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KSPs in the cosmology community

Session 2: Cosmology
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Measuring baryon acoustic oscillations with future SKA surveys
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Weak Lensing Simulations for the SKA
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Zhao
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PoS(AASKA14)032 pdf D.J. Schwarz, D. Bacon, S. Chen, C. Clarkson, D. Huterer, M. Kunz, R. Maartens, A. Raccanelli, M. Rubart and J.L. Starck

Topology of neutral hydrogen distribution with the Square Kilometre Array
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Model-independent constraints on dark energy and modified gravity with the SKA
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Cosmology Key Science Projects

e wiki: http://skacosmology.pbworks.com/

* prior to the meeting, 11 possible KSP 1deas were discussed on the
wik1, some were concerned with specific science cases, some with
data analysis technique, some on specific survey. Combined into 5
KSPs at the start of this workshop:

Cosmology with a Continuum Survey
Galaxy Weak Lensing Survey
Cosmology with HI Galaxy Survey
HI Intensity Mapping Survey

Real Time Cosmology



Organization of Key Science Projects

The KSPs should revolve around major data analysis/calibration
efforts with requirements for large focused teams. More specific
scientific products should become work packages within a KSP

Distinction between KSPs and Surveys: Each KSP may use multiple
telescope surveys, each survey may be used by multiple KSPs

Scientifically competitive, focusing on what can be accomplished
with SKAT 1n realistic time with commensality

The system should encourage commensality both 1n surveys and in
human-resources.

Attract and assure people to invest significant time and resources to
develop the tools for SKA KSP



Discussion Results

3 proposed KSPs from Cosmology SWG:
* 3D map of the Universe across cosmic time
* Testing the foundations of cosmology with radio continuum

* Direct mapping of dark matter with weak lensing



3D map of the Universe across cosmic time
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* Precision Cosmology: SDSS3 ——»

BAO and H(z)/growth rate o

measurement, complements DETF :

stage-IV DE experiments such as A Legacy Data Set: SKA has the unique

Euclid capability to make the 3D HI map of the
Universe from redshift 0 to 30 (z>6 for the

EOR group)




BAOs and redshift-space distortions to
be detected using wide/all-sky IM

surveys over the entire 0 < z < 6 range e
(and for the first time at z > 3), yielding st et
precision constraints on modified gravity
and dark energy !

Error over signal k=102 Mpc?

v Wide IM surveys out to z~2 will
enable ultra-large scale cosmology —

including novel tests of inflation and GR R S
— through multi-tracer analyses. It can 2

. - boo=(1+2)"" —
also be used for weak lensing. l dli. T

v'A commensal wide HI galaxy survey 2 of
will also measure BAO and growth at z < '
0.4, as well as providing a large Tully-

Fisher velocity catalogue and real-time 08 10 11 12
cosmology pathfinder fields

Fonseca et al.2015, Alonso et al. 2015



Testing the foundations of cosmology
with radio continuum

® Radio continuum surveys
provide unequalled probe of SKA z<4

very high redshifts compared to 30.000 sqd
optical surveys.

Euclid z<2

15.000 sqd

® Allows uniqgue measurement
of large scale effects on the
galaxy power specytrum

Jarvis et al. 2015



Ferramacho et al. (2014)
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v’ Angular power spectrum measured — )
in tomographic bins with multi-tracer A — Zi‘“;‘E':,iples
technique, with the high-redshift tail o o
providing measurement of the power

spectrum on the largest scales leading to ] / :
tests of primordial non-Gaussianity IE —/
¥ Dipole measurement measured ool oor o1 1 "

precisely to test the cosmological principal Detection limit (uJy)
of isotropy, when compared to the CMB

T

CMB:z ~ 1100
v Cross-correlations with CMB lensing

and optical surveys to provide robust
measurement of the radio source bias and adio sky
investigate baryonic effects on the DM -

distribution on non-inear scales.




Direct mapping of dark matter with
SKA1 weak lensing

® Weak Lensing (WL) is coherent

distortion in shapes of distant galaxies
due to light deflection caused by
intervening dark matter distributions

® Measure WL as function of redshift {
constrain growth of dark matter
structure and hence probe the physiq

of the accelerating Universe.

® Traditionally done in optical but
SKAI offers exciting new and unique
ways to perform WL experiments



v’ Extend reach of WL to high-z
to provide more powerful redshift
lever-arm for constraining dark ~ Morales (2006)

energy physics. - I | L
problem in optical for measuring _

shapes. SKA will have stable/ Berkhuijsen, Beck & Hoernes (2003)
deterministic synthesised beams gurrr—r———————T—

= systematics less of a problem.

‘/ Instrumental PSFs are severe

h)

v Use radio polarization to
remove contamination from
intrinsic galaxy alignments - the
key astrophysical systematic that
limits WL at all wavelengths.




HI Surveys

* High-z HI Intensity Mapping survey (z~2): Bl all-sky
Best constraints on non-Gaussianity, GR effect, probe ultra-large scale
Commensality: all sky continuum survey, HI absorption, magnetism, transients

* Low-z HI IM and Galaxy survey: B2 all-sky
Best constraints on Dark Energy/Modified Gravity, complements Euclid
Commensality: Cosmology continuum, Cosmology WL, magnetism, transients

* Post-Reionization HI IM survey: SKA-low 1000 deg?

HI map at high z, first detection of BAO at z>3, massive neutrino
Commensality: HI absorption, EoR, transients

Special Requirements & Preference:

* IM use both single dish and interferometer data, require calibrated auto-
correlation (ECP accepted)

* IM needs OTF scanning

* HI galaxy survey frequency resolution: 10kHz



Continuum and WL Surveys

* All sky continuum survey: B2 all-sky, centered at 1GHz

largest catalogue of galaxies ever, constrain dark energy/modified gravity, test isotropy,
measure cosmological dipole, constrain non-Gaussianity, radio-optical cross-correlation
and good SNR for linear-scale

Commensality: HI cosmology, continuum cosmology, magnetism, transients

e Weak Lensing Survey: B2 1000 deg?

optimal for radio auto-correlation
Commensality: continuum(cosmology), continuum (SFR of the Universe), HI galaxies
and HI cosmology (galaxy survey), transients

e Ultra-Deep Survey: B2 10 deg?

calibration for WL
Commensality: continuum(cosmology), continuum (SFR of the Universe), transients

Special Requirements & Preference:
calibrated gridded visibility data.
Favour frequency centred at 1 GHz +- 200 MHz, overlap with optical WL survey field



Summary of Surveys Requested

SKA-low HI intensity
mapping survey
SKA-mid Bl HI IM

SKA-mid B2  HI IM+Gal, Weak Lensing  Weak Lensing
Continuum+WL Calibration



Plans

* Inform the whole SWG, discuss the KSPs suggested here,
moving toward KSP teams with resources/skills

* Forming a core team with members who are willing to actively
participate, set up regular teleconfs

* Yearly Meeting for the SWG
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