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The NA62 Experiment

NA62

[JINST 12 (2017) P05025]

~600 MHz hadron beam, ~4.5 MHz 

of kaon decays in fiducial region

400 GeV/c 

Protons 

from SPS

Fiducial region (60m)

Fixed target kaon decay experiment 
located at the CERN Prévessin site

o ~250 collaborators from ~35 institutes

o 400 GeV/c proton beam from Super 
Proton Synchotron (SPS) directed at 
beryllium target

o Produces secondary 75 GeV/c kaon
beam (70% π+, 23% p, 6% K+)

https://iopscience.iop.org/article/10.1088/1748-0221/12/05/P05025/meta
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Commissioning
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Physics at NA62

LS3LS2 (upgrades)

2014     2015     2016     2017     2018     2019     2020     2021     2022     2023     2024     2025     2026        

Run 1 Run 2

[KAON25]

[KAON25]

[KAON25]

[Phys.Lett.B 872 (2026) 140119]

[JHEP 11 (2025) 143]

Recent highlights to be presented:

1) Measurement of the structure dependent K+→ e+νγ decay (preliminary), [KAON25]

2) Measurement of the radiative K+→π+π+π-γ decay (preliminary), [KAON25]

3) Measurement of the K+→ μ+νμ+μ- decay (preliminary), [KAON25]

4) Search for heavy neutral leptons (π +→ e+N), [Phys.Lett.B 872 (2026) 140119]

5) Searches for hidden-sector X particle (K+→π+X), [JHEP 11 (2025) 143]

[LLWI 2025]

[La Thuile 2026]

Primary goal: to measure rare decay Br(𝑲+ → 𝝅+𝒗ഥ𝒗)

o Last year’s update [LLWI 2025]

o New update this year (March 4)! [La Thuile 2026]

Precision Measurements

NA62 Physics Program

Direct Exotic SearchesRare and forbidden K+ decays

https://indico.cern.ch/event/1485702/contributions/6616628/
https://indico.cern.ch/event/1485702/contributions/6585023/
https://indico.cern.ch/event/1485702/contributions/6584990/
https://www.sciencedirect.com/science/article/pii/S037026932500872X?via%3Dihub
https://link.springer.com/article/10.1007/JHEP11(2025)143
https://indico.global/event/483/contributions/120351/
https://agenda.infn.it/event/48984/timetable/?view=standard#22-new-measurement-of-the-k-to
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K+→ π+νν: Improvements

data-driven

estimated with MC

fully data-driven

For 2023-2024 dataset:

o Expected SM signal: 22.9 ± 1.1, 
(assuming BR = 8.4 × 10−11)

o Estimated background: 11.9−2.3
+2.9

o Observed: 33

Increased statistics and improvements 
in background rejection:

o Better π0 rejection

o Lower μ+ mis-identification 
rate

o Improved upstream 
background rejection
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K+→ π+νν: Updated Result

Newest combined result:  Br(𝑲+ → 𝝅+𝒗ഥ𝒗) = 𝟗. 𝟔−𝟏.𝟖
+𝟏.𝟗 × 𝟏𝟎−𝟏𝟏

[JHEP 02 (2025) 191]

[JHEP 06 (2021) 093]

[PRD 79 (2009) 092004]

this result

[La Thuile 2026]

o Expected SM signal: 43 ± 1, 
(assuming BR = 8.4 × 10−11)

o Estimated background: 30−3
+4

o Observed: 84

For 2016-2024 dataset:

Observed significance >6σ, result compatible with SM

More to come with 2025-2026 dataset!

BNL

NA62 2016-2018

NA62 2021-2022

NA62 2023-2024

NA62 combined

https://link.springer.com/article/10.1007/JHEP02(2025)191
https://link.springer.com/article/10.1007/JHEP06(2021)093
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.79.092004
https://agenda.infn.it/event/48984/timetable/?view=standard#22-new-measurement-of-the-k-to
https://agenda.infn.it/event/48984/timetable/?view=standard#22-new-measurement-of-the-k-to
https://agenda.infn.it/event/48984/timetable/?view=standard#22-new-measurement-of-the-k-to
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K+→e+νγ: Motivation
Direct measurement of V, A model-dependent couplings:

𝑓𝑆𝐷+ 𝑥, 𝑦 = (1 − 𝑥)(𝑥 + 𝑦 − 1)2

SD− component beyond kinematical region of the analysis, focus on 𝐒𝐃+

𝑓𝑆𝐷− 𝑥, 𝑦 = (1 − 𝑥)(1 − 𝑦)2

[Phys. Rev D77 (2008) 014004]

Predictions of BR(K+→e+νγ) in units of 10-5 in (a) the 

ChPT at 𝑂 𝑝4 , (b) the ChPT at 𝑂 𝑝6 , (c) the LFQM

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.77.014004
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𝐵𝑟 𝐾𝑒2𝛾 𝑆𝐷+ =
𝑁𝐾𝑒2𝛾
𝑜𝑏𝑠 −𝑁𝐾𝑒2𝛾

