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Recent results from the NA62 experiment
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The NA62 experiment at the CERN SPS, designed to measure the branching ratio of the ultra-rare
 + → c+aā decay using a decay-in-flight technique, collected data from 2016 to 2018. The
analysis of the full 2018 data set is presented here, corresponding to a total number of kaon decays
of about 2.62 × 1012, the largest data set so far collected. The combination with the 2016-2017
data set is also reported. In addition the latest results from other searches are briefly presented.
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Recent results from the NA62 experiment

Figure 1: Top view of the NA62 beamline and detector.

1. Introduction

The ultra-rare  + → c+aā decay is a flavour changing neutral current process, proceeding
through box and electroweak penguin diagrams. It is theoretically well predicted and sensitive to
new physics beyond the Standard Model (SM), probing high mass scales [1, 2]. The SM branching
ratio is:

�A ( + → c+aā)(" = (8.4 ± 1.0) × 10−11 (1)

where the main source of uncertainty originates from the uncertainties on the CKMmatrix elements
[3]. Previous experimental result was based on seven signal events collected by the BNL-AGS-
E787(E949) experiments, that measured a branching ratio of �A ( + → c+aā) = (17.3+11.5

−10.5) × 1011

using the stopped kaons technique [4].

2. The NA62 detector

The NA62 beam line and detector are described in detail in [5] and shown in Figure 1. The
NA62 beam is produced by the interaction of a 400 GeV/2 proton beam, coming from the CERN
super proton syncrotron (SPS), with a beryllium target. It is composed of positive charged particles
of which 6% are kaons and it has a central momentum of 75 GeV/c with a momentum bite of
Δ?/? = 1%. The kaons in the beam are identified by a Cherenkov counter detector, KTAG. Before
entering the vacuum region downstream, the kaon momentum and direction are measured by the
Gigatracker (GTK), composed of three silicon pixel stations of 6×3 cm2 surface area exposed to the
full beam rate. Inelastic interactions in the last GTK station (GTK3) are vetoed by the CHANTI,
composed of six stations of plastic scintillator bars. Downstream, a magnetic spectrometer, made
of four STRAW chambers and a dipole magnet measures the momentum and direction of charged
particles coming from kaon decays. A ring-imaging Cherenkov detector (RICH) is used to separate
c+, `+ and 4+. The time of charged particles is measured both with the RICH and with an array
of scintillators (CHOD) located downstream of the RICH. Two hadronic calorimeters (MUV1
and MUV2) and a fast scintillator array (MUV3) provide further separation between c+ and `+.
Photons are detected by an hermetic photon veto system covering angles up to 50 mrad from
the beam axis, composed of twelve annular lead glass detectors (LAV1–12), two lead/scintillator
sampling calorimeters (IRC, SAC) close to the beam axis and a liquid krypton electromagnetic
calorimeter (LKr).
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Figure 2: Left: Reconstructed <2
<8BB

as a function of c+ momentum after the complete signal selection.
In the plot the background regions are depicted by the small grey dots. The background validation regions,
depicted by the solid black dots, are kept blind until the analysis is complete. The numbers next to those
regions are the expected number of background events (in brackets) and the observed number. The signal
regions, indicated by the hatched rectangles, are kept blind until the completion of the analysis. Right:
Comparison between expected and observed number of events for three upstream background validation
samples. Those samples, enriched of upstream background events, are selected by inverting some of the
selection criteria used in the analysis.

3. The  + → c+aā analysis

The experimental signature of the signal consists of a  + with 4-momentum ? in the initial
state and a c+ with 4-momentum ?c in the final state plus missing energy from the neutrinos. The
kinematic variable used to distinguish the signal from other  +– decay backgrounds and to define
the signal regions is the squared missing mass <2

<8BB
= (? − ?c)2.

Events with a single-track decay topology are selected using the downstream detectors STRAW,
CHOD and RICH. The downstream track reconstructed with the STRAW must be associated to a
signal in the CHOD and to a reconstructed ring in the RICH, which defines the track timewith 100 ps
precision. The selected downstream track is associated to an in-time  + in the KTAG detector. A
 + is reconstructed in the GTK. A kaon decay vertex is reconstructed and a cut is applied to be inside
a 50 m long fiducial region, starting 10 m downstream of GTK3. The downstream track is identified
as a c+ using two complementary methods: a multivariate analysis with Boosted Decision Trees
(BDT) using energy deposition, energy sharing and shower shape profiles in the LKr and MUV1/2,
as well as signals from MUV3; a cut-based approach using the particle mass reconstructed by the
RICH detector and a track-driven likelihood discriminant for c+/`+/4+ separation. The algorithm
for particle identification has an efficiency for identifying c+ of 64% and a muon mis-identification
probability of O(10−8). Additionally a photon and multi-charged particle rejection is applied based
on information in the photon veto detectors and the CHOD. The photon veto conditions provide a
c0 suppression of O(10−8). The <2

<8BB
distribution after the complete signal selection is shown in
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Figure 2 (left).
The the 2018 data set is divided in two periods: S1 and S2, before and after the installation

of a new collimator, corresponding to 20% and 80% of the full statistics respectively. The analysis
of the S1 sample follows the analysis of the 2017 data, described in [6], with small optimizations,
while major improvements have been applied in the analysis of the S2 sample. The  + → c+aā is
normalized to the  + → c+c0 decay. This allows cancellation of systematic effects related to both
 + and c+.

