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The NA62 Experiment
Kaon Decay mode   vs Beam-Dump mode

NA62 Results for ultra rare SM allowed 

NA62 Searches for  K+ → π+ X

NA62 Searches for  π+ → e+ N,   and   π0 → invisibles outside SM

NA62 Results for Searches of Exotic Messanger Signals with  ℓℓ final states 
(published in 2023 & 24) and with hh and ɣɣ final states (published in 2024 & 25)

Outline



The NA62 Experiment at CERN

~ 30 institutes, ~ 300 collaborators
K+ decays in flight     OR    Beam Dumped: TAX closed & target removed 

Primary goal: measure 

Theory: extra clean, ~ 10% uncertainty
very rare, SM value  8.60 ± 0.42 10-11

Experiment: NA62 new result   JHEP 02 (2025) 191

51 events observed
Continues long history 
of Kaon Physics at CERN 

Data taking Run 1 2017-18    Run 2 2021-26
2016 Comissioning + Physics run (45 days)
2017, 2018  Run 1 data taking (160+217 days)

2021 Physics run (85 days, 10 days in BD mode)
2022 Physics run (215 days) 
2023 Physics run (150 days, 10 days in BD mode)
2024 Physics run (204 days, 12 days in BD mode)
2025 Physics run (210 days foreseen, started 04/2025)



NA62  Beamline  &  Detector

Z [m]

JINST 12 (2017) P05025
Particle Tracking:   upstream: GTK = silicon pixel tracker,     decay region: STRAW = tracking momentum spectrometer
P. Identification :    upstream: KTAG, downstream: RICH= π/μ/e ID Cherenkov, LKr, MUV1,2 calorimetry
Veto: CHANTI = inelastic collision Anticounter, LAV, IRC, SAC = Large & Small Angle photon vetos

NA62 setup in K mode: studies of rare K+ decays  



Target removed and TAX closed
KTAG and GTK not used

NA62 setup in Beam-Dump (BD) mode: searches for dark messenger signals  



Theory



Experiment: How to search for ultra-rare  K decays

Main K+ (bkg) decay modes:

Keystones



Signal Sensitivity: 2021-22 improvements vs. 2018

Acceptance:



Single Event Sensitivity    and   Signal Expectation



Background



Summary for Expected Background



Results   (2016 – 2022  data)     

2016 – 2018  data    

20 events in the Signal Regions   

2021 – 2022  data    

31 events in the Signal Regions   



Results   (2016 – 2022  data)     

51 signal candidates,  expected background:

The rarest particle decay observed ever at  5σ significance 

Consistent with the SM expectation at 1.7σ

JHEP 02 (2025) 191



Search for   K+ → π + X PBC benchmark cases 

~12 Benchmark Cases (BC) proposed

for searches



CERN PBC working group Benchmark Cases

NA62 in Beam-Dump mode:           ,  ɣɣ and  hadronic  (2 charged tracks) final states

Two types of direct searches for NP particles at fixed-target experiments:

(i)  NP particle production in SM particle decays – reconstruction from both initial and final state particles

(ii) NP particle decay to SM particles – reconstruction of original particle from the SM final states

NA62 Experiment can do both in two modes of operation: (i) kaon mode  and (ii) beam-dump mode

Search for   K+ → π + X PBC benchmark cases 



Search for   K+ → π + X at NA62 

Peak search in the two   K+ → π + νν regions  0 – 110 MeV and 154 – 260 MeV

Main background: K+ → π + νν

Limits on BR(K+ → π+X) of order  O(10-11)

JHEP 02 (2021) 201; arXiv 2507.17286

Related search π 0 → invisible

Main SM background: negligible π 0 → 4ν

Limits on BR(K+ → π+X) of order  O(10-11)



Peak searches in   K+ → π +µ+µ- and in   K+ → π+ɣɣ



Search Summary for   K+ → π + X arXiv 2507.17286



NA62 Dark Messenger Beam Dump searches – Monte Carlo  

Leptonic Decays Hadronic Decays

dominate  

Dark Photon 

branching fractions  



NA62 Dark Messenger Beam Dump searches – Background Determination





NA62 Dark Messenger Beam Dump searches 

Results for leptonic final states

ε

Combined
μ+μ- and  e+e-

Results

ε

NA62 Collaboration, Search for leptonic decays of dark photons at NA62,
Phys. Rev. Lett 133 (2024) 111802.

NA62 Collaboration, Search for dark photon decays to μ+ μ- at NA62,
JHEP 09 (2023) 035.

NA62 Collaboration, Search for hadronic decays of feebly-interacting particles at NA62,
Eur. Phys. J  C (2025) 85:571.



NA62 Dark Messenger Beam Dump searches – hh final state studies

if observed,

MS could be resolved 

at a per cent level





NA62 Dark Messenger Beam Dump searches – hh final state studies

NA62 Dark Messenger hh final state ...  

essentially background free not only for NPOT = 1.4 x 1017, 

but also for the complete Run 2  in the future for  NPOT = 1018 .



NA62 Dark Messenger searches –

Results for both hadronic and leptonic final states

NA62 Collaboration, Search for hadronic decays of feebly-interacting particles at NA62,
Eur. Phys. J  C (2025) 85:571.



Chris Hearty DISCRETE Dec’24



Chris Hearty DISCRETE Dec’24

NA62 in Dump Mode



NA62 Axion-like particle (ALP) search in K+ → π +  ,    →  γγ

Results for  photonic final states
ᵅᵅ

NA62 Collaboration, Phys.Lett B 850  (2024) 138513.



Search for Heavy Neutral Lepton production in  π decays





Summary

The main goal of the NA62 Experiment remains  the                                   measurement, 
however much broader new physics search has been performed

Blind searches for a dark messenger particle decaying into ee, μμ, hadrons and γγ

have been performed on the 2021 data sample exploring new regions in the 
parameter space accessible to the NA62 Experiment in the Beam-Dump mode 

With the  (1.43± 0.28) x 1017 POTs  90% CL upper limits have been derived,
excluding new regions in the parameter space shown here in respective plots

X Searches in K+,  π+ and π0 decays follow from a unique large sample ~ 1013  events,  
are relatively simple and clean, and have low backgrounds

NA62 data taking is ongoing
The current NA62 Run will last by Summer 2026


