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Abstract. A test of lepton flavour conservation in kaon rare decays by the NA48/2
experiment at CERN SPS is presented. The improved upper limit on the rate of the lepton
number violating decay K ± → ∓ ± ± is established with the data sample collected
in 2003–2004. A precision test of lepton flavour universality in kaon rare decays by
the successor NA62 experiment at CERN SPS is reported. The helicity suppressed ratio
RK = (K ± → e± ν)/(K ± → ± ν) is measured with a 0.4% precision using the data
sample collected in 2007–2008 and is consistent with the prediction of the Standard Model.
The main goal of the NA62 experiment is to measure the branching ratio of the ultra-rare
K + → + ν ν̄ decay with 10% accuracy. This will be achieved by collecting ∼ 1013 K +
decays in the fiducial volume. The NA62 estimated sensitivities to rare and forbidden decays
of K + and 0 , including lepton flavour and number violating modes, and the NA62 potential
to improve on several experimental limits are discussed.

1. Introduction
In the Standard Model (BM) flavour sector the processes which violate Lepton Flavour (LF) symmetry
are extremely suppressed, if we simply consider extensions of the SM including right-handed
neutrinos. Larger rates (at tree level amplitude) are predicted in more ambitious extensions of the SM,
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Figure 1. MC and data comparison of the invariant mass distributions for K ± → ± ± ∓ (left) and K ± →
∓ ± ± (right) decays. Green (yellow) area represents the estimated MC contribution from K ± → ± ± ∓
(K ± → ± ± ∓ ) decay. Dots represent the reconstructed data.

including supersymmetry (MSSM) and its modification to include violation of R-parity [1]. Any
experimental observation of LF violating processes would provide an unambiguous evidence of new
physics (NP). A test of LF universality performed by the NA62 experiment and a test of LF conservation
by its predecessor NA48/2, as well as prospects for studies of forbidden LF violating processes
within the main research programme of NA62 starting at the end of 2014, are presented in this
paper.

2. Lepton flavour conservation test
Lepton Number Violation (LNV) in the K ± → ∓ ± ± decay (L = 2) can be generated by the heavy
Majorana neutrino exchange, i.e by the same mechanism that leads to the neutrino-less nuclear double
 decay. The coupling is sensitive to effective ν mass (kinematically accessible if m < mν < mK ) and
translates into exclusion limits in the space of the parameters of the extended PMNS mixing matrix and
the heavy neutrino mass [2]. The process provides the best way to study effects of Majorana neutrinos
in the second lepton generation, Until recently, the most stringent limit on the rate of the LNV K ± →
∓ ± ± decay came from a special data set collected in 1997 by the E865 experiment at Brookhaven
[3] to measure the rate of K ± → ± ± ∓ . From the study of background to K ± → ± ± ∓ an upper
limit on BR(K ± → ∓ ± ± ) < 3.0 × 10−9 (90%C.L.) was established.
The NA48/2 experiment at CERN SPS [4] performed the analysis of the same decay channel
with a data sample recorded in 2003–2004 with a kaon decay-in-flight technique. Simultaneous K +
and K − beams, with a central momentum of 60 GeV/c and a narrow momentum band, decayed in
a 114 m-long cylindrical vacuum tank housing the fiducial decay volume. The momenta of charged
decay products were measured in a magnetic spectrometer and a plastic scintillator hodoscope was
used as a fast trigger and for precise time measurements. A Liquid Krypton (LKr) electromagnetic
calorimeter, an iron/scintillator hadronic calorimeter and muon detectors were used as vetoes and for
particle ID.
The K ± → ± ± ∓ rate is measured relative to the abundant K ± → ± ± ∓ normalization
channel. The signal and normalization samples were collected concurrently using the same trigger
logic. The invariant mass of the three tracks in the  hypothesis lies in the range between 485
and 502 MeV/c2 (see Fig. 1); the MC estimation of background gave 52.6 ± 19.8 corresponding to
the following upper limit [5]: BR(K ± → ∓ ± ± ) < 1.1 × 10−9 (90%C.L.). Within the near-future
NA62 data taking a potential sensitivity of ∼10−12 is reachable due to several improvements, including
a higher kaon flux and a better resolution on the invariant mass.
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Figure 2. Summary of RK = (Ke2 )/(K2 ) measurements and SM expectation.