𝑏𝑘𝑔

𝑁𝐾𝑒3
𝑜𝑏𝑠 ∙

𝐴𝑐𝑐𝐾𝑒3
𝐴𝑐𝑐𝐾𝑒2𝛾

∙
𝜀𝐾𝑒3
𝑇𝑟𝑔

𝜀𝐾𝑒2𝛾
𝑇𝑟𝑔 ∙ 𝐵𝑅(𝐾𝑒3) ∙ 𝐵𝑅(𝜋

0 → 𝛾𝛾)

7

K+→e+νγ: Analysis Strategy

o Select single good e+ track matched to GTK kaon, radiative γ reconstructed in LKr

o NA62 signal region: X > 0.2, Y > 0.93 to reject Ke2, Ke3, K2π backgrounds

o Trigger efficiencies measured with MC and data using Ke3 normalization selection

Measure BR from yields in signal selection normalized to Ke3 selection using 
observable 𝑴𝒎𝒊𝒔𝒔

𝟐 = (𝑷𝑲 − 𝑷𝒆 − 𝑷𝜸)
𝟐 in 2017-2018 data (NK ≈ 𝟐. 𝟗 × 𝟏𝟎𝟏𝟎):

Signal (Ke2γSD+)Normalization (Ke3)
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K+→e+νγ: Preliminary Results

Most precise measurement of 𝑺𝑫+

amplitudes to date (~1% precision): 

o Measurements and theoretical 
predictions computed in KLOE 
kinematic region: Pe > 200 MeV/c and 
Eγ > 10 MeV (in K+ rest frame)

o PDG 2024 average:

𝑹𝜸 = (𝟏. 𝟔𝟐 ± 𝟎. 𝟐𝟐) × 𝟏𝟎−𝟓
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K+→π+π+π−γ: Motivation

[Zeit.Phys.C 76 (1997) 301] [Eur.Phys.J.C 79 (2019) 296]

Comparison of Br(K3πγ) predicted by ChPT at 𝑂 𝑝4 vs measurement by 

OKA collaboration (2019) in intervals of photon energy (kaon rest frame)

Previous measurement of Br(K3πγ) performed by OKA collaboration using clean 
sample of 450 events

o Missing measurement in low photon energy intervals

Goal: First measurement of Br(K3πγ) in previously unobserved energy intervals

https://link.springer.com/article/10.1007/s002880050554
https://link.springer.com/article/10.1007/s002880050554
https://link.springer.com/article/10.1007/s002880050554
https://link.springer.com/article/10.1140/epjc/s10052-019-6797-1
https://link.springer.com/article/10.1140/epjc/s10052-019-6797-1
https://link.springer.com/article/10.1140/epjc/s10052-019-6797-1
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o Select exactly one good 3-track vertex reconstructed by STRAW matched to GTK 
kaon using Multitrack trigger (efficiency > 90%)

o Signal region: M(3πγ) ∈ (486, 496) MeV/c2

10

K+→π+π+π−γ: Analysis Strategy

Signal (K3πγ)Normalization (K3π)

Measure BR from yields in signal selection normalized to K3π selection using 
invariant mass of decay products M(3πγ) in 2017-2018 data

o Additional kinematic selections applied to 

reduce K3π background

Acceptance K3π: 

(7.354 ± 0.001Stat)%

Effective NK: 

(7.3997 ± 0.0013Stat ± 0.0319Ext) × 1010
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K+→π+π+π−γ: Preliminary Results

Good agreement with 
theoretical prediction

o Percent level precision 
achieved

o Can further reduce 
statistical uncertainty using 
full dataset (2021-2026) 
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K+→μ+νμ+μ−: Motivation

K+→ μ+νμ+μ− remains the only unobserved K+→ ℓ+νℓ+ℓ- decay

o Dominated by SD contribution (~30% IB component)

o Most challenging background: K+→π+π+π− (Br = (5.583 ± 0.024)%)

o Requires efficient PID to ensure low 𝜋± → 𝜇± misidentification probability, 
complete kinematic information of decay products, and high-intensity 
experiment to ensure sufficient statistics

NA62 experiment ideal for measuring K+→ μ+νμ+μ−
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o Select single good downstream three-track vertex with Dimuon trigger, reject vertices 
compatible with K+→ μ+ν decay

o Background contamination estimated with simulated data

o Signal acceptance 𝐴𝑆 calculated assuming decay density from 𝑂 𝑝6 ChPT prediction

13

K+→μ+νμ+μ−: Analysis Strategy
Measure BR from yields in signal selection normalized to Kπμμ selection using 
observable 𝑴𝒎𝒊𝒔𝒔

𝟐 = (𝑷𝑲+ − 𝑷𝝁+ − 𝑷𝝁+ − 𝑷𝝁−)
𝟐 in full Run 1+2 data (2017-2024)

Signal (Kμνμμ)Normalization (Kπμμ)

