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Evolutionary Map of the Universe
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e Evolutionary Map of the Universe (EMU) is a wide-field radio continuum survey by the

Australian SKA Pathfinder (ASKAP).
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—MU

Will cover entire Southern Sky (2 pi survey),
ideal for ultra-large-scale cosmology (e.g.

relativistic effects, primordial non-Gaussianity,

cosmic dipole, ...)
Central Frequency 943 MHz

bandwidth 288 MHz
FoV-30deg

RMS of 30 pdy/beam
Resolution of ~15” FWHM
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—MU torecasts

10 puJy rms/beam, 2 Traces, 5 Redshift bins®

I T T T T

GC+ISW 3.9 (4.9) | 0.49 (1.2) 0.31 (0.61) | 0.71 (1.3)
GC+ISW+Planck* | 2.9 (3.2) | 0.19 (0.25) | 0.48 (0.70) | 0.12 (0.19) | 0.29 (0.43)

[Bernal et al. 2019]

Caveats:

Relies on being able to split into tracers and redshift bins
Have to revisit assumptions on n(z) and b(z)

=MU got down-scoped to foy = 0.3 rather than £, = 0.75 (at

east for first 5years)

® Actual noise Is 15 udy rms/beam



Continuum Cosmology

Angular correlation function-of
radio galaxies
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—irst Cosmology Results
fromm EMU Rilot Survey

» X-correlation between density field from EMU PSH (300deg2) and Planck

PR4 lensing magnification:
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Issue |: Source Finder
dependence

e Radio continuum sources difficult to define as they present multiple images

(components)
o Considered 2 different source finders: Selavy [Whiting&Humpreys12] and

PyBDSF [Mohan&Rafferty15]
o Source-finder dependent auto-power spectrum at small scales especially for

faint flux cuts

H
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2.06107

Fit to Selavy
—— Fit to PyBDSF
—=—- Selavy shot noise
—=—- PyBDSF shot noise
¢ Selavy, flux cut 0.4mJ)y (0.18mJy) in this (left) panel
¢ PyBDSF, flux cut 0.4mJy (0.18mJy) in this (left) panel
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Issue |: Source Finder
dependence

e (Cross-correlations are safe:

EMU PS1 x Planck PR4 CMB lensing

¢ Selavy, flux cut 0.18mJy
¢ PyBDSF, flux cut 0.18m)y

EMU MS x Euclid Q1 Deep Field South

pstar0.05

0.18 mJdy

¢ PyBDSF
¢ Selavy

Multipole, £ Multipole, ¢

[Piccirilli+2025]

[Tanidis+2025]



ssue l: N(z)/b(z

* Angular clustering depends on the redshift distribution N(z) and the galaxy bias.
* N(z)is amixture of SFG and AGN. For example, N(z) from T—RECS simulation
(Bonaldi et al., 2016) and theoretlcal prescription for the bias.

o AﬂgUlar power SpeC’[I’um. Céﬂ P /WE W] (k)P(k)dek

/ je(kr)b(2 )dN(Z) dr

Scut=0.1uJy — AGN =0. =1, =4, Scut=16.68u)y
- SFG
SFG + AGN

Scut=2782.56ujy Scut=10000.oujy

NVSS

Redshift Redshift Redshift Redshift Redshift

[Asorey & Parkinson 2021]




issue ll: N(z)/b(z

The uncertainty on the redshift distribution and bias of the radio populations is one of the

main sources of uncertainty.
Three main approaches:
Use N(z) from “radioized" simulations like T-RECS or SKADS
Cross-id matches with spectroscopic or photometric catalogs (e.g., LoTSS DR1 & DR2)

- Clustering redshifts

C;° = %Jdkk P,(K) W,(k) = [dz b(2) n(z) D@)jlk ()] + WH(k)

Results from EMU PS1 x DES MagLim:
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—-— LOFAR deep fields
COSMOS 3GHz
—— MIGHTEE
—— This work

Use sample with “known redshifts” Assume a functional form for b(z)n(z)
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Example 1: LoTSS DR1 (Alonso et al. 2021) n(z)

normalised n(z)
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Example 2: LoTSS DR2 (Nakonieczny et al. 2024) n(z) « "




issue ll: N(z)/b(z

The uncertainty on the redshift distribution and bias of the radio populations is one of the
main sources of uncertainty.
Three main approaches:
Use N(z) from “radioized" simulations like T-RECS or SKADS
Cross-id matches with spectroscopic or photometric catalogs (e.g., LoTSS DR1 & DR2)
Clustering redshifts

C;° = %Jdkk P,(K) W,(k) = [dz b(2) n(2) D(2)jlk x(2)] + W(K)

Results from EMU PS1 x DES MagLim:

0.7F —— LoTSS DR1 model n(z)
—— LoTSS DR2 model n(z)

0.6

Use sample with “known redshifts” Assume a functional form for b(z)n(z)
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Example 1: LoTSS DR1 (Alonso et al. 2021) n(z)
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Asher et al., in prep:
Top Row: cross-matching results where appropriate conditions are set for EMU, unWISE and DES DR2
catalogues

Bottom Row: cross-matching results when no conditions are set for unWISE or DES DR2 catalogues

WESTERN SYDNEY
UNIVERSITY

EMU-unWISE cross-match ID rates based on a 10.0 arcsec separation

EMU-DES cross-match ID rates based on a 10.0 arcsec separation

unWISE-DES cross-match ID rates based on a 10.0 arcsec separation
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o/

EMU 42.4% complete, 16.4% of EMUCAT regions
supermosaicked (3220 sqg.deg.), first cosmology analysis with
EMU Main Survey in “South Polar Orbital Zone”

EMU Survey Progress and HiPS Image EMUCAT Progress and HiPS Image
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o/

Also considerable overlap with Euclid DR1 (talk to Daniela
Carollo daniela.carollo@inat.it for joint Euclid-EMU projects)

Euclid-DR1, EMU fields, and matched fields

60°

Euclid DR1 coverage (blue)
EMU current validated fields (orange)
* Matched fields (red star symbols)

-75°
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0 SPOZ “Key Papers’

e Continuum Clustering (David Parkinson,  EMU X optical galaxy positions (Chandra Shekhar
Catherine Hale) Saraf)

« EMU x CMB (Kostas Tanidis)  EMU x DES lensing (Maciej Bilicki)

 EMU cross-matching and EMUxEMU » Joint Cosmology Analysis (BKK, Chandra Shekhar
magnification (Albany Asher) Saraf)

EMU source
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