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HNLs are included in several extensions of the SM

Generic possibility of k sterile neutrinos mass states: 

𝝂𝜶 = 

𝒊=𝟏

𝟑+𝒌

𝑼𝜶𝒊𝝂𝒊 (𝜶 = 𝒆, 𝝁, 𝝉)

𝝂𝑴𝑺𝑴: minimal extension of the SM able to explain 𝝂 masses, oscillations, baryogenesis 
and dark matter

Heavy neutral leptons (HNLs)
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𝝂𝑴𝑺𝑴: minimal extension of the SM able to explain 𝝂 masses, oscillations, baryogenesis 
and dark matter

Three HNLs: 𝒎𝟏 ∼ 𝟏𝟎 𝒌𝒆𝑽/𝒄𝟐 (DM candidate) ,𝒎𝟐,𝟑∼ 𝟏 𝑮𝒆𝑽/𝒄𝟐

Astrophysical and cosmological constraints on 𝒎𝒌

Heavy neutral leptons (HNLs)
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HNL production in K decays
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Master formula: 𝑩𝑹 𝑷+ → 𝒍+𝑵 = 𝑩𝑹 𝑷+ → 𝒍+𝝂 × 𝝆𝒍 𝒎𝑵 × 𝑼𝒍𝟒
𝟐

O(1)
𝜌𝜇 𝑚𝑁

𝜌𝑒 𝑚𝑁 × 𝑅𝐾

𝑅𝐾 = Γ 𝐾+ → 𝑒+𝜈 /Γ 𝐾+ → 𝜇+𝜈 ∼ 2.5 × 10−5

𝑲+ → 𝒍+𝑵 decays:

• HNL production is enhanced 

kinematically wrt SM decays 

(except near kinematic 

endpoints)

• Helicity suppression relaxed in 

the 𝐾 → 𝑒𝑁 case: factor 𝑂 105

enhancement

𝝆𝒍 𝒎𝑵 =
𝒙 + 𝒚 − 𝒙 − 𝒚 𝟐

𝒙 𝟏 − 𝒙 𝟐 × 𝜆 1, 𝑥, 𝑦

𝑥 = 𝑚𝑙/𝑚𝑝
2
, y = 𝑚𝑁/𝑚𝑝

2
, 𝜆 𝑎, 𝑏, 𝑐 = 𝑎2 + 𝑏2 + 𝑐2 − 2(𝑎𝑏 + 𝑏𝑐 + 𝑎𝑐)



The NA62 experiment at CERN
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NA62

Primary beam of protons from SPS (400 

GeV)

Secondary beam of hadrons (75 GeV/c, 

800 MHz)

• Pions (70%)

• Protons (23%)

• Kaons (6%)

• Muons (0.7%)

• Fixed target experiment

• Kaon decays in flight

• Main goal: measurement of BR(𝐾+ → 𝜋+νതν) at 10% precision level

2.2 × 1018𝑃𝑂𝑇 collected in Run1 (2016-2018), data taking will restart in 2021



NA62 schematic layout
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Keystones:

•O(100 ps) timing between 

sub-detectors

•O(104) kinematic 

background rejection

• > 107 muon suppression

• > 107 𝜋0suppression



𝑲+ → 𝒍+𝑵: signal selection
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Two different trigger streams: 𝑲𝝅𝝂𝝂 for 𝒆+ mode, minimum bias (downscaled by 400) for
𝝁+ mode 

Selection steps:

• Good downstream track reconstructed by the STRAW spectrometer,

• Lepton momentum requirements: 𝟓 < 𝒑𝒆 < 𝟑𝟎 𝑮𝒆𝑽/𝒄,          𝟓 < 𝒑𝝁 < 𝟕𝟎 𝑮𝒆𝑽/𝒄

• Track in acceptance of LKr and MUV3

• Upstream track identified by KTAG and GTK matched with the downstream lepton

• Lepton PID using RICH and MUV3 (𝝁+ mode only)



𝑲+ → 𝒍+𝑵: final samples
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𝒎𝒎𝒊𝒔𝒔
𝟐 = 𝑷𝑲 − 𝑷𝒍

𝜶 𝑷𝑲 − 𝑷𝒍 𝜶

HNL signal: spike over the continuous mass spectrum

𝒆+ mode 𝝁+ mode

𝑵𝑲 = 𝟑. 𝟓𝟐 ± 𝟎. 𝟎𝟐 × 𝟏𝟎𝟏𝟐 𝑵𝑲 = 𝟒. 𝟐𝟗 ± 𝟎. 𝟎𝟐 × 𝟏𝟎𝟗



Mass resolution
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Selection for each HNL mass hypothesis includes a «mass window» condition: 

𝒎−𝒎𝑯𝑵𝑳 < 𝟏. 𝟔 𝝈𝒎

Resolution is crucial to resolve possible HNL mass splitting



Acceptance and SES
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Definitions: 𝑩𝑹𝑺𝑬𝑺 = 𝟏/(𝑵𝑲 × 𝑨), |𝐔𝐥𝟒|𝐒𝐄𝐒
𝟐 = 𝑩𝑹𝑺𝑬𝑺/[𝑩𝑹 𝑲+ → 𝒍+𝝂 × 𝝆𝒍(𝒎𝑵)

Auxiliary 𝑲𝒆𝑵 selection (𝒑𝒆 < 𝟐𝟎 GeV/c):  smoother background near the 𝜋𝑒2 threshold



Upper limits on 𝑩𝑹 𝑲+ → 𝒍+𝑵 , 90% CL
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In the 𝒆+ mode local significance: 3.6

Taking into account look-elsewhere effect, global significance: 2.2

𝒆+ mode 𝝁+ mode



HNL summary
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• Full Run1 dataset for 𝑼𝒆𝟒
𝟐, 1/3 of the 

full dataset for 𝑼𝝁𝟒
𝟐

• Improvements up to two order of 
magnitudes

• For 𝑼𝒆𝟒
𝟐, BBN-allowed range 

excluded up to 340 𝑴𝒆𝑽/𝒄𝟐

• For 𝑼𝝁𝟒
𝟐
, approached E949 

sensitivity and extended search to  
383 𝑴𝒆𝑽/𝒄𝟐



Conclusions

• NA62 collected ∼ 𝟔 × 𝟏𝟎𝟏𝟐 kaon decays in Run 1

• HNL production searches:

• 𝑂 10−9 limit on 𝑈𝑒4
2 with full Run1 dataset, [PLB 807 (2020) 135599]

• 𝑂 10−8 limit on 𝑈𝜇4
2

with 1/3 of Run1 dataset, preliminary

• For 𝑼𝒆𝟒
𝟐, BBN-allowed range excluded up to 340 𝑴𝒆𝑽/𝒄𝟐

• For 𝑼𝝁𝟒
𝟐
, expected improvements of the sensitivity with larger dataset
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Spares
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Comparison with HNL decay searches
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