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Why
ULDM?




What is ULDM?

This talk
\/* An alternative candidate of non-thermal origin:
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% The de Broglie wavelength A~kpc i> quantum pressure.

% The wave nature effects become relevant at galactic scales.
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% Central regions of galaxies are made of BECs.

What is ULDM?
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Small-scale effects of the spin-0 field

% Cut-off at small scales and
interference patterns.
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% Spin-0 (FDM) ULDM naturally
predict core halos.
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Why higher spin?

% The field can have (spin-0) 1 or 2

Most studied case
% Spin-0 is highly constrained.
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% Higher spin offers a richer (still unexplored) phenomenology.
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Why higher spin?

% Different interference patterns:

In larger component fields orthogonal
components do not interfere.

Higher spin

&

Less interference

% Intrinsic spin: The final core is
fractionally polarized.
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Evolution of spin-s ULDM

The evolution of the field is described
by the Schrodinger-Poisson system.
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Solitons are the ground state solution
of the time-independent SP system.

H
A % From cosmological simulations
L % From collapse of initial density
O | % From merger of solitons
S
1010<
= 10%
Scalar o3
Vector ° 106
=
Tensor =
E 104<
r [kpc]




The ground state solution for higher spin

The wave function can be decomposed as
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Simulation setup
* N_, ranges from 5 to 125.
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Multiple soliton merger: Spin-0
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https://docs.google.com/file/d/1Xc15aihRJi50JMpZguCGpDWMG5gKQptA/preview
https://docs.google.com/file/d/1Xc15aihRJi50JMpZguCGpDWMG5gKQptA/preview

Multiple soliton merger: Spin-1



https://docs.google.com/file/d/1MNDtP-IMLu1KxF9q5eVcSkys8FuLGAx4/preview
https://docs.google.com/file/d/1MNDtP-IMLu1KxF9q5eVcSkys8FuLGAx4/preview

Multiple sol
-~

iton merger: Spin-2



https://docs.google.com/file/d/1PtxA0IKaqf2Kmab-flw9Gm6FEZSyPrgL/preview
https://docs.google.com/file/d/1PtxA0IKaqf2Kmab-flw9Gm6FEZSyPrgL/preview

Comparison between models



https://docs.google.com/file/d/168qIB_PLi1iLrzFqvWT9PGDuX9P6O86z/preview
https://docs.google.com/file/d/168qIB_PLi1iLrzFqvWT9PGDuX9P6O86z/preview

DM density profile as a function of the radius.

Spin-s ULDM halos: Density profiles

Normalized DM density profile.
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The spin density can be computed as
si = ihe; j [PYT]

Spin-s ULDM halos: Spin
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Scaling relations for ULDM
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More parameters
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Construction of a DM profile

* Select the specific
time of evolution of
the halo

% Select a specific
N_,accounting
for Mtot

Extrapolate for higher N_

% Identify the

@ parameters of the
Lower computational cost. density profile
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Dwarf spheroidal timing problem [

% In CDM prescription:
The satellite remains orbiting

% In FDM prescription
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Equivalent DM profiles
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% Characterise any DM profile as a
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Survival time in a ULDM halo
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Survival time in a ULDM halo

Same core-size

Same M200 value
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% Higher spin give rise to less dense core structures

t It could alleviate the problem in Veltmaat et al. (2020):

Spin-0 + baryons lead to cuspy profiles (Core-cusp problem)

% Spin-s ULDM model may predict longer dynamical times

:> It could relax the timing problem for dwarf spheroidal galaxies

giving new constraints over the mass.

% Comparison with observations!



