
Search for K+ → π+νν̄ at NA62

Mathieu Perrin-Terrin on behalf of the NA62 Collaboration1

CERN, Switzerland

E-mail: mathieu.perrin-terrin@cern.ch

Abstract. The K+ → π+νν̄ branching ratio is one of the key observables to test the Standard
Model. The NA62 experiment has been designed to measure this branching ratio with a 10%
precision. Most of the experiment systems have been commissioned during 2014 and 2015 runs
and physics data have been recorded. The analysis of this data shows performances close to the
nominal ones.
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1. Introduction
The K+ → π+νν̄ decay occurs in the Standard Model mainly through the electroweak penguin
and box diagrams such as the ones represented in Figure 1.
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Figure 1. Examples of electroweak penguin and box Feynman diagrams contributing to
K+ → π+νν̄ in the SM.

These diagrams are suppressed by the Glashow-Iliopoulos-Maiani mechanism and by the
Cabibbo-Kobayashi-Maskawa (CKM) off-diagonal matrix elements V ?

isVid. Hence the decay is
very rare in the SM, its branching ratio is [1]

B(K+ → π+νν̄) = (8.4± 0.3)× 10−11
( |Vcb|

0.0407

)2.8 ( γ

73.2

)0.74

= (8.4± 1.0)× 10−11.

The precision of this prediction is remarkably good and dominated by the uncertainties on the
external CKM parameters |Vcb| and γ, one of the angle of the CKM triangle. The pure theoretical
uncertainties is below 4%. Such a precision is achievable as the transition is dominated by
perturbatively computable short-range processes, the Feynman diagrams with the top quark
loop, for which the hadronic matrix elements can be derived from the well measured K+ → π0e+ν
branching ratio.

The K+ → π+νν̄ decay branching ratio allows to probe physics beyond the SM. Several
recent publications [1, 2] highlighted the sensitivity of the decay up to mass scales as high as
100 TeV as well as its interplay with other observables being currently measured. For example,
the correlation between the branching ratios of K+ → π+νν̄ and KL → π0νν̄ is one of the
theoretically cleanest bench mark to probe the SM, as most of the CKM parametric uncertainties
affecting the two branching ratios cancels in their correlation. A similar cancellation happens
in the correlation between the branching ratios of K+ → π+νν̄ and B0

s → µ+µ− [1].
Experimentally, measuring such a rare decay with only one charged track in the final state

is a real challenge. Searches for K+ → π+νν̄ have started decades ago and the most sensitive
analysis, published by the E949 Collaboration [3], gives a value of

B(K+ → π+νν̄) = (17.3+11.5
−10.5)× 10−11. (1)

The NA62 Collaboration aims at measuring the decay branching ratio with a 10% precision
with the data that will be collected by the end of 2018. After a pilot run in 2014, the experiment
is taking physics data since 2015.

2. Experimental Strategy
2.1. The NA62 Apparatus
The NA62 experiment [4] is installed in the CERN North Area at the SPS and schematically
represented in Figure 2.
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Figure 2. Schematic view of the NA62 experiment, excluding the beam line.

Assuming a 10% signal acceptance and a signal to background ratio of 10/1, the experiment
needs to collect 1013 K+ decay. The beam line was designed to meet this goal using the 400
GeV protons from a SPS beam line. The beam entering the experiment is un-separated and
composed at 70% of protons, 24% of π+’s and 6% of K+’s with a total instantaneous nominal
particle rate of 750 MHz. The beam particle momentum distribution peaks at 75 GeV and
its standard deviation is 1%. The SPS extraction line delivers continuous spills during few
seconds and operates in cycles with duty factors of around 20%. The experiment and the beam
line compose a 300 m long evacuated tank with a pressure of 10−6 mbar reaching diameters
up to almost 4 meters. In the downstream region the tank is instrumented with two sets of
detectors measuring either the beam particles or the decay products properties. The beam
being continuous, all detectors must also provide sub nanosecond timing information. In order
to achieve the 12 orders of magnitude of background suppression needed for the measurement,
the experiment employs many independent experimental techniques.

