scenarios with light pseudoscalar bosons [6]. Observation
of either LN or LF violating processes involving charged leptons would represent clear evidence
for new BSM physics.

The NA62 experiment at the CERN SPS has collected the world’s largest sample of 𝐾+

decays, and a large sample of 𝜋0 decays via the abundant 𝐾+ → 𝜋+𝜋0 decay. This proceedings
reports the searches performed, using NA62 data collected in 2017 and 2018, for the LN violating
𝐾+ → 𝜋−𝜇+𝑒+ decay and LF violating decays 𝐾+ → 𝜋+𝜇−𝑒+ and 𝜋0 → 𝜇−𝑒+.

2. The NA62 experiment, data set and triggers

A schematic view of the NA62 beamline and detector is shown in Figure 1. In the following an
overview of the main detectors used in the searches reported is provided, a complete description can
be found in Ref. [7]. A 400GeV proton beam from the SPS impinges on a berillyum target giving
rise to a secondary hadron beam with a 6% component of 𝐾+ with momentum 75GeV/𝑐. These
𝐾+ are identified by a differential Cherenkov counter (KTAG) with a 70 ps resolution. A magnetic
spectrometer (STRAW) measures the momenta and directions of charged particles produced in 𝐾+

decays in a 75m long fiducial volume (FV), 105–180m downstream of the target. A ring-imaging
Cherenkov detector (RICH) provides a trigger time with 70 ps precision. Particle identification for
these searches is provided by a quasi-homogeneous calorimeter (LKr) and amuon detector (MUV3).
A photon veto system includes the LKr and twelve ring-shaped lead-glass detectors (LAV1–12).

The data sample used for these searches corresponds to 8.3 × 105 SPS spills with a typical
primary beam intensity of 2.2 × 1012 protons per spill of three seconds effective duration. The
trigger system has a hardware level (L0) and a software level (L1). Three trigger chains were used
to collect signal events: the multi-track (MT), electron multi-track (𝑒MT), and muon multi-track
(𝜇MT) triggers. These triggers are typically downscaled by factors 𝐷MT = 100, 𝐷𝑒MT = 8, and
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𝐷𝜇MT = 8, respectively, and are run concurrently with the experiment’s primary trigger chain,
dedicated to the measurement of the 𝐾+ → 𝜋+𝜈𝜈̄ branching ratio [8].

The MT trigger is a minimum-bias multi-track trigger, while the MT𝑒 and MT𝜇 triggers
include additional L0 conditions selecting multi-track events with at least one 𝑒± or 𝜇± candidate,
respectively. Since 𝑒± deposit the majority of their energy in the LKr, the MT𝑒 trigger requires an
LKr energy deposit of at least 20GeV (LKr20 condition). The MT𝜇 trigger requires a signal in the
MUV3, as well as a 10GeV LKr energy deposit (LKr10 condition). At L1 all three triggers require
a 𝐾+ candidate identified by the KTAG and a negatively charged particle track reconstructed in the
STRAW. Additionally the MT𝜇 trigger rejects events with signals in LAV stations 2–11.

3. Analysis strategy and event selection

The measurement of branching ratios for the signal channels are performed with respect
to the normalisation channel 𝐾+ → 𝜋+𝜋+𝜋− (𝐾3𝜋), and the MT trigger is used to collect 𝐾3𝜋

normalisation events. The event selection is described in Ref. [9] and briefly summarised below.
Events are selected with three charged tracks forming a vertex with total charge +1 inside the FV.
The total three-momentum at the vertex must be consistent with the beam momentum. Presence
of a 𝐾+ beam particle is required, identified by a KTAG signal consistent in time with the tracks.
Events with LAV signals matched in time are rejected.

Normalisation 𝐾3𝜋 events are identified with reconstructed invariant mass, under the 3𝜋 mass
hypothesis, consistent with the charged kaonmass within 3𝜎3𝜋 , where themeasuredmass resolution
is 𝜎3𝜋 = 0.9 MeV/𝑐2. The normalisation channel selection acceptance is 𝐴𝑛 = 10.18% [9].

The signal selection additionally applies particle identification (PID) criteria to the tracks.
The PID conditions are based on the presence or absence of an associated MUV3 signal, and the
𝐸/𝑝 ratio, calculated from the energy (𝐸) of the associated LKr cluster and the track momentum
(𝑝). The range of the vertex longitudinal position is optimised for signal channels to reduce the
background from 𝐾+ decays upstream of the FV. For the 𝜋− channel selection, the mass of the 𝜋−𝑒+

pair calculated under the 𝑒−𝑒+ mass hypothesis is required to exceed 140MeV/𝑐2. This condition
rejects backgrounds including 𝜋0 with 𝜋0 → 𝑒+𝑒−𝛾 decays and 𝑒− misidentification as a 𝜋−.

