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Search for K+→ π+νν̄ at CERN
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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 data analysis is reviewed and the preliminary result from the 2016 data set
presented.
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1. The K+→ π+νν̄ decay

The K+→ π+νν̄ decay is a flavour-changing neutral current process, suppressed in the Stan-
dard Model (SM) by the GIM mechanism. The dominant contribution comes from short distance
top quark loop, with negligible long distance physics dependance. Moreover, the hadron matrix el-
ement largely cancels when normalized to experimentally well known K+→ π0e+ν decay, making
the theoretical prediction for the branching ratio very accurate: [1]

BR(K+→ π
+

νν̄) = (8.4±0.1)×10−11 (1.1)

The largest source of theoretical uncertainty comes from the knowledge of CKM matrix elements.
The SM suppression and the theoretical accuracy makes this decay a golden candidate to search for
new physics, in a complementary way with respect to the ones performed at colliders.

The most recent measurement of the BR has been obtained by the E949 collaboration at BNL
in 2009 using kaons decaying at rest [2]:

BR(K+→ π
+

νν̄) = (1.73+1.15
−1.05)×10−10 (1.2)

2. The NA62 experiment at CERN

NA62 is a fixed target experiment located in the CERN North Area in which kaons decay in
flight. The schematic layout of the experiment is reported in Figure 1. A primary beam of 400
GeV/c protons coming from the CERN SPS is focused onto a beryllium target to produce a not-
separated beam with a momentum of 75 GeV/c and a nominal rate of 800 MHz. The total lenght
of NA62 apparatus, starting from the target, is ∼ 270 m.

The secondary beam is mostly made by pions and protons, with only 6% of K+ component.
Kaons in the initial state are identified by the KTAG, a differential Cherenkov counter, and their
momentum is measured by a three-station silicon tracker (GTK). To protect from events in which
kaons interact with the last GTK station (GTK3), producing low angle pions that can mimic a
signal, a veto detector (CHANTI) is used. The decay region starts after the CHANTI and is sur-
rounded by the Large Angle Veto system (LAV), which is used to reject photons in the final state
up to 50 mrad. Downstream tracks momenta are measured by a 4-chambers STRAW tracker and
the particle identification is performed by a RICH detector. A charged hodoscopes system (CHOD)
is used to provide a time input for the trigger with 200 ps time resolution. The photon veto system
hermeticity at low angles is ensured by a liquid krypton electromagnetic calorimeter (LKr) and
two small angle calorimeters (IRC and SAC). Muons are rejected by a three-stations veto system,
located downstream the LKr. The first two station are used as hadronic calorimeter while the third
one (MUV3) is placed downstream a 80 cm thick iron wall. Additional vetoes (MUV0, HASC)
provide further background rejection power. A more detailed description of the apparatus can be
found in [3].

A multilevel trigger is used to collect data with different trigger streams; the K+→ πνν̄ events
are collected with a dedicated trigger stream which uses RICH, CHOD to select a single track and
LKr, LAV and MUV3 as veto. A minim bias trigger stream is also used for normalization and
background evaluation. The two trigger streams are referred as "PNN" and "control" respectively.
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The experiment has taken data from 2016 to 2018. In the following, the analysis of 2016
dataset, corresponding to 2% of the total sample, is reported.

Figure 1: Schematics of NA62 apparatus

3. Event selection

The experimental signature of K+→ π+νν̄ is extremely poor: only a charged particle, iden-
tified as a pion, in time with the upstream kaon while the neutrinos are not detected. The signal
selection proceeds through the following steps: the events must have single track reconstructed in
the downstream detectors; the track must be identified as a pion and it has to be associated to an
upstream K; no activity in time has to be present in the photon and muon veto systems; a kinematic
selection is applied to define signal and background regions.

A blind analysis technique is adopted so that events in signal regions have been looked at
only after the complete background evaluation. Signal events have been considered in the pion
momentum range [15-35] GeV/c, in order to improve the background rejection having at least
40 GeV/c of missing energy. Main background sources are K+ → µ+νµ (namely Kµ2) , K+ →
π+π0 (K2π ) and K+→ π+π+π− (K3π ) events which enter the signal regions because of resolution
effects, radiative decays of the former two, K+ → l+π0ν (l = µ,e) or more rare processes like
K+→ π+π−e+ν not constrained in the m2

miss distribution by the neutrinos in the final state. Other
backgrounds to be taken into account are due to K+ decays in the region upstream the GTK and
the events in which an inelastic interaction between the beam and GTK3 occurrs.

