Cosmology with large-area
radio and optical surveys

LTy
- ,'

-

J




Outline

® [ntroduction

® All-sky radio surveys

® Cosmology with continuum
~ @ Cross-correlations

q ) L] e







Tracing structure

Universe filled with density .. | tavelengin ) [h
fluctuations RESTIOK 7T R

Structure only only visible e, Ry

through galaxies (distribution) — #i0 jj-f‘--;"?i"'_\éomp’&h.'ﬁ_' 3

and photons (weak lensing) S T e R

AN

Galaxies and photons here are | e 11
functioning as test particles - RSB e ST
tracing out the gravitational field ho aagm iR =,

® Cosmic Microwave Background

#* Cluster abundance

m Weak lensing

Current power spectrum P(k) [(h-! Mpc)3]

4 Lyman Alpha Forest

Most low-redshift surveys have ¢ RN & W
not measured spectrum of B e Wavemumber k [n/Mpe)
density fluctuations Sl TR g

* Much more sensitive to transfer a2 - ¥y
functions R T

'}, =
N )Aht‘
™

Need very large volumes to R T DN o
measure primordial power s bty
spectrum and determine initial
conditions (independently from
CMB)




Radio cosmology era

® Most major results have come from CMB (continuous density
field, high-redshift) and optical galaxy surveys (discrete density
field, low-redshift)

® Best cosmology experiment existing is still Planck, which is cosmic-variance limited at largest
scales

® Radio (discrete and continuous density field, low- to medium-

redshift) has lacked the number density to be a contender
® Only 2 million extra-galactic radio sources currently known

® Radio has less of a problem with dust obscuration than optical,

and observations can be faster
® Access to very large-scale information, e.g. cosmic dipole, primordial non-Gaussianity

® Next generation of radio telescopes will provide large-scale
structure data that will be independent and complimentary to
optical and CMB experiments



Radio Surveys

® H| galaxy
® Measures RA, Dec and redshift - Functions like an optical galaxy redshift survey

® Can also measured peculiar velocities through Tully-Fisher relation
® Continuum galaxy

® Measures RA, Dec, but not redshifts - Angular clustering survey

® Cross-correlate with CMB and low-z sample for ISW and cosmic magnification

- @ HI intensity mapping
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Precursors

® Australian Square Kilometre Array
Pathfinder (ASKAP) - SKA Survey

® 36 12-metre antennas spread over a region 6 km in
diameter

® frequency band of 700-1800 MHz, with an
instantaneous bandwidth of 300 MHz

® [oV ~ 30deg?, pointing accuracy > 30 arcsec

® Angular resolution ~ 10 arcsec

® Murchison Widefield Array (MWA) - SKA
low

® Tiles of 4x4 dipole antenna (150 MHz)

® (ore area has 50 antenna tiles uniformly distributed
over a 100m diameter core, surrou_nded by 62 tiles,
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Continuum surveys

® Continuum surveys |
measure intensity of NVSS HEALPix map

total radio emission, P s
across waveband

® Emission dominated
by synchrotron, so
spectrum (almost)
featureless

® Measure RA and Dec
of sources, but need
other information for

redshift Chen and Schwarz (2016)
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Cosmological Observables

1. Angular correlation function of % Cosmic

3 Mlcrowave

radio galaxies -1-3 .Background
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2. Cosmic Magnification of high-z

radio galaxies by low-z optical

EMU radio

foreground galaxies ,
galaxies

3. Cosmic Magnification of CMB

by radio galaxies Integrated
Sachs
° Cross-correlation between radio Wolfe

Optical

(ISW) galaxies

density and CMB on small scales [k energy

4. Integrated Sachs-Wolfe effect Cosmic

Magnification

-changes intensity

\3« Observer

Image credit: Tamara Davis

. Cross-correlation between radio
density and CMB on large scales
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Correlation functions

® All observables measured through correlations of objects
® Angular power spectra = correlations of objects in the same bin

® Magnification = correlations of objects in different bins, or objects with
CMB

® ISW = correlations of objects with CMB

Cll / WKW (k)P(k)k*dk




3. All-sky continuum




® EMU (Evolutionary Map of the Universe) is
an all-sky radio survey using ASKAP

® /5% of the sky to declination +30°

® Frequency range: 1100-1400 MHz

® Same as WALLABY, but EMU is continuum
imaging, not 21cm spectroscopy

® 40 x deeper than NVSS

® 10 pdy rms across the sky

® 5 X better angular resolution than NVSS
(10 arcsec)
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EMU Early Science
Data

