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—BASIC INGREDIENTS—

HNL AT COLLIDERS

—CURRENT STATUS—

—GOING BEYOND—

— WHICH MASS? — — PRODUCTION — —DECAY —

— ARE WE TESTING ANY REALISTIC MODEL? —

— FROM PAST TO THE FUTURE - ARE WE IMPROVING? —
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HNL PRODUCTION

— on-shell HNL, for off-shell see Oleg’s talk—
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HNL PRODUCTION

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

For higher masses, also Vector Boson Fusion
— on-shell HNL, for off-shell see Oleg’s talk—
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Fuks et al. [2011.02547]
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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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—CURRENT STATUS—
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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]
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TRI-LEPTONS AT LHC
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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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LONG-LIVED AT LHC
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ELECTRON MIXING
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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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FUTURE COLLIDER LANDSCAPE

Abdullahi et al [2203.08039]
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—GOING BEYOND—

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

Are sensitive to very large mixings 

What do we learn from these analyses? 
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SINGLE MIXING — DILEPTONS
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SINGLE MIXING — DILEPTONS
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SINGLE MIXING — TRILEPTONS

[1802.02965]
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SINGLE MIXING — TRILEPTONS

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

Simplest realistic framework
— Tastet et al [2107.12980] —
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SINGLE MIXING — DV

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]



Xabier Marcano NuTs Workshop — June 10th 2022 35

—WHAT ARE WE ACTUALLY TESTING?—
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WHAT ARE WE ACTUALLY TESTING?

Abdullahi et al [2203.08039]
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SYMMETRY PROTECTED SCENARIOS

Two HNL with 
same mass

same mixing
opposite phase

Symmetry:
lepton number
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Potential oscillations between HNLs 

LNV IN SYMMETRY PROTECTED SCENARIOS

— Antusch et al [1709.03797] —
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Connected to active neutrino masses

LNV IN SYMMETRY PROTECTED SCENARIOS

— Drewes et al [1907.13034] —



Xabier Marcano NuTs Workshop — June 10th 2022 39

Connected to active neutrino masses

LNV IN SYMMETRY PROTECTED SCENARIOS

— Drewes et al [1907.13034] —

no LNV



Xabier Marcano NuTs Workshop — June 10th 2022 39

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

— Courtesy of Daniel Naredo—
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Colliders are good places to search for HNLs

LHC is already improving LEP

Analyses are improving

Still things to be improved

There might be hope for LNV signals

SUMMARY

41

— LEP, LHC and more to come —

— trileptons, DV, OS dileptons —

— going beyond single mixing hypothesis —
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Thank you!

This project has received funding /support from the European Union’s Horizon 2020 research and innovation programme under the Marie Skłodowska-Curie 
grant agreement No 860881-HIDDeN, Severo Ochoa CEX2020-001007-S and PID2019-108892RB-I00 founded by Ministerio de Ciencia e Innovación


