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Our current model of cosmology

(osMoLoGY MARCHES ON
ARG W

® VVe have a superbly detailed

picture of the early Universe
[e.g. CMB, nucleosynthesis]

® Ve have a model for the
evolution of the Universe
that matches a range of
cosmological data

® This model invokes 3 new
pieces of physics :inflation,
dark matter and dark energy




Dark energy :is it vacuum energy!

A cosmological
constant matches
the data so far, but

its amplitude is

inexplicable

The Just SomeThinG
Youll never




Cosmology : the optimistic viewpoint !

® Dark matter and energy
show that our understanding
of physics is incomplete

® Astronomy can provide
fundamental physical insights
into quantum theory, gravity,
and particle physics

We are working in the
breakthrough era where new
data should be revolutionary!
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Cosmology with the SKA
® 2004 style ...

Cosmology with the SKA

C.A. Blake?, F.B. Abdalla®, S.L. Bridle®, S. Rawlings®

2School of Physics, University of New South Wales, Sydney, NSW 2052, Australia

b Astrophysics, Department of Physics, University of Oxford, Keble Road, Oxford, OX1 3RH, UK
“Department of Physics and Astronomy, University College London, London, WC1E 6BT, UK

We argue that the Square Kilometre Array has the potential to make both redshift (HI) surveys and radio
continuum surveys that will revolutionize cosmological studies, provided that it has sufficient instantaneous field-
of-view that these surveys can cover a hemisphere (fsky ~ 0.5) in a timescale ~ 1 yr. Adopting this assumption,
we focus on two key experiments which will yield fundamental new measurements in cosmology, characterizing
the properties of the mysterious dark energy which dominates the dynamics of today’s Universe. Experiment I
will map out ~ 10%( fuy /0.5) HI galaxies to redshift z ~ 1.5, providing the premier measurement of the clustering
power spectrum of galaxies: accurately delineating the acoustic oscillations and the ‘turnover’. Experiment II will
quantify the cosmic shear distortion of ~ 10'°(fq /0.5) radio continuum sources, determining a precise power
spectrum of the dark matter, and its growth as a function of cosmic epoch. We contrast the performance of
the SKA in precision cosmology with that of other facilities which will, probably or possibly, be available on a
similar timescale. We conclude that data from the SKA will yield transformational science as the direct result
of four key features: (i) the immense cosmic volumes probed, exceeding future optical redshift surveys by more
than an order of magnitude; (ii) well-controlled systematic effects such as the narrow ‘k-space window function’
for Experiment I and the accurately-known ‘point-spread function’ (synthesized beam) for Experiment II; (iii)
the ability to measure with high precision large-scale modes in the clustering power spectra, for which nuisance
effects such as non-linear structure growth, peculiar velocities and ‘galaxy bias’ are minimised; and (iv) different
degeneracies between key parameters to those which are inherent in the Cosmic Microwave Background.
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Cosmology with the SKA
® 2015 style ...

Cosmology with the SKA — overview
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U Department of Physics, University of Western Cape, Cape Town 7535, South Africa
2Institute of Cosmology & Gravitation, University of Portsmouth, Portsmouth PO1 3FX, UK
3Department of Physics & Astronomy, University College London, London WCIE 6BT, UK
4Department of Physics & Electronics, Rhodes University, Grahamstown 6140, South Africa
>Astrophysics, University of Oxford, Oxford OX1 3RH, UK

6SKA South Africa, The Park, Park Road, Cape Town 7405, South Africa

E-mail: roy.maartens@gmail.com

The new frontier of cosmology will be led by three-dimensional surveys of the large-scale struc-
ture of the Universe. Based on its all-sky surveys and redshift depth, the SKA is destined to

revolutionize cosmology, in combination with future optical/ infrared surveys such as Euclid and

LSST. Furthermore, we will not have to wait for the full deployment of the SKA in order to see
transformational science. In the first phase of deployment (SKAT1), all-sky HI intensity mapping
surveys and all-sky continuum surveys are forecast to be at the forefront on the major questions
of cosmology. We give a broad overview of the major contributions predicted for the SKA. The
SKA will not only deliver precision cosmology — it will also probe the foundations of the standard

model and open the door to new discoveries on large-scale features of the Universe.




