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What are HNL?
• Naturally motivated extension to Standard Model
▪ Admixture with regular “flavour” eigenstates 𝜈𝛼 as

𝜈𝛼 = σ𝑖=1,2,3 𝑈𝛼𝑖𝜈𝑖 + σ𝑗∈𝐽 𝑈𝛼𝑗 𝑁𝑗

• HNL: mass eigenstates of mass 𝒪 ≤ TeV/𝑐2

▪ Can explain:
• Active neutrino mass!

• Dark matter candidate!

• Matter-antimatter asymmetry!

(see Phys. Lett. B 631 (2005) 4, PPNP 104  (2019) 1)

▪ 𝒪 100 MeV/𝑐2 − TeV/𝑐2 HNL decay to visible signatures

in detectors
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https://doi.org/10.1016/j.physletb.2005.09.070
https://doi.org/10.1016/j.ppnp.2018.07.004
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Popular event generator!
Versatile flux drivers + 
ROOT infrastructure / utils
Embedded in simulation 
chain of many experiments

Significant
interest in 
HNL

A generalized HNL GENIE model 
(hep-ph/2211.10210) 
(release coming soon)
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http://genie-mc.org/
https://doi.org/10.1103/PhysRevD.100.052006
https://doi.org/10.1103/PhysRevD.104.055015
https://doi.org/10.1140/epjc/s10052-021-08861-y
https://doi.org/10.1016/j.physletb.2020.135817
https://github.com/kjplows/Generator
https://arxiv.org/abs/2211.10210


4Beamline simulation = record of hadrons (decay to 𝜈/𝑁4)

Massless 𝝂: 
✓ Always accepted
✓ Lightspeed travel

Massive 𝑵𝟒: 
⨯ Not always accepted

⨯ Slower travel

User gives us this

And this:
(𝑀N4, 𝑈𝛼4

2)

correction due to collimation effect (backup)
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𝑀𝜈 = 0 𝑀N4 = 300 MeV/𝑐2
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𝑀𝜈 = 0 𝑀N4 = 300 MeV/𝑐2
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widths from EPJ C (2021) 78

excluded by previous searches

excluded by BBN
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https://doi.org/10.1140/epjc/s10052-021-08861-y
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𝑀N4

= 25 𝑀𝑒𝑉/𝑐2

𝑀N4

= 250 𝑀𝑒𝑉/𝑐2

HNL 
produced 
here

sensitive to decays here

won’t see decays here

Escape to 
infinity

User gives 
geometry 
description
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Backup
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All the 
interesting 
physics…

One single interface for massive neutrinos and arbitrary experimental setups!
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Collimation effect:

Backwards emitted HNL that 
are heavy enough will be 
swept forwards instead!
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Choose 𝑀N4 = 200 MeV/𝑐2

𝑈𝑒4
2 = 𝑈𝜇4

2
= 10−7

Dirac HNL

Enable decay modes
𝑁4 → 𝜋+ℓ−, 𝑁4 → 𝜈𝜈𝜈

Place a detector at ~ 1km from 
beamline origin
Beam rotated on yz plane by ∼ 3.34∘

downwards 


