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e rpy  Weak Lensing Cosmology

e Requires: / O O * O )

— Exquisite .
No ellipticity Cosmic shear Galaxy ellipticity Observed ellipticity

systematics control e=0 v~ 0.05 e-04 Galaxy

— 1+ galaxies per

Cosmic shear
arcmin? over 0008w, cobs = Cintrinsic TY
deg? (€obs) = ¥

 Therefore optical /
near-IR experiments
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CARDIFF - Radio Weak Lensing

ovrDe  Motivation from SKA(O)

* Number density of resolved galaxies in
current radio surveys too low

 SKA will do surveys capable of WL cosmology
— 3-10 galaxies arcmin™ over 5k-30k deg?

-

Surveys close to these will be done with
SKA anyway, although there are
L optimisations for weak lensing )
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CARDIFF - Radio Weak Lensing

ovrDe  Motivation from SKA(O)

 Weak lensing will use SKA-MID
« 350-1760 MHz frequencies
 ‘Resolution’ of ~0.1 arcsec

e SKA Phase 1
— Cost cap € 600m
— Firstidea ~1990, design solidified 2017
— Collaboration of 14 countries

— Construction has begun!
~2030 large surveys

— 194 15m dishes

« &) The full SKAZ)

— ~203b+
— ~2000 dishes
— Longer baselines across Africa



http://arxiv.org/abs/1811.02743
http://arxiv.org/abs/1811.02743
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Ciroe  SKAO Cosmology Forecasts

« SKA Phase | weak
lensing comparable in 0.9
power to Stage Il
surveys such as DES,
KIiDS, HSC

* Radio-optical cross-
correlations keep
statistical power, gain
robustness to
systematics 0.2 0.3 0.4

—— SKA1xDES
B SKAl
B DES

08

Fo¥r) = (v1) + (Vo) + (¥7) + (Vo)


http://arxiv.org/abs/1601.03947
http://arxiv.org/abs/1811.02743
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R SKAO Cosmology Forecasts

* Full SKA (SKA2)

: 0.9
comparable in power —— SKA2x Buclid
to Stage IV surveys o A

such as Euclid, LSST

0.8 - \

08

0.7 1
0.2 0.3 0.4
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R SKAO Cosmology Forecasts

e Full SKA (SKA2)

0.9

comparable in power —— SKA2x Buclid
to Stage IV surveys o A
such as Euclid, LSST ‘I \

0.82 A Bl SKA2
B Fuclid
& 0.80 -

0.78 - 0.2 0.3 0.4

0.28 0.29 0.30 0.31 0.32


http://arxiv.org/abs/1601.03947
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SKAO Cosmology Forecasts
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 Radio-optical cross-correlations keep statistical power,
gain robustness to systematics

Cross-correlation
remains at input

10

8_

6_

'aN
1

Additive Systematics

cosmology

I
I
I
1
I
I
1
I
I
e i
< < :‘.. |
< NS I
p) LY
G‘ ~ |
b Y
. X
< LY
* -
‘Q “
NN N
_____________ \ e ——
- ‘\
. s\ o
e Radio . ! Y
< N\
o LY
e Optical N “
°
e Radio x Optical : LY
I - k
T | Ll 1 T
) —4 -3 -2 -1 0 1
wo

Wq

Multiplicative Systematics

4 1
: e Radio
! ® Optical
219 : ® Radio x Optical
: ® Self-calibration Total
I N
)
i
I
I
_9 I
1
i
| \
1
N : \
|
|
|
—6 T : T T T
-2.0 —-1.5 —1.0 -0.5 0.0 0.5

Radio-radio +
optical-optical +
radio-optical
allows for self-
calibration



http://arxiv.org/abs/1606.03451
http://arxiv.org/abs/1811.02743
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CARDIFF - Radio Weak Lensing

Giroe A Brief History

 Big leap from tentative . 85T i
detections to Stage 4 s Stade 4
‘precision cosmology’ 5 10° 4 -ﬁ?}% e
surveys '% 107—§ JCFHTLens -

(36 10° 4 Stage 2

* Pre 2010, design a = 10| *fousoan
bespoke Stage 1 ST et
‘discovery’ survey: ] S ASS PR
SU pe ( CL ASS 102 - . oSuperCLASS-DR1

102[?00 2()'10 20I20 2()'30 20I40

Year
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CARDIFF - Radio Weak Lensing

Giroe A Brief History

S o™

* Big Iea_p from tentative ] 8 <& i
detections to Stage 4 BOA &e es S s
‘precision cosmology’ . 10¢ e°0 oK% o
Surveys 5 1?{ &N\ JCFHTLens Sase?

