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Searches for heavy neutral lepton (HNL) production in charged kaon decays using the data col-
lected by the NA62 experiment at CERN are reported. Upper limits are established on the ele-
ments of the extended neutrino mixing matrix for heavy neutral lepton mass in the range 130-450
MeV, improving on the results from previous HNL production searches. The status and prospects
of searches for lepton flavour and lepton number violation in kaon decays at the NA62 experiment
is also presented.
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1. νMSM

Massive neutrinos are not accounted for in the standard model (SM). This necessitates an ex-
tension to the SM explaining the experimental observation of neutrinos having mass. One such
framework is known as the neutrino minimal standard model or νMSM [1], where right-handed
neutrinos are introduced. If the mass of these heavy neutral leptons (HNL), mN , satisfies the crite-
rion: mN < mK −ml where l = e,µ , then these sterile neutrinos can be produced via the process:

Γ(K± → l±N) = Γ(K± → l±νl) ·ρmN · |Ul4|2, (1.1)

in which Ul4 is the extended neutrino mixing matrix, and ρmN is a factor accounting for the kine-
matic phase space and helicity suppression.

2. HNL searches

The search for heavy neutrinos presented here is based on a 2015 data sample, consisting of
around 1.2×103 Super Proton Synchrotron (SPS) spills. The analysis strategy consists of searching
for a peak in the missing mass spectrum, m2

miss = (PK −Pl+)
2, where the electron/muon modes are

known as Ke2/Kµ2 respectively. The incoming kaons are tagged by the kaon tagger (KTAG) [2], and
their momenta are measured using fully reconstructed K+ → π+π+π− decays, whereas the daugh-
ter particle momentum is provided by the STRAW magnetic spectrometer. The analysis proceeds
via a common one track selection, where exactly one good track is required in the final state. Events
with photons are vetoed using the photon veto detectors, with distinct systems detecting photons
emitted at small, medium, and large angles. Following the common selection, particle identifica-
tion (PID) is performed using a ring-imaging Čerenkov (RICH) counter, two hadronic calorimeters
(MUV1/2), a plastic scintillator muon veto (MUV3), and an electromagnetic calorimeter (LKr).

The above selection yields 1767 Ke2 candidates and 24M Kµ2 candidates in the SM region of
m2

miss = 0. These yields are equivalent to (3.01± 0.11)× 108 kaon decays (NK) for the electron
mode, and NK = (1.06± 0.02)× 108 for the muon mode. This difference in NK comes from the
different scaling of the electron and muon trigger lines. The missing mass spectra of the Ke2 and
Kµ2 candidates are shown in figures 1a and 1b respectively. The main backgrounds in the Ke2

sample originate from µ+ decays in-flight, and beam π+ decays with the presence of an accidental
in-time kaon in the KTAG. The largest contribution to the background in the Kµ2 sample is radiative
SM Kµ2 decays, K+ → µ+νγ , where the photon is outside the geometrical acceptance of the large
angle veto (LAV).

A HNL mass scan is performed in the range of 170 < mN < 448 MeV/c2 for Ke2, and 250 <

mN < 373 MeV/c2 for Kµ2, where the width of the window is 1.5σmN (HNL mass resolution). The
presence of signal in a particular mass window would be indicated by an excess in the number of
observed events (nobs) against the number of expected background events (nexp). The uncertainties
on nobs are evaluated using a combination of data-driven and Monte Carlo techniques.

3. Heavy neutral leptons limits and prospects

In the absence of clear excess in nobs, limits have been set on the number HNL signal events
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(nUL) using the Rolke-Lopez method [3]. These can be converted into limits on HNL branching
fractions and mixing parameters using the following expressions,

BUL(K+ → l+N) =
nUL

NK ×A(mN)
, |Ul4|2UL =

BUL(K+ → l+N)

BUL(K+ → l+νl)
× 1

ρmN

, (3.1)

where A(mN) is the signal acceptance, a function of the heavy neutrino mass, mN .
Upper limits are set at the level of 10−7 for |Ue4|2, and 10−6 for |Uµ4|2 for the aforementioned

mass ranges [4], shown in figure 1c. These results either improve upon or extend current limits,
as shown in figure 1d. With larger statistics, and improved analysis techniques, e.g. the use of the
Gigatracker (GTK) beam spectrometer, |Ul4|2 limits are expected reach the level of 10−8.

(a) (b) (c) (d)

Figure 1: (a) m2
miss spectrum for Ke2 decays. (b) m2

miss spectrum for Kµ2. (c) Upper limits set on
the branching ratio of the HNL. (d) The new |Ul4|2 upper limits compared against previous results.
For (c) and (d), Ke2 limits are in red, and Kµ2 limits are in blue.

4. Lepton flavour(number) violating processes at NA62

NA62 has a wide physics programme, and is expected to be competitive in a number of lepton
flavour(number) violating (LF(N)V) channels, reaching sensitivities down to 10−11. Around 2×
104 K+ → π+µ+µ− candidates are expected to be collected, making it world’s largest sample.
That sample would allow the searches for K+ → π+S, S → µ+µ− to reach sensitivities of around
10−10. Single event sensitivity (SES) for K+ → π−µ+µ+ is expected to reach 2× 10−11, where
the measurement is background free.

K+ → π−e+e+ is another channel whose search for is not inhibited by background, SES is
expected to be at the level of 10−10. Currently NA62 has a sample of 1.1× 103 K+ → π+e+e−

candidates, where the decay was observed in the range mee < 140 MeV/c2 for the first time. SES
for the decay chain K+ → π+X , X → e+e− is around 10−9.
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