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Abstract. The decay K+ → π+νν̄, with a very precisely predicted branching ratio of less
than 10−10, is one of the best candidates to reveal indirect effects of new physics at the highest
mass scales. The NA62 experiment at CERN SPS is designed to measure the branching ratio
of the K+ → π+νν̄ with a decay-in-flight technique, novel for this channel. NA62 took data
in 2016, 2017 and 2018. Statistics collected in 2016 allows NA62 to reach the Standard Model
sensitivity for K+ → π+νν̄, entering the domain of 10−10 single event sensitivity and showing
the proof of principle of the experiment. The analysis data is reviewed and the preliminary
result from the 2016 data set presented.

1. Introduction
The decay K+ → π+νν̄ (Kπνν̄) is one of the best candidates among rare kaon decays for testing
the Standard Model (SM) and for indirect searches for new physics at the mass scales unreachable
to the current accelerator machines. It is a flavour changing neutral current process naturally
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suppressed by the GIM mechanism [1] and the CKM matrix elements [2, 3]. This decay stands
out due to a few percent precision of the SM prediction for its branching ratio, which reads [4]

BRSM(K+ → π+νν) = (8.4± 1.0)× 10−11.

With the hadronic matrix elements being very well measured with K+ → π0l+νl, l = e, µ (Kl3)
decays the main source of the uncertainty of the SM prediction are the CKM matrix parameters.
The dominant contribution to the branching ratio comes from the short-distance physics of top
quark loops with negligible long-distance corrections.

Figure 1. Feynman diagrams of the K+ → π+νν̄ decay.

The Kπνν̄ decay plays an important role in testing of the unitarity of the CKM matrix
and together with other kaon decays they can provide a fit of the full unitarity triangle. Many
extensions of the SM predict significant contributions to the branching ratio due to new particles
in the loops of Kπνν̄ diagrams.

The current best experimental measurement of the branching ratio of Kπνν̄ decay, which
reads [5]

BRexp.(K+ → π+νν) =
(
17.3+11.5

−10.5

)
× 10−11,

was obtained by Brookhaven National Laboratory (BNL) E949 Collaboration from seven Kπνν̄

candidate events using kaons decaying at rest. The NA62 Experiment aims to decrease the
experimental error to a 10% level, thus reaching the SM precision of the branching ratio
prediction.

2. The NA62 Experiment
The NA62 Experiment located in the North Area of CERN is a fixed target experiment aiming
to measure the branching ratio of Kπνν̄ decay using a decay-in-flight technique. Presence of
a positively charged kaon in the initial state, positively charged pion in the final state and
missing energy in the form of neutrinos that remain undetected summarise the signature of this
decay.

The NA62 detector [6] was fully commissioned in 2015. The first high quality Kπνν̄ dataset
at 40% of the nominal intensity was collected in September and October 2016. The data-taking
continued with two runs in 2017 and 2018. In the following the result of the full 2016 Kπνν̄

dataset, corresponding to 1.21× 1011 kaon decays, is presented.
A scheme of the NA62 detector is shown in figure 2. The experiment makes use of a primary

400 GeV/c proton beam from the CERN SPS accelerator impinging on a beryllium target.
A secondary beam is produced and its 75 GeV/c positive component is selected and collimated.
The final secondary beam consists mostly of protons and pions with only about 6% of the beam
particles being kaons. The beam with particle rate of 750 MHz is lead via the beam line to
the NA62 detector. The design of the NA62 Experiment reflects the decay-in-flight technique
and the decay signature. The detector layout can be divided into two sections: upstream section
and downstream section with decay region and downstream subdetectors.
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Figure 2. Schematic layout of the NA62 Experiment in the xz plane.

The upstream section is dedicated to the kaon identification and measurement of the beam
particle properties. A differential Cherenkov counter (KTAG) is used for identification and time
measurement of the kaon component of the beam. The momentum and direction measurement
of each beam particle is provided by the beam tracker (GTK) consisting of three stations of
silicone pixel detectors and a set of dipole magnets. A scintillating counter (CHANTI) is placed
at the end of the upstream section to veto events with inelastic interactions of beam particles
occurring in the third station of the GTK detector. These events form part of the upstream
background to the Kπνν̄ as they can result in a positive pion mimicking the Kπνν̄ signal.

Part of the evacuated region, which stretches from the target to the last station of
a downstream spectrometer, is a decay region in which a 50 m long fiducial volume is defined
in order to suppress background from interactions in the upstream detectors and to ensure that
all charged products of any kaon decay are in the geometrical acceptance of the downstream
spectrometer (STRAW). The STRAW consists of four stations with about 1800 drift tubes per
station and a dipole magnet placed in between the two middle stations. The spectrometer
provides momentum and direction measurement of all charged decay products.