g 1 06 a | Stage 2
+ Pre 2010, design a Tl e P S
bespoke Stage 1 < Stage |
] , 10 .SupchLASS
‘discovery’ survey: .
SuperCLASS £
102 SOEN | |
2000 2010 2020 2030 2040

Year



Slides available at http://bit.ly/ianh_tosca24

(CARDIFF

. NEW — FOorecast updates

(CARRDYD

B Euclid selfcabration B Cross selfcabration

° Re-done 2016 fo recaStS Il SKA selfcabration Il Total selfcabration
with SKA1(AA4) x Euclid = —T

 (Cross-correlations
calibrate additive and
multiplicative
systematics
— Show explicitly with
MCMC chains (previously

by construction with o °
Fishers)

1 0.30
4028 O
o

10.26

1 : 1 i
0.25 0.30 0.805 0.830 0.855
Q¢ Osg Ingrao et al (in prep.)



CARDIFF Slides available at http://bit.ly/ianh_tosca24

UNIVERSITY
PRIFYSGOL

CAFRDYD

Radio Weak Lensing

PROMISES



Slides available at http://bit.ly/ianh_tosca24

CARDIFF - Radio Weak Lensing

PRIFYSGOL

CARDY® Promises

10° ¢ . . | |

' DES _
—  Buclid—like |
- - SKA1 '
10! b SKA2

Highly deterministic PSF

Long tail in source
redshift distribution

* Large sky areas
accessible from the
ground

10° b

Galaxy Number Density dng,/dz [arcmin™?]

Redshift z



http://arxiv.org/abs/1501.03828
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CARDY® Promises

 Extra information in
the radio can
mitigate intrinsic
alignments

— Polarisation s sate coi woitaker et a1 201s)

— HI rotational
velocities

, Huff et al (2015)



https://ui.adsabs.harvard.edu/abs/2011MNRAS.410.2057B/abstract
https://ui.adsabs.harvard.edu/abs/2015MNRAS.451..383W/abstract
https://ui.adsabs.harvard.edu/abs/2006ApJ...650L..21M/abstract
https://ui.adsabs.harvard.edu/abs/2014AAS...22324511H/abstract
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crpv Challenges

* |nterferometer data: PSF highly complicated

* MNd~0.1 arcsec implies d ~100 km

* Instead correlate signals from dishes
~100 km apart

 Each combination gives one
Fourier mode

— d large gives small scales in image
— d small gives large scales in image

* N(N-1) combinations and Earth
rotation gives many samples of
Fourier plane
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ovrDe Challenges

Get this PSF in
real space (log scale)

Get data at these locations in

Observe with these dishes in
Fourier space

real space

Jodrell Bank Lovell

Jodrell Bank Mk2




Slides available at http://bit.ly/ianh_tosca24

CARDIFF - Radio Weak Lensing

PRIFYSGOL

cerpyy Challenges

Observe with these dishes in  Get data at these locations in Get this PSF in
real space Fourier space real space

Jodrell Bank Lovell

Jodrell Bank Mk2

| | |

—10 -5 0 5 10 15
Offset [arcsec]
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cerpyy Challenges

True sky is unknown and under-
constrained

— PSF sidelobes extend across sky
— flux from all sources mixed together
— local in image non-local in Fourier

* Deconvolution algorithms exist but

are non-linear, so true PSF hard to Lo
determine 08}
0.6 F

Precision weak lensing shape 04l

measurement will be hard!

0.2 F

0.0}

*0'315 ~10 =5 0 5 10 15
Offset [arcsec]
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crpv Challenges

* Source redshifts are hard due to (nearly) featureless
spectrum

— Without tomography lose
lots of constraining power!

— Synchrotron emission
from star forming
galaxies

— Could try ‘forced’ fitting
of HI lines wetapun

— Otherwise rely on cross-matches
In near-IR, optical

1.42 GHz

log,,(Radio Flux @)

log,o(Frequency v)


https://arxiv.org/abs/1704.08278
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PAST EFFORTS



. ; : Slides available at http://bit.ly/ianh_tosca24
CARDIFF - Radio Weak Lensing

PRIFYSGOL

crDve A Brief History

 Sole radio weak lensing
detection in 2004

* Measure shapes in Fourier

plane from VLA FIRST survey 651076 N T ,
— Not designed as a weak lensing N RN I ?
survey 4x1076 |7 S NN ST - N
— Low number density, butvery < - - T T :
wide = 1oy T % . :
. Y 9 I T St S E ]
* Make a 3.00 to 3.60 detection of g R v 3.60deteéfion'éf\‘i:-%?f?r:—?—%m
an aperture mass variance i lensing E-mode ]
across survey —2x10-6[" | | .