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 (GTK)
made of three 3×6 cm2 thin planes of time-resolved silicon hybrid pixels. The beam then enters
the 100 m long decay region. In order to reduce the background induced by inelastic collisions in
the last GTK plane, a guard ring of scintillators is installed downstream of the GTK to collect
hits from the collisions fragments.

The most abundant background source is the K+ → π+π0 decay where the γ from the π0

are missed. The electromagnetic calorimeter (ECAL) is designed to detect at least one of these
two γ up to 50 mrad. The ECAL is made of four subsystems. Photons with polar angles
between 8.5 and 50 mrad are detected with the 12 ring lead-glass Large Angle Vetoes (LAV).
The Liquid Krypton Calorimeter (LKr) covers the region between 8.5 mrad and 1 mrad. The
inner edges of the LKr hole along the beam line are covered by a shashlik calorimeter called Inner
Radius Calorimeter (IRC). Finally another shashlik calorimeter called Small Angle Calorimeter
is installed at the end of the beam line, downstream of a bending magnet sweeping away the
un-decayed beam particles and covers the angular region down to 0 mrad. The direction and
momentum of the charged decay products are measured by a magnetic straw tube spectrometer
operating inside the vacuum tank. The charged decay products are timed with 200 ps resolution
by a fast array of scintillators called Charged Hodoscope (CHOD). The identification of the decay
products are obtained by three systems: a ring imaging Cherenkov detector filled with neon at
atmospheric pressure; a hadronic calorimeter (HCAL) made of two layers of iron-scintillator
sandwiches, and finally a muon veto installed behind a iron wall and made of fast scintillators.

The experiment data acquisition system employs a multi-layer trigger system. At the lowest
level, hits time in the CHOD, RICH and MUV and, calorimetric variables in the LKr and
HCAL are computed using FPGA’s.These data are sent to a central processor, operating also
on FPGA, that builds and issues trigger requests upon which the state of all detectors, but LKr
and GTK, in the time window corresponding to the trigger are readout. Based on the detectors



states, algorithms running on a PC farm issue refined trigger requests upon which the remaining
detectors are readout and the event assembled and stored.

In 2015 the hardware and readout of the detectors have been commissioned with a beam
intensity of 10% of the nominal one. The beam line has however been commissioned up to
nominal intensity. The GigaTracker was running with a partial hardware configuration. Data
have been collected with a K+ → π+νν̄ trigger using the calorimetric variables at L0 and with
a minimum bias trigger based on the CHOD timing. Section 3, describes the analysis of the
minimum bias sample in view of the K+ → π+νν̄ branching ratio measurement.

2.2. Analysis Strategy
The signal signature consists of an isolated π+ track making a good vertex with a K+ track.
Two main sources of events can mimic this signal: the incorrectly reconstructed K+ decays and
the beam activity. The analysis is performed using the candidate square missing mass, define
as:

mm = |pK+ − pπ+ |2, (2)

where pK+ and pπ+ are the 4-momenta of the mother and daughter particles under the K+ and
π+ mass hypothesis. The distribution of this variable for the main K+ decay modes and for the
signal is shown in Figure 3. The signal candidates are sought in the two regions around the
K+ → π+π0 missing mass peak and among the candidates with a downstream track momentum
between 15 and 35 GeV. To suppress further the remaining backgrounds, kinematics, timing,
photon rejection and particle identification are needed.
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Figure 3. Squared missing mass theoretical distribution of the main K+ decays and the
K+ → π+νν̄ decay normalised by their branching ratios. The K+ → π+νν̄ distribution is
scaled by 10 orders of magnitude.

3. Performance in view of the 2015 minimum bias data
This section presents an analysis of data collected in 2015 with the minimum bias trigger in view
of assessing the detector performance for the K+ → π+νν̄ analysis. The kinematics, particle
identification and photon rejection are assessed using a sample of single track events.

