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How does DUNE work?

Fermi National Accelerator Laboratory
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How does DUNE work?

DUNE-PRISM Sensitivity to Light Dark Matter. De Romeri V. , Kelly K. and Machado P.
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The Inelastic Dark Matter 
model

6



Gustavo A. Castrillón Universidad de Antioquia (2024)

Let us consider the following Lagrangian:
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The Inelastic Dark Matter Model

Where: 

When symmetry breaking is applied to 
the scalar field, the Dirac field splits 
into two Majorana states

On the other hand, the dark scalar field and the 
SM Higgs doublet appear in the Lagrangian as 
follows

And the vector field is coupled to the hypercharge 
field as follows:
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Contributions by Channel

Long-lived dark Higgs and inelastic dark matter at Belle II. Duerr M., Garcia-Cely C., et al. 

Parameter space
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We developed an algorithm in Python that utilizes the likelihood and 
the genetic algorithm known as differential evolution
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Likelihood

We consider only a single observable, which is the relic density. The 
likelihood is described by
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Analizing and results
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Signals and background 

Expected number of 
events for different 
range. 

The benchmark point 
considered is the one 
described in the text 
with:

𝑀ϒ′ = 0.01
ϵ2 = 1𝑋10−10
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In this image, we can observe 
a series of points that satisfy 
the dark matter abundance.

However, some regions are 
already constrained by the 
Beam Dump and BaBar
experiments.
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Parameter Space for the Dark Matter Particle
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The Principal Parameters Space in DUNE

When the mass splitting is 
below twice the electron 
mass, an interaction 
between both Majorana 
fields and the electrons is 
allowed, generating both 
fields a scattering signal.
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Parameter Space for the Dark Photon

It is also possible to study a 
mass region for the dark 
photon, where the points 
satisfy the matter 
abundance and can also be 
constrained through the 
DUNE experiment, without 
the need to consider the Off-
axis system.
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Conclusions 
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➢An energy spectrum was obtained through which, despite 
the similarities between neutrino and dark matter 
interactions, it is possible to differentiate the number of 
events for each, enabling the detection of dark matter signals 
in the DUNE experiment.

➢The detailed analysis of the parameter space reveals that the 
model meets the sensitivity limits of the DUNE experiment, 
suggesting the possibility of experimental validation or the 
imposition of additional constraints in this space. However, a 
broader region of the parameter space remains that could be 
explored through other experiments operating at similar 
energy levels.
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Conclusions
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Thank you very much
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Appendix
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Chi-Square Value for Nuisance Parameters
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