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Precision weak lensing to probe accelerated expansion 
is key science driver for Euclid.

• Example error forecasts for 
15000 square degrees, 30 
galaxies per sq. arcmin, 3 
broad tomographic z-bins.
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How accurate do we need to be for “precision cosmology”? 

• “Easily” discriminate 
between model with w = -1.0 
and w = -0.7.  
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Controlling systematics will be key:

• Cosmology is becoming a systematics-limited science. 

• In addition to exquisite precision, we will need exquisite control 
of instrumental and astrophysical systematic effects.  

• Major systematics for weak lensing:

★ Instrumental systematics mimicking a cosmic shear signal. 

★ Inaccuracies in photo-z measurements biasing and/or degrading 
cosmological constraints. 

★ Intrinsic galaxy alignments contaminating a cosmic shear signal. 

• Including information from radio surveys with the SKA can 
potentially help with all of these concerns (e.g. precise redshift 
estimates for subset of galaxies from 21cm line SKA observations).

4/18



• In general, the observed ellipticity is composed of the lensing-induced 
ellipticity, the galaxy’s intrinsic shape and instrumental systematics:

• Cross-correlating optical and radio-based shear estimates:

Jarvis & Jain (2008); Patel et al. (2010)

Cross-correlation of optical and radio shear estimates:
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• Orientation of integrated polarized emission is unaffected by grav. lensing. 

• Radio polarization traces intrinsic structural orientation of galaxy:

Radio polarization as a proxy for intrinsic orientation

e.g. Kronberg et al (1991); Dyer & Shaver (1992); Faraoni (1993); Sereno (2005) 

(Brown & Battye 2011a, 2011b)

* See also Stil et al. (2009)

Berkhuijsen, Beck & Hoernes (2003)
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(Brown & Battye 2011a, 2011b)

• Radio polarization provides estimate of galaxy’s intrinsic orientation.

• Subtract this from shear estimate to suppress intrinsic alignments and 
reduce galaxy shape noise:

Shear uncertainty in 
standard analysis: 

Radio polarization as a proxy for intrinsic orientation
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orientation relationship No. of galaxies with 
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(Brown & Battye 2011a, 2011b)

Radio: Optical: 

• Cross-correlating corrected optical and radio-based shear estimates:

• Use radio polarization to subtract intrinsic ellipticity so that corrected 
estimators measure:

Radio polarization as a proxy for intrinsic orientation
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(Brown & Battye 2011a, 2011b)

Radio: Optical: 

• Cross-correlating corrected optical and radio-based shear estimates:

Cosmic shear 
signal

GI lensing 
interference terms

if γ   =  γ  ii
o r

• Use radio polarization to subtract intrinsic ellipticity so that corrected 
estimators measure:
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Radio polarization as a proxy for intrinsic orientation



Standard analysis 
biased by intrinsic 
alignment 
contamination 

Contamination 
removed using new 
technique with no 
degradation in 
constraining power

x = input model Brown & Battye (2011) MNRAS, 410, 2057
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Mitigating biases in cosmological parameters



SKA Phase-1 (construction starts 2018):

• SKA1 System Baseline Design: 

★ SKA1 - low: 50 - 350 MHz (aperture arrays)

★ SKA1 - mid: 350 - 3050 MHz (dishes with single pixel feeds):

★ SKA1 - survey: 650 - 1670 MHz (dishes with phased array feeds):

‣ 64 MeerKAT dishes & 190 SKA-1 dishes
‣ @1.4 GHz: beam FWHM ~ 0.5”; FOV ~0.75 sq. degs 

‣ 36 ASKAP dishes & 60 SKA-1 dishes
‣ @1.4 GHz: beam FWHM ~ 0.9”; FOV ~36 sq. degs 

• Better resolution with SKA1-mid but faster survey speed (~ x4) 
with SKA1-survey.

• Depending on number counts & survey length, could reach 
number densities ~10 gals arcmin   over few thousand sq. degrees.  -2
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Key questions for these techniques:

• Number density of galaxies at the faint (μJy) radio fluxes that will 
be probed by SKA surveys.

• Fraction of galaxies that will be visible (and whose shapes can be 
measured) in both optical and radio surveys? 

• Polarization properties of radio galaxies at μJy fluxes? 

