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Heavy Neutral Leptons (HNLs) and the vMSM

Standard Model very successful, but fails to explain:
» Neutrino masses

» Baryon asymmetry

» Dark matter

=» vIMSM extension (,neutrino minimal SM extension”,
Asaka, Shaposhnikov, PLB 620 (2005) 17):

» Introduce 3 right-handed (sterile) neutrinos N;
which may mix with the classical, active neutrinos.

t 3+k
\ va=2Um-vi (a=e,ur1); k=3
i

|

» See-saw mechanism with lightest N1 mass of O(10 keV) — dark matter candidate.
N> and N3 masses of ©(100 MeV - 100 GeV).

» Yukawa couplings in the range 107! to 107°.
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https://arxiv.org/abs/hep-ph/0505013

HNL Production in K™ Decays

If HNLs exist, they would be produced in processes containing active neutrinos with a
rate proportional to the mixing parameters |U,|? (only considering k=1 here).

» Masses up to 0.5 GeV are observable in Kaon decays.
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» Master formula: (shrock, PLB 96 (1980) 159)
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=» Kinematic factor effectively cancels
helicity suppression in electron channel!
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kinematic enhancement factor p

=» Branching fractions K* = HNLs = ((mixing parameter) HNL mass [MeV/c]
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https://doi.org/10.1016/0370-2693(80)90235-X

The NA62 Experiment

Fixed target Kaon experiment at the CERN SPS. ica | * NAG2 Approva
» About 200 participants

s000- | ® Detector R&D and Installation
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2021- | ® Physics runs (with upgrades)
2023
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The NA62 Beam and Detector
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The NA62 Beam and Detector EM. calorimeter oot
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The NA62 Beam and Detector EM. calorimeter oot
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The NA62 Beam and Detector EM. calorimeter oot
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Data Collection

Statistics, up to CERN Long Shutdown 2:
» 2016: 30 days, 40% of nominal intensity, 2 x 10! useful kaon decays.
» 2017: 161 days, 60% of nominal intensity, 2 x 1012 useful kaon decays.
» 2018: 217 days, 60% of nominal intensity, 4 x 1012 useful kaon decays.

Trigger streams:
» K*— mtvv trigger: 1 track, y/u veto, used for e* channels. No downscaling.

» Control trigger/400: Single charged particle in the CHOD acceptance (minimum bias),
used for u* channels. Downscaled by D = 400.
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Searches for HNLs in
K" — e*N and K™ — u*N Decays
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Search for K* — e*N and K™ = u*N

Search for K™ — e*N Search for K™ — u*N
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Search for K* — e*N and K™ = u*N

Search for K™ — e*N Search for K™ — u*N
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Limits on K™ — e*N and K™ = u*N

Scan m<,... spectra over possible HNL masses,

0.0016

M

based on the missing-mass resolution o(m?2,...): 0.0014

0.0012

» The scan is performed in step sizes of O(1 MeV)

(depending on the mass or mass resolution). 0.001

0.0008

» At each scanned mass, a window of +1.50
is put around the scanned mass value and 3 N\l
the expected (SM) events are obtained
from a polynomial fit to the sidebands. e J, { $ ¢
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> Limits on |Ug|2 and | U, ,l% HNL mass [MeV/c?]
CLs comparison between observed and

expected event numbers in each window.
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0.0004

Squared mass resolution [GeV?/c4]
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Limits on K™ — e*N and K™ = u*N

. Squared HNL mass [GeV-/c"]
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» Less sensitivity close to the i+ decay threshold
(stricter selection).

» Maximum significance: 3.6 6 for m, =346 MeV.

» Accounting for look-elsewhere effect:
Global significance = 2.2 0.
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» Local significance never exceeds 3 o.
=» no HNL production signals observed.
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Results of HNL Searches

» No HNL signals observed in NA62. O T
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Searches for K™ = u*vvv
and K™ = utvX
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Searches for K* = u*vvv and K* = utv X

R e
K — utvvy: - o
% 107 b = E:Z"ﬁ:
> Very rare in the Standard MOdElZ 0% I ) O Clg;f;:fe'zt;::k;hrzm
Br=1.6x107"° S——
(Gorbunov, Mitofanov, JHEP 10 (2016) 039). b T TS
» Current limit; Br<2.4 x 107°°
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» Xis a scalar or vector particle e _
(Krnjaic et al., PRD 124 (2020) 041802). N = :_
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Searches for K* = u*vvv and K* = utv X

(PLB 816 (2021) 136259)

K" — M"’VV\-I! 200 MeV/ m, =300 MeVi/c?
» Search region: m2;.. > 0.1 GeV?/c? e » It
(optimized for strongest limit extraction). i [ |[&——— _
103§— aa===R=2 K"~ p'vwv search region|
» Observed events: 6894 - '
MC expectation: 7549 £ 92 107 I
=» Br(K*— utvvv) < 1.0x 10~ at 90% CL. 000 0T 002 Rl
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K" — urvX:

» Limit extraction similar to K™ —= u*N
in the mass range 10 — 370 MeV.

» No signhal observed.
» Upper limits of O(10™7 - 107).

Upper limit of BR(K'—u*vX) at 90% CL
(@]

— | | | | | | | | | | | | | | | | | | | | | [
50 100 150 200 250 300 350
Assumed X mass [MeV/c?]

—
o
~

EIMEAVERLGE Lepton Photon 2022 (Manchester) Jan 11th, 2022


https://arxiv.org/abs/2101.12304

Conclusions & Outlook

» World-best limits on HNL mixing parameters with full NA62 data set before LS2:
=> 0(107°) limits on |U4]?%, O(107°) limits on | U4 |? (pL8 807 (2020) 135599, PLB 816 (2021) 136259).

» Searches for K™ — u*vvv and K™ = u+v X performed:
=» Again world-best limits of O(1077) — O(107°) (rLB 816 (2021) 136259).

» In 2021 NA62 started new data-taking period covering the full time up to LS3.

=» Running at 30% higher beam intensity and collect O(10*3) K* decays.
=>» Plan to collect 10*® protons-on-target in “dump mode” — further HNL searches.
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