𝐵𝑅 𝐾+ → 𝜇+𝑣𝜇+𝜇− =
𝑁𝐷 − 𝑁𝐵
𝐴𝑆 × 𝑁𝐾

𝐴𝑆 = (3.821 ± 0.004Stat) × 10−2

𝑁𝐾 = (1.475 ± 0.005Stat) × 1013
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K+→μ+νμ+μ−: Preliminary Results

𝐵𝑅 𝐾+ → 𝜇+𝑣𝜇+𝜇− [10−8]

𝐵𝑅 𝐾+ → 𝜇+𝑣𝜇+𝜇− = 1.301 ± 0.017Stat ± 0.012Syst ± 0.012Ext × 10−8 = (1.301 ± 0.024) × 10−8

o Number of signal data candidates: 

o Number of background candidates:

o Expected statistical uncertainty to 
remain >1% even with inclusion of 
2025 and 2026 data

𝑁𝐷 = 8227

𝑁𝐵 = 892 ± 11Stat ± 54Syst
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Three heavy neutral leptons (HNLs) predicted by extension of Standard Model (νMSM) to 
explain non-zero neutrino masses:

o HNLs with mass below 𝑚𝜋+ −𝑚𝑒 = 139 MeV/c2 can be produced in 𝜋+ → 𝑒+𝑁 decays

o Search in mass range 95-126 MeV/c2 using 2017-2024 data → Set limits on |𝑈e4|
2

o Select single e+ track in STRAW consistent with extrapolation to LKr and matched to GTK π+ track 
using main 𝐾+ → 𝜋+𝑣 ҧ𝑣 trigger, normalized to Ke2 decays (𝑁𝐾 = (19.02 ± 0.08) × 1012)

15

π+→ e+N: Search for HNLs

Signal (πeN)Normalization (Ke2)

[Phys.Lett.B 872 (2026) 140119]

https://www.sciencedirect.com/science/article/pii/S037026932500872X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S037026932500872X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S037026932500872X?via%3Dihub
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π+→ e+N: Results

Expected number of signal events determined from single event sensitivity

o Search performed in 63 mass hypotheses within HNL search region (95-126 MeV/c2)

o Upper limits at 90% CL set for mixing parameter |𝑈e4|
2

[Phys.Lett.B 872 (2026) 140119]

https://www.sciencedirect.com/science/article/pii/S037026932500872X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S037026932500872X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S037026932500872X?via%3Dihub
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K+→π+X: Search for Hidden Sectors 

Constraints set on benchmark hidden-sector models from studies of rare kaon decays 
(𝑲+ → 𝝅+𝒗ഥ𝒗, 𝑲+ → 𝝅+𝝁+𝝁−, 𝑲+ → 𝝅+𝜸𝜸, 𝝅𝟎 → 𝐢𝐧𝐯𝐢𝐬𝐢𝐛𝐥𝐞) using 2016-2022 data:

o BC1 and BC2: new U(1) symmetry gauge boson 𝐴′ (dark photon) interacts with SM 
fields through kinetic mixing:

o BC4: new scalar single S (dark scalar) interacts with SM Higgs doublet H:

o BC10 and BC11: axion-like particle 𝑎 couples to SM fermions 𝑓 and gauge bosons V:

[JHEP 11 (2025) 143]

https://link.springer.com/article/10.1007/JHEP11(2025)143
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K+→π+X: Benchmark Constraints

18

𝑲+ → 𝝅+𝑨′ (BC2)

𝑲+ → 𝝅+𝑺 (BC4)

[JHEP 11 (2025) 143]

https://link.springer.com/article/10.1007/JHEP11(2025)143
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Summary

Many interesting physics results at NA62 (both preliminary and published)

o New update to Br(𝑲+ → 𝝅+𝒗ഥ𝒗)

o Precision Measurements (K+→ e+νγ, K+→π+π+π-γ)

o Rare and forbidden decays (K+→ μ+νμ+μ-)

o Direct exotic searches (K+→π+X, π +→ e+N)

o And more to come…

Look forward to new results!
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Backup
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Background rejection:

o O(104) bkg suppression from 
kinematics

o O(107) μ+ rejection

o O(108) π0 rejection

21

K+→ π+νν: Kinematic Region
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K+→ π+νν: Signal Sensitivity



March 6, 2026 Lake Louise Winter Institute 2026 23

K+→e+νγ: Comparison to KLOE

Signal regions in K+ rest frame:

NA62: Pe > 230 MeV/c and Eγ > 50 MeV/c (approx.)

KLOE: Pe > 200 MeV/c and Eγ > 10 MeV/c 

To compare NA62 preliminary result with 

experimental status, BR(Ke2γSD+) is 

extrapolated to KLOE kinematic region using: 
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K+→π+π+π−γ: BR Distribution

*Uncertainties are statistical only
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K+→μ+νμ+μ−: Signal and Background Validation

o Cut value of 𝜒2 < 9 applied in common selection

o mμ+μ−
2 spectrum has two entries per event due to ambiguity in μ+
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π +→ e+N: SES and Nobs vs mN
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K+→π+X: BC10 and BC11 Constraints
𝑲+ → 𝝅+𝒂 (BC10)

𝑲+ → 𝝅+𝒂 (BC11)
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