3.1. Single Track Events
The signal signature consists of a isolated π+ track making a good vertex with a K+ track.
Hence signal candidates are selected asking for a good isolated spectrometer track, matched
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Figure 4. Squared missing mass distribution as a function of the straw tack momentum for the
single track events with the GTK track identified (left) or not identified (right) as a K+ by the
KTAG

in space with energy depositions in the calorimeters and with a hit in the CHOD. The track
is isolated if no other spectrometer tracks form a good vertex with it inside the fiducial decay
region defined as the 65m long region between the last GTK station the the first spectrometer
plane. In addition this track is requested to make a good vertex with a GTK track and its
associated CHOD hit to be in time with a KTAG candidate. The squared missing mass of the
selected candidates as a function of the spectrometer track momentum is shown in Figure 4 left.

Reverting the positive KTAG identification allows to study the beam activity. The
distribution in Figure 4 right shows that the beam activity consists mainly of beam π+ decay,
beam particle elastic scattering and inelastic scattering in the last GTK plane. This beam
activity is suppressed thanks to the good time resolution of the CHOD, KTAG and GTK
measured to 200, 100 and 200 ps respectively, in agreement with the nominal design.

3.2. Kinematics Performance
The control of the resolution of the K+ → π+π0 squared missing mass peak is essential to
reduce the tails entering in the two signal regions. This resolution is measured to be around
1.2 × 10−3 GeV2/c4, close to the design value (1.0 × 10−3 GeV2/c4). Note that without the
GTK momentum measurement, i.e. assuming the nominal beam parameters, this resolution is
three times larger.

The kinematics K+ → π+π0 background suppression in the signal region can be evaluated
with a pure sample of K+ → π+π0 selected from the previous single track events with the
additional requirement of having two π0 γ’s in the LKr. A background suppression of 10−3 is
found while the nominal one is 10−4. The discrepancy is understood to be caused by the partial
GTK hardware setup leading to mis-reconstructed tracks.

3.3. Particle Identification Performance
The particle identification system has to provide a rejection factor of 10−7 for K+ → µ+ν on top
of the kinematic rejection. The π+/µ+ separation is evaluated using the previous K+ → π+π0

sample and a K+ → µ+ν sample selected from the single track event asking a hit in the MUV.



With the 2015 mirrors alignment, the RICH allows to get a 10−2 µ+ rejection for a 80% π+

efficiency for track momenta between 15 and 35 GeV/c. Efficiencies closer to 90% are expected to
be reached once the mirrors will be realigned. The background suppression from the calorimeter
is under investigation. Simple cut based technique allows to reach a 10−4 to 10−6 µ+ rejection
for a 90% to 50% π+ efficiency.

3.4. Photon Vetoes Performance
The photon veto system has to provide a rejection factor of 10−8 on π0 from for K+ → π+π0. The
momentum cut on the π+ below 35 GeV/c insures that the π0 has at least a momentum of 40
GeV/c and is emitted forward. Hence the single γ rejection in the angular region below 50 mrad
has only to be 10−5 for γ’s with energies above 10 GeV. The rejection factor is measured using
the K+ → π+π0 selected within the single track event. The measurement of the K+ → π+π0

rejection is statistically limited and the rejection is found to be at least 10−6 at 90% CL. The
effect of random veto on the signal is measured using K+ → µ+ν and scattered beam π+’s and
leads to a signal efficiency of 90%.

4. Conclusions and Prospects
The K+ → π+νν̄ branching ratio is one of the key observables to test the SM. The NA62
experiment is designed to measured its branching ratio with a 10% precision. The experiment
is built and most of the systems have been commissioned. The data taken in 2015 shows
performances close to the design sensitivity to measure K+ → π+νν̄. Refined analyses are on
going and data taking has restarted in April 2016.
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