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Coming Soon From a 
Spacecraft Near You! 



Correlations

• Cosmological perturbation 
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[Planck Collaboration, 2015]
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Correlations

• Cosmological perturbation 

• Correlation function 

• Power spectrum 

• Example #2: Matter power spectrum
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[SDSS-III BOSS Collaboration, 2012]
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Cross-Correlations

• Cosmological perturbation 

• Correlation function 

• Power spectrum 

• Measurement 
[systematic effects, noise, cosmic variance…]
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• Cosmological perturbation 

• Correlation function 

• Power spectrum
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Weak lensing with the Square Kilometre Array M. L. Brown

Figure 3: As Fig. 1 but for a 3p steradian weak lensing survey requiring 2 years observing time on SKA2.
Also shown for comparison are the n(z) distribution and forecasted power spectrum constraints for the 15000
deg2 Euclid satellite mission.

for 50% of the z < 2.0 population. The forecasts presented in Fig. 4 account for these redshift
uncertainties.

We see from Fig. 4 that even the SKA1-early survey targeting the smallest sky area can provide
competitive constraints on cosmological parameters — the forecasted constraints for the 1000 deg2

SKA1-early survey are a factor of ⇠5 better than the tomographic weak lensing analysis of the
current state-of-the-art CFHTLenS data (Heymans et al. 2013). We also see large improvements in
the constraints obtainable with each subsequent stage of the SKA — the constraints obtainable with
SKA1 are broadly comparable with the KiDS and DES optical surveys while SKA2 is competitive
with Euclid.

Fig. 4 also demonstrates that our nominal choice of target survey areas for the three stages of
the SKA are, broadly speaking, optimal choices from the point of view of constraining these cos-
mological parameters — for SKA1-early the 1000 deg2 survey provides the strongest constraints,
for SKA1 the 5000 deg2 survey performs the best while for SKA2, the 3p steradian survey provides
the best constraints.

2.2 The promise of radio observations to suppress weak lensing systematics

Optical and radio surveys, such as Euclid and/or LSST and the SKA, have a particularly useful
synergy in reducing and quantifying the impact of systematic effects which may dominate each
survey alone on some scales. By cross-correlating the shear estimators from one of these surveys
with those of the other, several systematic errors are mitigated.

We can see this by writing the contributions to an optical (o) or radio (r) shear estimator:

g(o) = ggrav + g(o)int + g(o)sys (2.1)

g(r) = ggrav + g(r)int + g(r)sys, (2.2)

where ggrav is the gravitational shear we are seeking, gint is the intrinsic ellipticity of the object,
and gsys are systematic errors induced by the telescope. If we correlate optical shears with optical

7
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+
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[Brown, SC et al., 2015]
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ABSTRACT
We present the first constraints on cosmology from the Dark Energy Survey (DES), us-
ing weak lensing measurements from the preliminary Science Verification (SV) data.
We use 139 square degrees of SV data, which is less than 3% of the full DES sur-
vey area. Using cosmic shear 2-point measurements over three redshift bins we find
�8(⌦m/0.3)0.5 = 0.81± 0.06 (68% confidence), after marginalising over 7 systematics
parameters and 3 other cosmological parameters. We examine the robustness of our
results to the choice of data vector and systematics assumed, and find them to be sta-
ble. About 20% of our error bar comes from marginalising over shear and photometric
redshift calibration uncertainties. The current state-of-the-art cosmic shear measure-
ments from CFHTLenS are mildly discrepant with the cosmological constraints from
Planck CMB data; our results are consistent with both datasets. Our uncertainties are
⇠30% larger than those from CFHTLenS when we carry out a comparable analysis
of the two datasets, which we attribute largely to the lower number density of our
shear catalogue. We investigate constraints on dark energy and find that, with this
small fraction of the full survey, the DES SV constraints make negligible impact on the
Planck constraints. The moderate disagreement between the CFHTLenS and Planck
values of �8(⌦m/0.3)0.5 is present regardless of the value of w.

