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The NA62 experiment at the CERN SPS aims at measuring the branching ratio (BR) of the rare
K+ → π+νν̄ decay, with a precision of ∼ 10%. This goal will be achieved after two years
of data taking by collecting ∼ 1013 K+ decays in the fiducial volume. The K+ → π+νν̄ is a
“golden mode” in flavor physics because of the precise theoretical prediction. Thanks to the
unprecedent kaon flux, it will also be possible to search for many other forbidden processes,
including leptor flavor violation modes, sterile neutrinos, supersymmetric particles. The expected
NA62 performances will wallow the exclusion limits for several decay modes to be improved.
The experiment will start collecting data in late 2014.
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1. Introduction

The kaon system, in spite of its relative simplicity (relatively few decay channels, low final-
state multiplicities), offers several opportunities to study deeply the Standard Model (SM). On one
side the processes of flavor changing neutral current (FCNC) are a unique laboratory for studying
flavor dynamics as described by the CKM matrix and possible extensions, on the other hand pro-
cesses that violate lepton flavor conservation are particularly sensitive to the effects of new physics.
The FCNC decays (for instance KL→ µ+µ− and K→ πl+l−) are highly suppressed in the SM and
proceed normally only through second order loop diagrams (boxes and penguins). Among the fla-
vor changing neutral current K and B decays, the K → πνν̄ decays play a key role in the search
for new physics through the underlying mechanisms of flavor mixing. These decays are strongly
suppressed in the SM (the highest CKM suppression), and are dominated by top-quark loop con-
tributions. The SM branching ratios have been computed to an exceptionally high precision with
respect to other loop-induced meson decays: BR(K+ → π+νν̄) = (7.81± 0.75± 0.29)× 10−11

and BR(K0→ π0νν̄) = (2.43±0.39±0.06)×10−11, the uncertainties are dominated by paramet-
ric ones, and the irreducible theoretical uncertainties are at 1% level [1]. The extreme theoretical
cleanliness of these decays remains also in certain new physics scenarios.

Experimentally, the K+ → π+νν̄ decay has been observed by the BNL E787/E949 experi-
ments, with a branching ratio of 1.73+1.15

−1.05×10−10 [2], based on 7 candidates. The achieved preci-
sion is inferior to that of the SM expectation. Because of the excellent precision in the theoretical
prediction even relatively small difference with respect to the SM could be a clear signal of new
physics. The simultaneous measurement in the charged and neutral kaons highly constraints alter-
native models of physics beyond the SM [3]. In addition the precise measurement of K+→ π+νν̄

will be an alternative measurement of Vtd with respect to the B decays.
The lepton flavor conservation (LF) is an accidental symmetry of the SM, in the sense that

there is no a fundamental reason prevents its possible violation. The observation of a small LF
violation in neutrino mixing leads to a very small prediction in the SM for the BR of Lepton Flavor
Violation (LFV) modes in meson decays. For this reason any observation of LFV processes is
a clear signal of physics beyond the SM. Several extensions of SM can accommodate the LFV
including supersymmetry, extra dimensions and others. Thanks to the availability of high intensity
kaon beams and the clear experimental signature with respect to background processes, the LFV
search in kaon sector have reached upper limits to the BR at level of 10−10. In table 1 we summarize
the present status for the main LFV decay channels in charged kaon decays. Together with FCNC

Process Upper Limit (90% CL) Experiment Ref.
K+→ π+µ+e− 1.3×10−11 BNL 777/865 [4]
K+→ π+µ−e+ 5.2×10−10 BNL 865 [5]
K+→ π−µ+e+ 5.0×10−10 BNL 865 [5]
K+→ π−e+e+ 6.4×10−10 BNL 865 [5]
K+→ π−µ+µ+ 1.1×10−9 NA48/2 [6]
K+→ µ−νe+e+ 2.0×10−8 Geneva-Saclay [7]

Table 1: Current status of searches for the main LFV modes in Kaon decays.
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Figure 1: Layout of the NA62 experiment at CERN.

and LFV modes, the kaon sector allows to search for other forbidden processes and exotic particles,
such dark photons and sterile neutrinos, as well as angular momentum violation and others.

