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NA62 is a fixed target experiment located at the CERN SPS which aims to perform flavour physics
studies in the charged kaon sector with an unprecedented precision. Due to the abundance of
kaon decays with a πo in the final state, NA62 is also a perfect environment to measure the
neutral pion characteristics. NA62 collected a large sample of charged kaon decays with a highly
efficient trigger for decays into electrons in 2007. We report about the measurement of the πo

electromagnetic transition form factor slope parameter in the time-like region.
Between 2008 and 2014 the NA62 apparatus underwent an intense upgrade phase to improve the
physics sensitivity of the experiment to precisely measure the Br (K+→ π+νν̄). NA62 took data
in pilot runs in 2014 and 2015 reaching the final designed beam intensity. The quality of data
acquired in view of the final measurement is presented.
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1. The NA62 Experiment

NA62 is a fixed target experiment located at the North Area of the European Center for Nuclear
Research (CERN). The proton beam from the SPS accelerator is used to produce a secondary
hadron beam and to perform flavor physics studies mainly in the charged kaon sector. NA62 took
over the NA48[1] experiment physics program and in 2007 acquired for the first time data using
the same beam line and apparatus as in NA48. The purpose of the run was to study the lepton

universality through the measurement of the RK =
K±→ e±ν

K±→ µ±ν
parameter[2]. Starting from 2008

the experiment underwent an intense phase of R&D finalized to the upgrade of the apparatus to
push further the physics sensitivity. The new detector was optimized for the precise measurement
of the K+→ π+νν̄ branching ratio and has taken data for the first time in 2014/2015.

2. Measurement of the πo Transition Form Factor

The neutral pion is the lightest meson and plays a very important role in the study of low-
energy properties of strong nuclear force. The main decay mode of the πo has two photons
in final state, Br(πo→γγ) = (98.823± 0.034)%[3], and is followed by the so called Dalitz decay,

Br(πo
D→e+e−γ) = (1.174±0.035)%[3]. The differential decay amplitude of the πo

D normalized to π0
γγ

reads
1

Γ(πo
γγ)

d2Γ(πo
D)

dxdy
=

α

4π

(1− x)3

x

(
1+ y2 +

r2

x

)
|F(x)|2 (1+δ (x,y)) (2.1)

where x =
(pe++pe− )

2

m2
πo

, y = 2pπo
(pe+−pe−)
m2

πo (1−x) , F(x) corresponds to the semi off-shell transition form

factor (TFF) describing the hadronic physics in the (γ∗→ e+e−) vertex and δ (x,y) contains the
radiative corrections to the πo

D decay. The TFF is usually defined as F(x) = 1+ ax where a is
the Transition Form Factor slope. The πo TFF contribute to the calculation of several observable
quantities like the rate of πo→ e+e− and the anomalous magnetic momentum of the muon (g−2)µ .
The TFF has been object of extensive theoretical studies[4][5] and its slope experimentally measured
in both time-like and space-like domain.
Many of the main decay modes of charge kaons have a πo in the final state. The high intensity
kaon beam in NA62 makes it the perfect environment to study πo physics. During the 2007 data
taking 2×1010 K± decays were collected, allowing to measure the πo TFF slope with a precision
never reached before. The parameter a is extracted through the study of the slope in the x spectrum
following the integration of equation (2.1) over the y variable. The radiative corrections have been
carefully studied and the latest calculation[6] has been implemented in the Monte Carlo simulation
of the πo

D decay.

2.1 The NA62 apparatus in 2007

The NA48 beam line and apparatus were used in the NA62 2007 run, but with different beam
parameters. The primary 400 GeV/c proton beam from the SPS impinged on a beryllium target
producing a secondary hadron beam. The charged particles in the beam were then transported,
focused and filtered in momentum in the 100 m long beam line which was kept in vacuum. Down-
stream the vacuum region, the apparatus provided an efficient detection of the kaon decay products.
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A magnetic spectrometer with drift chambers in Helium traced the charged particles, a Hodoscope
(CHOD), made of two perpendicular planes of scintillators, provided the trigger and the timing
for charged particles with sub-nanosecond resolution. The energy from electrons and photons was
measured by a quasi-homogeneous electromagnetic calorimeter filled with Liquid Krypton (LKr).
The trigger in 2007 was optimized for electron events by measuring the energy deposit in LKr.

