
Cosmology opportunities at 1Ghz and 
below with wide FOV with the SKA.



Outline of the talk

• Science opportunities below 1GHz we can 
achieve

• Links to the design and engineering.





Predictions of measuring neutrino masses 
with SKA + CMB: from 2007.

Message to understand, the statistics 
for datasets in cosmology moves 
slowly if there is not a technology step
Or  novel idea!

Photometric redshifts or Space 
missions can attempt this, but there 
are potential problems…



SKA is a Hydrogen detector







Looking back in time in the Universe

FLAT GEOMETRYCREDIT: WMAP & SDSS websites



Looking back in time in the Universe

CLOSED GEOMETRY



Looking back in time in the Universe

CREDIT: WMAP & SDSS websites



Optical: stars are always a problem

In the optical stars require 
corrections for theta larger than
A couple of degrees!!!!

BAO features are ~ few degrees
Large scales for f_NL features are 
~ 100s degrees 



There is a lot more than can be done… with 
other techniques before a fully capable 
SKA2!

• Aperture arrays, PATHs and SKA1 will be able to 
perform intensity mapping experiments.

• Most of the statistical power from the above can 
be done much if intensity mapping is successful

• Combining radio and optical photo-z data will 
allow for the best calibrated cosmology dataset.

• SKA will also be able to measure the weak lensing 
signal form galaxies.



Intensity mapping, continuum surveys  and 
Photometric redsfhits.

And continuum



Intensity mapping



Experiments

- HIREX(SA)





Intensity mapping:
for SKA1 we require 
autocorrelations.

One can achieve the same statistical 
power with intensity mapping 
however we require to be able to 
calibrate autocorrelations if we have 
dishes…. If we have aperture arrays, 
we can cross correlate elements of a 
station in some redshift ranges. 

Bingo is a ~40m dish, compared to 
one MFAA station…



• One message to come is that an 
SKA MFAA demonstrator would be 
able to do science in a competitive 
way (just not the highlighted 
science that justifies the entire 
SKA2 design.

• For comparison a station for MFAA 
would be comparable to Bingo…

• The aim is to learn how to perform 
the experiment in advance…

• Learn how to deal with tricky parts 
of the analysis (foregrounds)

• BINGO is mostly funded (Brazil 
approved already 3M dollars), site 
in Uruguay, receiver and horn 
design from Manchester.



Need to consider correlations between 
elements between stations, i.e. maybe 
break stations in bits…



How will we know the redshift distribution for these galaxies?



Project mass distribution once again 

Window Function 

Weight 



McLeod, Balan & Abdalla 16

With intensity mapping and galaxy surveys 
one can calibrate statistically calibrate the 
positions of continuum and weak lensing 
galaxies to one part in 1000 IF there is a 
redshift overlap…. Hence the lower 
frequencies are important!

Currently a complex problem… takes ~1 
weeks on a supercomputer with ~1000 
cores for only 3 redshift bins…



What to use: Galaxies or IM?

• Ultimatelly both, galaxies 
are harder to obtain but are 
much more reliable tracers 
with less systematic effects.

• IM is much more powerful 
statistically.

• There is more information at 
smaller scales with galaxies.

• We use different parts of the 
data to deal with each 
sample. 



How to relate this to 
engineering for 
MFAA/SKA2?



Cosmic variance 
of the power spectra:

Important region

Can probably do without

Measurement error is 
dominated by  

blue -> statistical 
nature of fluctuations, 

black -> number of 
galaxies measured.



Remind ourselves Why the requirements are 
there… and THINK are we doing the right 
thing!!!:

• First estimates of requirements for 
cosmology from Abdalla and 
Rawlings 05.

– Assume constant A/T_sys…!!
– Trade off this with FOV
– Idea was to consider technologies….
– No guess of shaping the A/T_sys…

• So requirements aside!!!
• Should these remain constants?!

– This is a physics requirement 
problem, not an engineering one



Lessons for design:



What is the optimal solution for the survey 
speed?

• To first order you want to detect, in the same time the 
same objects whether they are placed at any 
redsfhits..

– Below equation for the relation between the mass detected at 
a give redsfhit for a given circular velocity a given signal to 
noise and a given exposure time.

• So the short answer zeroth order answer is that you 
want a scaling with the luminosity distance squared.

• To higher orders, this will depend on the size of the 
galaxies, the array distribution, for intensity mapping 
it will depend on the rms fluctuations, bias, omegaHI..

• However caveats: what does the beam look like?
What



Conclusions

• The current status of the cosmological background.
• Oportunities for cosmology below GHz.

– Measuring neutrino masses
– Measuring dark energy
– Measuring the larger scales in our Universe
– Calibrating optical and continuum surveys

• Some pathfinders have similar collecting areas as a 
science demonstrator.

• Best designs what can be done with pathfinders
– Remind ourselves where do designs and requirements come from!
– Designs that prioritise low frequency good data
– Potential for sparse designs to improve on where data will be 

sparse.
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