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The decay Kt — 7Tvi with a very precisely predicted branching ratio
of less than 10710 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+ — ntvw. In
2016, the first data set good for physics has been collected. The preliminary
result on BR(K™ — 7tvr) from the full 2016 data set is presented here.
Due to the high beam energy and hermetic detector coverage, NA62 has
also the opportunity to directly search for a multitude of long-lived beyond-
Standard-Model particles, such as dark photons, dark scalars, axion-like
particles, and heavy neutral leptons. An overview of the broader NA62
physics program with status and prospects will be illustrated.

DOI:10.5506 / APhysPolBSupp.13.95

1. The KT — ntvi decay in the Standard Model

The Kt — ntvi, (Krp) decay is a flavour changing neutral current
process proceeding through box and electroweak penguin diagrams. The pro-
cess is very rare due to the quadratic GIM mechanism and strong Cabibbo
suppression. The dominant contribution comes from the short-distance
physics of the top quark loop, with a small charm quark contribution and
long-distance corrections. This makes the K, very clean theoretically and
sensitive to physics beyond the Standard Model (SM), probing the high-
est mass scales among the rare meson decays [1|. The SM prediction us-
ing elements of the CKM matrix extracted from tree-level processes [2] is
BR(Kt — 7vw) = (8.4 £ 1.0) x 10711, The knowledge of the external
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inputs dominate the uncertainties on the predictions. The present exper-
imental measurement from the BNL E949 Collaboration [3], BR(K* —
) = (17.37152) x 1071, was obtained using stopped kaons. The big
gap between theoretical precision and experimental error motivates a strong

experimental effort to improve this measurement.

2. NA62 beam and detector

The fixed target NA62 experiment aims at measuring the branching ratio
of the K, decay with a 10% precision. A sample of about 10 kaon decays
should be collected in few years of data taking using the 400 GeV /¢ primary
SPS proton beam. A maximum of 10% of background contamination is
required, necessitating a background rejection factor of the order of 10'2.
The beam impinges on a beryllium target producing secondary particles. A
100 m long beam line selects, collimates, focuses, and transports positive
charged particles of (75.0+0.8) GeV/c momentum to the evacuated fiducial
decay volume of which the kaon component is 6%. The NA62 experimental
apparatus is shown in Fig. 1. The KTAG is a differential Cherenkov detector
filled with No placed in the beam to identify and time-stamp kaons. It
is followed by the Gigatracker (GTK) detector, composed of three silicon
pixel stations of 6 x 3 cm? surface exposed to the full 750 MHz beam rate.
The GTK is used to time-stamp and measure the momentum of the beam
particles. The CHANTI detector tags hadronic beam—detector interactions
in the last GTK station (GTK3). Downstream, the magnetic spectrometer
made of four straw chambers and a dipole magnet between the second and
third chamber is used to measure the momentum of the charged K+ decay
particles. A 17 m long RICH counter filled with neon gas is used to separate
7T, uT and eT. 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 7% and put. A set of
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Fig. 1. Schematic layout of the NA62 experiment in the zz plane.
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photons vetoes (LAVs, LKr, IRC, SAC) hermetically covers angles up to
50 mrad to reject extra electromagnetic activity. A detailed description of
the apparatus and its performances can be found in [4].

3. The K+ — wT v analysis

The analysis of the full 2016 data set is presented here, correspond-
ing to 1.21(2) x 10'' K+ decays in the fiducial region. The Ky, decay
signature is one track in the initial and final state with two missing neutri-
nos. The main kinematic variable is m?niss = (px — pﬂ+)2, pr and p.+ are
the 4-momenta of the K and 7™, respectively. The analysis is performed
in two separate regions: Region 1 (R1) between the Kt — putv, (Ku)
and Kt — 770 (K,,;) contributions and Region 2 (R2) between K,
and Kt — 7tntn~ (Krqr) contributions. The main backgrounds en-
tering those regions are K,, and K . decays through the non-Gaussian
resolution and radiative tails; K ., through the non-Gaussian resolution;
Kt = ntn~etv, (Key) and K+ — [T 7% (Kj3) decays (I = u, e); upstream
background consisting of K+ decays upstream of the GTK3 and inelastic
beam—detector interactions. Each of the background processes requires dif-
ferent rejection procedure depending on kinematics and type of particles in
the final state.