A 17 m long tank filled with neon gas is placed after the last STRAW station. It is a ring
imaging Cherenkov detector (RICH), which is used for charged particle identification and time
measurement with a resolution better than 100 ps. Timing information of charged decay
products is also provided by two plastic scintillator hodoscopes (CHODs) placed downstream of
the RICH.

Two hadronic calorimeters (MUV1, MUV2) and a fast scintillator muon veto (MUV3) placed
behind an iron wall further contribute to the particle identification and provide muon rejection.

The electromagnetic calorimeter (LKr) is an ionization chamber filled with liquid krypton.
It serves for particle identification and is a part of a set of photon veto detectors. Twelve large
angle veto stations (LAVs) placed between the GTK and the LKr calorimeter, supplemented by
two small shashlik calorimeters (IRC, SAC) and the LKr cover angles from 0 mrad to 50 mrad
from the beam line to reject events with extra electromagnetic activity.

The data is collected with two independent trigger streams: minimum-bias trigger stream
(Control Trigger), which is used for the normalization, efficiency and selection performance
studies, and a Kπνν̄ dedicated trigger stream (Physics Trigger), which is used for selection of
the Kπνν̄ candidate events for the branching ratio measurement. A low-level trigger (L0) makes
decisions about data readout from detectors based on logical signals produced by the RICH,
CHODs, LKr, LAV and MUV3 (in case of the Control Trigger only one of the CHODs is used
and a downscaling factor 400 is applied). After positive L0 verdict data from KTAG, LAVs
and STRAW are processed by the software trigger (L1) to make more advanced decision using
higher level information obtained by applying simplified reconstruction algorithms similar to
those used offline.



3. The K+ → π+νν̄ selection and analysis
The decay signature determines the main kinematic variable used in the analysis, the invariant
squared missing mass m2

miss, which provides a kinematical discrimination between the relevant
kaon decays. It is defined as m2

miss = (PK+ − Pπ+)2, where PK+ is the measured kaon four-
momentum and Pπ+ is the measured four-momentum of the charged decay product in the charged
pion mass hypothesis. Based on this variable, two signal regions are defined and are shown in
figure 3: region 1 (R1) between the K+ → µ+ν (Kµ2) and K+ → π+π0 (K2π) peaks and region
2 (R2) between K2π peak and K+ → π+π−π+ (K3π) region. Three control regions are defined
next to signal regions and are used for the validation of the estimated Kµ2 and K2π backgrounds
in the signal regions.

Figure 3. (a): m2
miss distribution for signal and main K+ decay modes; the signal is multiplied

by a factor of 1010. (b): m2
miss distribution as a function of track momentum for events selected

with Control Trigger stream. The signal regions R1 and R2 are drawn as red boxes for reference.

The main sources of background in these regions are radiative tails of Kµ2 and K2π decays,
resolution tails of Kµ2, K2π and K3π decays and semileptonic kaon decays K+ → π+π−e+νe
(Ke4) and Kl3, which are not kinematically constrained to be outside these regions. Other
relevant sources of background come from events with kaon decays occurring upstream of
the third GTK station and events with inelastic interactions of beam particles with detector
material.

A blind analysis strategy is followed, in which the signal regions are kept blinded until
the evaluation of the signal and background expectations is completed.

Reflecting the signature of the Kπνν̄ decay, the first step of the analysis is the selection of
events with single track topology (one positively charged track in the final state) using STRAW
and CHOD detectors. The track is associated to an in-time beam track reconstructed in the GTK
and identified as a kaon by the KTAG. The association vertex obtained as the intersection point
of the STRAW and GTK tracks is required to lie inside the fiducial volume. Only events with
the track momentum between 15 GeV/c and 35 GeV/c are considered in the selection. Tracks
with momentum below 15 GeV/c are rejected because they are close or below the Cherenkov
threshold of the RICH detector. Events with track momentum above 35 GeV/c are rejected to
allow for more efficient suppression of the K2π background events owing to the π0 with energy
of at least 40 GeV. Positively charged pion identification is performed by the electromagnetic
and hadronic calorimeters and the RICH detector. This provides a total muon rejection factor
of about 108 while keeping the π+ identification efficiency at 64%.



Most of the events with positive π+ identification are K2π events. They are suppressed by
rejection of in-time coincidences between the π+ track and the energy deposits in the photon
veto detectors LKr, LAV, IRC and SAC. Further rejection criteria are imposed against events
with photons interacting with detector material upstream of the LKr detector. The resulting π0

rejection inefficiency is 2.5×10−8, as measured by counting events selected by control and physics
trigger streams before and after the photon rejection in the K2π peak region, respectively.

