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Abstract. The first measurement of the branching ratio of the ultra-rare 𝐾+ → 𝜋+𝜈𝜈̄ decay and
the searches for production of feebly interacting particles predicted by dark scalar models from
the NA62 experiment at CERN are presented. The results of a search for in-flight decays of dark
photon to ℓ+ℓ− pairs with data collected in beam-dump mode in 2021 are also reported.
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1. The NA62 experiment at CERN SPS

NA62 at CERN is a fixed target experiment designed to measure the 𝐾+ → 𝜋+𝜈𝜈̄ branching
fraction. The layout of the NA62 beamline and detector is described in [1].

The versatility of the experimental setup, combined with the multiple trigger chains available
[2], enables the NA62 experiment to study a variety of 𝐾+ mesons decays, including the multi-track
𝐾+ → 𝜋+𝑒+𝑒−𝑒+𝑒− decay.

The NA62 setup is also able to search for production and decay of dark photons into charged
lepton pairs: 𝐴′ → 𝜇+𝜇− and 𝐴′ → 𝑒+𝑒−. For this purpose, NA62 operates in beam-dump mode.
Approximately 1.4 × 1017 protons have been collected in 10 days of data taking in dump-mode in
2021.

Other recent NA62 results are published in [3, 4].

2. The 𝐾+ → 𝜋+𝜈𝜈̄ decay

The𝐾+ → 𝜋+𝜈𝜈̄ decay is one of the best environments to test the Standard Model in the Flavour
Physics sector, because it is very sensitive to Physics beyond the Standard Model and its very small
branching ratio is precisely predicted by theory: B𝑆𝑀 (𝐾+ → 𝜋+𝜈𝜈̄) = (8.60 ± 0.42) × 10−11 [5].
The most relevant physics quantity for this study is the squared missing mass: 𝑚2

𝑚𝑖𝑠𝑠
= (𝑃𝐾 −𝑃𝜋)2,

where 𝑃𝐾 and 𝑃𝜋 are the measured 4-momenta of the beam particle (kaon) and of the decaying
particle under the assumption that it is a pion, respectively.

NA62 has analysed the data taken in RUN1 (2016-2018), 20 𝐾+ → 𝜋+𝜈𝜈̄ candidates are
observed, with 10.01 ± 0.42𝑠𝑦𝑠𝑡 ± 1.19𝑒𝑥𝑡 expected SM events and 7.03+1.05

−0.82 expected background
events [6]. This is the first evidence of the 𝐾+ → 𝜋+𝜈𝜈̄ decay with a significance of 3.4𝜎, and leads
to a measured branching ratio B = (10.6+4.0

−3.4 |𝑠𝑡𝑎𝑡 ± 0.9𝑠𝑦𝑠𝑡 ) × 10−11.

3. Feebly Interacting Particles searches in the 𝐾+ → 𝜋+𝑒+𝑒−𝑒+𝑒− decay

Dark-sector models can be tested via the process 𝐾 → 𝜋+𝑒+𝑒−𝑒+𝑒−. In this context, NA62 has
recently published the result of a study of the 𝐾+ → 𝜋+𝑒+𝑒−𝑒+𝑒− decay using the dataset collected
in 2017-2018 [7].

In the dark sectors framework, the 𝐾+ → 𝜋+𝑒+𝑒−𝑒+𝑒− could proceed through two short-lived
QCD axions, 𝑎, decaying into 𝑒+𝑒− pairs, through to the sequence 𝐾+ → 𝜋+𝑎𝑎, 𝑎 → 𝑒+𝑒−. This
mechanism could provide a possible explanation of the observed "17 MeV anomaly" in the mass
spectra produced by the de-excitation of specific nuclei [8]. Also, the same final state could be
obtained from the cascade 𝐾+ → 𝜋+𝑆, 𝑆 → 𝐴′𝐴′, 𝐴′ → 𝑒+𝑒−, where 𝑆 and 𝐴′ are a dark scalar
and vector, respectively [9].

The 𝐾+ → 𝜋+𝑒+𝑒−𝑒+𝑒− signal has a 5-track final state topology. The relevant kinematic
variables to select the signal and the normalization (𝐾+ → 𝜋+𝜋0

𝐷
𝜋0
𝐷

, 𝜋0
𝐷

→ 𝑒+𝑒−𝛾) are the five-
track mass, 𝑚𝜋4𝑒, the four-electron mass, 𝑚4𝑒, and the squared missing mass, 𝑚2

𝑚𝑖𝑠𝑠
= (𝑃𝐾 −𝑃𝜋)2,

where 𝑃𝐾 is the kaon four-momentum computed using the central beam momentum and 𝑃𝜋 is the
reconstructed 𝜋+ four-momentum. 𝐾+ → 𝜋+𝑒+𝑒−𝑒+𝑒− candidates are selected outside the 𝜋0 peak
of 𝑚4𝑒, in order to reduce the 𝐾+ → 𝜋+𝜋0

𝐷
𝜋0
𝐷

background.
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Figure 1: Left: upper limit at 90% CL of the branching ratio of the prompt decay chain 𝐾+ → 𝜋+𝑎𝑎,
𝑎 → 𝑒+𝑒− as a function of the assumed axion mass. Right: upper limit at 90% CL of the branching ratio of
the prompt decay chain 𝐾+ → 𝜋+𝑆, 𝑆 → 𝐴′𝐴′, 𝐴′ → 𝑒+𝑒− as a function of the assumed dark-photon and
dark-scalar masses.

