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Motivation

It is expensive to turn on 
massive neutrinos!

Taken from: DESI Full-Shape (2411.12022)
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The culprit: Velocity dispersion

for each      separately 

Solve for 
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 We care about integrated quantities

•

•

Multipole expansion 

Various momentum integrations 
per time step! 3/9
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A useful tool: Fluid approximation
• Based on mass conservation and momentum balance. Need to approximate the 

fluid sound speed and shear stress.

• Integral part of CLASS! 4/9



A different route: Generalized Boltzmann Hierarchy

Add velocity weights! 
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Main features

• Physical interpretation: 

•

• No momentum integrals whatsoever. NDsolve?
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Dispersive fluid approximation 
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Takeaways 

• The GBH effectively integrates out the momentum dependence, is much simpler 
and faster than traditional methods.

• Fluid approximation becomes significantly more accurate when the dispersive 
nature of the neutrino fluid is accounted for.

• The coupled GBH + dispersive FA is more accurate and more efficient than 
standard methods!
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• Simple and flexible framework for general ncdm species with nonstandard 
properties? Stay tuned…



Grazie!