2.2 Event selection and preliminary results

A selection of K± → π±πo events with πo → e+e−γ is performed with a full kinematic re-
construction. A clean three-track event topology is required, with all tracks coming from the same
vertex that has to be located inside the fiducial decay region. A single LKr cluster, separated
in space from the track impact points at the calorimeter surface, identifies the photon. The total
reconstructed 4-momentum from photon and tracks has to be consistent with the nominal beam
energy and direction within the resolution. Assuming the track with charge opposite to the K± to
be the e∓, the event is selected if the other two tracks satisfy only one of the the two possible mass
hypotheses (e±,π±) for the K±→ π±πo

D decay kinematics, within the reconstructed resolution of
the πo and kaon mass. Finally, in order to keep the consistency between the MC simulation and
the online trigger configuration in the data, the total energy deposit inside the LKr has to be greater
than 14 GeV and one of the e+/e− tracks has to have momentum greater than 5.5 GeV/c and must
deposit more than 80% of its energy in the calorimeter. Only events with x > 0.01 are selected
since the acceptance for events with x≤ 0.01 is not well described in the MC simulation.

Figure 1: On the left the x spectrum in data and MC. On the right the TFF slope parameter fit

About 1.05× 106 πo
D decays were fully reconstructed. The πo TFF slope parameter is then

determined by fitting the ratio between the x spectrum from data and from MC simulation (Fig.1).
The preliminary measurement of the TFF slope parameter is a = (3.70±0.53stat ±0.35syst)×10−2

with a χ2/n.d. f . = 52.5/49. The main contributions to the systematic uncertainty are given by
the momentum spectrum simulation and by the spectrometer momentum scale calibration. The
result improves the experimental measurement of the slope parameter in the time-like region by
more than one order of magnitude and is compatible with the theoretical predictions (within the
uncertainties).
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3. The search for K+→ π+νν̄ at NA62

The rare decay K+→ π+νν̄ is a Flavor Changing Neutral Current (FCNC) process dominated
by the short distance interactions and therefore highly suppressed. The clean theoretical environ-
ment allows to have a precise computation of the Standard Model prediction: BrSM (K+→ π+νν̄)=

(9.11±0.72)×10−11 [7] where the main sources of uncertainty are the CKM matrix parameters.
Many theoretical models of physics beyond the SM predict a deviation from the K+→ π+νν̄

SM branching ratio value. The high sensitivity of this process to the existence of new leptons or
heavy mesons up to the 100 TeV scale makes it a golden channel in the search of physics beyond
the SM.

The data from the E787 and E949 experiments at Brookhaven National Laboratories (BNL)
combined provide the first experimental measurement of Brexp (K+→ π+νν̄) =

(
17.3+11.5

−10.5

)
×

10−11 [8]. The measurement is based on the observation of 7 candidate events and its uncertainty
does not allow to probe precisely the standard model validity.

3.1 Measurement strategy and NA62 apparatus

The aim of the NA62 experiment is to collect around 100 K+→ π+νν̄ signal events in order
to measure the branching ratio with 10% accuracy before the end of 2018[9]. The experiment plans
to collect 1013 kaon decays in the foreseen data taking period by using the 400 GeV/c proton beam
from the CERN SPS accelerator. Assuming a 10% acceptance the background signal ratio should
be kept below 20% to achieve the design sensitivity, which implies a background suppression at
the level of 1012 [10] . The tiny branching ratio combined with the weak signature of the signal
requires a very challenging rejection of the main K+ decay modes. The key to achieve the claimed
sensitivity are: the rejection of beam induced background, a precise measurement of kinematics,
an efficient particle identification and a hermetic photon detection.

Beam induced background The 400 GeV protons beam from SPS impinge on a Beryllium
target resulting in a secondary hadron beam which reaches the experiment with a central momentum
of (75± 0.8) GeV/c. The kaons represent 6% of the total 750 MHz particle rate. The remaining
components are protons (10%) and pions (74%). A Cherenkov detector filled with Nitrogen (Cedar)
provides the kaon identification with 100 ps resolution. The precise timing from the Cedar allows
to reject π+→ µ+ν that could mimic the signal. A series of scintillator arrays (CHANTI) around
the beam line are used to veto the interaction of particles inside the beam spectrometer.