* Detection significance increases 100 | 1000

when low-redshift sources 0 larcmin]

removed (Chang Refregier & Helfand 2004)


https://ui.adsabs.harvard.edu/abs/2004ApJ...617..794C/abstract
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o DEVElopments — Observations
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* SDSSxFIRST

— 2.70 0n cross-power
Spectrum (pemetroullas & Brown 2016)

— 100 on galaxy-galaxy lensing
(Demetroullas & Brown 2017)

O - = .] 0 2(;0 4(I)O 6(I)0 8(;0 10IOO 1200
e ,.. ’ 8 (arcsec)
* JVLA'COSMOS gz o1 I I.1. 5
— 4.70 on radio-optical shape _~ & | ", o ] a1
correlation (unbridge et al 2016; Hiliier et al 1518 _l.:l-' m = ||t
2019) - = i ]
—90 - : 4.’— , 0
afPtie! fdog]
 SuperCLASS DR1
o

_ Upperlimiton% 1
(Harrison et al 2020) :



https://arxiv.org/abs/1507.05977
https://arxiv.org/abs/1610.03492
https://arxiv.org/abs/1607.02875
https://arxiv.org/abs/1810.01220
https://arxiv.org/abs/1810.01220
https://arxiv.org/abs/2003.01736
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The SuperCLASS Survey
Survey Design

Observe field at same
frequencies with US-based
JVLA telescope, UK-based
e-MERLIN

Complementary baseline
lengths

Cover relevant parts of the
-ourier plane for weak
ensing shear signal

deally, would combine data
In Fourier space

— This is hard due to real world
foibles with the data

Slides available at http://bit.ly/ianh_tosca24

1.0 GHz Angular size [arcsec]

102 10t 10°
=== Shear Signal
JVLA
g - e-MERLIN
2 6 7
£
< 4
-"'"
0

2.0 2.9 3.0 3.9 4.0 4.5 5.0 2.9
log1o(Baseline length [m])

Battye + IH et al (2020)


http://arxiv.org/abs/2003.01734
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ovrpe DRI Results

* Optical data allows detection of clusters and
weak lensing signal

—4

4 7/ Cluster Expectation

~77 Band Powers

X
—_
o

68.5

=
= =
— 68.0 7
N ey o
— 8 \ V4 A= Lz XY =
+ 1 -\ Ve ¢ 5
< 67.5 N7, b T, oy
E\—: //\\/\\|\
0 - = J - =By |
\ K/ I'EaXR
_ 1 [ T I B 1 [ | 11 670 2 - -
2 3 4
o 10 10 157 156

4 RA [deg]


http://arxiv.org/abs/2003.01736
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CARDIFF - The SuperCLASS Survey

ovrpe DRI Results

* Radio shapes for 440 sources in the 0.26 deg?
(~0.47 arcmin2)

e ...too much shape noise for detection of radio or
radio-optical shear power spectrum

%1073 Optical-Optical X 103 Radio-Optical



http://arxiv.org/abs/2003.01736
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The SuperCLASS Survey
Progress on DR2

DR2 data
combination
between JVLA and e-
Merlin adds
sensitivity to small
scales and improves
PSF

Looks like improve
to ~0.7 gal arcmin
over 0.75 deg?

JVLA (DR1)

Slides available at http://bit.ly/ianh_tosca24

e-MERLIN Combination DR2
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cRrp Precursor & Pathfinder Surveys

e Can we do weak

. . 0.012 A
lensing with other
surveys? 0.0101
—1_____
0.008 A
I B
o
Images do not agpear = 1
reliable enough(?) - —
0.004 A [
[ racs_drl_sources_galacticcut_v2 —
1 racs_mid_sources_v01
[ 1 MIGHTEE_Continuum_Early_Science_COSMOS_rOp0 0.002 7
[—1 MIGHTEE_Continuum_Early_Science_COSMOS_r-1p2
1 LoTSS_DR2_v110_masked 0.000 T | |
[J LoLSS_DR1._vl 0 20 100 150
1 MIGHTEE_Continuum_Early_Science_XMMLSS_rOp0_circ Deconvolved Position Angle of ‘resolved’ sources

DC_PA [deg]
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 Patel et al 2015 looked at SKA1-Mid simulations

* Find m, c biases factor >10 too large from images made
using traditional deconvolution methods

— Some promise of uv-plane shapelet methods used in Chang et al
2004
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 SuperCLASS shapes measured in real space JVLA-only
images using ‘SuperCALS’

