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Bolton et al [1912.03058]
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—BASIC INGREDIENTS—

HNL AT COLLIDERS

—CURRENT STATUS—

—GOING BEYOND—
— ARE WE TESTING ANY REALISTIC MODEL? —
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heavy HNLlight HNL
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long
lived
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mN ∼ U−2/5
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Dominant diagrams: Drell-Yan W and Z (and Higgs?)
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HNL PRODUCTION
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Light HNL: off-shell W and Z

Heavy HNL: on-shell W, Z, H 
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HNL DECAYS
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Same Sign Dilepton channel

Opposite Sign Dilepton channel

Trilepton channel

Displaced vertices

8

SEVERAL CHANNELS AT LHC

pp → W(*) → ℓ±N → ℓ±ℓ± + nj

pp → W(*) → ℓ±N → ℓ±ℓ∓ + nj

— LNV—

pp → W(*) → ℓ±
α N → ℓ±

α ℓ±
β ℓ∓

γ ν

pp → W(*) → ℓ±
α N // N → ℓ±

β ℓ∓
γ ν

— LNV?—

— LNC—

— LNV?—
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CURRENT STATUS

Abada, Escribano, XM, Piazza [2208.13882]
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FUTURE COLLIDER LANDSCAPE

Abdullahi et al [2203.08039]
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WHAT DO WE LEARN FROM THESE ANALYSES? 

12

Exp searches consider 1HNL mixing to 1 flavor at a time  

They are sensitive to very large mixings 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WHAT DO WE LEARN FROM THESE ANALYSES? 

12

Exp searches consider 1HNL mixing to 1 flavor at a time  

They are sensitive to very large mixings 

—NEED TO GO BEYOND—
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NEW BENCHMARKS

— Drewes et al [2207.02742] —

https://arxiv.org/abs/2207.02742
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SINGLE FLAVOR DOMINANCE

|UμN |2 BR(N → μjj)

Setting bounds on, e.g. 

|UμN |2

σ(pp → μN) × BR(N → μjj)

pp → μμjj



Xabier Marcano CERN Neutrino Platform Pheno Week 2023 — March 14th 14

SINGLE FLAVOR DOMINANCE

|UμN |2 BR(N → μjj)

Setting bounds on, e.g. 

|UμN |2

σ(pp → μN) × BR(N → μjj)

pp → μμjj

Mixing to a single flavor



Xabier Marcano CERN Neutrino Platform Pheno Week 2023 — March 14th 14

SINGLE FLAVOR DOMINANCE

|UμN |2 BR(N → μjj)

Setting bounds on, e.g. 

|UμN |2

σ(pp → μN) × BR(N → μjj)

pp → μμjj

Mixing to a single flavor



Xabier Marcano CERN Neutrino Platform Pheno Week 2023 — March 14th 15

For a fixed mass and U2

RECAST — DILEPTONS
— Abada, Escribano, XM, Piazza [2208.13882]—

https://arxiv.org/abs/2208.13882
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For a fixed mass and U2
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RECAST — TRILEPTONS

[1802.02965]
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Mixing to a single flavor

17

RECAST — TRILEPTONS

|UμN |2 BR(N → μeν) ⊕ |UμN |2 BR(N → μμν)

Setting bounds on, e.g. 

|UμN |2

σ(pp → μN) × BR(N → μeν) ⊕ σ(pp → μN) × BR(N → μμν)

pp → μμeν ⊕ μμμν
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RECAST — TRILEPTONS

More mixings, more diagrams
— Tastet et al [2107.12980] —
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RECAST — TRILEPTONS

Simplest realistic framework

— Tastet et al [2107.12980] —
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RECAST — DISPLACED VERTICES

DV region
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Longitudinal displacementPV

pp → e±N

N

— For a fixed mass and UeN—

The efficiency is highly mixing-pattern dependent
— Abada, Bernal, Losada, XM [1807.10024] —
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SINGLE MIXING — DV
[2204.11988]
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WHAT DO WE LEARN FROM THESE ANALYSES? 

22

Exp searches consider 1HNL mixing to 1 flavor at a time  

They are sensitive to very large mixings 

—WHAT ARE WE ACTUALLY TESTING?—
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SYMMETRY PROTECTED SCENARIOS

Two HNL with 
same mass

same mixing
opposite phase

Symmetry:
lepton number
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WHAT ARE WE ACTUALLY TESTING?