® Early Science Data from ASKAP-12, from 10 pointings
® Covers area inside Dark Energy Survey region

® Cross-identification using likelihood ratio between optical and
radio sources (Sevilla-Noarbe, Seymour, Asorey and Parkinson,
in progress)
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Histograms

Continuum Component Catalogue Continuum Island Catalogue

e Poisson prediction e Poisson prediction
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Estimators

® “Generally it is assumed that the variance of these
estimators is the Poisson error of the bin
counts” (Peebles 1980, Landy and Szalay 1993)

® This is not true if there are double sources, as the bin counts will
not be Poisson

® | andy-Szalay or similar is optimal estimator for
- Poissonian distribution - if not Poisson thennot
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RACS coverage : 2019-04-21 04:07:50.569
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- 4. Magnirication




Cosmic Magnification

® The trajectories of photons
are perturbed by the local
gravitational potential

® This is gravitational lensing

® GShear: the ellipticities of
galaxy shapes become
correlated with the matter

~density, mtegrated over the
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Magnification and
Density

® Measured density field
has correction due to
gravitational lensing
magnification

N =0y 1 O
® Lffect takes the form
of some ‘magnification
bias’
0,(0,20) = (5s(z9) — 2) X

/0 dzH(Z)g(z,ZO)V?Lgb(X(z)H,zO)

Image credit: Song Chen



MU survey - photo-z
DINS

® \Ve consider the EMU
survey will a number of

different photometric
redshift bins

® [wo bins and five bins

® \We compute auto- and
cross-angular power
spectra, and measure
cosmology

® How biased is our result if
we do not include
magnification in cross-
correlation?




® |n the two bin case not including
magnification can introduce a
offset (higher amplitude, lower
hubble rate) compared to the input
cosmology, to match the missing
boost created by magnification.

® This can be reduced by
introducing an evolving bias,
which matches the data through
the nuisance parameter

® The five bin case works in reverse,
as an evolving bias can mimic
magnification in the high redshift
bins, which leads to a predicted
power deficit at low redshift
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Moditied (Gravit

— — —Input value
2 Gaussian bins (means and 10) den+mag
2 Gaussian bins (means and 10) den
5 Gaussian bins (means and 10) den+mag
5 Gaussian bins (means and 10) den

— — —Input value
¥ 2 Gaussian bins (means and 10) den+mag
2 Gaussian bins (means and 10) den
§ 5 Gaussian bins (means and 10) den+mag
5 Gaussian bins (means and 10) den

1 2 3 4 5
Nuisance parameters

1 2 3 4 5
Nuisance parameters

— — —Input value
I 2 Gaussian bins (means and 1) den+mag
2 Gaussian bins (means and 1¢) den
I 5 Gaussian bins (means and 1¢) den+mag
5 Gaussian bins (means and 10) den

1 2 3 4 5
Nuisance parameters

— — —Input value
I 2 Gaussian bins (means and 10) den+mag
2 Gaussian bins (means and 10) den
§ 5 Gaussian bins (means and 10) den+mag
5 Gaussian bins (means and 1¢) den

1 2 3 4 5
Nuisance parameters




- 5. Cross-correlations




Cross-correlations

Almost all LSS probes are
systematic limited

Combinations can remove
systematics, as well as
providing new cosmological
tests

Multi-tracer: Cross-correlating
galaxy populations with
different bias allows some
quantities to be measured
without cosmic variance

Cross-correlating continuum/
IM with large-area optical/IR
(e.g. LSST) can improve
measurement of primordial
nonGaussianity/GR effects

All

All (fixed mass)
3 samples

4 samples

4 + 5 samples
5 samples

0.01 0.1
Detection limit (wdy)

Ferramacho et al. (2014)
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Raccanelli et al. (2015)



EMU-early & DES

® Improves the cosmology we
can do

® Cosmic magnification
require cross-correlation
between bins (i.e. two radio
bins, high-z radio with low-z
optical, high-z CMB with
‘low redshift’ radio sources)

® |ISW requires CMB
information

® Improves our redshift estimates

® Clustering redshifts, and
photo-z information from
optical/NIR counterparts

® DES will provide photo-z
information, to split the EMU
sample into redshift bins
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Magnification
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summary

® The next generation of radio surveys will make deep surveys over
a wide area, approaching their confusion limit

® Number of detected extra-galactic radio sources will increase to > 108

® The large volume will allow us to access the matter power
spectrum of density fluctuations on the largest possible scales,
detecting:
® the imprint from the initial conditions of the Big Bang (non-Gaussianity)

® the effect on the propagation of light over Iarge-distanlces (magnification arr1d ISW)
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