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Why 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
Baryogenesis
Dark Matter
...

Talks by
F. Queiroz
C. Yaguna
D. Moreno

E. desPeinado
...
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Seesaw models...

Heavy Neutral Leptons are present in seesaw models

Low scale seesaw models: νSM, inverse/linear seesaw…
interesting variants with lower masses and larger couplings

 

How heavy are these new HNL?

Talks by
C. Yaguna

D. Restrepo
J. Gutierrez
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HNL mass scale
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Talk by
D. Moreno
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HNL mass scale
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ν oscillations β decays Meson decays Colliders EWPO

Neutrinoless double beta decay

Talk by
Y. Rodríguez
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HNL mass scale

eV            keV            MeV            GeV            TeV            

ν oscillations β decays Meson decays Colliders EWPO

Neutrinoless double beta decay

Cosmology

Displaced 
Vertices!

Talk by
J. Helo
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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:
mN: HNL mass as a free parameter
VlN: Mixings as free parameters
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Effective 3+1 neutrino model

● 1 new mass parameter mN

mν = (mν1, mν2, mν3, mN)

● 3 new mixing parameters VlN
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Effective 3+1 neutrino model

● 1 new mass parameter mN

mν = (mν1, mν2, mν3, mN)

● 3 new mixing parameters VlN

Charged currents

Neutral currents
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Decays of the Heavy Neutral Leptons

N → l W
N → ν Z
N → ν h

N → ννν
N → ν l l’
N → l q q’

N → ννν
N → ν l l’
N → l M

–

m
N

m
W

~ 1 GeV

prom
pt 

decay
displace d vetic es!
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Decays of the Heavy Neutral Leptons
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Decays of the Heavy Neutral Leptons

Displaced vertices @ LHC
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Flavor dependence

Displaced vertex:
1 mm < l

DV
 < 1m

            z
DV

 < 300 mm

pp → e± N

m
N
 = 15 GeV

|V
eN

|2 = 10-7, |V
μN

|2 = 0

p
T

e > 25 GeV, |ηe| < 2.5
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Flavor dependent production

p
T

e > 25 GeV, |ηe| < 2.5
1 mm < l

DV
 < 1m, z

DV
 < 300 mm

Flavor dependent

|V
eN

|2:|V
μN

|2:|V
τN

|2 = 1:0:0 black
|V

eN
|2:|V

μN
|2:|V

τN
|2 = 1:1:0 blue

|V
eN

|2:|V
μN

|2:|V
τN

|2 = 1:1:1 green



Nicolás BERNAL - UAN

Flavor dependent & independent productions
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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

mN ~ O(10) GeV and |VlN|2 > O(10-8)
● LHC-HL and future colliders will go even further!
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Muchas 
gracias, ve!
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Dimuon channel N → μ+ μ- ν

● 2 opposite-sign collimated muons with pT > 15 and 20 GeV

● Pseudorapidity η < 2.5
● Small angular separation ΔRμμ < 0.5

Background
● Low-mass Drell-Yan processes
● Single and top pair production
● Cosmic-ray muons
● muons with relatively low momentum in multi-jet events
● muons from long-lived mesons
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