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Neutrinos in the Standard Model
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Charged current (CC) Neutral current (NC)

Lepton and 
neutrino produced 
of the same flavour

Flavour blind

Neutrinos in SM are massless and weakly interacting:

Nonetheless, we know at least two of three light neutrino are massive           Physics beyond SM!



Heavy neutral leptons
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Our case: only one of the HNLs is kinematically accesible, which mixes with the light states. We 
assume them to be pseudo-Dirac with Majorana mass term negligible, .mN ≲ 1 GeV

νℓ = UℓNN +
3

∑
i=3

Uℓiνi

One of the simplest extensions of SM is to add (at least) two fermionic singlets or HNLs that mix 
with the SM neutrinos:

In the minimal HNL Lagrangian the charged and neutral current interactions with the SM leptons 
are defined as

 UℓN ≪ 1 Long-Lived Particle



Current limits on HNLs
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E. Fernández-Martínez, M. González-López, J. Hernández-García, 
M. Hostert, J. López-Pavón [2304.06772]



Current limits on HNLs
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Parameter space potentially accesible via spallation sources!

E. Fernández-Martínez, M. González-López, J. Hernández-García, 
M. Hostert, J. López-Pavón [2304.06772]



π+

SM neutrinos from stopped  at spallation sourcesπ
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Pions as byproduct in spallation sources. Three SM neutrino fluxes produced from these pions.



Timing of the SM neutrino signal
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νμ

νeThree neutrino fluxes: 

• 1 prompt 

• 2 delayed

Pulsed beam and arriving time of the neutrinos help us to distinguish 
between contributions and backgrounds.

COHERENT Collaboration [2109.11049]

τ = 26 ns

τ = 2.2 μs



Spallation sources and physics BSM
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Heavy new physics would give us a delayed signal with respect to the SM neutrino flux.

M. Hostert, S. Urrea [2509.14085]



Spallation sources we consider
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Spallation sources we consider
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V

V

V

Beam characteristics: 
• Mercury target 

•  MW 

•  GeV  

•

(1.0 → 1.7 → 2.0)
(1 → 1.3) p+

(9 % → 11%) πDAR/POT In this talk I will 
focus on SNS!

COHERENT Collaboration [2602.15652]



COHERENT was built with CE NS detection in mind. 
Nevertheless, BSM searches could be performed.

ν
COHERENT experiment
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D O+H O2 2 Cryo-CsINaIvETE

LAr Ge-mini

A priori good features 
for LLP detection: 

•Volume 

•Flux 

•Distance 

•Backgrounds

COHERENT Collaboration [2602.15652] 
[2204.04575v1]

[2406.13806]



Setup considered
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Detector Total NPOT cpi+ Mass [Kg]

Ge 0.09 8.53

NaI v1 2400

NaI v2 3500

LAr 476

D2O+H2O 1000

cryo-CsI-1 10

cryo-CsI-2 100

LAr-750 750

LAr-10t 1000

NPOT cπ+

0.111.728 × 1023

4.68 × 1022
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From running data
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ARY

COHERENT Collaboration [2602.15652]
COHERENT Collaboration [2603.17951]

Fraction of total number of neutrinos 
produced per proton on target

Preliminary 
setup



Production of HNLs at SNS
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Via  decayπ Via  decayμ
Only  mixingμ

Only  mixinge

One mixing activated at the time.  kinematically forbidden.τ

Muon produced via SM



Decay of HNLs
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Only  mixingμOnly  mixinge

Both mixings



Detection pipeline
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Ndecay = ∫ dE
dNHNL

dE

det
𝒫decay(E) ℬ(N → e+e−ν) ε(E)

dNHNL

dE

det
=
dNHNL

dE

prod
×

Adet
4πL2

𝒫decay(E) = e−L/λ (1 − e−s/λ)

40%

Master formula
• Probability peaks for large , given 
the long decay lengths for this 
parameter space. 

• Isotropic flux decreases rapidly with 
distance . 

• Backgrounds considered through flat 
efficiency.

L

L

Even if decay lengths are large, a shorter baseline would increase the number of detected events.

We seek a signal of a  pair.e+e−



Current sensitivities at COHERENT

16Ana Martín-Galán, IFIC (CSIC-UV)

The current experimental setup does not allow for improvement of the current limits. 
They are still competitive with current limits at certain mass range and with conservative efficiency.

2.3 event-contour  (90% C.L.)

PRELIMINARY PRELIMINARY

Reminder: this experimental setup was not originally built for this kind of process!

Preliminary 
results

Preliminary 
results



Future sensitivities at COHERENT
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The proposed experimental setup will allow for improvements to the current limits by almost an order of 
magnitude at certain masses of the parameter space.

2.3 event-contour  (90% C.L.)

PRELIMINARY PRELIMINARY

Preliminary 
results

Preliminary 
results



Conclusions
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 HNLs are good candidates for neutrino masses explanation. 

 HNLs could be potentially produced at Spallation Sources. 

 Focus on SNS and COHERENT experiment: 

 Current experiments with limited capability for improving limits, but competitive. 

 Future proposals potentially improve the current limits by one order of magnitude at certain mass 
scales. 

 Similar analysis will be done in other facilities like J-PARC, CSNS and the future ESS. 

 Flat efficiency considered. Further analysis of backgrounds needed.

Given COHERENT experimental baselines and volumes, dedicated searches of 
HNLs would be feasible.
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HNL limits: electron mixing case

20Ana Martín-Galán, IFIC (CSIC-UV)

E. Fernández-Martínez, M. González-López, J. Hernández-García, 
M. Hostert, J. López-Pavón [2304.06772]



HNL limits: muon mixing case
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E. Fernández-Martínez, M. González-López, J. Hernández-García, 
M. Hostert, J. López-Pavón [2304.06772]



HNL limits: tau mixing case
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E. Fernández-Martínez, M. González-López, J. Hernández-García, 
M. Hostert, J. López-Pavón [2304.06772]



Inverted Seesaw
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νL N S

 Small neutrino mass by small . 

 Large mixing automatically 
allowed.

μ
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Linear Seesaw
⟨H⟩ ⟨H⟩
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 Small neutrino mass by small . 

 Large mixing automatically 
allowed.
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Decay width of HNLs
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Only  mixingμOnly  mixinge

Both mixings



CE NS cross sectionν
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