— Calibration simulations on a source-by-source basis

— Inject ‘ring test’ of simulated sources onto CLEAN residual image
— Measure recovered linear bias model

— Apply correction to shape measured in real image

CLEAN

Model Model + Residual
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ovrDe Progress on DR2

* Rivi & Miller since produced
uv-plane fitting methods

(as well as image-plane method from DR1)

— Faceting to reduce necessary Radilens SUPERCALS

number of simultaneous fits = - Visibility-plane .~ Image-plane
Rivi & Miller (2018) ! 05 -

— lensfit-style marginalisation
over nuisance parameters

— See also Hamiltonian Monte
Carlo approach

Rivi + IH [ (201

o
&n

0.0 4

—0.5 1

Recovered ellipticity

4
T T T —1.0 T T T
1.0 —0.5 0.0 0.5 1.0 —-1.0 —0.5 0.0 0.5 1.0

’ H.ave Co_mpare_d on the same | Simulated ellipticity Simulated ellipticity
simulations with SuperCALS

for SuperCLASS DR2



https://ui.adsabs.harvard.edu/abs/2018MNRAS.476.2053R/abstract
http://arxiv.org/abs/1805.06799
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FUTURE WORK
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o 2025 Science Book

(CARRDY®D

* Propose 2 RWL chapters

— Cosmic Shear Forecasts

e Could also include WL beyond 2pt, beyond total
intensity shape measurements, more?

* A comparison of multiple RWL shape measurement
algorithms on the same simulations

e Deadline:

— A broad kernel from 28 February 2025 to “late
2025”7
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= SiMulation Configuration
* uvcoverage of Rivi et al 2019 800 : : —
—  SKA1-Mid (AA4)
— 8h track, ~zenith, 1.4GHz, 1 broad channel 600 |

— 6.4Gb per measurement set

* Source catalogue from T-RECS (Bonaldi et al 2019) 400
cut to be nice (“Nice Cut”?)

— SFGs only 200 |
— Realistic ellipticity, size distributions
— Dynamic range 10 (i.e. SNR 10-100)
 Simulation of visibilities via simuclass / CASA
— Verified to match Marzia’s own simulations
* Noise regimes
— Low noise SNR 100-1000
— ‘Realistic’ noise SNR 10-100
* Provide as a measurement set
* Provide truth catalogue ~800

v (k))
o

=200}

-400}

-600

00 —600 —400 —200 O 200 400 600 800
u (k)
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CARDIFF - gKA Weak Lensing

ovrDe  AA* Array

* Nov 23 SKAO

“Staged DeIiverv Memo” AA* array layout AA4 array layout

* New AA* deployment
configuration
— Fewer antennae than AA4 . - - .
design configuration ‘ B * R
— Particularly on >40km Lo
baselines

 AA* not good(!) for weak ,
lensing 80 -40 0 40 80 -80 -40 0 40 80

* AND any science case which X (km)
requires source classification



https://www.dropbox.com/scl/fi/09i1u6qv4zm0yeswa3cl6/SKAO-TEL-0002299_01_staged_delivery.pdf?rlkey=y1px17r14abeduff9btrsy5f4&e=1&dl=0
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CARDIFF - gKA Weak Lensing

ovrDe  AA* Array

« Nov 23 SKAO
“Staged Delivery Memo”

* New AA* deployment
configuration

— Fewer antennae than AA4
design configuration

— Particularly on >40km

[

=
=
1

{ Threshold for weak lensing to work W

Number of resolvable
galaxies [arcmin™]

baselines |
— AA4 PSF (0.55 arcsec)
e AA* not gOOd(') for weak L0~! 4 —— T75km PSF (1.10 arcscc)
IenSing ] —— AA* PSF (2.06 arcsec)

* AND any science case which P P T A P P

requires source classification Depth [uly]


https://www.dropbox.com/scl/fi/09i1u6qv4zm0yeswa3cl6/SKAO-TEL-0002299_01_staged_delivery.pdf?rlkey=y1px17r14abeduff9btrsy5f4&e=1&dl=0

Slides available at http://bit.ly/ianh_tosca24

CARDIFF - Summary

PRIFYSGOL

(CARRDYD

* Radio weak lensing with SKA =~ DES-Y6
— Complete ~2033 at best

— Cross-correlations have same statistical power but
remove systematics

— Can reduce |A, shape noise with polarisation, kinematics

 Shape measurement from interferometers is hard

 For 2025 SKA Science Book, expect a shape
measurement on simulations chapter

— Happy to circulate common simulations
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