Key words: cosmology: observations; cosmological parameters; gravitational lensing:
weak; dark matter; dark energy; large-scale structure of Universe
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ing weak lensing measurements from the preliminary Science Verification (SV) data.
We use 139 square degrees of SV data, which is less than 3% of the full DES sur-
vey area. Using cosmic shear 2-point measurements over three redshift bins we find
�8(⌦m/0.3)0.5 = 0.81± 0.06 (68% confidence), after marginalising over 7 systematics
parameters and 3 other cosmological parameters. We examine the robustness of our
results to the choice of data vector and systematics assumed, and find them to be sta-
ble. About 20% of our error bar comes from marginalising over shear and photometric
redshift calibration uncertainties. The current state-of-the-art cosmic shear measure-
ments from CFHTLenS are mildly discrepant with the cosmological constraints from
Planck CMB data; our results are consistent with both datasets. Our uncertainties are
⇠30% larger than those from CFHTLenS when we carry out a comparable analysis
of the two datasets, which we attribute largely to the lower number density of our
shear catalogue. We investigate constraints on dark energy and find that, with this
small fraction of the full survey, the DES SV constraints make negligible impact on the
Planck constraints. The moderate disagreement between the CFHTLenS and Planck
values of �8(⌦m/0.3)0.5 is present regardless of the value of w.
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vey area. Using cosmic shear 2-point measurements over three redshift bins we find
�8(⌦m/0.3)0.5 = 0.81± 0.06 (68% confidence), after marginalising over 7 systematics
parameters and 3 other cosmological parameters. We examine the robustness of our
results to the choice of data vector and systematics assumed, and find them to be sta-
ble. About 20% of our error bar comes from marginalising over shear and photometric
redshift calibration uncertainties. The current state-of-the-art cosmic shear measure-
ments from CFHTLenS are mildly discrepant with the cosmological constraints from
Planck CMB data; our results are consistent with both datasets. Our uncertainties are
⇠30% larger than those from CFHTLenS when we carry out a comparable analysis
of the two datasets, which we attribute largely to the lower number density of our
shear catalogue. We investigate constraints on dark energy and find that, with this
small fraction of the full survey, the DES SV constraints make negligible impact on the
Planck constraints. The moderate disagreement between the CFHTLenS and Planck
values of �8(⌦m/0.3)0.5 is present regardless of the value of w.
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If you can think of something, it will probably be a lensing systematics.
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We present the first constraints on cosmology from the Dark Energy Survey (DES), us-
ing weak lensing measurements from the preliminary Science Verification (SV) data.
We use 139 square degrees of SV data, which is less than 3% of the full DES sur-
vey area. Using cosmic shear 2-point measurements over three redshift bins we find
�8(⌦m/0.3)0.5 = 0.81± 0.06 (68% confidence), after marginalising over 7 systematics
parameters and 3 other cosmological parameters. We examine the robustness of our
results to the choice of data vector and systematics assumed, and find them to be sta-
ble. About 20% of our error bar comes from marginalising over shear and photometric
redshift calibration uncertainties. The current state-of-the-art cosmic shear measure-
ments from CFHTLenS are mildly discrepant with the cosmological constraints from
Planck CMB data; our results are consistent with both datasets. Our uncertainties are
⇠30% larger than those from CFHTLenS when we carry out a comparable analysis
of the two datasets, which we attribute largely to the lower number density of our
shear catalogue. We investigate constraints on dark energy and find that, with this
small fraction of the full survey, the DES SV constraints make negligible impact on the
Planck constraints. The moderate disagreement between the CFHTLenS and Planck
values of �8(⌦m/0.3)0.5 is present regardless of the value of w.
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vey area. Using cosmic shear 2-point measurements over three redshift bins we find
�8(⌦m/0.3)0.5 = 0.81± 0.06 (68% confidence), after marginalising over 7 systematics
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results to the choice of data vector and systematics assumed, and find them to be sta-
ble. About 20% of our error bar comes from marginalising over shear and photometric
redshift calibration uncertainties. The current state-of-the-art cosmic shear measure-
ments from CFHTLenS are mildly discrepant with the cosmological constraints from
Planck CMB data; our results are consistent with both datasets. Our uncertainties are
⇠30% larger than those from CFHTLenS when we carry out a comparable analysis
of the two datasets, which we attribute largely to the lower number density of our
shear catalogue. We investigate constraints on dark energy and find that, with this
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Outline

• Synergies: Why and How? 

