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Models involving heavy neutral leptons offer a compelling explanation of various observed phenomena that are not described by standard model of particle physics. In this note, recent results
on searches for heavy neutral leptons in proton-proton collisions by the ATLAS, CMS, and LHCb
collaborations are reviewed.
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1. Introduction

2. Overview of searches
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Extensive searches for prompt and long-lived type-I HNLs [2–4] have been performed at the
LHC by the ATLAS, CMS, and LHCb collaborations [5–7]. The signature targeted by these analyses
includes the production of a HNL in association with a charged lepton via a W boson in 𝑠-channel.
The HNL then decays to a charged lepton and a W boson, where the latter can decay either into
another charged lepton or quarks. Searches for heavy right-handed W bosons that decay to HNLs
have also been performed [8–11]. These are predicted in left-right symmetric models in which a
heavy right-handed SU(2) group is postulated mirroring the left-handed group of the SM.
A search for HNL production via a type-III seesaw process has recently been performed by
the ATLAS collaboration [12], where W or Z bosons can interact with a fermionic triplet (L± , N).
√
Proton-proton collision events with 2–4 electron or muons at 𝑠 = 13 TeV corresponding to
139 fb−1 have been analysed. No excess in the data has been observed and upper CLs limits on
the pp → W± → L± N and pp → Z → L± L∓ production cross section are determined as shown in
Fig. 1.
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Figure 1: Expected and observed CLs upper limits on the cross section for the type-III seesaw process.
Figure taken from Ref. [12].
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Heavy neutral leptons (HNLs) can be introduced into the standard model (SM) of particle
physics through the seesaw mechanism by which the active SM neutrinos mix with nearly-sterile
heavier Dirac or Majorana neutrinos. New physics models that involve HNLs have been gathering
a lot of attention recently since they can offer an explanation of various observed phenomenons that
are currently not described by the SM. For instance, HNLs can be dark matter candidates besides
leading to neutrino oscillations. Depending on the coupling strengths, 𝑉ℓ 𝑁 , with the SM lepton
generation ℓ, HNLs can even be long-lived leading to signatures with displaced decay products that
could have been missed by traditional searches so far. Further information on the phenomenology
of HNLs at LHC energies can be sought in Ref. [1].
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The LHCb collaboration conducted a search for HNLs in W → 𝜇𝜇+jets events [13]. The
analysis targets simultaneously Dirac or Majorana HNLs in the mass range of 5–50 GeV. The
branching fraction, B (𝑁 → 𝜇 jets)|𝑉𝜇 𝑁 | 2 , of HNL production is determined by measuring the
ratio with respect to W → 𝜇𝜈 production. Upper limits on the coupling are presented in Fig. 2 as
a function of the HNL mass, which are obtained by assuming a branching fraction of 0.51 and no
couplings to electrons or taus.
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A generic search for long-lived particles (LLPs) with decays to e± 𝜇∓ 𝜈 final states has also
been performed by the LHCb collaboration [14]. The resulting upper limits for direct LLP pair
production (DPP), SM Higgs with decays to LLP pairs, and charge current (CC) production are
shown in Fig. 3.
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Figure 3: Observed upper limits on the production cross-sections times branching fraction for (left) 𝑚 𝐿𝐿 𝑃 =
7 GeV and (right) 𝑚 𝐿𝐿 𝑃 = 29.8 GeV as function of the HNL proper lifetime. Figure taken from Ref. [14].

3. Summary
A comprehensive search programme for heavy neutral leptons is being conducted at the LHC.
The probed models include prompt HNLs with and without flavour-violating decays, righted-handed
W bosons, type-III seesaw, and long-lived HNLs besides others.
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Figure 2: Observed upper limit on the mixing parameter |𝑉𝜇𝑁 | 2 between a heavy neutrino and a muon
neutrino. Figure taken from Ref. [13].
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