The NA62 experiment at the CERN SPS will start in late 2014 to study ultrarare kaon decays.
It will observe ∼ 1013 K+ decays in its fiducial volume to carry out a rich program to search for
K+ decays, including the measurement of BR for the decay K+ → π+νν̄ and many others LFV
and SM forbidden decays as well as the search for new particles, as described in this paper.

2. The NA62 experiment

The layout of the NA62 experiment is shown in fig.1 . A high intensity and high energy kaon
beam is exploited to provide kaon decays in flight over a long decay region. The unseparated hadron
beam is obtained by the primary 400 GeV/c proton beam from the SPS accelerator impinging
on a beryllium target. About ∼ 6% of the total amount of particles in the secondary 75 GeV/c
beam are kaons (the rest are mainly pions (∼ 70%), protons (∼ 23%) and positrons (∼ 1% after
filtering through a W foil)). The identification of the kaons in the beam is done in a differential
hydrogen Cerenkov counter (CEDAR). A silicon pixel beam spectrometer (Gigatracker) placed on
the 750 MHz hadron beam, measures the momentum and the direction of the particles improving
the resolution on the beam momentum from 1% to 0.2% (RMS). The decay region is housed in
a ∼ 80m long ∼ 2.5m diameter evacuated tube (10−6 mbar). The charged particles produced in
kaon decays (pions, muons and electrons) are measured by a straw tubes spectrometer (STRAW),
composed by four stations and an analyzing magnet integrated directly inside the evacuated decay
region. The Straw spectrometer is very thin (< 0.5 X0 per chamber) to minimize the interactions
with the photons coming from the kaon decays. A liquid krypton electromagnetic calorimeter (LKr)
is devoted to measure photons and electrons in the forward direction, while a complex of 12 rings
of lead glass blocks(LAVs) are placed along the decay region to identify the large angle photons.
A 1 atm Neon RICH is used to distinguish among muons and pions in the 15-35 GeV/c range,
increasing the particle identification power of the muon identification system (MUVs) placed just
beyond the LKr.
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Figure 2: Definition of signal region in m2
miss

distribution. The backgrounds are normalized
according to their branching ratio; the signal is
multiplied by a factor 1010.

Figure 3: m2
miss distribution for signal and back-

grounds from the main K+ decay modes. The
backgrounds are normalized according to their
branching ratio; the signal is multiplied by a fac-
tor 1010.

At nominal intensity the main detectors will be exposed at a rate of 10 MHz of events. A
multilevel trigger system is designed to reduce such intensity at few kHz. The first level (L0) is
built in hardware by using the primitives produced in FPGA in the readout boards (TEL62), and
reduces the rate from 10 MHz to 1 MHz. The additional reduction (at least a factor of 100) is
achieved in the software levels (L1 and L2) running in the online PC farm. While the L0 latency is
limited to 1 ms, the latency in the software levels is in the order of few seconds.

3. K+→ π+νν̄

The main goal of the NA62 experiment is the measurement of the K+ → πνν̄ decay rate at
the 10% precision level, which would constitute a significant test of the SM. The experiment is
expected to collect about 100 signal events in two years of data taking, keeping the systematic
uncertainties and backgrounds as low as possible. Assuming 10% signal acceptance and the SM
decay rate, the necessary kaon flux corresponds to, at least, 1013 K+ decays in the fiducial volume.
In order to achieve a small systematic uncertainty, a rejection factor for generic kaon decays of
the order of 1012 is required, and the background suppression factors need to be measured directly
from the data. The signature of the signal is one track in the final state matched with one K+ track
in the beam. The m2

miss = (PK−Pπ)
2, with PK and P+

π the four momenta of the K+ and the charged
pion, fully describes the kinematics of the decay. Backgrounds come from all the K+ decay modes
and from accidental single tracks matched with a K+-like track. The m2

miss allows to define two
signal regions, before and after the π0 peak, as shown in fig.2.

