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Snowmass: White Paper on HNLs

Commisioned by the Neutrino Physics Frontier group

– In concert with the EF and RF groups

-> A community white paper on the oppertunities for future                

HNL Searches:   Overal Editors   I. Shoemaker and A. De Roeck
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Contents

arXiv:2203.08039In detail…

Content of the paper: Snapshot of the status @ start of 2022 



Neutrino Oscillations & HNLs

Theory: stress to exploit also non-minimal models in future 
First with more than one active flavour, and (next) beyond minimal models

No discussion benchmarks points in this paper-> PBC/FIPS discussion forum

Seesaw-I model (and for the simplest case of 2 HNL states): the regions in 
normalised mixing angles allowed by the present and future neutrino
oscillation data…

M. Drewes, J.Klaric

Theory: Motivation for HNLs and connection with SM neutrino physics 



Collider Searches & Prospects
Examples of studies:  …

• Studies are well covered in these LLP meetings, so no details here 
• HL-LHC: Prospects for ATLAS/CMS/LHCb? After run-2 analysis completed?
• Ongoing developments on generators from HNL discussion group reported  

(Phil Ilten, Richard Ruiz)



Searches at Extracted Beams

Prospects discussed for following projects
• NA62 CERN

• SHADOWS (a new proposal)  CERN

• SHIP CERN

• T2K and T2HK    J-PARC

• ArgoNeuT FNAL

• NOvA FNAL

• SBND/ICARUS FNAL

• DUNE FNAL

• DarkQuest FNAL

• PIONEER PSI



Searches at Extracted Beams
Example: Detailed new study for DUNE with most recent 

Near Detector configuration & POT profile

… for up to 12
years of data
taking…

Examples of 
production and decay

NEW



Summary of Fixed Target Probes

Overview and timelines
NEW



Future Projects @ CERN

See Gaia Lanfranchi’s talk at LLP10

Exploring more cost-efficient options @ CERN for the 
Beam Dump Facility.  Under (re-)discussion…

EoI submitted to SPSC
Now with referees..



Summary Plots: Electron Flavor 

NEW

Complementary regions probed by DUNE, NA62, SHIP and SHADOWS…



Summary Plots: Muon Flavor 

Complementary regions probed by DUNE, NA62, SHIP and SHADOWS…

NEW



Summary Plots: Tau Flavor 

NEW

Complementary regions probed by DUNE, NA62, SHIP and SHADOWS…



Searches for low mass HNLs (keV-MeV)

• Beta-decay searches (<450 KeV)

– KATRIN/TRISTAN, DUNE 

• Electron Capture searches (~20-850 KeV)

– Proposals: HINTER, BeEST..

• Reactor based searches (1-12 MeV)

– Many experiments exist: SoLid, PROSPECT, STEREO,.. 

• Neutrinoless Double Beta Decay (10 MeV-1 GeV)

Nuclear Decay Searches

NEW

KATRIN/TRISTAN DUNE



Atmospheric and Solar Searches 



Atmospheric and Solar Searches



Cosmological/Astrophysical Searches

NEW

• Updated cosmological/astrophysical limits 
• Hashed regions is where leptogenesis works (for different models)

-> Many experiments can probe this parameter space! 

M. Drewes, J.Klaric



Final Points/Recommendations

This is a Snowmass White Paper –>Recommendations for NF3

• R1: Encourage the present experimental developing program to pursue 

new ideas and make proposals for HNL sensitive experiments. Should 

become a key part of these experiment’s baseline physics program. 

• R2: Future collider facilities should from the start consider the 

requirements for HNLs searches and long lived particles in general.

• R3: Experimental analyses examine sensitivities to the electron-, 

muon-, and tau-HNL mixing angles one at a time. Encourage future 

analyses to examine scenarios beyond single flavor dominance.  

Benchmarks being discussed/studied in PBC/FIPS meetings.

• R4: The keV mass scale: capitalize on the existing and planned 

(upgraded) experiments to cover the low mass range. (<10 MeV)

• R5: In case HNL discovery, develop further strategies for property 

measurements: mixing angles and HNL mass, Majorana, minimal HNL 

couplings…



Finally: A next workshop:

Registration open on : https://indico.cern.ch/event/1119695/


