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I- SCALAR-FIELD DARK MATTER

Fuzzy Dark Matter (FDM) + self-interactions
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NON_RELATIVISTIC REGIME

From Klein-Gordon eq. to Schrodinger eq.:
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From Schrodinger eq. to Hydrodynamical egs (Madelung transformation):
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l1I- SOLITONS

As compared with CDM, the self-interactions allow the formation of hydrostatic equilibrium solutions,
with a balance between gravity and the effective pressure:
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Finite-size halo, called « soliton » or « boson star »
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V- RADIAL INFALL ONTO A BH

Relativistic close to BH horizon
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As for Bondi problem, there is a critical flux where there is a unique transsonic solution
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V- SUBSONIC REGIME

Far from the BH: hydrodynamical equations of an isentropic gas of effective adiabatic index 7 = 2

Continuity eq. + Euler eq. Potential flow v=Vp
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Steady state, in the BH frame
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Exact analytical results using a large-distance expansion: b = 8_1 + BO 4+ Bl + ..., with Bn ~ P

4BpyG* M3 voC,2

T @ N+ g

p = Po cees
even 0 1 CS\/(c%—v%)rz—l—vgzz

1 remaining integration constant B

Conservation of mass and momentum allow us to obtain the mass
and momentum flux through any arbitrarily distant surface:

Conservation of mass: B in terms of ™MBH
" d - — )
Conservation of momentum: F, = C‘ZZ = ds - pUV, — ) ds - Pe, F, = Mgy

Accretion drag force, no dynamical friction (d’Alembert paradox)



Vi- SUPERSONIC REGIME
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A) Moderate Mach numbers vy <

Shock front upstream of the BH, radial accretion close to the BH

3 maps of the Mach number (3 zoom-in onto the BH) and 1T map of the velocity field
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B) High Mach numbers vy >
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BHL accretion rate

Bondi-Hoyle-Lyttleton accretion mode Edgar (2004)

BH frame: incoming dark matter fluid, accretion column at the rear




C) Exact analytical results using large-distance expansions:

Shock front
Boundary layers /
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D) Dynamical friction

Again, use conservation of mass and momentum:
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Vil- GRAVITATIONAL WAVES EMITTED BY A BH BINARY INSIDE A SCALARCLOUD

A) Additional forces on the BHs due to the dark matter environment

Gravity of the dark matter cloud: ' /VV\/\/\
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B) Decay of the orbital radius

<d>gw —

(a) = (@)acc + (@)ar + (@) gw

64vG3m> i 4r poa’
5¢2a? 3m

N\

3/2
—> Bace Accretion drag

/ 1
Bdf + Cdf In gm
a Cg

Correction due to the halo bulk gravity

Dynamical friction



C) Phase of the gravitational waveform
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Region in the parameter space that can be detected P0 halo bulk density
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E) Region in the parameter space that can be detected

Models with coupling
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Vili- CONCLUSION

- Scalar dark matter models with self-interactions allow detailed analysis in the large scalar-mass limit

- Hydrodynamical picture in the non-relativistic regime (but does not always hold: mapping can be singular) 7 = 2

- Radial accretion onto a BH similar to Bondi problem, with unique transsonic solution,
but much smaller accretion rate, self-regulated by a bottleneck in the relativistic regime

- Neglecting back-reaction, dynamical friction only in the supersonic regime (as for a perfect gas), smaller by 2/3

- Such a dark matter environment could be detected by LISA and B-DECIGO, if it contains BH binaries

- They would see scalar clouds that are smaller than 0.1 pc: difficult to detect by other probes

To be done:
better treatment of dynamical friction for rotating objects, backreaction of the DM on the metric, Kerr BH, ...
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