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Wwhy Heavy Neutral Leptons?

 Heavy Neutral Lepton = Right-handed Neutrino = Sterile Neutrino
* naturally present in many well-motivated BSM scenarios
* can play a role in open problems of the SM:

Neutrino masses Talks by
. F. Queiroz
Baryogenesis 2 Vo

Dark Matter D. Moreno

E. desPeinado
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Seesaw models...

Heavy Neutral Leptons are present in seesaw models

H H H-._ ___-H H H

A

v
[
<
o)
-
=]
°
=]
t:
=
T
—~
Mx
©
=)

Type-1 Type-II Type-III

Low scale seesaw models: vSM, inverse/linear seesaw...
Interesting variants with lower masses and larger couplings

Talks by
C. Yaguna

How heavy are these new HNL? D. Restrepo

J. Gutierrez
Nicolas BERNAL - UAN



HNL mass scale
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HNL mass scale

v oscillations
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HNL mass scale

v oscillations B decays
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HNL mass scale

v oscillations B decays Meson decays
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HNL mass scale

Talk by
D. Moreno
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HNL mass scale

Talk by
Y. Rodriguez
Neutrinoless double beta decay
v oscillations B decays Meson decays Colliders EWPO
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HNL mass scale

Neutrinoless double beta decay
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HNL mass scale

Neutrinoless double beta decay

v oscillations B decays Meson decays Colliders EWPO

Cosmology

Displaced
Vertices!
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Heavy Neutral Leptons: our approach

 HNL in many models and frameworks:
Minimal extensions of the SM, seesaw models, SUSY, GUT, extra-dim...

 Bottom-up approach - SM+ N

* No seesaw assumptions:
m,. HNL mass as a free parameter

V,: Mixings as free parameters
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Effective 3+1 neutrino model

1 new mass parameter m,,
mv - (mv11 mv21 mv31 mN)

« 3 new mixing parameters V,,
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Effective 3+1 neutrino model

2
Charged currents o< |Viv|”.

1 new mass parameter m,,
mv - (mv11 mv21 mv31 mN)

« 3 new mixing parameters V,,

w 7 °
i Ven oK
la I = ~ N
[73+1 UpmMNs  Vun
L | r
k I N J
RSN SwiRmmssEI Sdiiee g 02
‘Ne VNp Vnr! VNN Neutral currents x Y _ |Vin|
£
1%

Z/H

Nicolas BERNAL - UAN N



Decays of the Heavy Neutral Leptons
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Decays of the Heavy Neutral Leptons
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Decays of the Heavy Neutral Leptons
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I'n/|Ven|? [GeV]

Decays of the Heavy Neutral Leptons
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Flavor dependence
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Flavor dependent production

Flavor dependent
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Flavor dependent & independent productions

Flavor dependent
pp — Net
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Displaced

vertices from inclusive production
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Displaced vertices from inclusive production
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Conclusions & Outlook

 HNL naturally present in many well-motivated BSM models

* They could be at the origin of neutrino masses,
baryon asymmetry of the universe, dark matter...

* If they are long-lived - Displaced vertices

* Different channels, all complementary

* DV @ LHC could probe new ares of the parameter space
m, ~ O(10) GeV and |V[]2 > O(10-8)

* LHC-HL and future colliders will go even further!
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Strong-DM 2019, Searches, Theories, Results,
Opportunities, and New ldeas for sub-GeV Dark
Matter

MNew avenues are called for to solve the mystery of what is the dark matter in the Universe. The WIMP
paradigm remains the best tested scenario of dark matter, but searches for new physics at the
electroweak scale have come up empty-handed to-date. By 2019 the LHC will have comprehensively
probed the TeV-scale, and fon-scale direct detection experimenis will improve the to WIMP-nucleus
scattering by an order of magnitude, probing deeply into the Higgs- mediated regime. It is essential for the
field to diversify and be prepared in case of further null results.

Dark matter in the keV-GeV mass range Is an exciting theoretical possibility, and Is one that has become
the focus of activity only in the recent past. A number of proposals have been put forward for new
methods to detect light dark matter (neutrino beams and underground accelerators, electron scattering,
semi- and superconducting targets, Bremsstrahlung emission, defects in crystals, among many others),
and new theoretical scenarios have been entertained for the dynamics in the early Universe and their
non-gravitational interactions in astrophysical environments today (Forbidden DM, SIMP DM, Impeded
DM, etc.).

The workshop shall act as a forum for theorists and experimentalists to discuss searches, theories,
results, opportunities, and, in general, new ideas for sub-GeV Dark Matter. It will hence be a meeting that
focuses on models and regions in parameter space that are overlooked by the standard WIMP studies,
and that may open a new window into the dark sector.
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Dimuon channel N - u* u v

2 opposite-sign collimated muons with p; > 15 and 20 GeV
* Pseudorapidity n < 2.5

° i 1
Small angular separation AR, < 0.5 AR,z wmi (0‘4’ 0.04 4 O;ie\/)
Background . ’
P
« Low-mass Drell-Yan processes P o= ;#, L <0.05
T
e Single and top pair production 5 5
: AN/ — A, 1
« Cosmic-ray muons \/( M) ™+ (7 = Ayu)” > 0
Hr < 60 GeV

* muons with relatively low momentum in multi-jet events

. 5 GeV < my, <mpy
* muons from long-lived mesons

ATLAS collaboration, M. Aaboud et al., Search for long-lived particles in final states with
displaced dimuon vertices in pp collisions at \/s = 13 TeV with the ATLAS detector,
1808.03057.
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