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Ultralight Dark Matter - Setup S = Spn + Smat + Spu
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Ultralight Dark Matter - Setup S = Spn + Smat + Spu
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Ultralight Dark Matter - Setup S = Spn + Smat + Spu
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Ultralight Dark Matter - Setup

Spin O

SDM:/dtdeW[ VHOV b — 2¢2]

o §(r,7) =o(1) +66(T, %)  $p< ¢

® Isotropic background: FLRW
ds® = a*(—dr? + 6y da'dx?)

® Cosmological constraints

CMB+LSS — m > 10 %%V [HiloZek etal. 2018]

Lyman v — m >2x 10" %V

[Rogers & Peiris 2020]
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Background evolution - Fluid variables
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Background evolution - Fluid variables
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Background evolution - Einstein equations for Spin 1

Friedmann Equation
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Background evolution - Einstein equations for Spin 1

Friedmann Equation
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Background evolution - BEN constraint

Shear tensor dynamics
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Background evolution - BEN constraint
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Jean suppression in ULDM
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Jean suppression in ULDM
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Jean suppression in ULDM
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Small scales - Anisotropic imprint
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Small scales - Anisotropic imprint P\, A
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Small scales - Anisotropic imprint P\, A
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Small scales - DIVl spin comparison
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Velocity Invariant Power Spectrum (p+ P)0 = K'oT",

Velocity Power Spectrum:
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Velocity Invariant Power Spectrum

(p+ P)0 = k'6T°,

Velocity Power Spectrum:

— Spin 1 -%=0
+ = Spin 1 - yy=n/2

Upd
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(gauge invariant) ,A (k) = A(k) L

[Relevant for 21-cm 1

l

Initial conditions for For spin O could

k [h Mpc~']

= 21cm simulations probe m < 10~ 1%eV
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SVT decomposition
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Gravitational wave abundance - Spin 1 F\w/ ",

Tensor perturbations
Work in progress
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Gravitational wave abundance - Spin 1 F\k

Work in progress
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Gravitational wave abundance - Spin 1 F\k

Work in progress
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Conclusions - Cosmological tests
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Future work o

e Compute C, — extend the code to account for anisotropies
e Simulations with anisotropic P(k, ;)
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Linear Regime - Scalar Sector

—

Cosmological perturbation theory: Q(t, %) =Q(t) + 0Q(t, T)

For calculating cosmological
observables such as CMB, P(k), etc.

oG", =8nGoT",

ST, = 6T*,(5p, P, 6%1)
5(;“,/ = (SGMV((Sgij)

- 5z'j for spin 0
h

. ool o T e Scalar metric
Synchronous gauge: 0gi; = a [ 2(v45 + o N+ kik;(h + 677)} . — perturbations
[Pereira, Pitrou & Uzan 2007]
-~ A
. : N VK
Spin 1 perturbations: {617 €9, k} &



Initial Conditions - Outside the horizon + Early times

Initial Radiation era Radiation ()
conditions —— + —_— +
ACDM Outside horizon Metric
[Ma-Bertschinger 1995] kT << 1
n ={no+ O(k*7?)
5G00 = 817G 5p Photon Fluid kT <1 h = O(/CQTQ)
S <

0G'; = 8nG (0Pd'; + 0X')) g equation Radiation 0py = O(k*?)

domination ];z'T% - (’)(k473)

[ E6GO, = SnG k6T, } 0;; important outside the horizon




Initial Conditions - Outside the horizon + Early times

[/2:@'5(;07; = 8nG l%iéTOi} B+ /0/ n = ol ]
2m? f2
n = no + O(k>r?) 0(k4) 0(k2) O(k4) @(kQ)
P TV !
0”_0” Dominates when m < 107 22eV (O.l/(ij))4
Attractor Adiabatic ‘ a? ; 3 5 Exactly cancels the
[Solution} + [ |-C } ] 2mpk OTA’ L 2]{7 I"o shear’s contribution

Summary: If the model is evolved in FRW, one would have big infrared
contributions from the vector field at early times.
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Big scales - Metric shear impact - Spin 1
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Numerical implementation in CLASS - Background

0’ = sin(6) + 2% with
" 2 _
A +ma’ A = ;o wr = Piot/ prot
QA — S(UJT — wA)QA
wa = Pa/pa

Fluid variables

Averaging procedure - _ _

1 PA Dynamical variable
sin(f) — 5(1 — tanh(6® — 63)) sin(0) < |
cos(6) — %(1 — tanh(6* — 7)) cos(0) Pa= § COS(Q)pA

S




Numerical implementation in CLASS - Perturbations

6A = 0A Lk + 5Aré

{ 0A; = \/,O_Am_1 [sin(0/2)61, 0 + cos(6/2)dr, 1]
A}, = \/pa[cos(0/2)d1,0 — sin(0/2)0r1]

2

{ dAp = \/,am_1 sin(0/2)07o + cos(6/2)6r 1)

dA%::\/pA 1+

[cos(0/2)07o — sin(0/2)07 ]

m2a?

{5L,07 5L,1}
|

Oscillations in k and
growing solutions

{6T,07 5T,1 }
|

Oscillations in k



