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SKA1 will provide great sensitivity, resolution and wide
field/redshift range – necessary for Cosmology
It will tackle crucial questions in Cosmology:
◦ What is the nature of primordial density fluctuations?
◦ What is driving the acceleration of the Universe?
◦ Is the Universe statistically isotropic and homogeneous?
◦ Does General relativity fail on ultra-large Cosmological scales?
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What do we need? Large maps of the matter distribution
across cosmic time…
Lots of data to analyze – Big Data/Big headaches
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3 types of surveys (can be done simultaneously):
◦ Continuum galaxy survey (both number counts and
weak lensing)
◦ HI galaxy survey
◦ HI intensity mapping
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Advantage: Strong signal - large number of galaxies
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Disadvantage: no redshift information
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Example: The VLA FIRST Survey (1994 - …)
◦ 10,000 deg2; 0.15 mJy; 9x105 galaxies
◦ 128x2 MHz channels – averaged over 256 MHz

}
}
}
}
}
}

Survey ~ 25,000 deg2
Frequency ~ 1 GHz
Resolution? Need ~ 0.5 arcsec resolution for morphological
classification of sources
flux sensitivity ~ 1 uJy rms (~10,000 hours)
Covers huge volume – up to z~4
~ 0.5 billion galaxies! – allows for strong tests of isotropy

NVSS (VLA) continuum survey
Each point represents a galaxy
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Check consistency between galaxies and the CMB!
In standard cosmology, the dipole
of the large-scale matter
distribution should agree with the
dipole of the CMB
SKA1 will measure the amplitude
and direction of the dipole (~few
degrees accuracy)
Also check the CMB anomalies

Schwarz, et al. 2015
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SKA1-MID band 2
~ 5,000 deg2
~ 2.7 sources/arcmin2
Cross correlation will be crucial to
remove systematics for cosmology
with weak lensing!
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Detect the HI 21cm line
from each galaxy
High precision 3d
positions!
(angle+redshift)
Unique to HI: can get
the rotation velocity of
the galaxy from the
double peak line (useful
for Tully-Fisher)…
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SKA1: ~ 10 million HI galaxies
over 5,000 deg2 at z<0.4
SKA1 will provide excellent
complement to optical surveys
Peculiar velocities from a HI
galaxy survey (via Tully Fisher
or Doppler magnification)
constrain growth rate of
structure
SKA2: ~ 1 billion HI galaxies
over 25,000 deg2 at z<2.0
SKA2 will be a game changer
(dark energy, neutrino masses)

Cosmic
variance
limited

SKA 2
SKA 1

Yahya, …, Santos,... 2015
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Cosmology only cares about scales much larger than a
galaxy
Detecting HI galaxies takes a long time – expensive!
Using only detected galaxies 'wastes' photons…

High SNR:
detected
galaxies

ignored information

10

}
}
}
}
}
}

Give up detecting galaxies – no thresholding
Look at the total intensity for a given emission line in a large pixel
Just like the CMB but with 3d information (tomography)
Pixel intensity will correspond to joint emission from multiple galaxies
Intensity mapping is very fast → uses all the photons
It provides high frequency/redshift resolution

galaxies

Intensity map
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Interferometer: baselines not
small enough to probe BAO
scales and above
Main idea: use each dish in
“single observation mode”
Save interferometer data for
imaging/calibration
Approved SKA1 “Engineering
Change Proposal” to provide
calibrated auto-correlations

MeerKAT -> SKA1-MID
(~200 dishes by 2023)
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Measure Hubble
rate H and angular
diameter distances
DA as a function of
redshift using BAO
detections
Competitive
constraints with
other surveys on
the nature of dark
energy

SDSS:
Eisenstein
et al. 2005

Euclid like

SKA1 IM

Bull 2015
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Ultra-large scales: SKA1 IM wins at z>1
(and beats Euclid-like at all z)
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Growth rate (f ) of
fluctuations in the
Universe very
sensitive to the theory
of gravity
SKA1 can provide
constraints at large
and ultra-large scales!

Noise over
signal

SKA1 IM
at low z

Bull 2015
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Scales near or above the
horizon
Why bother?