Events with the single track topology are selected using the downstream
detectors STRAW, CHOD and RICH with a time coincidence resolution of
100 ps. The downstream track is then associated to an in-time kaon in the
KTAG detector. The K track is then reconstructed and time-stamped in
the GTK detector. A kaon decay vertex is created at the intersection point of
the GTK and STRAW tracks. The kaon decays within a 50 m fiducial region
from 10 m downstream to GTK3 are selected. The 7 tracks are identified
by the calorimeters and the RICH counter providing 10% T suppression
for 64% w1 efficiency. The performances are measured on kinematically
selected Ky and K, decays on control-trigger data. Events passing the 7
identification criteria are mainly K, decays, which are further suppressed
by rejecting in-time coincidences between the 7+ and energy deposits in
the electromagnetic calorimeters LKr, LAVs, SAC, IRC. The resulting 7°
suppression is 3 x 1078, as measured from minimum bias and K, ;-trigger
streams before and after v rejection, respectively.

Signal region definitions are driven by the m?2, (STRAW, GTK) reso-
lution o(m2;,) = 1 x 1073 GeV%/ct. To protect against kinematic misre-
construction, additional constraints are imposed on the m2 . (RICH, GTK)
computed by replacing the STRAW momentum with that measured by the
RICH under a 7+ mass hypothesis and m?2,, . (STRAW, Beam) computed by
using nominal K+ momentum. The total K,,; acceptance in the signal
regions after the complete selection is 4% (1% R1, 3% R2).
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The probability of the K, (Krr) decays to enter the signal regions de-
fined by the three m2, . is 3 x 107%(1 x 1073). This kinematic suppression
factor is used for the background estimation and is measured using K, (Krr)
decays on a control-trigger data sample. An MC simulation of 400 million
generated K — mt 1 ety (Keq) decays is used to estimate the expected
background. The precision of the K¢4 background estimation is limited by
the size of the MC sample. The upstream background is estimated using
a data driven method. The method is statistically limited, reflected in the
large uncertainty dominating the overall background estimation. The back-
ground estimates in the signal regions are summarized in Table I, together
with the signal events expectation obtained with MC.

TABLE I

Summary of the expected number of signal and background events in R1 and R2
after selection. Errors are added in quadrature to obtain the uncertainty on the
total expected background.

Process Expected events
Kt — ntvw (SM) 0.267 £ 0.0015pat £ 0.0205yst £ 0.0326¢
Kt = atn%~) IB 0.064 = 0.007s¢at £ 0.006ys¢
K™ — ptv(y) IB 0.020 = 0.0035¢at £ 0.003syst
Kt = atn—ety 0.01870 073 s & 0-009yst
Kt — rntpta~ 0.002 = 0.001g¢a¢ £ 0.002ys¢
Upstream background 0.05079:599 stat
Total background 0.15 £ 0.09s¢at 3= 0.0yt

The single event sensitivity for a SM K .5 decay is SES = (3.15 £
0.01gtat = 0.244yst) X 1071°, dominated by systematic uncertainty. The main
uncertainty sources come from: random veto losses induced by the ¥ re-
jection procedure; stability of the SES estimation when varying the 7 tn°
normalization region; simulation of the 7T losses due to interactions in the
detector material upstream of the hodoscopes.