Signal region definitions reflect the m2
miss resolution σ(m2

miss) = 1×10−3GeV2/c4. To protect
against misreconstruction of the event kinematics or mismatch between the track and kaon, two
additional squared missing mass variables are defined: m2

miss(RICH,GTK), for which the track
momentum measured by the STRAW is replaced by the one measured by the RICH under
the π+ mass hypothesis, and m2

miss(STRAW, beam), for which the kaon momentum measured
by the GTK is replaced by the nominal beam momentum. This results in a final 3D definition
of the signal regions.

The single event sensitivity (SES) of the Kπνν̄ analysis is evaluated to be SES = (3.15 ±
0.01stat±0.24syst)×10−10. The dominant contribution to the systematic uncertainty comes from
random veto losses induced by the π0 rejection procedure. Other relevant sources of systematic
uncertainty include number of kaon decays in the fiducial volume, signal selection acceptance
and trigger efficiency.

Table 1. Expected number of signal and background events in R1 and R2 after applying the
K+ → π+νν̄ selection on the 2016 dataset.

Process Expected events in R1+R2

K+ → π+νν̄ (SM) 0.267± 0.001stat ± 0.029syst ± 0.032ext
K+ → π+π0(γ) (IB) 0.064± 0.007stat ± 0.006syst
K+ → µ+νµ(γ) (IB) 0.020± 0.003stat ± 0.003syst
K+ → π+π−e+νe 0.018+0.024

−0.017|stat ± 0.009syst
K+ → π+π−π+ 0.002± 0.001stat ± 0.002syst
Upstream background 0.050+0.090

−0.030

Total background 0.15± 0.09stat ± 0.01syst

After the full Kπνν̄ selection, the total signal acceptance is 4% with 1% in R1 and 3% in
R2. The expected numbers of signal and background events in both signal regions combined
are given in table 1. A dedicated study showed that the K2π background dominates in the low
momentum region, unlike the Kµ2 background, which becomes relevant at higher momenta.
Three of the backgrounds from kaon decays, K2π, Kµ2 and K3π, are studied and estimated
using Control Trigger data samples. The Ke4 background is estimated using a Monte Carlo
(MC) sample with 400 million simulated events with the simulation validated on data using
5 different samples. Finally, the second most dominant contribution to background in signal
regions is due to upstream background, which includes any event passing the Kπνν̄ selection not
originating from a kaon decaying in the decay region (from the last GTK station to the first
STRAW station). The upstream background is estimated using a statistically limited data-
driven method, which results in a large uncertainty dominating the total background estimate
uncertainty.



4. Results
After unblinding the signal regions one Kπνν̄ candidate is observed in the region 2, as shown
in figure 4(a) [7]. The momentum of the track measured by the STRAW spectrometer is
15.3 GeV/c. The ring associated in the RICH detector to this track is consistent with the π+

hypothesis, as shown in figure 4(b).

Figure 4. (a): m2
miss as a function of track momentum Pπ+ (dots) for events passing the

K+ → π+νν̄ selection (except for the cuts on m2
miss and Pπ+). The grey area corresponds to

the distribution of K+ → π+νν̄ MC events. The two signal regions are marked as red boxes.
The event observed in R2 is shown. (b): Position of the RICH hits associated to the track of
the event observed in R2. The circles correspond to π+, µ+ and e+ hypotheses.

Taking into account the measured SES and the background expectation with both statistical
and systematic uncertainties [8], such observation leads to the following upper limit on the
branching ratio of the Kπνν̄ decay obtained with CLs method [9] at 95% CL:

BR(K+ → π+νν̄) < 14× 10−10 @ 95% CL.

The observed upper limit is consistent both with the SM prediction and the previous
measurement provided by the BNL E949 Collaboration.

5. Outlook
By reaching the single event sensitivity of 10−10, the result of the 2016 dataset analysis
demonstrates the potential of the NA62 detector to improve the current Kπνν̄ branching
ratio measurement using the decay-in-flight technique. The analysis of 2017 and 2018 Kπνν̄

data is ongoing and important improvements on signal acceptance, background reduction and
reconstruction efficiency are anticipated.

From the full Kπνν̄ statistics collected in years 2016, 2017 and 2018, about 20 SM Kπνν̄

event candidates are expected to be observed. In order to reach the 10% sensitivity of the SM
prediction, about 100 Kπνν̄ candidates need to be collected. Thus the extension of the NA62
data-taking period after the LHC stop (2019-2021) has been proposed and is currently awaiting
approval.
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