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WHY NEUTRINO EXPERIMENTS?

➔ High POT (~1e21) 

→ large flux of charged and neutral mesons

→ Potentially sizeable flux of BSM particles

➔ Large detector masses ~ O(1e2) tonnes 

→ Potentially larger interaction cross-sections

➔ Good PID (p, μ, e, γ reconstructed) and calorimetry

➔ Parasitic → shared cost with neutrino projects

See talk by Richard Van de Water, 
U.S. Cosmic Visions 2017

“Future possibilities at Proton fixed target experiments”
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Fig. 1 of 1812.06771 (Buonocore et al.) 
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Among the NP options are: “Heavy Neutral Leptons via Axion-Like Particles at Neutrino 
Facilities’’ 
AA, A. de Gouvea, B. Dutta, I. Shoemaker and Z. Tabrizi 
ArXiv: 2311.07713 [hep-ph]

“A panorama of new-physics explanations to the MiniBooNE 
excess’’ 
AA, J. Hoefken-Zink, M. Hostert, D. Massaro, S. Pascoli
ArXiv: 2308.02543 [hep-ph]

“Constraining light thermal inelastic dark matter with NA64’ 
AA, B. Banto Oberhauser, P. Crivelli, M. Hostert, D. Massaro,  L. 
Molina Bueno, M. Mongillo, S. Pascoli
ArXiv: 2302.05414 [hep-ph]

“Semi-Visible Dark Photon Phenomenology at the GeV Scale’’ 
AA, M. Hostert, D. Massaro, S. Pascoli
ArXiv: 2302.05410 [hep-ph]

“A dark seesaw solution to low energy anomalies: MiniBooNE, 
the muon (g − 2), and BaBar’’ 
AA, M. Hostert, S. Pascoli
ArXiv: 2007.11813 [hep-ph]

Plethora of NP
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● Singlet N couples to SM leptons through Higgs 
→ The only renormalizable coupling to a singlet fermion 

● Mass mixing with SM neutrinos and active–sterile neutrino oscillations

Heavy Neutral Leptons: Minimal scenario
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● Singlet N couples to SM leptons through Higgs 
→ The only renormalizable coupling to a singlet fermion 

● Mass mixing with SM neutrinos and active–sterile neutrino oscillations

● Could explain neutrino mass → Type 1  seesaw
Very heavy N  →

Very small mixing →  

HNLs: Minimal scenario
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HNLs: 
The minimal 
scenario
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HNLs: 
The minimal 
scenario
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ROADBLOCΚ: Production and detection through neutrino mixing 

Typically long-lived and have 
weaker-than-weak interactions 

→ Challenging to probe seesaw region and 
below

Event rate  suppressed by |UαΝ|4

HNLs: Minimal scenario
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ROADBLOCΚ: Production and detection through neutrino mixing 

How to bypass the roadblock?

Event rate  suppressed by |UαΝ|4

HNLs: Minimal scenario
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Option:  Decoupled production and detection mechanisms 

X

@Target

ALP decay-in-flight

● New pseudoscalar, a, couples to HNLs directly

● Analogous to                                  in SM               

“Heavy Neutral Leptons via Axion-Like Particles at Neutrino Facilities’’ 
AA, A. de Gouvea, B. Dutta, I. Shoemaker and Z. Tabrizi 
ArXiv: 2311.07713 [hep-ph]

HNL production via ALP
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“Heavy Neutral Leptons via Axion-Like Particles at Neutrino Facilities’’ 
AA, A. de Gouvea, B. Dutta, I. Shoemaker and Z. Tabrizi 
ArXiv: 2311.07713 [hep-ph]

Option:  Decoupled production and detection mechanisms 

X

@Target

ALP decay-in-flight

The ALP a mixes with SM neutral mesons

HNL production via ALP

No neutrino mixing suppression 
at production
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Option:  Decoupled production and detection mechanisms 

HNL production via ALP
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Our through a new mediator, e.g. Z’

Option:  Decoupled production and detection mechanisms 

HNL production via ALP
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Theoretical realization: “Dark Matter and Neutrino Mass from the Smallest   
Non-Abelian Chiral Dark Sector’’ 
J. M. Berryman, A. de Gouvea, K. J. Kelly, Y. Zhang
ArXiv: 1706.02722 [hep-ph]

HNL production via ALP
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Theoretical realization: “Dark Matter and Neutrino Mass from the Smallest   
Non-Abelian Chiral Dark Sector’’ 
J. M. Berryman, A. de Gouvea, K. J. Kelly, Y. Zhang
ArXiv: 1706.02722 [hep-ph]

Disclaimer:

This is a pheno talk. Discussion is general and 
not tied to any specific model 

HNL production via ALP
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Contributions from:

To obtain ALP flux

ALP flux
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HNL flux



Asli Abdullahi -   PLANCK 2024 25 

HNL flux

We now have all the ingredients to estimate 
the sensitivity at DUNE near-detector
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Sensitivity doesn’t vary significantly between flavours

Potential sensitivity to the seesaw region!

Sensitivity at DUNE 
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Sensitivity at DUNE 
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Sensitivity at DUNE 

Weak dependence on flavour significant 
for tau mixing

Potential signatures of the tau 
lepton!
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● Neutrino experiments are excellent place to search for new physics
→ large flux of charged and neutral mesons

● Minimal HNL models face strong mixing suppression 

● Decoupling the production and detection can enhance HNL 
production rate

● Production flavour insensitive

● Potentially strong sensitivities as DUNE ND-like experiments

Main Takeaways



Thank you for your 
attention!
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Back-up

31



Asli Abdullahi -   PLANCK 2024 32 

Neutrino fluxes dependent on kaon, 
pion and charmed meson fluxes which 
vary significantly 

SM neutrino fluxes
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Sensitivity at DUNE 


