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Abstract. The NA62 experiment at CERN is designed to measure the branching ratio of the
K% — 7tup decay with unprecedented precision using a decay-in-flight technique, novel for
this process. The experiment took data in 2016, 2017 and 2018. Standard model sensitivity is
reached using the 2016 data set, allowing a proof-of-principle of the experimental technique.

1. Introduction

The Kt — 71w decay are FCNC processes proceeding only through Z penguin and W box
diagrams, particularly rare in the Standard Model (SM) due to quadratic GIM mechanism and
strong Cabibbo suppression. The decay amplitude is dominated by short-distance dynamics,
while the hadronic matrix element can be extracted from the well measured K+ — et7n0u,
decays; the rate can therefore be computed with high precision in the SM:

BR(KT — ntvp) = (844 1.0) x 1071
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where the relevant elements of the Cabibbo-Kobayashi-Maskawa (CKM) matrix are extracted
from tree-level processes, and the uncertainty is dominated by the precision on the external
inputs [1, 2, 3, 4, 5]. The KT — 7Tvv decay is extremely sensitive to physics beyond the SM,
with sizeable deviations expected in various scenarios, like tree-level FCNC mediated by new
heavy gauge bosons, models with Lepton Flavour Universality violation, with leptoquarks, or
supersymmetric particles [6, 7, 8,9, 10, 11, 12, 13, 14].

Using a kaon decay-at-rest technique, the experiments E787 [15] and E949 [16] at BNL
measured BR(K* — ntvp) = (17.37]5:3) x 10711

2. The NA62 experiment

NAG62 is a fixed target experiment located at CERN. A schematic view of the apparatus is
shown in Figure 1. A primary 400 GeV/c momentum proton beam from the SPS accelerator
impinges on a beryllium target, producing a secondary hadron beam selected in momentum
(75+0.8 GeV/c) and containing 6% of positive kaons. The momentum of each secondary beam
particle is measured by a silicon pixel detector (GTK) and kaons are identified and timestamped
by a Cherenkov detector (KTAG). A guard ring detector (CHANTI) vetoes beam inelastic
interactions occurring in GTK. A vacuum decay region hosts large-angle photon veto detectors
(LAV) and a magnetic spectrometer made by four stations of straw chambers (STRAW) and a
dipole magnet. About 10% of positive kaons decays in flight in the 60 m fiducial volume contained
in the vacuum decay region. The vacuum region is followed by a RICH detector, to identify
timestamp and identify charged decay particles, a scintillator hodoscope (CHOD) used for
triggering and timing, and an electromagnetic calorimeter (LKR). Small angle electromagnetic
calorimeters (IRC and SAC) improve the photon veto capabilities in the forward region. Hadron
calorimeters (MUV1,2) and a plastic scintillator detector (MUV3) are used to suppress muons.
A detailed description of the apparatus can be found in [17]. The SPS delivers to the experiment
3.3 x 10'? protons per pulse at full intensity, corresponding to 750 MHz particle rate in GTK.
Information from CHOD, RICH, MUV3 and LKr are used to form the online LevelQ trigger
condition; requirements from KTAG, CHOD, LAV and STRAW are combined to provide the
software-based higher level trigger.

X [m] MUVO

Decay
Region

Figure 1. Layout of the NA62 experiment.

3. The K™ — 7Tvi analysis

A signal candidate is identified by the presence of a charged kaon in the hadron beam and of a
matched (in space and time) charged pion from the kaon decay. The main kinematic variable
is the missing mass, m2,,,,, given by the difference squared of the kaon and pion four-momenta

(Figure 2). The m?2,.., distributions of the main backgrounds naturally determine two signal
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regions. The decay K™ — pu*v would have an almost zero m2,, .. corresponding to the neutrino

mass, but to be a background the muon must have been wrongly identified as a pion, causing
m? ... to be negatively distributed. The decay K+ — 77 7%, where the two photons from the
70 decay are lost, has a m?2 . . distribution peaked at the 7° mass. The decay KT — ntatn,

miss
where two pions are lost, has a m? ., at least twice as big as the pion mass. The m?2,,,, resolution

achieved for the signal is o(m2,,.,) &~ 1073 GeV?/c*. Upper and lower limits of the two signal

regions (R1 and R2) are chosen about 10 x o away from the m? ;.. distributions of K+ — 770,
Kt — ptvand K+ — 777 7, in order to minimise background contributions from gaussian
tails (Figure 3). The same m2,,,, is also computed taking the charged pion momentum as
measured with the RICH instead of the STRAW, or assuming the nominal kaon momentum and
direction instead of the GTK measurements. Constraints on these variables are also applied to
define signal regions, providing additional power to suppress background coming from tracks

mis-reconstructed in STRAW or GTK.
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Figure 2. Distributions of m;, ;. for signal Figure 3. Distribution of m? as

miss
a function of the track momentum,
for minimum bias trigger KT decay
events with single track topology. The
contributions from the main K decays
are visible. The two kinematic signal
regions defined for the analysis (boxes
drawn) are indicated for reference.

and background from the main K decay
channels; the backgrounds are normalised
according to their branching ratio and the
signal is multiplied by a factor 1010,