The signal region definition requires the 𝑚𝜋4𝑒 value to lie within 10 MeV/𝑐2 of the kaon mass.
Additional criteria are set to select the 𝐾𝜋𝑎𝑎 and 𝐾𝜋𝑆 decay chains: the electrons and positrons
are grouped into two pairs and the combination with 𝑚𝑒𝑒 values most consistent with each other is
chosen.

The QCD-axion mediated decay is looked for through a scan of the di-electron invariant mass
in steps of 5 MeV/𝑐2. The mass scan is performed from 5 to 175 MeV/𝑐2 and the upper limit is
shown in Figure 1, left panel. A similar technique is used to look for the dark cascade process. In
this case the search is performed in the di-vector and scalar mass spectrum. The result in the 𝑆
versus 𝐴′ mass plane is shown in Figure 1, right panel.

4. Dark photon searches with NA62 in beam dump mode

The NA62 experimental setup can be used to investigate the production and decay of dark
photons while operating in the beam-dump mode: the beam protons are dumped 80 m upstream of
the NA62 decay volume.

A search for dark photons decaying in flight to 𝜇+𝜇− pairs has been performed by NA62, based
on the beam-dump sample collected in 2021 [10]. A counting experiment through a cut-based, blind
analysis has been performed. One event is found, with a possible interpretation as combinatorial
background. No evidence of a dark photon signal is established. A region of the dark photon
parameter space (coupling constant 𝜖 , mass 𝑀𝐴′) is excluded at 90% CL, extending the constraints
set by previous experiments in the mass range 215-550 MeV/𝑐2 for coupling constants of the order
of 10−6 (Figure 2, left panel). In addition, the result is interpreted in terms of the emission of
axion-like particles in a model-independent approach. The result is found to improve on previous
limits for masses below 280 MeV/𝑐2.
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Figure 2: Left: 𝐴′ → 𝜇+𝜇− . Right: 𝐴′ → 𝑒+𝑒− . The region of the parameter space within the solid line is
excluded at 90% CL. The colored filled area represent the expected uncertainty on the exclusion contour in
absence of a signal: green (yellow) corresponds to a statistical coverage of 68% (95%).

In addition to the searches for the 𝜇+𝜇− final state, a search for the dark photons decaying
into 𝑒+𝑒− pairs has been performed, with no events observed. The corresponding 90% CL upper
limit translates into the excluded region visible in Figure 2 (right panel), which extends beyond past
experiments for 20 < 𝑀 ′

𝐴
< 450 MeV/𝑐2 and, correspondingly for values of the 𝜖 coupling constant

from 8 × 10−5 to 8 × 10−7. The details of this analysis are presented in [11].

References

[1] E. Cortina Gil et al., The beam and detector of the NA62 experiment at CERN, JINST 12 (2017) P05025.

[2] E. Cortina Gil et al., Performance of the NA62 trigger system, JHEP 03 (2023) 122.

[3] E. Cortina Gil et al., A study of the 𝐾+ → 𝜋0𝑒+𝜈𝛾 decay, JHEP 09 (2023) 040.

[4] E. Cortina Gil et al., Measurement of the 𝐾+ → 𝜋+𝛾𝛾 decay, arXiv:2311.01837 (2023).

[5] A. J. Buras, E. Venturini, Searching for New Physics in Rare 𝐾 and 𝐵 Decays without |𝑉𝑐𝑏 | and |𝑉𝑢𝑏 |
Uncertainties, arXiv:2109.11032.

[6] E. Cortina Gil et al., Measurement of the very rare 𝐾+ → 𝜋+𝜈𝜈̄ decay, JHEP 06 (2021) 093.

[7] E. Cortina Gil et al., Search for 𝐾+ decays into the 𝜋+𝑒+𝑒−𝑒+𝑒− final state, Phys. Lett. B 846 (2023)
138193.

[8] A.J. Krasznahorkay et al., Phys. Rev. Lett. 116 (2016) 042501; Phys. Rev. C 104 (2021) 044003; Phys.
Rev. C 106 (2022) L061601.

[9] M. Hostert and M. Pospelov, Novel multilepton signatures of dark sectors in light meson decays, Phys.
Rev. D 105 (2022) 015017.

[10] E. Cortina Gil et al., Search for dark photon decays to 𝜇+𝜇− at NA62, JHEP 09 (2023) 035.

[11] E. Cortina Gil et al., Search for leptonic decays of the dark photon at NA62, arXiv:2312.12055 (2023).

4

https://iopscience.iop.org/article/10.1088/1748-0221/12/05/P05025
https://doi.org/10.1007/JHEP03(2023)122
https://doi.org/10.1007/JHEP09(2023)040
https://arxiv.org/abs/2311.01837v1
https://doi.org/10.48550/arXiv.2109.11032
https://doi.org/10.1007/JHEP06(2021)093
https://doi.org/10.1016/j.physletb.2023.138193
https://doi.org/10.1016/j.physletb.2023.138193
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.042501
https://link.aps.org/doi/10.1103/PhysRevC.104.044003
https://link.aps.org/doi/10.1103/PhysRevC.106.L061601
https://link.aps.org/doi/10.1103/PhysRevC.106.L061601
https://link.aps.org/doi/10.1103/PhysRevD.105.015017
https://link.aps.org/doi/10.1103/PhysRevD.105.015017
https://doi.org/10.1007/JHEP09(2023)035
https://arxiv.org/abs/arXiv:2312.12055

	The NA62 experiment at CERN SPS
	The K++ decay
	Feebly Interacting Particles searches in the K++e+e-e+e- decay
	Dark photon searches with NA62 in beam dump mode