Anyway the background in these regions is still orders of magnitude larger than the signal, due
to resolution effects, radiative tails, accidental particles and rare decays as shown in fig.3. Addi-
tional rejection factor is provided by veto and particle identification system. The signal events will
be selected with a single track in Straw spectrometer in time with a kaon identified in the CEDAR
and measured in the GTK. The kaon identification allows to suppress most of the background due
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Decay Events/year
K+→ π+π0 5
K+→ π+π+π− 1
K+→ π+π−e+ν < 1
K+→ π+π0γ(IB) < 1
K+→ µ+νγ 1.5
other rare decays 0.5
Total Background < 10
K+→ π+νν̄ 45

Table 2: Signal and background from K+ decays
estimated from the sensitivity studies.

Process Acceptance
K+→ π+µ+e− ∼ 10%
K+→ π+µ−e+ ∼ 10%
K+→ π−µ+e+ ∼ 10%
K+→ π−e+e+ ∼ 5%
K+→ π−µ+µ+ ∼ 20%
K+→ µ−νe+e+ ∼ 2%
π0→ µ−e+ ∼ 2%
π0→ µ+e− ∼ 2%
π+→ µ−e+e+ν ∼ 2%

Table 3: Estimated acceptance for K+ and π0

LFV modes.

to the interactions of the beam with residual gas in the decay region. The pion identification will
be done by using the RICH and the calorimeters (LKr and first two stations of the MUV system).
Events with signals in the LAV and other veto systems compatible with a γ hypothesis will be
rejected. Finally two global requirements will be applied: the kaon decay has to take place in the
first 60 m of the decay volume; the measured momentum of the downstream π+ must be between
15 and 35 GeV/c.

In table 2 the numbers of signal and background events are estimated from sensitivity studies.
The numbers are normalized to ∼ 4.5×1012 kaon decays per year.

4. “Exotics” and “Forbiddens”

The high intensity of the kaon flux available for the NA62 experiment combined with a flexible
trigger system allow to carry out a rich program of kaon and π0 decays forbidden in the SM with
unprecedented precision. In table 3 we summarize the most interesting decays modes, with a
preliminary estimate of the acceptance (including a rough estimation of trigger efficiency) in the
NA62 experiment. The K+→ π−µ+µ+ is particularly interesting from theoretical point of view.
As shown in fig.4, lepton flavor violation implies the exchange of a virtual Majorana neutrino [8].
This process is similar to the neutrino-less nuclear double beta decay, but, in this case, the second
generation is involved. A dedicated trigger will be designed to collect LFV events, eventually by
using online computing on GPU [?]. The present limit to the BR is given by the NA48/2 experiment
[6]. NA62 aims at improving the upper limit at least at level of ∼ 10−12.

In addition to LFV modes other searches of exotics particles will be carried out by the NA62
experiment. The existence of low mass boson is requested by several theories to explain some of
the SM anomalies (excess of positrons in cosmic rays [10], Dama/Libra dark matter signal [11] ,
(g− 2)µ anomaly [12]). This new particle, called either Dark Photon or U boson, can be seen in
the π0 decays, for instance, by studying the π0→Uγ , with U → e+e−, decay. More than 20% of
total BR have neutral pions in the final state. In two years of data taking the NA62 detectors will
be exposed to ∼ 2.5×1012 π0 decays. The prospect is to improve the exclusion limit in the mass
range for the dark photon between tens of MeV/c2 and 100 MeV/c2. Several other searches will
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Figure 4: Lowest-order diagrams for K+→ π−µ+µ+.

be carried out by exploiting the clean environment offered by the kaon system, for example: search
for light sgoldstino (in K+ → π+π0S), C violation in electromagnetic interaction (in π0 → γγγ),
right-handed sterile neutrinos (in π0 → νν̄ and K+ → µν), angular momentum conservation (in
K+→ π+γ) and many others.

5. Conclusions

The NA62 experiment at the CERN SPS will start collecting data in 2014. A huge flux of
kaons will be exploited to study ultrarare kaon decays. The main goal of the experiment will be the
measurement of BR of K+→ π+νν̄ decay, precisely computed in the SM with high precision. A
discrepancy at level of ∼ 10% with respect to the predicted value will be a clear signal of physics
beyond the SM. With 1013 K+ in its fiducial volume in two years of data taking, the NA62 exper-
iment will have a single event sensitivity of 10−12 (10−11) for a number of K+ (π0) LFV decays,
as well as the potential to improve the upper limits for several searches for effects and particles not
foreseen in the SM.
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