The number of expected SM signal events is derived from

#4G? = #ccYCA86Y'+
�caa�A (caa)
�cc�A (cc)

= (7.58 ± 0.40BHBC ± 0.754GC )

where #cc is the number of  + → c+c0 decays selected from a minimum bias sample, �caa
and �cc are the acceptance of the signal and normalization channels derived from Monte Carlo
simulations, YCA86 is the trigger efficiency and Y'+ is random veto efficiency, derived from data,
induced by the photon and multi-charged particle rejection procedure. �A (caa) and �A (cc) are the
SM branching ratio of the signal and normalization channels, respectively. The quoted systematic
uncertainty receives the main contributions from: trigger efficiency, random veto losses and simu-
lation of the c+ losses due to interactions in the detector material upstream of the hodoscopes. The
external uncertainty is due to the theoretical knowledge of the  + → c+aā branching ratio.

The Single Event Sensitivity ((.�.() for the 2018 data set is:

(.�.( =
�A (caa)
#4G?

= (1.11 ± 0.07BHBC ) × 10−11.

The expected number of background events in the signal region is #1:6 = (5.28+0.99
−0.74). The

background is composed of  + decays in the fiducial region (1.98 ± 0.15 events) and upstream
background (3.30+0.98

−0.73 events) due to upstream  + decays forming a fake vertex with a beam particle
inside the fiducial region. The background from the more abundant kaon decays,  + → c+c0(W),
 + → `+a(W) and  + → c+c+c−, in the signal region is validated in dedicated background
validation regions (see Figure 2 (left)). The upstream and  + → c+c−4+a background predictions
are validated using separate samples obtained by inverting some of the criteria used for the  + →
c+aā selection (see Figure 2 (right)).

4. Result

After unblinding the two signal regions 17 events have been observed in the 2018 data set,
distributed as shown is Figure 3 (left). In total, adding the result of the  + → c+aā analysis
performed on the 2016 [7], 2017 [6] and 2018 data, NA62 has observed 20 candidate events.
The final branching ratio is obtained performing a maximum likelihood fit using the signal and
background expectation in 9 categories illustrated in Figure 3 (right), including also the 2017 and
2016 results. The resulting branching ratio is

�A ( + → c+aā) = (11.0+4.0−3.5 ± 0.3) × 10−11

The first uncertainty is statistical, dominated by the Poissonian fluctuation of the expected back-
ground, and the second is systematic. The result is compatible with the SM value within one
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Figure 3: Left: Reconstructed <2
<8BB

as a function of c+ momentum after the unblinding of the signal
regions (two red boxes). The grey area corresponds to the expected distribution of  + → c+aā MC events.
Right: Comparison between the expected and observed number of events in the different categories used in
the maximum likelihood fit to extract the  + → c+aā branching ratio. Categories 0 to 5 correspond to the
six 5 GeV/2-wide momentum bins of the 2018 S2 sample. Categories 6,7 and 8 correspond to the 2018 S1,
2017 and 2016 samples, respectively.

standard deviation and in a background-only hypothesis the signal significance is 3.5f, estimated
using the CLs method. This is the most precise measurement of the  + → c+aā branching ratio.

5. Other analyses

In addition to the main analysis, NA62 performs other searches, collecting data in parallel with
the  + → c+aā data taking.

Test of Lepton Flavour Universality (LFU) Tests of LFU can be performed measuring the
 + → c+`+`− form factor parameters which LFU predicts independently of the lepton flavour [8].
The results obtained from the analysis of the  + → c+`+`− decay on the 2017-2018 data set
reported in Figure 4 are compatible with previous measurements in both muon and electron modes
and thus no deviation from LFU is observed.

Lepton flavour and lepton number violation searches Lepton number (LN) and Lepton Flavour
number (LF) can occur in models beyond the SM. Searches of LN and LF violation are powerful
probes to access high mass scales. From the analysis of the full 2017-2018 data set, new limits
have been set in semi-leptonic  + LN and LF violating decays, improving on previous limits [9]
by one order of magnitude, reaching sensitivity of O(10−11): B( + → c−`+4+) < 4.2 × 10−11,
B( + → c+`−4+) < 6.6 × 10−11 at 90% C.L.

Heavy neutral lepton The NA62 experiment at CERN collected large samples of kaon decays,
allowing to search for heavy neutrino production in  + → ;+aℎ decays (; = `, 4). The analysis of
the electron channel has been performed on the full data set reaching limits on the |*44 | parameter
of O(10−9) [10]. The analysis on the muon channel has been done on 30% of the full statistics
reaching sensitivity on the |*`4 | parameter of O(10−8).
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Figure 4: Form factor parameters 0 and 1: the latest NA62 measurement in the muon mode and previous
measurements in both muon and electron modes.

6. Summary

The NA62 experiment took data from 2016 to 2018, collecting ∼ 2.2 × 1018 protons on target.
Combining the results obtained from the whole data set the most precise measurement of the
 + → c+aā branching ratio has been set: �A ( + → c+aā) = (11.0+4.0−3.5 ± 0.3) × 10−11. In addition
NA62 performed searches of rare and forbidden kaon decays and exotic particles. NA62will resume
data taking in 2021 with an upgraded detector allowing for an improved signal sensitivity.
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