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The K+ → 𝜋
+
𝜈𝜈 decay is a golden mode for search of New Physics in the flavour sector. The

Standard Model prediction of its branching ratio is less than 10−10. The NA62 experiment at the
CERN SPS is designed to study the K+ → 𝜋

+
𝜈𝜈 decay, and provides the world’s most precise

investigation of this decay. NA62 is a multi-purpose high-intensity kaon decay experiment, and
also carries out a broad rare-decay and hidden-sector physics programme with dedicated trigger
lines.
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1. Introduction

NA62 is a fixed target experiment at the CERN SPS. Its main goal is to measure the branching
ratio (BR) of the K+ → 𝜋

+
𝜈𝜈 decay. The NA62 apparatus is described in detail in [1]: its excellent

performance [2] allows for a very broad physics programme, including precision measurements [3–
6], searches for lepton number violating (LNV) and lepton flavour violating (LFV) decays [7–10],
and a special beam-dump configuration to perform direct searches for new physics [11, 12]. NA62
collected data between 2016 and 2018 (Run1); it is currently in its second run of data taking (Run2),
started in 2021 and expected to last until the CERN Long Shutdown 3.

We report the main NA62 results and the latest LFV / LNV decay search. Other recent results
have been presented in dedicated contributions to this conference [13, 14].

2. Measurement of BR(K+
→ 𝝅+𝝂𝝂)

The K+ → 𝜋
+
𝜈𝜈 decay is driven by a flavour-changing neutral current. It is suppressed by the

GIM mechanism, and it is dominated by short-distance contributions, which makes the Standard
Model (SM) prediction of its BR, of the order of 8 × 10−11, very precise, with an uncertainty of 5
to 10 % which is dominated by the knowledge of the CKM matrix parameters [15–18]. Many new
physics models predict a deviation from this value [19].

Measuring this BR is very challenging, as the experimental signature of the signal is very weak
due to the impossibility of detecting the neutrinos: the signal must be discriminated from the main
kaon decays such as K+ → 𝜇

+
𝜈, K+ → 𝜋

+
𝜋

0, K+ → 𝜋
+
𝜋
+
𝜋
−.

The key kinematic variable for such discrimination is 𝑚2
miss = (𝑃K − 𝑃𝜋 )

2: using appropriate
signal regions allows for a kinematic rejection of backgrounds of𝑂 (104). The excellent performance
of the particle identification system (muon rejection of 𝑂 (108)) and of the photon veto system (𝜋0

rejection of 𝑂 (108)) complements the kinematic discrimination.
The analysis is optimized in categories, depending on 𝜋

+ momentum and hardware configura-
tion. The main background is the upstream background, which consists of an accidental matching
between the K+ and 𝜋

+ tracks. This is mainly due to decays of kaons, or beam interactions with the
detector material, happening upstream of the fiducial volume. The estimation of the backgrounds
is largely data-driven.

The analysis of Run1 data led to a single event sensitivity of (0.839 ± 0.053syst) × 10−11,
corresponding to 10.01 ± 0.42syst ± 1.19ext SM events expected, and an observation of 20 events
including 7.03+1.05

−0.82 estimated background events. This corresponded to a significance of the
observation of 3.4𝜎 and a measurement of

BR(K+ → 𝜋
+
𝜈𝜈) =

(
10.6+4.0

−3.8
��
stat ± 0.9syst

)
× 10−11

,

which is the most precise so far[20].

3. 2021-2022 data analysis

Between 2018 and 2021, NA62 underwent a series of hardware upgrades, aimed at tackling the
largest backgrounds, summarized in figure 2. A new detector (VetoCounter) was designed to detect
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Figure 1: Results of Run1 data analysis. S1 and S2 correspond to subsets of 2018 data with different
hardware. [20]

secondary products of kaon decays which would otherwise be absorbed in the final collimator before
the entrance to the fiducial volume. Another detector (ANTI-0) was installed at the very entrance of
the fiducial volume, to help reject background from halo particles. The beam line around the beam
spectrometer was rearranged in order to sweep away upstream 𝜋

+ more efficiently, and a new station
of the beam spectrometer (GTK0) was added, in order to increase the efficiency of beam track
reconstruction and to improve the resilience against beam pileup tracks. A new detector (HASC2)
was installed near the beam dump, which helps in rejecting a pathological class of K+ → 𝜋

+
𝜋

0

events.

During 2021 and 2022, data was taken at 100 % of the nominal intensity: this corresponds to
a rate of beam particles of around 600 MHz, and is an increase with respect to Run1, where the
average beam intensity was about 60 % of the nominal. This demonstrated that the NA62 apparatus
and TDAQ system is able to withstand such a high rate.

An improved trigger configuration, as well as various improvements in the analysis (including
a refurbished reconstruction of the electromagnetic calorimeter, a new Bayesian classifier to match
K+ and 𝜋

+ tracks, and some retuning of selection cuts) improved the signal yield per SPS spill from
1.7 × 10−5 (for Run1 data) to 2.5 × 10−5 (for 2022 data). New procedures for the estimation of
backgrounds were implemented and fully validated. The new VetoCounter improved the capability
to reject the upstream background by a factor 2 compared to Run1.

Very recently, NA62 presented results of this analysis [21]: 31 events were observed in this
dataset, with a signal sensitivity of (0.84±0.03syst)×10−11 and 11.0+2.1

−1.9 background events expected.
Combining with Run1 results, this led to the measurement

BR(K+ → 𝜋
+
𝜈𝜈) =

(
13.0+3.0

−2.7
��
stat

+1.3
−1.2

��
syst

)
× 10−11

,

and a significance for the observation of more than 5𝜎.
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Figure 2: Summary of NA62 hardware improvements between 2018 and 2021.

4. First search for K+
→ 𝝅0𝝅𝝁e decays

The first search for the LNV decay K+ → 𝜋
0
𝜋
−
𝜇
+e+ and the LFV decays K+ → 𝜋

0
𝜋
+
𝜇
±e∓

has been performed using Run1 data.
The effective number of kaon decays was computed to be (1.97±0.02stat ±0.02syst ±0.06ext) ×

1012
, based on an effective number of 21401 K+ → 𝜋

+e+e− events. The backgrounds, due primarily
to misidentification and pileup of more than one kaon decay, are estimated with simulations. Figure
3 shows the reconstructed invariant mass of the final state of each of the three probed channels. No
events were observed in the data for any of the three signal modes, leading to the 90 % CL upper
limits [22]:

BR(K+ → 𝜋
0
𝜋
−
𝜇
+e+) < 2.9 × 10−10

,

BR(K+ → 𝜋
0
𝜋
+
𝜇
−e+) < 3.1 × 10−10

,

BR(K+ → 𝜋
0
𝜋
+
𝜇
+e−) < 5.0 × 10−10

.

Figure 3: Reconstructed final state invariant mass distributions for K+ → 𝜋
0
𝜋
−
𝜇
+e+ (left), K+ → 𝜋

0
𝜋
+
𝜇
−e+

(middle), K+ → 𝜋
0
𝜋
+
𝜇
+e− (right). Arrows show the signal regions.
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5. Conclusion

NA62 has collected the world’s largest sample of K+ decays, with which recently it observed
the K+ → 𝜋

+
𝜈𝜈 decay and showed the capability to measure BR(K+ → 𝜋

+
𝜈𝜈) at 25 % precision.

NA62 also has a broad physics programme, and it has covered 10 LNV / LFV decay searches to
date.
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