Contributions of SKA to cosmology and galaxies

Marta Spinelli — Observatoire de la Cote d’Azur

David Elbaz — CEA Paris-Saclay

z2=6-30 - Cosmic Dawn & Reionization Star formation, AGN@z=0-6 & gas content z<2
(unresolved, global view) (individual galaxies, 107 galaxies)

SKA-Low / 50 — 350 MHz SKA-Mid / 350 MHz — 15,4 GHz




Contributions of SKA to cosmology and galaxies

Marta Spinelli — Observatoire de la Cote d’Azur

David Elbaz — CEA Paris-Saclay

z2=6-30 - Cosmic Dawn & Reionization Star formation, AGN@z=0-6 & gas content z<2
(unresolved, global view) (individual galaxies, 107 galaxies)

SKA-Low / 50 — 350 MHz SKA-Mid / 350 MHz — 15,4 GHz

v
v

512 stations x 256 antenae = 131 072 antenae (Australia) 197 dishes (133 SKA + 64 MeerKAT) (South Africa)

v
v

Baseline up to 74 km Baseline up to 150 km

X 175 in resolution

v

v
v

Angular resolution : = 7" <
FOV : 27 deg? at 100 MHz » Sensitivity ~ 5x JVLA, speed ~ 100x

Angular resolution : 0.04"

v

SKA-Low (50-350 MHz) SKA-Mid (0,35-15,4 GHz)

| | | | |
50 MHz 200 MHz 1 GHz 5 GHz 15 GHz



Contributions of SKA to cosmology and galaxies

Marta Spinelli — Observatoire de la Cote d’Azur Lk L
S

David Elbaz — CEA Paris-Saclay

z=6-30 - Cosmic Dawn & Reionization Star formation, AGN@z=0-6 & gas content z<2
(unresolved, global view) (individual galaxies, 107 galaxies)

SKA-Low / 50 — 350 MHz SKA-Mid / 350 MHz — 15,4 GHz

How did take place?

How can we determine an unbiased view of cosmic history?

How can we get a cosmic ?

How can we open a new parameter space for <~ [ ?




The multi-wavelength view: complete baryonic census,
unobscured SFR & reionization bubbles,...

ALMA JWST
| | ‘ | ‘ ‘ | |
SKA-Low SKA-Mid Euclid
10 m Im 10 cm lcm 1mm 100 pm 10 pm 1um 100 nm 10 nm
) )
Stars & morphology Molecular gas & dust
JWST + Euclid stellar emission : galaxy morphology, stellar population ages. ALMA : H, (via CO) & continuum dust emission at high-z.

- complementary to SKA HI to get complete census on baryons

J /
: A : o
Atomic gas & unobscured SFR Cosmic Dawn & Reionization
SKA-Mid : HI (gas reservoir) z=0-3 + radio continuum (unbiased SFR) z=0-6 SKA-Low : neutral IGM 21 cm signal at z= 6 — 30.
J

SKA — Cosmology & Galaxies



SKA science vs redshift range

Three distinct windows :

Science case

. . 1420.4 MHz
HI 21 cm in emission v, = —1xz

SKA-Mid

Galaxies in HI (intensity mapping)

SKA-Mid

Radio continuum radio (sync. + free-free)

SKA-Mid

Evolution of radio AGN

SKA-Mid

Reionization (cosmological 21cm)

SKA-Low

Cosmic Dawn / First generations of stars

SKA-Low

z=0 z=2 z=4 z=6

z=10 z=15 z2=20

SFR=1-10 Mgyrt! @z<3, 10-100 Mgyr! @z<~6(-8)

Growth rate of SMBH

- SKA-mid and SKA-low cover different cosmic epochs, none where they overlap in this scientific area.

Dark ages

—

z=30
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How did =< 1/: il take place?

Present-day understanding:

The '/ [/ T'is ok: enough energy observed in young stars in distant galaxies to
| reionize the universe assuming ionizing radiation escapes at z=6-15 as in z¥4
* galaxies (escape fraction).

BUT the '~/ /is crucial wrt cosmology, galaxy formation, feedback mechanisms:
% - How quickly?
Connexion to structure formation?

- Bubbles around galaxies, patchiness?

- Link with galaxy populations (massive vs low mass, star-formation vs AGN)
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How can we determine an unbiased view of =~ . / =/ cosmic history?

Present-day understanding:
The bulk cosmic SFR history is well-probed up to ~cosmic noon.
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Why an unbiased SFR estimator
nswers is crucial
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Star Formation Rate Density

SFR / comoving-Mpc3

P
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Cosmic census on
baryons = key
& AGNs = key

Need large volumes to probe the connexion
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Difference between high and low-mass galaxies

= test of feedback Need large volumes to probe the connexion
-> AGN feedback crucial to constrain... with structure formation
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Why a combined census on
S K A SFR and gas reservoirs is crucial
urely ¥\ ey \nswers

Environment effects: stripping & mergers

ﬁbc3424_° .

Boissier +2012_ Duc & Renale 2013




What drives the cosmic SFR history is mainly the gas reservoirs
- we need to probe the atomic gas to supplement molecular gas from ALMA
—> Provides a test of the baryon cycle in simulations: infall vs feedback.
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Surely KeyAnswers

most baryons reside in cosmic filaments

BUT they remain largely undetected...

Vazza, Ferrari +2015 : detection of
cosmic filaments through electron
acceleration + B in the filaments

| Simulation of synchrotron emission
assuming 0.1uG

s




Surely KeyAnswers

Present-day MIS-understanding:

HO tension between local and CMB probes, BAO by DESI in tension with ACDM
There is a need for constraints not suffering from the same systematics.

— SKA will open a new parameter space for cosmology
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SKA science vs redshift range

Three distinct windows :

Science case

. . 1420.4 MHz
HI 21 cm in emission v, = —1xz
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Timeline: precursors & future prospects

2021 2024 2027
% | |
Beginning of Phase 1 First SKA-Low stations First light First scientific Key surveys SKA Phase 2?
construction installed (SKA1) results (EoR, HI, continuum) (x 10 surface)

Instrument Frequencies Collective area First light
LOFAR (EU) 10-240 MHz ~75 000 m? 2010 SKA-Low precursor :
)
MWA (Australie) 70-300 MHz ~3 000 m? 2013 SKA-Low precursor )
)
MeerKAT (ZA) 0,58-14,5 GHz ~9 000 m? 2018 Integrated in SKA-Mid (precursor) )
)
ASKAP (AU) 0,7-1,8 GHz ~4 000 m? 2019 SKA-Mid precursor ;
JVLA (USA) 1-50 GHz ~13 000 m? 2012 Pre-SKA reference
SKA-Low 50-350 MHz ~419 000 m? 2028+ Reionization, Cosmic Dawn m
SKA-Mid 0,35-15,4 GHz ~33 000 m? 2028+ HI, continuum, star formation >
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