Cosmology with the SKA

Use HI intensity mapping to measure large-scale
structure across large volumes to high redshift

Test cosmology with cross-correlations of the radio
continuum survey with CMB and optical surveys

Measure weak gravitational lensing in radio continuum
observations using new techniques

Constrain primordial non-Gaussianity using the
largest-scale modes




oming optical surveys

Large Synoptic Survey Telescope

High-Resolution
Spectrographs
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Wide Field Corrector

AESORP fibre
positioner

Fibre Feed

Medium-Resolution
Spectrographs



HI intensity mapping

® 2 |cm surveys which do not detect individual galaxies
but the integrated emission in each pixel of a datacube

GBT 15hr field, cleaned, beam convolved (800.4 MHz, z = 0.775)
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HI intensity mapping
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® Great potential owing to the volume probed!

BAO distance/expansion measurements:
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HI intensity mapping

® Need realistic simulations!

See Laura’s talk ...

Antenna Temperature (mK)
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® Challenges : enormous foreground subtraction
problem, including polarization leakage
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Continuum surveys : cross-correlations

® Radio continuum surveys trace a high-z density map

® Expect correlations with CMB (late-time ISWV effect and
lensing) and low-z galaxies (magnification)

Planck collaboration
(201 3)




Continuum surveys : late-time ISWV effect

® Cross-correlation between the NVSS and CMB

wre (8) [uK]

Catalogue Axoy S/N expected S/N
9 [deg] 2MASS cut 1.40 = 2.09 0.7 0.5
_ _ _ . ACDM theory _ __ GOB data SDSS gal DR8 1.24 + 0.57 2.2 1.6
—.—— best ampl. fit updated data SDSSLRG DR7 2.10 +0.84 2.5 1.2
NVSS 1.21 +0.43 2.8 2.6
Nolta et al. (2004) HEAO 1.37 +0.56 2.4 2.0
SDSS QSO DR6 143 +£0.62 2.3 1.7
Ho et al. (2008)

Gian nantonio et aL (20 | 3) TOTAL 138+032 44+04 ~31,<7.6




Continuum surveys : late-time ISWV effect

® Physical evidence for dark energy

1(14+1)_Cr*/2m
o

Clusters

Granett et al. (2008) ¥
de Putter et al. (2010) o

® Problem :limited precision




Continuum surveys : gravitational lensing

Observed

® Probes total mass distribution and spacetime metric

~ PATH OF LIGHT
AROUND
DARK MATTER

DISTANT
UNIVERSE .

Galaxies randomly
distributed

Slight alignment




Continuum surveys : gravitational lensing
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® Detection of cosmic shear in FIRST survey

Chang et al. (2004)
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Continuum surveys : gravitational lensing

® What is the potential radio advantage?

Probing to high redshifts
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redshift, z

Estimates of intrinsic shape using 2
polarization and/or velocity maps
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Morales (2006)

PSF calibration a
challenge in optical
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Continuum surveys : gravitational lensing

® What are the challenges!?

O T

Gravitational lensing Observation by Deconvolution
by intervening matter interferometer Process

Cosmological Shear
Measurement

2
OR? 0 ¢ys<1% for detection

0 ¢,s<0.01% for useful
cosmology

Credit : http://radiogreat.jb.man.ac.uk




Continuum surveys : non-Gaussianity

® [argest-scale structure contains primordial imprint

et al. (2014)

Seljak (2009)
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Continuum surveys : homogeneity and isotropy

® Are CMB “anomalies” cosmologically interesting?

Test with radio
galaxy dipole

CMB: z ~ 1100

Blake & Wall (2002) il
Rubart & Schwarz (201 3)

Surface density fluctuation / per cent

90%CL, 95%CL and 99%CL in degrees
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Cosmology with the SKA

Use HI intensity mapping to measure large-scale
structure across large volumes to high redshift

Test cosmology with cross-correlations of the radio
continuum survey with CMB and optical surveys

Measure weak gravitational lensing in radio continuum
observations using new techniques

Constrain primordial non-Gaussianity using the
largest-scale modes