4. Results

One event is found in R2 after un-blinding the signal regions. The K,z
candidate event (Fig. 2, left) has 15.3 GeV/c momentum and is perfectly
consistent with a 71 track in the RICH detector (Fig. 2, right). Upper limit
on the branching ratio of the K™ — nTvi decay is obtained using the CLg
method [5]: BR(K+ — ntvi) < 14x10710 at 95% C.L. The result, based on
2% of the total NA62 exposure in 2016-2018, demonstrates the validity of the



K+ — 7wt vi Decay and NP Searches at NAG2 99

decay-in-flight technique in terms of background rejection and in view of the
measurement in progress, with both hardware and analysis improvements,
using the full data sample.
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Fig.2. (Colour on-line) Left: m?

2 iss as a function of P+ (dots) after the complete
K+ — ntv selection is applied, but the cuts on m2; . and P+. Grey area corre-
sponds to the distribution of K* — 7+vi MC events. Black/red lines define signal
regions. One event is observed in R2. Right: Position of the hits in the RICH event
display associated to the 7+ track for the observed event in R2. Circles illustrate
et, pt and 7+ hypothesis, showing a perfect agreement with a 7 (innermost

ring).

5. Exotic searches

Redundant particle identification systems and hermetic, highly-efficient
photon veto detectors, together with the high-intensity beam and flexible
trigger system, make NA62 particularly suitable for searching for the decays
of exotic, long-lived particles |6] produced in the target and dump collimator
or in the decays of kaons in the beam. Analysis of data for all the searches
mentioned in the following is in progress.

NAG62 can search for dark photons [7] with no decays to SM particles.
Figure 3, left, shows preliminary 90% C.L. exclusion limits in the mass-
coupling (m s, €) plane for invisible dark photons searched in K+ — 7 +7°
with 7% — ~A’, in which the missing-mass distribution for candidate events
with one track, one photon, and missing energy is examined for evidence of
the peak from the A’. This result was obtained with a sample of 1.5x 1010 K+
decays, the 5% of the 2016 data sample. NA62 can also search for dark
photons produced in the target that decay to ete™ or putpu~ inside the
fiducial volume. Figure 3, right, shows the sensitivity estimate obtained for
10'® protons on target (p.o.t.) with both these channels. Zero background
is assumed. This assumption has been proven to be valid up to exposures
of 10'® protons with data collected with parasitic ee and pu triggers.
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Fig.3. Left: Preliminary 90% C.L. exclusion limits in the (m 4/, €) plane for dark
photons A’ with no decays to SM particles, from a 5% subset of NA62 2016 data.
Right: Estimated NA62 90% C.L. exclusion limits in (m ./, €) assuming 10'® p.o.t.
and zero background for dark photons A’ decaying to ete™ or ptu~.

Searches of axion-like particles (ALPs) [8] produced by the Primakoff
process (77 fusion) in interactions in the dump may also be performed in
NAG62. In a dedicated running, the target may be lifted and the copper colli-
mators closed, so that the whole beam interacts in a higher Z material closer
to the detector, increasing the sensitivity. Samples of O(10'®) p.o.t. have
been collected in dump mode for sensitivity studies. Figure 4, left, shows an
estimate of the 90% C.L. exclusion that NA62 could obtain with 10'® p.o.t.
and zero background. NA62 can search for Heavy Neutral Leptons (Ns) [9]
produced in kaon decays in the Mg spectrum for K+ — [T N, as discussed
in detail in [10]. In addition, NA62 can search for Ns produced in the dump
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Fig.4. Left: NA62 estimated 90% C.L. exclusion limits in the (mq, gqy) plane,
assuming 10'® p.o.t. and zero background, for axion-like particles decaying to y7.
Right: NA62 estimated 90% C.L. exclusion limits in the (my, |U|?) plane, in the
scenario in which the couplings to SM neutrino-p is dominant.
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that decay to two charged particles. Figure 4 shows NA62 estimated 90%
C.L. exclusion for 10'® p.o.t. in the plane of |U,| vs. my , where U, is the
element of the neutrino-mixing matrix relating N to SM neutrino « € e, u, T.
The sensitivity is shown for one of the coupling scenarios discussed in [11].
In 2017, NA62 took 10'7 p.o.t. with a 7u parasitic trigger and a few 106
p.o.t. with a me parasitic trigger.
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