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Synergies between Radio and Optical 
for standard cosmological parameters
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For cross-correlations only, 
we can achieve a BAO 
detectability of SNR= [4.8, 
7.2] for z = [0.43, 0.61] with 
4MOST and SNR=[3.7, 4.1] 
for z = [0.65, 0.8] with DESI. 
Combining DESI with Euclid, 
it will be even possible to 
make a detection at z = 1.0 
and 1.2. 



SKAO with 4MOST
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Already done for short 
paper on synergies 
between SKAO and ESO



Extracting information on largest 
scales with synergies 
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Matarese & Verde 2008, Dalal 
et al. 2008

Credit: Camera et al. 2013
Credit: Stefano 

Zazzera

GR Effects



Continuum Galaxies SKAO

Constraints on Ultra Large Scale Effects

Ferramacho et al. 2014 Gomes et al. 2020
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Photometric Galaxies x HI IM 

JF, Stefano Camera, Mário 
G. Santos & Roy Maartens 

ApJL 2015

Euclid-like
LSST-like

Constraints on Ultra Large Scale Effects
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Photometric Galaxies x HI IM 
Updates for the SKA red book

Bacon et al 2020

Constraints on Ultra Large Scale Effects
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Halpha IM (SPHEREx) x HI IM (SKAO)

JF, Roy Maartens, Mário G. Santos, MNRAS 2018

Constraints on Ultra Large Scale Effects
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Spectroscopic (Euclid or DESI) x HI IM 
(SKAO)

Jan-Albert Viljoen, JF, Roy Maartens, JCAP 2021

Constraints on Ultra Large Scale Effects
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Antisymmetric 
Clustering 
Signals

JF, Chris Clarkson, JCAP 2021
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GR EFFECTS IN LSS @PORTO - 21/06/2022JF, Chris Clarkson, JCAP 2021
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Then one can test the Euler Eq.
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GW

YES!
• Several works have done for when 

redshift is known (see eg Scelfo et al 
2018, etc);

• Libanore et al (2021), angular power 
spectra with first corrections to the density 
contrast;

• Namikawa et al (2021), in 3D space;

Next Generation surveys:

Synergies between Radio and GWs
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Zazzera et al., to appear
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Clustering bias
Constraints from 
cross-correlations 
between an 
ET-like and 
LSST-like surveys
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Doing HI IM MT in practice

Mask

•Define estimators

•Include beam

•do foreground removal using PCA (7 
components)

•Correct for transfer function of the fg_rm

no 
foreground

no 
foreground
no beam

Amadeus Witzemann, David Alonso, JF, Mário G. Santos, MNRAS 2019 (HI IM with Photometric Survey)
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Simulate maps with CoLoRe (logNormal realizations)
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Full analyses

Thinner bins (a la spectroscopic survey)

Amadeus Witzemann, David Alonso, JF, Mário G. Santos
MNRAS 2019 (HI IM with Photometric Survey)
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Summary (Potential main contributions) 

- Physics beyond standard cosmological model (Non-Gaussianity, 
GR effects, null tests of GR);

- Synergies with Optical;
- Synergies with GW:
- Exploration of way to explore the multitracer.
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