The signal selection proceeds through K+ and 7" identification, and photon and multi-
track rejections. The analysis is restricted to 15 < P.+ < 35 GeV/c to improve significantly
the 70 detection and exploit the optimal momentum range for pion identification and muon
rejection. The 7" track is identified combining the information from the RICH detector and
the calorimeters (LKr, MUV1-2-3), with an identification efficiency of 64%. Events with in-
time extra energy depositions in the LKr are rejected if the corresponding clusters are more
than 10 cm away from the impact position of the charged pion on the LKr. Events with hits
in the large- or small-angle vetos in time with the 77 are rejected. Combining downstream
information from STRAW, CHODs and LKr, events with extra charged particles in the final
state not reconstructed in the spectrometer, or with photons interacting in the material before
reaching LKr, LAV and SAV are also rejected. The achieved 7¥ detection inefficiency is about
2.5 x 1078, measured on data.
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The number of kaon decays in the considered 2016 sample is (1.21£0.02,y5;) % 10, measured
using a sample of KT — 7170 decays selected on control data using the same 7w criteria, except
for the photon and the multiplicity rejection and the cut on m2 ;... After taking into account
the selection acceptance of (4.040.1)%, the trigger efficiency of (874+2)% and a random veto
loss probability of (7644)%, the expected number of identified K+ — 77w signal events is
(0.267 4= 0.001 (54q¢) 3= 0.020 4y 51) & 0.032(c4¢)), Where the external error is due to uncertainties on
the SM calculations.

The background is made by all the charged kaon decays and by beam interactions.
Background sources are studied with data driven methods in background regions and
extrapolated to the signal and control regions, and corrected for kinematic and radiative tails.

The kinematic suppression factor for Kt — 770 is measured on data with a control sample
selected using only the information from LKr to tag the 7%. The tagging does not bias the
resolution tails, but suppresses almost completely the radiative part coming from K+ — 770~
decays. This radiative contribution is estimated using MC simulation and the measured single
photon detection efficiency of the different photon vetoes. Reconstruction tails of K™ — uTv
are modelled by a control sample selected identifying the u. Comparison between data and MC
suggests that tails are accurately simulated over 5 orders of magnitude. The bias induced by the
pT identification and possible correlations between the RICH identification and m2 ;.. are taken
into account in the systematic uncertainty. Similarly the kinematic tails of K — 7ratr™
could enter R2 but the combined effect of the multiplicity and kinematic cuts reduces them
to an almost negligible level. The background from the rare decay KT — ntn~etr (Ked) is
estimated by Monte Carlo, and is suppressed by multiplicity rejection, particle identification
and kinematic.

Background can also originate from upstream events in which the charged pion comes from:
1) K decays upstream of the decay region, mostly between GTK stations 2 and 3, matched
to a pileup beam particle; 2) interactions of a beam pion mostly with GTK station 3, but also
with station 2, matched to a pileup K; 3) interactions of a K+ with material in the beam,
produced either as prompt particle originating from the interaction or as a decay product of a
neutral kaon. This contribution is estimated using a mvv-like data sample enriched for upstream
events.

The number of expected background events in signal regions (R1 + R2) is reported in Table 1.

Table 1. Summary of the background estimation from the K™ — 77 v analysis of 2016 data.

Process Expected events in signal region
Kt = ata0(y) 0.064 £ 0.007 514 + 0.006,ys¢

K™ — 7tu(y) 0.020 £ 0.003 44t %= 0.0035ys¢

Kt = rtrety 0.01870923 |10t & 0.0095yt

Kt = atata~ 0.002 £ 0.0015¢q¢ £ 0.002,y¢
Upstream background 0.050f8:8§8\ stat

Total 0.15 + 0-095tat + 0.015y5t

4. Result and Conclusions

The data collected in 2016 amount to about 1% of the total exposure of the NA62 experiment
in 2016-2018. One candidate event is found in R2 in the 2016 data sample (Figure 4); this
is consistent with the SM expectation (0.267) and with the background expectation (0.15).
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The event has a positive track, with momentum of 15.3 GeV/c and ring in the RICH detector
consistent with being a pion (Figure 5).
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Figure 4. M2, as a function of the
Jr
T

momentum for data passing the K+ —
mtv selection, except for cuts on mfmss
and 7. The grey area corresponds to the
distributions of K™ — 7w v MC events. The
signal regions (red box) are drawn. The un-

blinding of the signal regions reveals one event
observed in R2.

Figure 5. RICH display showing the
hits associated to the track for the
event observed in R2. The three circles
illustrate the positron, muon and pion
hypothesis.

With an expected signal of 0.267 events and a background of (0.15+0.0944:40.01,,¢) events,
a hybrid frequentistic-bayesian prescription [18] is applied to account for the uncertainty on the
expected background. Using the CLs method [19], the observed upper limit on the K+ — ntvp
branching ratio is BR(KT — ntvp) < 14 x 10710 at 95% CL, while the corresponding expected
limit is BR(KT — ntvi) <10 x 10719,

The result presented here represents a proof of principle of the novel decay-in-flight technique
adopted by NA62. The NAG62 experiment has already collected more than 20 times the statistics
presented here, and the analysis of this larger data sample is in progress.
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