3
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Figure 2: Distribution of squared missing
mass for the main kaon decays

Measurement of Kinematics The suppression of
background from the reconstruction of kinematic vari-
ables is required to be at the level of 10−5 on the main
kaon decays as shown in figure 2. Two regions in the
squared missing mass spectrum (M2

miss =(PK+−Pπ+)2)
have been defined on the two sides of K+ → π+πo

peak. A precise measurement of both K+ and π+ di-
rection and momentum with a sub-percent resolution
is performed by two spectrometer systems. The beam
spectrometer Gigatracker (GTK), placed right after the
Cedar detector, is composed by three, 300 µm thick,
silicon pixel stations. The GTK faces the full beam rate and for this reason the timing perfor-
mances are crucial, the single hit time resolution is at the level of 200 ps. A magnetic spectrometer
is used to track the kaon decay products. It is composed of 4 stations of straw tube chambers result-
ing in a relative momentum resolution (σp/p) better than 0.3%. The combined data from the GTK
and STRAW detectors allow a reconstructed vertex resolution at the mm level. The last station of
the GTK define the start of the fiducial decay region, which ends at the first station of the STRAW
tube spectrometer.

Particle Identification The kaon decay K+→ µ+ν with a branching ratio of 63.6%[3] repre-
sents the main background source for the K+→ π+νν̄ measurement. In order to keep this back-
ground under control a muon suppression factor of 108 is required. The NA62 detector has been
designed in order to provide a very efficient Particle Identification (PID). The system includes a
Ring Cherenkov detector (RICH), 17 m long, filled with Neon and a system of calorimeters which
allows to disentangle π/µ/e by studying the energy share between the electromagnetic calorime-
ter (LKr) and the hadron calorimeter (HAC). Following a 80 cm thick iron wall a fast muon veto
(MUV3) provides an online veto trigger with a 300 ps time resolution.

Photon Veto A hermetic coverage of the experiment against photons is fundamental to veto
all the kaon decays containing a πo in the final state (Br ∼ 30%[3]) with an inefficiency at the level
of 10−8 . The NA62 experiment is equipped with three different type of detectors devoted to the
photon detection from 0 up to 50 mrad: 12 stations of Large Angle Veto (LAV), an electromagnetic
calorimeter (LKr) and two Small Angle Vetoes (IRC and SAC) for photons down to 0 mrad.

3.2 Data Quality in 2015 and Perspective

The strategy for the K+ → π+νν̄ selection is to require a one track topology, identified as
a pion by the PID system, with no in-time photon candidate. The track has to match a kaon
candidate in the beam detectors. The understanding of the acquired data was checked by selecting
kaon decays in the fiducial region and background events from the beam activity as shown in figure
3. On the left of the figure it is possible to identify all the main kaon decay modes. On the right the
background coming from the beam activity is dominated by π+→ µ+ν decays and scattering of the
beam particles in the three station of the GTK. In order to maximize the efficiency of the selection
only tracks with a momentum in the range 15− 35 GeV/c are considered for the measurement.
To estimate the rejection factor for muons and neutral pions a pure selection based on kinematics
for K+ → µ+ν and K+ → π+π0 was performed. The muon suppression factor was found to be

4
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Figure 3: Squared missing mass spectrum as a function of the track momentum. On the left all the main
kaon decays requiring a kaon tagging and the vertex in the fiducial region. On the right events, without kaon
tagging, from the beam activity: mainly pion decays and scattering of beam particles in the GTK detector.

in line with the expectation for both the RICH, 102 with an efficiency of 85% for pions, and the
calorimeters, 104÷ 106 with 90%÷ 40% efficiency using a simple cut analysis. The πo detection
inefficiency was estimated to be below 10−5. The statistics collected in 2015 is the limiting factor
to refine the analysis and push the sensitivity towards the needed πo rejection power (108).

3.3 Physics Program beyond K+→ π+νν̄

The NA62 apparatus allows to perform a compelling physics program beyond K+→ π+νν̄ .
The main kaon decays can be studied with an unprecedented precision with the opportunity to
stress once more the SM predictions. The level of single event sensitivity offers the possibility to
further improve the limits on lepton flavour and number violation processes. The πo physics can
take profit of the efficient photon detection system to search decays in 3γ or 4γ , invisible or dark
photon production. The quality of the kinematics reconstruction allows to extend the search for
heavy neutrinos in the mass range 100−380 MeV via the K+→ l+ν decay, improving the existing
limits.
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