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Motivation to measure 

The NA62 Experiment in Kaon Decay mode  

NA62                            latest results  (2023-24 data) 

Outline



is allowed in the Standard Model (SM)

It involves  s - d   anti-quark conversion via FCNC

No such interaction vertex in the SM, however,
possible at loop level, via penguin and box diagrams

As a result it is a rare process

Motivation



is, in fact, ultra rare (in the SM)

Suppressed by  mq
2/ mW

2  the top exchange in the loop dominates.
It is, however, CKM suppressed by    λt = Vts* Vtd :

SM predictions:

Motivation



Motivation
Therefore,                               is highly sensitive to BSM contributions from NP flavor violation  



is, at the same time, theoretically very clean - just 6% overall SM uncertainty

Motivation

T.Spadaro’s
INFN talk
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Previous NA62 Results 



The NA62 Experiment at CERN

~ 30 institutes, ~ 300 collaborators
K+ decays in flight     OR    Beam Dumped: TAX closed & target removed    (Kaon mode  OR  Beam Dump Mode)  

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)



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  



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



NA62 Upstream setup in Run 2      relevant for bkgnd analysis, more later



Experiment: How to search for ultra-rare  K decays



Experiment: How to search for ultra-rare  K decays



Experiment: How to search for ultra-rare  K decays

Main K+ (bkg) decay modes:

Keystones



Signal Event Sensitivity: 2023-24 improvements vs. 2021-22

in 2021-22



Backgrounds Summary



Background



2023-24  Signal Regions - Opening the Box



2016 - 2024 Dataset



Conclusions

The main goal of the NA62 Experiment remains  the                           measurement, 
with the potential to provide a hint of BSM Physics

Expected SM signal more than doubled compared to the 2021-2022

Background got lower with respect to the previous analysis, 
leading to a significant sensitivity boost

Expected SM significance > 5σ

BR(                       )  measured with   < 20%  precision

The result is compatible with the SM prediction

2025-2026 datasets are under way
The current NA62 Run will last by Summer 2026
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Results   (2016 – 2022  data)     

2016 – 2018  data    

20 events in the Signal Regions   

2021 – 2022  data    

31 events in the Signal Regions   

33 events in the two Signal Regions, the 2023-2024 data   



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
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