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Motivations: Dark Matter

80 orders of magnitude
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Motivations: CDM and FDM

Small scale crisis in ACDM

» Missing satellites problem
» Cusp-Core problem
> Etc.

Fuzzy Dark matter (FDM)
(Ferreira, 2021; Hui, 2021)

Ultra light bosons —> QCD axion, ALPs

It suppresses substructures and limits central densities

10,0 =—5 V2P +mV , _ , _
s Extensions with self-interaction (SIFDM)
V2V = M@F (Chavanis, 2016; Salehian et al., 2021)
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Motivations: Bosons and finite temperature
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Motivations: Coherence and distance
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The Model

v" Pick a non-relativistic boson with self-interaction g and with gravity

Splitting the boson
in slow (condensate) o
and fast (particles) parts Some approximations

\ e

NN Perturbation theory

Schwinger-Keldysh ———=
up to order g2

Formalism
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The Model: Main equations

We have three equations. One for the condensate, particles and gravitational potential

1
2m a?

i0:®P0=[ —5-=V?+ (mV + Z(n.+27)) —iR|®

0 kK O 0 ~\\ O 1
(at ™ ma2or 8r(mv+2%<n0+n))%)‘f:E(Ia_l_lb)

VQV: 47er(nc—|—’ﬁ/)

a
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The Model: Main equations

We have three equations. One for the condensate, particles and gravitational potential
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The Model: Main equations

We have three equations. One for the condensate, particles and gravitational potential

’l:atq)():[— 1a2V2 (mV—I— 7’LC—|‘2’N,

Yo ZR}(I)()
o, k 0 a
(o1 + mamar — o (mV + 25 (ne+9)) f

V2V = 47rfm (ne+n)

Collisional terms

49 d3p2d3p3d3p45 . . 5 . .
a® f (5p3 TP Ep 5p) (p TP2—Ps p4) Particle-Particle
X[ fafa(f +1)(f2+1) = ffa(fs+1)(fa+1)] collisions
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The Model: Main equations

We have three equations. One for the condensate, particles and gravitational potential

’l:atq)():[— 1a2V2 (mV—I— 7’LC—|‘2’N,

Yo ZR}(I)()
o, k 0 a
(o1 + mamar — o (mV + 25 (ne+9)) f

V2V = 47rfm (ne+n)

Collisional terms
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The Model: Main equations

We have three equations. One for the condensate, particles and gravitational potential

1a2 vz + (mV -I- (nc oy Qn)) %0\ Collisional term
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i0yBo = [ —
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The Model: Limits

For certain limits we recover known cases

10,00 = 55 V2 + (mV + %(n.+271)) —i R]| &,
0 kE 0O 0 ~\\ O 1
(at T ma2 or 8r(mv+ 2%(nc+n))%)f:§(la+-[b)

v2v _ ATrGm (nc 4 ’fL)

a

For g = 0 and all the bosons are condensed —>  We recover Fuzzy Dark Matter (Schrodinger-Poisson)
For g = 0 and there are no condensate —>  We recover the Vlasov-Poisson equations for CDM

No gravityanda=1 —> We recover ZNG model
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Summary and Conclusions

> We have presented a general model for bosonic Dark Matter combining a condensate and a non-
coherent part. Self-Interaction makes richer the phenomenology.

> Under some limits we recover the Fuzzy Dark matter, Vlasov-Poisson CDM, and ZNG models.

> The model can be extended to the study of fluctuations on the condensate and the gravitational
potential

> Next: Applications
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