Abada, Escribano, XM, Piazza [2208.13882]
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Potential oscillations between HNLs 

LNV IN SYMMETRY PROTECTED SCENARIOS

— Antusch et al [1709.03797] —



Xabier Marcano CERN Neutrino Platform Pheno Week 2023 — March 14th 26

Connected to active neutrino masses

LNV IN SYMMETRY PROTECTED SCENARIOS

— Drewes et al [1907.13034] —

LNV=LNC
no LNV
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LNV IN SYMMETRY PROTECTED SCENARIOS

Fernández-Martínez, XM, Naredo-Tuero [2209.04461]
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Discriminate between low-scale seesaws 

https://arxiv.org/abs/2209.04461
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DISCRIMINATE BETWEEN LOW-SCALE SEESAWS 
Fernández-Martínez, XM, Naredo-Tuero [2209.04461]

101 102 103

MN [GeV]

10°15

10°13

10°11

10°9

10°7

10°5

10°3

10°1

|U
`N

|2

Seesaw limit

Experimental bounds

LNV'LNC

LNV'0

Next-to-minimal LSS

Cancellation Alignment

> 10°2

> 10°3

> 10°4

101 102 103

MN [GeV]

10°15

10°13

10°11

10°9

10°7

10°5

10°3

10°1

|U
`N

|2

Seesaw limit

Experimental bounds

LNV'LNC

LNV'0

Minimal ISS

Cancellation Hierarchy

> 10°2

> 10°3

> 10°4

101 102 103

MN [GeV]

10°15

10°13

10°11

10°9

10°7

10°5

10°3

10°1

|U
`N

|2

Seesaw limit

Experimental bounds

LNV'LNC

LNV'0

Next-to-minimal LSS

Cancellation Alignment

> 10°2

> 10°3

> 10°4

101 102 103

MN [GeV]

10°15

10°13

10°11

10°9

10°7

10°5

10°3

10°1

|U
`N

|2

Seesaw limit

Experimental bounds

LNV'LNC

LNV'0

Minimal ISS

Cancellation Hierarchy

> 10°2

> 10°3

> 10°4

https://arxiv.org/abs/2209.04461


Xabier Marcano CERN Neutrino Platform Pheno Week 2023 — March 14th

Colliders are good places to search for HNLs

LHC is already improving LEP

Analyses are improving

Still things to be improved

LNV signals still relevant for symmetry protected scenarios

SUMMARY

29

— LEP, LHC and more to come —

— trileptons, DV, OS dileptons —

— going beyond single mixing hypothesis —

— help discriminating low-scale seesaws —
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Thank you!

Funded by the European Union’s Horizon Europe Programme under the Marie Skłodowska-Curie grant agreement no. 101066105-PheNUmenal. Views and 
opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Research Executive 
Agency (REA). Neither the European Union nor the granting authority can be held responsible for them.
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BACK UP

31
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HNL PRODUCTION

Dominant diagrams: Drell-Yan W and Z (and Higgs?)

For higher masses, also Vector Boson Fusion

ℓ±

N
W

γ

q

qq

q

Fuks et al. [2011.02547]
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DI-LEPTONS AT LHC

 Same sign dilepton channel — LNV signature—

pp → W(*) → ℓ±N → ℓ±ℓ± + nj

[1207.6079]
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DI-LEPTONS AT LHC

LNC searches are also possible

pp → W(*) → ℓ±N → ℓ±ℓ∓ + nj
[2011.05263]
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 Trilepton — LNV signature?—

pp → W(*) → ℓ±
α N → ℓ±

α ℓ±
β ℓ∓

γ ν

TRI-LEPTONS AT LHC

[1802.02965]



Xabier Marcano CERN Neutrino Platform Pheno Week 2023 — March 14th 36

LONG-LIVED AT LHC

 Displaced Vertices — LNV signature?—

pp → W(*) → ℓ±
α N // N → ℓ±

β ℓ∓
γ ν

[2201.05578]

[1905.09787]
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LEP

Light HNL: Drell-Yan Z (on-shell) — Sensitive to all flavor mixings—

e+e− → Z → νN → ν/ℓ + nj

[DELPHI’97]
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LEP

Heavy HNL: t-channel W — Sensitive to electron mixing—
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