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Cosmology

* DM: sets galaxy
potential wells

Dark Matter \W4sReNL:

: . ordinary matter,
what we can directly
observe

PRGN 68.3% o DE: sets the

accelerated expansion
of the Universe



where is matter ?
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where |s matter 7

-' Galaxies (stars)

44444

Clusters 'f galaxres

blased
tracers

Absorptron features in quasars
spectra (Lya forest) '

\VellelS

velocity fields, lensing, ...



the matter power spectrum
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neutral hydrogen in the Universe

Galaxies (DLAsS)
Dense, self-shielded Hl

Filaments
H mostly ionised



neutral hydrogen in the Universe

Galaxies (DLAsS)
Dense, self-shielded Hl
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neutral hydrogen in the Universe

Filaments
H mostly ionised
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neutral hydrogen in the Universe

Galaxies (DLAsS)
Dense, self-shielded Hl

Filaments
H mostly ionised



neutral hydrogen in the Universe

Galaxies (DLAsS)
Dense, self-shielded Hl

21cm
§ P radiation
Proton bEIectron
Parallel spins
\ Emitted
=
3D info !

Filaments ;Q ;b

|_| mOStly ionised Antiparallel spins




neutral hydrogen in the Universe

21cm radiation signal




neutral hydrogen in the Universe

21cm radiation signal
INTENSITY MAPPING:

W
mapping the -
collective HI - -
- " —
21cm radiation - .
pbackground 20| . N . .
without . = B &J
resolving the ,P
individual [ W8 .
SOUrces 5 ’
O0 5 fO 15 2.6
0 deg

spectroscopic nature
large volumes



neutral hydrogen in the Universe

21cm radiation signal
INTENSITY MAPPING:

e There’s a lot of HI!

f
mapping the | .
collective HI . -
C T
21cm radiation - ’
pbackground 20| - " N :
without 15 ‘ - ._ &j
resolving the
individual 7| W
sources 5 '
O0 5 {0 15 23
0 deg

* Promising observational efforts!

spectroscopic nature
large volumes
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@ Ful members &2 nfrican partner countries
C (on-memibaer SKA Phase 2 hosl counldries)

@ SKA Headquarters host country )

&% SKA Phase 1 and Phase 2 host countries

Thez map s nlencdec (o reforeros orls and 1= ~ct moan: o reprecoay. isgy boedors

Phase |

SKA1-MID SKA1-LOW

o (0<z<3 o 3<z<27

« 200 dishes; 15m 911 antennae
* South Africa « Australia

Very isolated places to avoid RIF
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The Canadian Hydrogen Intensity Mapping Experiment
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how is distributed atomic neutral hydrogen (HI)
in the Universe?



modelling the HI distribution

halo based method

(Bagla 2010) (Villaescusa-Navarro 2016) (Dave 2013)

HI resides only in DM halos HI assigned to all gas

particles, according to their
properties

e assuming photo-ionization
equilibrium, setting the HI/H
fraction in order to reproduce the
Lyman-a mean transmission flux

* mimicking HI self-shielding for
high enough density regions

 letting H2 forming for even
denser regions




neutral hydrogen in the Universe

21cm radiation signal

Outline:

- Constraining the nature of
dark matter with the 21cm
power spectrum

- Imprint of dark energy on
the 21cm power spectrum



how much warm dark matter Is

see Riccardo Murgia’s talk
of yesterday

+ lighter mass === faster particle
- resist longer to gravitational collapse

- |ater formation times

- small scale perturbations erased === |ess sub-structures



Current power spectrum P(k) [(h~! Mpc)?]

how much warm dark matter is
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resist longer to gravitational collapse

later formation times
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see Riccardo Murgia’s talk
of yesterday
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Current power spectrum P(k) [(h~! Mpc)?]

how much warm dark matter is

Wavelength A [h~' Mpc]
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cosmological simulations:
what is the impact of WDM on the matter distribution”

cold CDM 1keVWDM warm

’ 100

y [h" Mpcl
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1
x |h ' Mpc] x [ Mpc]

Gadget3 (hydro). Box size = 30 Mpc/h 5123 DM + 5123 baryons patrticles,
5 cosmologies: CDM and 1, 2, 3 and 4 keV WD, from z=99 to z=3, (snhapshot at 3, 4 and 5)



cosmological simulations:
what is the impact of WDM on the matter distribution”

Matter power spectrum Halo mass function
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The warmer DM, the higher the suppression of
power at small scales:

... and a reduction in the number of 10°

= o
for DM mass = 3 - 4 keV we observe ~10% B SR ol o Grash oS s A0 e

suppression on small scales ...

compared to the CDM (cold) case.




modelling the HI distribution
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modelling the HI distribution

cold  Cbpbm 1keVWDM Wwarm

HI ‘ guceo . .
halo £ - ~ Hl resides only In
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21cm P(k) and SKA1-low forecasts
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What about dark energy?

Halo mass function
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Ramses, DM only. Box size = 162 Mpc/h, 10243 DM particles,
see http://www.deus-consortium.org and therein references
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What about dark energy?

Halo mass function

— 135 F i RPCDM|]
- 1077 F : N [ sucomf{f "\
i !
= 10 * [ non- /A
=1
= DE
e 10
C
= 101
3 19 | = L. '
< 101} how are we going to
20 0
e delectthe DE effects?
T 0.4 *To TeRe, o
0.2} ! ILT‘I
0.0 N 1..611. " ..,1..0112. N A1‘.013. " _‘1614 N ]:011 A ..:.lalz. N ..:.1.0113 N i6114.
M[h ' M,] M[h ' M,]

Ramses, DM only. Box size = 162 Mpc/h, 10243 DM particles,
see http://www.deus-consortium.org and therein references



http://www.deus-consortium.org

M: to distinguish
iIshable cosmologies
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21cm intensity mapping will be a

great cosmological probe

investigated the impact of WDM on & ™/
the 21cm IM in the post-reionization
era(z=3-5)

Increase of power inthe =
terms of the 21cm power
spectra (SKA forecasts). <

potential discriminating power for
alternative-to-LCDM cosmologies

t, =1000 hours
1 t, =3000 hours
[ t, =5000 hours




thanks!