The kinematic selection is based on the measurement of the variable m2
miss = (PK−Pπ)

µ(PK−
Pπ)µ , whose distribution is reported in Figure 2. Two signal regions are defined: region 1 (R1),
between Kµ2 and K2π peaks, and region 2 (R2), between the distributions of K2π and K3π . The
m2

miss resolution is σ(m2
miss) = 1×10−3GeV2/c4. To protect against kinematic mis-reconstruction,

additional constraints are imposed on the m2
miss(RICH,GT K) and m2

miss(ST RAW,Beam) variables,
computed by replacing in the m2

miss definition the momentum from STRAW with the one measured
by the RICH under a π+ mass hypothesis and the GTK momentum with the nominal beam value
respectively.

Pion identification is performed combining informations from RICH and calorimeters: the
particle-ID efficiency is 64% with a µ+ mis-identification probability of 10−8. Events with π0 in
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the final state are rejected looking at the in-time activity in LAV, LKr, IRC and SAC; the rejection
factor is 3× 10−8, measured counting the number of K2π events collected with control and PNN
and trigger streams, before and after the photon rejection criteria respectively.

Figure 2: m2
miss distribution for the signal and the main background channels. Note that the signal distribu-

tion has been multiplied by a factor 1010.

4. Expected signal and background events

4.1 Single Event Sensitivity (SES)

The SES is defined as following:

SES =
1

NK · επνν

(4.1)

where NK is the number of kaon decays in the decay region and επνν is the signal efficiency. The
former has been computed using K2π decay as normalization channel: NK = (NK2π ·D)/(AK2π

·
BR(K2π)). NK2π

is counted using control-triggered events and the factor D = 400 corresponds to
the downscale factor between the two trigger streams. The number of collected kaon decays is
NK = (1.21±0.02)×1011.

The selection efficiency has been evaluated in 4 bins of downstream track momentum, from 15
to 35 GeV/c. In each of those bins, the efficiency is given by the product of three different factors:

επνν = ∑
i

Acci
πνν · ε i

trigg · ε i
RV (4.2)

Accπνν is the signal acceptance, which is 4%, divided between R1(1%) and R2(3%); εtrigg is the
PNN trigger efficiency and εRV is a factor that correspond to the fraction of events which are
not vetoed because of random activity in the veto system. This factor ("random veto") has been
measured selecting a sample of Kµ2 and applying to it the full photon and multiplicity rejection
criteria. The SES and the number of expected signal events are:

SES = (3.15±0.01stat ±0.24syst)×10−10 (4.3)
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Process Expected events

K+→ πνν̄(SM) 0.267±0.001stat ±0.020syst ±0.032ext

K+→ π+π0(γ) 0.064±0.007stat ±0.006syst

K+→ µ+ν(γ) 0.02±0.003stat ±0.006syst

K+→ π+π−e+ν 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|stat

Total background 0.15±0.09stat ±0.01syst

Table 1: Expected signal and background events

Nexp
πνν(SM) = 0.267±0.001stat ±0.020syst ±0.032ext (4.4)

The systematic uncertainty on SES is mostly due to the error on random veto (0.17×10−10), with
other contribution coming from the definition of normalization region (0.10×10−10) and from the
estimation of signal acceptance (0.09×10−10).

4.2 Background evaluation

K+→ π+π0(γ), K+→ µ+νµ(γ) and K+→ π+π+π− events may enter in the signal regions
because of m2

miss mis-reconstruction; the expected background events for these decay modes are
evaluated on data as the number of events in the background regions after the full PNN selection
multiplied by the fraction of the m2

miss distributions entering the signal regions ("kinematic tails").
In Figure 3 the number of expected K+→ π+π0(γ) and K+→ µ+νµ(γ) events in bins of P+

π are
shown. Another relevant source of background is represented by K+→ π+π−e+νe and have been

Figure 3: Distributions of expected K2π (left) and Kµ2 (right) background events in bins of downstream
track momentum. The expected number of signal events in each bin is shown for comparison.

evaluated using 400 millions MonteCarlo events; the simulation hase been validated using data in
5 independent regions. The uncertainty on the expected Ke4 events is essentially due to the limited
MC sample available. Finally, the upstream background has been evaluated using a data driven
method. A summary on the expected signal and background events is reported in Table 1.
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5. Results and conclusions

After the unblinding of the signal regions, one event has been found. The unblinded signal
regions and the RICH ring for the signal event are shown in Figure 4. The corresponding upper
limit, given by CLs method [4], is:

BR(K+→ π
+

νν̄)< 14×10−10 @95%CL (5.1)

This result, based on 2% of the total 2016-2018 dataset, has to be intended as a proof of
principle of the decay in flight technique, demonstrating the validity of NA62 approach. The
measurement using the full data sample is in progress, analysis improvements are foreseen to
reduce the background and enhance the signal efficiency.

Figure 4: Left: m2
miss distribution as a function of downstream track momentum after the unblinding of the

signal regions, shown in red. Right: RICH response for the event found in R2, with superimposed rings in
π , µ and e masses hypotheses.
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