• Synergies vs Systematics: Radio-Optical Synergies for Cosmic Shear 

• Synergies vs Cosmic Variance: Multi-Tracing Galaxy Number Counts
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• Proxy of the matter power spectrum

f(t,x) ! �g(t,x) = bg(t)�(t,x)



Galaxy Number Counts

Stefano Camera               Multi-Wavelength Synergies for Radio Surveys            ICTP June 2016

• Proxy of the matter power spectrum

f(t,x) ! �g(z, n̂) =
ng(z, n̂)� n̄g(z)

n̄g(z)



Galaxy Number Counts

Stefano Camera               Multi-Wavelength Synergies for Radio Surveys            ICTP June 2016

• Proxy of the matter power spectrum

f(t,x) ! �g(z, n̂) =
Ng(z, n̂)� N̄g(z)

N̄g(z)



Galaxy Number Counts

Stefano Camera               Multi-Wavelength Synergies for Radio Surveys            ICTP June 2016

• Proxy of the matter power spectrum
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• Proxy of the matter power spectrum 

• Newtonian density fluctuations 

• redshift space distortions 

• lensing 

• gravitational redshift, time delays, Sachs-Wolfe and integrated Sachs-Wolfe

Ng(z, n̂)� N̄g(z)

N̄g(z)
/ �⇢(z, n̂)

⇢̄(z̄)
� d⇢̄

dz̄

�z(z, n̂)

⇢̄(z̄)
+

�V (z, n̂)

V (z)
[Yoo, 2010; Bonvin & Durrer, 2011; 

Challinor & Lewis, 2011; Bertacca et al., 2012]



• Relativistic corrections
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Galaxy Number Counts
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• Relativistic corrections 

• Primordial non-Gaussianity 

• Predicted in many scenarios of inflation 

• Tightest available constraints from CMB

P �(k, z)



Galaxy Number Counts

Stefano Camera               Multi-Wavelength Synergies for Radio Surveys            ICTP June 2016

• Relativistic corrections 

• Primordial non-Gaussianity 

• Predicted in many scenarios of inflation 

• Tightest available constraints from CMB

P �(k, z)

P g(k, z)



Galaxy Number Counts

Stefano Camera               Multi-Wavelength Synergies for Radio Surveys            ICTP June 2016

P �(k, z)

P g(k, z)

fNL > 0

• Relativistic corrections 

• Primordial non-Gaussianity 

• Predicted in many scenarios of inflation 

• Tightest available constraints from CMB



Galaxy Number Counts

Stefano Camera               Multi-Wavelength Synergies for Radio Surveys            ICTP June 2016

• Relativistic corrections 

• Primordial non-Gaussianity 

• Predicted in many scenarios of inflation 

• Tightest available constraints from CMB

P �(k, z)

P g(k, z)

fNL > 0



Galaxy Number Counts

Stefano Camera               Multi-Wavelength Synergies for Radio Surveys            ICTP June 2016

• Relativistic corrections 

• Primordial non-Gaussianity 

• Predicted in many scenarios of inflation 

• Tightest available constraints from CMB

P �(k, z)

P g(k, z)

fNL > 0



Accessing the Largest Scales

Stefano Camera               Multi-Wavelength Synergies for Radio Surveys            ICTP June 2016

• Probe huge volumes 
[high sensitivity at high-z over large sky areas] 

• Beat cosmic variance 
[we have only one Universe to observe!] ?

[SDSS-III BOSS Collaboration, 2012]

????
?

?
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• Comparing the relative clustering of different populations of tracers
[Seljak, 2009; Seljak & McDonald, 2009]
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[Fonseca, SC, Santos & Maartens, ApJ Lett. 2015]
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Horizon Scales Matter!
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• Neglecting horizon-scale effect could undermine future cosmological 
experiments’ accuracy
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• Neglecting primordial non-Gaussianity [SC, Carbone, Fedeli & Moscardini, 2015]
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Horizon Scales Matter!
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• Neglecting relativistic effects

Biased reconstructed best fit

[SC, Maartens & Santos, MNRAS Lett. 2015]
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Summary
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• Great time for synergies between radio surveys and cosmological 
experiments at other wavelengths 

• Cross-correlations valuable for: 

• Cross-check validity of cosmological results 

• Removing/alleviating contamination from systematic effects 
[e.g. radio-optical cosmic shear] 

• Helping in accessing signal buried in noise/cosmic variance 
[e.g. multi-tracer technique for horizon-scale effects]



Thank You!
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