★ Typical polarization fraction? (~ a few % for local spiral 
galaxies, Stil et al. 2009). 

★ How well does polarization trace the structural position 
angle? (rms ~10-20 degrees for local sample, Stil et al. 2009).

• Investigate these questions over the next few years with the 
SuperCLASS survey.
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• An e-MERLIN legacy survey to demonstrate radio weak lensing techniques 
and act as pathfinder for weak lensing studies with SKA. 

• Observe a supercluster region to increase 
signal-to-noise.

• Complement with JVLA data to fill in short 
baselines. 

• Optical data (B, V, R, i, z) obtained with 
Suprime-cam / Subaru. CFHT / WIRCam 
(K-band) imaging forthcoming.

• Aim to achieve a flux rms of 4 μJy/beam over 1.75 deg  at L-band (1.4 GHz). 2

• Resolution ~ 0.2”, source density ~ 1-2 arcmin  . -2

SuperCLuster Assisted Shear Survey (SuperCLASS):
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Status of radio observations:

• One full 12-hour track observed centred on A981.

• Full survey: 230 4-hour pointings on 6 arcmin grid.  FOV/pointing: 30 arcmin.

• 7-element mosaic test observation (1-hour per pointing) around A981. 

(Neal Jackson)

• LOFAR data already obtained, JVLA proposed for Semester 14A. 
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First few sources imaged in test eMERLIN observations:

• More will appear in unaveraged data.
• Averaged data (1 MHz channels, 5 arcmin FOV).

(Neal Jackson)
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SuprimeCam coverage map

SuprimeCam 
pointings

eMERLIN 
pointings

B V R i z

Six 27‘x34’ pointings (shown at right) with 0.7-1.0” 
seeing. BVRi-bands were 100% completed, z-
band was 50% completed.
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The SuperCLASS Field was observed by the Subaru 
Telescope’s SuprimeCam in February 2013.
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Slides from Caitlin Casey
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Status of optical data:



SuprimeCam coverage map
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Status of optical data:



SuprimeCam 
pointings

eMERLIN 
pointings

1.5’ x 3.0’ zoom-in

i-band

Slides from Caitlin Casey
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Status of optical data:

SuprimeCam coverage map



• Joint analyses of overlapping optical and radio surveys offer unique   
advantages for dealing with key issues in precision weak lensing:
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Summary

★ Cross-correlation to suppress instrumental systematics. 

★ Precise redshifts from 21cm line observations.  

★ Radio polarization to reject intrinsic galaxy alignments. 

• SKA Phase-1 and Euclid on similar timescales offer exciting opportunity to 
exploit these techniques.  

• Testing these techniques on real data now with the SuperCLASS survey.  

• Other opportunities for synergy (no time here): 

★ 21cm rotational velocities for intrinsic shapes (Morales 2006). 
★ Lensing tomography of high-z 21cm fluctuations (e.g. Cooray 
2004, Pen 2004, Zahn & Zaldarriaga 2006). 



END



• Five (fairly weak) Abell clusters in a 1.77 sq. degree region - one of the most 
complex fields this size in the northern sky.  

Target field:
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Simulated performance

• Simulated mass maps based on numerical sims & e-MERLIN noise levels.  

Input signal

Smoothed input signal

Standard analysis e-
MERLIN

Polarization analysis e-
MERLIN

Standard analysis 
SKA

Polarization analysis 
SKA

(Brown and Battye, 2011, ApJL, 735, 23)

• e-MERLIN reconstructions assume N = 1.5 arcmin  and α    = 7 degs.  -2
rms
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Radio weak lensing searches to date

• Chang, Refregier & Helfand (2004) detected a cosmic shear signal in the 
VLA FIRST survey:

• 5 arcsec resolution.

• S   (5σ) = 1 mJy.

• ~20 sources / square degree over 10,000 sq.  degrees.

• 3σ cosmic shear detection. 

lim

• Patel et al. (2010) performed weak lensing analysis of combined deep 
VLA + MERLIN observations of HDF-North:

• 0.4 arcsec resolution.

• S   (5σ) ~ 50 μJy.

• ~1 - 4 sources / square arcmin depending on cuts applied.

• Only ~70 sq. arcmins survey area so no detection possible.

lim

• To move field forward, ideally we’d like to combine large areas, high 
angular resolution and high sensitivity....
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