Signal is distinguished from background using the invariant mass, 𝑚𝜋𝜇𝑒, calculated assigning
the 𝜋,𝜇,𝑒 masses to the tracks correspondingly identified by the PID criteria. The signal region is
defined as 490–498MeV/𝑐2, along with two 12MeV/𝑐2 wide control regions immediately above
and below it (denoted CR1 and CR2 respectively). This 478–510MeV/𝑐2 region was kept masked
to avoid bias in the selection optimisation. The search for the decay chain 𝐾+ → 𝜋+𝜋0 followed by
𝜋0 → 𝜇−𝑒+, is performed using the sample of events passing the 𝜇− channel selection and requiring
that the reconstructed mass of the 𝜇𝑒 pair is consistent with the 𝜋0 mass, |𝑚𝜇𝑒 −𝑚𝜋0 | < 2MeV/𝑐2.
For the signal LN and LF violating modes simulations assuming uniform phase-space density are
used for selection acceptance determination, and results are given in table 1.

4. Trigger Efficiency, normalisation and signal sensitivity

The efficiency for the trigger conditions is evaluated using minimum bias data. The efficiency
of the MT trigger for normalisation events is 𝜀𝑀𝑇 = (93.2 ± 0.5)%, with the equivalent result for
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Table 1: [9] Summary of inputs to the single event sensitivity calculation and corresponding resulting
values for each search. The signal acceptances, 𝐴s, are displayed with statistical uncertainties only; other
uncertainties quoted are quadratic sums of the statistical and systematic uncertainties.

𝐾+ → 𝜋−𝜇+𝑒+ 𝐾+ → 𝜋+𝜇−𝑒+ 𝜋0 → 𝜇−𝑒+

𝐴s × 102 4.90 ± 0.02 6.21 ± 0.02 3.11 ± 0.02
𝜀LKr10 × 102 97.5 ± 1.3 97.5 ± 1.3 92.9 ± 1.2
𝜀LKr20 × 102 74.1 ± 1.6 73.3 ± 1.6 45.3 ± 1.0
BSES × 1011 1.82 ± 0.08 1.44 ± 0.05 13.9 ± 0.9

signal-like events being consistent to within 1% [9]. For the MT𝑒 and MT𝜇 triggers only the LKr20
and LKr10 conditions introduce non-negligible additional inefficiency, which depends on the total
energy deposited in the LKr. Results are given in table 1.

The effective number of 𝐾+ decays in the FV is 𝑁𝐾 = (1.33 ± 0.02) × 1012 [9]. The single
event sensitivities, B𝑆𝐸𝑆 , are defined for each process as the branching ratio corresponding to the
observation of one signal event. Results are given in table 1.

5. Backgrounds

Backgrounds arise from particle misidentification and 𝜋± → ℓ±𝜈ℓ decays in flight of 𝐾+ decay
products. As an example, the largest background in the 𝜋− channel signal region arises from
𝐾+ → 𝜋+𝑒+𝑒− decays where: the 𝑒− is misidentified as a 𝜋− (due to 𝐸/𝑝 mis-measurement) and
either; a 𝜋+ → 𝜇+𝜈𝜇 decay in flight, or a 𝜋+ is misidentified as a 𝜇+ (due to an accidental association
with a MUV3 signal). In the 𝜇− channel the largest background is associated with 𝐾3𝜋 decays: this
is due to a similar scenario of one 𝜋+ misidentification as 𝑒+ and one 𝜋+ → 𝜇+𝜈𝜇 decay in flight,
but also from 𝐾3𝜋 decays upstream of the FV.

Background expectations are determined using simulations with data-driven corrections, as-
signing weights to each event accounting for misidentification probabilities and corrections for
discrepancies between data and simulations. The background composition is similar in the control
regions and signal region. The control regions were separately unmasked to validate the background
prediction and the expected and observed numbers of events are largely consistent [9].

6. Results and conclusions

The mass spectra after unmasking for the 𝜋− and 𝜇− channels are given in figure 2. The
numbers of predicted backgrounds and observed events in the signal regions (SR) are given in
table 2. Observed numbers of events are consistent with background predictions and upper limits
(UL) on the branching ratios (at 90% CL) are established using the CLS method [10], with results
given in table 2. These results improve on previous searches [11] by one order of magnitude.

NA62 resumed data-taking in 2021 with new and upgraded detectors and beam-line configura-
tion to assist with the primary objective of improving the precision of the study of the 𝐾+ → 𝜋+𝜈𝜈̄

decay [8].
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Table 2: Summary of results.

𝐾+ → 𝜋−𝜇+𝑒+ 𝐾+ → 𝜋+𝜇−𝑒+ 𝜋0 → 𝜇−𝑒+

Predicted (SR) 1.07 ± 0.20 0.92 ± 0.34 0.23 ± 0.15
Observed (SR) 0 2 0

B UL@90%CL [×10−11] 4.2 6.6 32
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Figure 2: Reconstructed𝑚𝜋𝜇𝑒 spectra for selected events, for data (blackmarkers) and simulated background
(filled areas) samples, in searches for 𝐾+ → 𝜋−𝜇+𝑒+ (left) and 𝐾+ → 𝜋+𝜇−𝑒+ (right). Lower panels show
ratios between the observed numbers of data events and the predicted numbers of events from simulations.
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