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Warm Dark Matter and Structure Formation 

MDM with sterile neutrinos
produced by DW mechanism
Two scales (             ) and two
parameters (             )

Boyarsky+ 2009
Xu+ 2022
Parimbelli+ 2022 

CDM paradigm has well known
problems especially on small
scales.
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Warm Dark Matter and Structure Formation 

MDM with sterile neutrinos
produced by DW mechanism
Two scales (             ) and two
parameters (             )

Boyarsky+ 2009
Xu+ 2022
Parimbelli+ 2022 

CDM paradigm has well known
problems especially on small
scales.

The question: How accurate the
single fluid treatment is? 
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Equations for the Two Fluid Picture
Shoji+ 2010
Verdiani+ 2025
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Equations for the Two Fluid Picture

Solutions:

Shoji+ 2010
Verdiani+ 2025
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Equations for the Two Fluid Picture

Solutions:

What about scale dependent growth (&bias)

Shoji+ 2010
Verdiani+ 2025
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Numerical Results from CLASS

Scale Dependence Hierarchy in Between the Modes

Lesgourgues+ 2015



Galaxy bias Expansion
Two fluid
system

Schmidt 2016
Verdiani+ 2025

PFS
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Fisher Results for PFS&DESI

Some Remarks:

The relative perturbations are significant
especially for low mass warm components.
DESI best constrains low mass; PFS pushes
sensitivity to higher mass.
Fisher bias for the lightest particle up to 5.7
for PFS and 3.6    DESI.

Future Prospects:

Going beyond linear order, and look at the
ranking of the additional modes.
Extending the literature in Lyman-alpha forest
and galaxy shape analysis.
Measuring the relative mode biases with the
help of simulations.