◦ fNL opens a new window to
probe the primordial universe.
Error below 1 starts probing the
inflationary models
◦ “GR effects” are further probes
of general relativity (and
modifications of it);
◦ Probes other effects on large
scales
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Can we beat cosmic variance?

BOSS survey:
Anderson et al., MNRAS, 2012
Smallest k ~ 0.03 h/Mpc
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fNL – Primordial non-Gaussianity

Camera, Santos,… PRL 2013
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Fonseca et al., ApJ Letters, 2015
Alonso et al., PRD, 2015

Combining a HI intensity mapping survey using SKA1-MID with
Euclid or LSST will detect fNL < 1 as well as GR corrections!
A powerful test of GR on large scales!
A great way to “fight” systematics
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MeerKLASS: MeerKAT Large Area Synoptic Survey
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Aim: Cosmology (IM/continuum) and lots of other stuff
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~4,000 deg2 down to ~ 6 uJy continuum in L-band (most sensitive radio survey on
these scales)
Take advantage of multi-wavelength data for cross-correlation
Can start preliminary observations as early as 2017! (with 32 dishes and some tests
with 16 dishes this year)
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Cosmology!
◦ Continuum survey
◦ HI intensity mapping
◦ (and cross-correlations with multi-wavelength data)
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A large statistical investigation of galaxy clusters
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Study of radio halos and relics in clusters
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Probe the AGN and SFG populations up to large masses
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Statistical measurements of the HI mass function at the high end
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Find the rarest high-redshift AGN which can be used to probe the epoch of
reionization through 21-cm absorption studies
Produce a rotation measure map across a large patch of the sky
Detect thousands of sources which can be used to investigate associated
HI absorption systems
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Transient searches

}

____add your science here____
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Choose a sky patch with lots of multi-wavelength data
coverage: DES, 2df, KIDS+VIKING, ACT, SPT, Herschel…
On-the-fly scanning: increased telescope stability
across the sky patch, much more time efficiency
because of less overheads
Survey ~ 4,000 deg2 every day? Useful for transient
science
L-band/UHF band?
~ 4,000 hours and ~ 4,000 deg2 -> ~ 6 uJy rms in
continuum for L-band
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Credit: Alkistis Pourtsidou
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Nominal survey: 4,000 hours.
~ 4,000 deg2 area seems a good compromise
Better S/N on L-band but smaller z...
S/N of ~ 100!!
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Credit: Amadeus Witzemann
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Constraints on growth rate will surpass the BOSS survey and be
unmatched at low z on near future
Results will allow to detect deviations from General Relativity!

21

}

Possibly the first detection of
baryon acoustic oscillations using
the intensity mapping technique…
A probe of dark energy
Right: BAO wiggles
(4,000 hours)
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Total BAO amplitude (error/signal)
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Hubble rate (error/signal)

Credit: Amadeus Witzemann
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One possibility: use DES (~ 5,000
deg2, photometric redshifts up to
z ~1, 5 bins)
Great way to deal with
foregrounds and systematics!
Use DES galaxies as background
sources to detect crosscorrelation between the HI
density field and lensing!
Top: cross-correlation with
galaxies
Bottom: cross-correlation with
lensing
Precursor science for LSST/SKA!
Credit: Alkistis Pourtsidou
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Are they Gaussian?
◦ fNL=0 – yes
◦ fNL≠0 - No
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Look for clustering
effect on large scales
– bias
Use the multi-tracer
technique with DES to
“kill” cosmic variance!
Results:
◦ L-band: fNL< 2.8!!
◦ (Planck ~ 6.5)

Fonseca et al. 2016

(see Fonseca et al., ApJ Letters, 2015
– SKA+LSST: fNL< 0.5)
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1. Observations at radio wavelengths will soon produce a wealth of data

with profound implications for cosmology

2. Large continuum survey will probe the isotropy of the Universe and

the cosmic dipole

3. HI intensity mapping opens up a new possibility for SKA1: tests of

dark energy and modified gravity and in particular, testing the
cosmological model on very large scales

4. Huge potential in cross-correlating with optical surveys!

With the SKA we will be able to probe General Relativity in very different regimes!

Ø The future is now: in 2017 we will start a HI intensity mapping
survey with MeerKAT – on the path to the SKA!
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