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Assumption for the 
physics of galaxies:

DM is made of
classical,

non-relativistic and
collisionless

particles
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primordial effects







There is a similar oscillatory 
mechanism in fuzzy DM driven 

by quantum pressure 
(perturbation eq. as an 

effective fluid with a 
characteristic sound speed)



There is also the
traditional collisionless

(free streaming) damping
(e.g. thermal WDM)





DM has quantum effects at
astrophysical scales 





DM structure in SIDM and DAO models



DM structure in SIDM
Yang+13

All SIDM haloes eventually reach the gravothermal
collapse phase of their inner core

e.g. Balberg+02, Koda & Shapiro 11, Pollack+15
Outmezguine+23, Gad-Nasr+24



Can DM physics change 
the phase-space 

structure of DM haloes?

constraints allow for 
DM quantum effects to 
have an impact in the 

center of galaxies

condensate

Ferreira 2021



z=0.1

z=5.5

Mocz+19

Schive+14

DM structure in FDM



or quantum pressure in ultralight dark matter

or condensation of the inner DM halo due to DM quantum effects







DAOs 
parameter space

Bohr+20

Summary of Ly-alpha
constraints on WDM

Irsic+24

Summary of 
constraints on 
“vanilla” FDM

Lazare+25

Constraints on deviations over the power spectrum of CDM
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