3. Lepton flavour universality test
In the SM the ratio RK of charged kaon leptonic decay rates (K ± → e± νe ) and (K ± → ± ν ),
defined as RK = (Ke2 )/(K2 ), is predicted to excellent sub-permille precision due to the cancellation
of hadronic uncertainties [6] and is sensitive to LFV:
2
 2  2
me
mK − m2e
×
× (1 + RQED ) = (2.477 ± 0.001) × 10−5 ,
(1)
RK (SM) =
m
m2K − m2
me 2
) ∼ 10−5 represents the “helicity suppression” term and RQED = (−3.78 ±
where the factor ( m

0.04)% is a correction term due to the inner bremsstrahlung (IB) radiation included by definition in RK
[6]. Beyond the SM the ratio RK is sensitive to minimal super-symmetric (MSSM) and 2 Higgs doublet
(2DHM) models, which predict an enhancement of the SM amplitude, at the one-loop level, dominated
by LFV terms and mediated by a charged Higgs exchange [7]. The NA62 experiment at CERN SPS
performed a measurement of RK at a sub-percent accuracy using the full data sample collected in
2007–2008 with a kaon decay-in-flight technique. The experimental layout for the RK measurement
comprised the beam line and detector setup of the earlier NA48/2 experiment; the running conditions
were optimized for Ke2 data collection. Unseparated secondary beams (± /K ± ∼ 10), within a narrow
momentum band of 74 GeV/c central momentum and 1.4 GeV/c spread (rms), were used. The NA62
data taking strategy for the RK measurement relied on a minimum bias trigger configuration with low
kaon beam intensity and it was optimised to measure the two main backgrounds in the Ke2 sample: the
beam halo muons and the K2 decays with a mis-identified muon.
The total Ke2 sample comprises 145, 958 candidates with a background contamination of (10.95 ±
0.27)%. The total K2 sample consists of about 43 million candidates with a background contamination
of (0.50 ± 0.01)% due to the beam halo. The RK result with the full data sample collected by the NA62
collaboration at CERN in 2007–2008 is [8]: RK = (2.488 ± 0.007stat ± 0.007syst ) × 10−5 . The result
is consistent with the previous measurements and the SM expectation (see Fig. 2); it is the most precise
RK measurement achieved so far and dominates the current world average.

4. Prospects for LFNV in K+ and 0 decays
The NA62 experiment [9] aims to study the ultra-rare FCNC K + → + ν ν̄ decay with K + decay-inflight technique. The main goal is to measure BR(K + → + ν ν̄) with a relative precision of ∼ 10% in
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Table 1. Lepton flavour and lepton number decay rates of K + and 0 with current experimental upper limits, which
can potentially be improved by the NA62 experiment.
Mode
K + → +  + e −
K + → +  − e +
K + → −  + e +
K + → − e + e +
K + → −  +  +
K + → − νe+ e+
K + → e− ν+ +
0 →  ± e ∓

Physics
LFV
LFV
LFNV: L = Le = −1
LNV: Le = 2
LNV: L = 2
LFNV: Le = 2
LFNV: L = 2
LFV

UL at 90% CL (Experiment)
1.3 × 10−11 (BNL E777/E865) [10]
5.2 × 10−10 (BNL E865) [3]
5.0 × 10−10 (BNL E865) [3]
6.4 × 10−10 (BNL E865) [3]
1.1 × 109 (NA48/2) [5]
2.8 × 10−8 (Geneva-Saclay) [11]
No Data
3.6 × 10−10 (KTeV) [12]

two years of data taking, starting end of 2014. The study of FCNC kaon decay modes is an excellent
probe for flavour sector in SM, as well as for indirect search of NP, complementary to B physics.
The primary goal of NA62 is to detect ∼100 K + → + ν ν̄ decays with a ratio signal/background
∼10. Assuming the SM predicted value of BR(K + → + ν ν̄) = (7.81 ± 0.80) × 10−11 [13] and an
acceptance of ∼10%, at least 1013 kaon decays are needed in the fiducial decay region. The high intensity
kaon flux, the performances of sub-detectors designed to control backgrounds at the challenging level of
1012 , combined with a flexible trigger system, will allow to perform searches in rare and forbidden kaon
and (neutral) pion1 decays, including lepton flavour and number violating modes, with an unprecedented
precision. By defining the NA62 Single Event Sensitivity (SES) as the inverse of the product between
the acceptance and the number of kaon (pion) decays, the estimated NA62 SES on K + (0 ) decays
is: ∼10−12 (∼10−11 ). Therefore, referring to Tab. 1, one can argue that the NA62 experiment has the
potential to improve on many experimental UL at 90% CL, up to few order of magnitude, for a wide
range of rare and symmetry-violating (K + and 0 ) decays.
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1 About 20% of K + undergoes the K + → + 0 decay.
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