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Summary. — K+ → π+νν is one of the theoretically cleanest meson decay where
to look for indirect effects of new physics complementary to LHC searches. The
NA62 experiment at CERN SPS is designed to measure the branching ratio of this
decay with 10% precision. NA62 started to take date with a good beam intensity in
2016. The analysis of the 5% of 2016 data acquired, in view of the final measurement,
will be presented.

1. – The NA62 experiment

The NA62 experiment is located in the CERN North Area SPS extraction site and it
aims at measuring the Branching Ratio of the ultra-rare FCNC kaon decay K+ → π+νν
collecting about 100 events in two years of data taking [1]. This decay is a very useful
process to study flavour physics and to obtain a stringent test of the Standard Model
(SM); the Branching Ratio (BR) of these decays can be computed with high precision [2],
BR(K+ → π+νν)(SM) = 8.4 ± 1.0 × 10−11 where the uncertainty is dominated by the
current precision of the CKM mixing matrix input parameters.

The strong suppression of the SM contributions and the remarkable theoretical pre-
cision of the SM rate make this decay a powerful probe for possible new physics. The
combination of the branching ratio of these two decays (K+ → π+νν and K0 → π0νν)
allows to determine the β angle of the unitarity triangle from K decays only and, in this
way, to have a powerful test on the standard model.

The most accurate measurement of this decay, BR(K+ → π+νν) = 17.3+11.5
−10.5×10−11,

was obtained by the E787 experiment and its upgrade E949 at BNL (from 1995 to 2002)
which collected seven events [3]. NA62 aims at improving the measurement of this
branching ratio reaching a precision of at least 10%.

2. – NA62 experimental setup

The NA62 experiment [4] uses protons at 400 GeV/c coming from the Super-Proton-
Synchrotron (SPS) hitting a beryllium target to generate a secondary beam of positive
particles. The secondary beam is composed of π+(70%), p (23%) and K+(6%) with an
average momentum of 75 GeV/c.

The K+ → π+νν signature is one track in the final state matched in time with one
K+ track upstream the decay region and nothing else, because the two neutrinos are
undetectable. The K+ in the beam are identified by the KTAG, a nitrogen differential
Cherenkov detector. The momentum and directions of all beam particles are measured
with the Gigatracker made of three stations of silicon hybrid pixels. The charged decay
products are tracked by a magnetic straw chambers spectrometer and are identified using
a ring imaging Cherenkov detector (RICH), a hadronic calorimeter (HCAL) and a muon
veto detector made of fast scintillators. The most important source of background is
the K+ → π+π0 decay, where the two photons from the π0 are missed. A photon veto
system is designed to reject these events. It is composed of a Large-Angle Veto (LAV)
detector made of 12 stations of lead-glass rings, a liquid krypton (LKr) electromagnetic
calorimeter and two shashlik calorimeters.
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Fig. 1. – m2
miss distribution under π+ mass hypothesis as a function of the momentum of the

track measured in the straw spectrometer after a selection for single track from kaon decays
(left). Resolution of the m2

miss miss vs. momentum, with the kaon momentum measured by
GTK (right).

Let PK and Pπ be the 4-momenta of K+ and of the charged particle produced from the
kaon decay under the π+ hypothesis, respectively. The squared missing mass, m2

miss
def
=

(PK−Pπ+)2, has a three-body decay shape; it can be used to separate the signal from the
main kaon decays, defining two signal regions around the K+ → π+π0 peak. Information
from the particle identification system are useful to suppress decays with muons and
positrons in the final state and the hermetic photon veto system is used to reject events
with photons. In the final analysis two other requirements are applied: the decay vertex
has to be found in the first 65 m of the decay volume and the reconstructed downstream
particle must have a momentum between 15 GeV/c and 35 GeV/c.

3. – Preliminary result of the 2016 run

The main goal of the 2016 run is to assess the experiment sensitivity at the level of
10−10; this work shows the result obtained with the analysis of 2.3 × 1010 K+ decays
that is about the 5% of the 2016 data recorded at 40% of the nominal intensity. A single
track selection was chosen as a preliminary step towards the K+ → π+νν measurement.
We selected tracks reconstructed in the STRAW spectrometer matching with energy
depositions in calorimeters. The downstream track has to match a Gigatracker track in

Fig. 2. – m2
miss distribution using the information obtained from the RICH detector as a function

of m2
miss using STRAW information. The event in the first box is outside of the signal region if

we use even the m2
miss distribution computed with the nominal beam momentum (without the

GTK).
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time and space, forming a vertex in the decay region with it, in order to select events
originating from kaon decays. The Gigatracker track has to be in-time with a kaon-
like signal in KTAG. The m2

miss distribution for the 2016 data, recorded at 40% of the
nominal intensity and computed using the GTK and the STRAW spectrometer, together
with its resolution are shown in fig. 1. Two different versions of the m2

miss, computed
using the information obtained from the RICH detector as an alternative to the STRAW
spectrometer or using the nominal momentum of the beam, are useful to improve the
kinematical suppression (see fig. 2).

The resolution of the m2
miss is measured using the width of the K+ → π+π0 peak

and it is found to be 1 × 10−3 GeV2/c4, close to design value. The resolution as a
function of momentum is shown in fig. 1. The tracking system of NA62 is also designed
to provide a rejection factor of about 104 for K+ → π+π0 and K+ → μ+ν using m2

miss to
separate signal from backgrounds, respectively. The measured fraction of K+ → π+π0

and K+ → μ+ν events in the signal region are, respectively, about 6×10−4 and 3×10−4.
The NA62 particle identification is designed to separate π+ from μ+ and e+ in order

to guarantee a suppression factor of 107 for K+ → μ+ν in addition to the kinematic
rejection. The K+ → π+π0 sample used for kinematic studies and a pure muon sample
of K+ → μ+ν were used to study the π+ − μ+ separation in RICH and calorimeters.
A muon contamination of 1% was achieved with the RICH and a π+ ID efficiency of 80%
measured in a momentum region between 15 and 35 GeV/c. The RICH provides also
an even better separation between π+ and e+. The calorimeters provide, on the same
π+ and μ+ samples, a muon suppression factor of about 105 for a π+ efficiency of 80%.
Several analysis techniques are under study to get the optimal separation.

The photon veto system is designed to suppress decays with photons and π0 in the
final state. The measured π0 efficiency on the 2016 data is (1.2 ± 0.2) × 10−7. The cor-
responding signal efficiency is above 90%, being the losses mainly due to π+ interactions
in the RICH material producing extra clusters in LKr.

After the particle identification no events of 2.3 × 1010 K+ decays (about the 5% of
the 2016 data) are inside the signal region.

To conclude, the preliminary analysis of 2016 data, obtained at 40% of nominal beam
intensity, is promising and NA62 is approaching the 2016 goal to test the sensitivity for
measuring K+ → π+νν down to 10−10.
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