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Fundamental Physics with the Square Kilometre Array

ABOLIT THE SKA CANADA & THE SKA OUTREACH. EDULICATION & MLUILTIMEDIA NEWS, EVENTS & DODOCLIMENTS

FUNDAMENTAL PHYSICS WITH THE SQUARE KILOMETRE ARRAY

FUN DAM EN TA CONFERENCE PRESENTATIONS NOW AVAILABLE HERFE
PHYS'CS WlTH 1st-5th May 2017, La Pirogu . Flic en Flaz, Mauritius
TH E SKA « Click here for downloads cf conference presentations

= Click here for final schadule of talss anc poslers

= Click here for final anncunzament
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* SKA Cosmology SWG (R. Battye & L. Wolz)

Continuum Focus Group (M. Jarvis & D. Parkinson)

Hi galaxy surveys Focus Group (P. Bull & N. Maddox)

HI intensity mapping Focus Group (M. Santos & L. Wolz)
Simulations Focus Group (D. Alonso & F. Villaescusa-Navarro)
SKAT1-LOW cosmology Focus Group (A. Pourtsidou & J. Pritchard)
Synergies Focus Group (D. Bacon & S. Camera)

Weak lensing Focus Group (M. Brown & I. Harrison)
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[arXiv:1811.02743]

Cosmology with Phase 1 of the Square Kilometre Array

Red Book 2018: Technical specifications and performance forecasts

* Main scientific goals

Dark energy equation of state up to z = 3 from geometry (BAOs)

* Measurements of the growth of perturbations in linear and nonlinear regimes

Accessing the largest cosmic scales (isotropy, homogeneity, non-Gaussianity, GR)

Measuring the Hi density and bias up to z = 6 to high accuracy
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3 surveys proposed

1) a medium deep band2 SKA1-MID 5000 deg?(z<0.5) with weak lensing and low
redshift spetroscopy, t=10000 hrs.

2) a wide band1 SKA1 MID 20000 deg? continuum galaxy and intensity mapping at
z=0.35-3, t=10000 hrs.

3) a deep SKA1-LOW survey HI Intensity Mapping over 100deg? at z=3-6, t=5000 hrs

Modelling of the continuum sky is crucial.

Source of systematics is the bias of the radio galaxy populations.

Still some binning in redshift will be possible (photometric or statistical)

Cross identifications from optical surveys like DES for medium deep, while for wide poor

optical/IR information.

Medium deep will be significantly oversampled at z<0.2 (multi tracing techniques)
N_gal=2-3,5x1.e6 - number density of about 3 gal/sq. arcmin for WL measurement

Wide band good for angular clustering and CMB cross-correlations



Weak lensing sinergies - I

Medium deep survey with DES 5yrs - WEAK
GOAL: measure galaxy LENSING

shapes requirements that Plp=wla)=wo+(1-a)wa
have to be obtained in the 2
radio are similar to those of
present optical surveys.
Ellipticities measured to 1 -
O(1.e-4).
Cross-correlations will be
crucial to get rid of
wavelength dependent
systematics (multiplicative
and additive biases will be
removed - Camera+17),
while constraining power
will be preserved
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cxperiment [dcg2] [arcmin™?]
SKAl1 Medium-Deep 5,000 2.7 1.1 | 1.25  0.15 0.6 0.05 2.0 0.3
DES 5,000 12 0.6 1.5 0.0 N/A 0.05 2.0 0.3




Weak lensing sinerqgqies - II
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Still Planck and CMB experiments will be driving the
constraints, but cross-correlation important



SKA radio weak lensing
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SKA radio weak lensing
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SKA radio weak lensing

[SC et al., 2017]

Stage IV
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SKA radio weak lensing
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[SC et al., 2017]
T T T 1 AL
6 (3¥°=0.30x(7 Stage IV
SAUARE KILOMETRE HPIY = @;'\ -
%_z%
78 NN :
Z SO
; \
2 _
S I
S
O b
_ol _
 — Radio 1
7 _A - — Opt/NIR :
A | . _
U euclid s RadioxOpt/NIR _
-3 -2 —1 0 1

S. Camera & M. Viel | SKA Italy Cosmology with the SKA Bologna | 4 - X11 - 2018



A
UNIVERSITA
DEGLI STUDI
DI TORINO

AAAAAAAAAAAAAAA
IIIIIIIIIII

SKA radio weak lensing

[SC et al., 2017]
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* Redshift for free: vobs = 1420 MHz / (1+2)
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* Hi intensity mapping and galaxy Med-Deep Band 2 surveys

SKA Wide (IM, Band 1)
== SKA Medium-Deep (IM, Band 2)
== SKA Medium-Deep (GS, Band 2)
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P (k) [(h~'Mpc)]

Simulating intensity mapping signal: small scales
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« Shot noise level in HI quite different from the standard case of galaxies and haloes
good amount of HI substructure within each DM halo

* Note further that numerical convergence of all quantities not fully achieved.
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Simulating intensity mapping signal: WDM

t, =1000 hours
halo based S £, =3000 hours
— particle based 3 ¢, =5000 hours

Carucci, Villaescusa, MV, Lapi 15

k [h Mpe™?]

Probably able to rule out a 4 keV WDM model with 5000 hours of observations
at z > 3, while a smaller mass of 3 keV, comparable to present day
constraints, can be ruled out at more than 2 confidence level with 1000

hours of observations at z > 5 - Note that density inside haloes poorly
modelled.



SKA2 z<4
30.000 sqa

Euclid z<2
15.000 sqd

redshift




Measuring the ISW effect

Measuring ISW with next-generation radio surveys

1
B 1oy oaricns
epartment o YS1CS stronomy, University of the Western Cape, Cape Town 7535, South Africa

2INAF/0OAS Bologna, via Gobetti 101, I-40129 Bologna, Italy
3 Institute of Cosmology & Gravitation, University of Portsmouth, Portsmouth PO1 3FX, UK

Example of the reconstruction
procedure applied to simulations
data. The left panel shows the
input ISW map, the central panel
shows the recovered ISW
estimate using CMB temperature
in combination with SKAT
continuum survey (Scut = 22
ply), and the right panel shows
the recovered ISW estimate using
CMB temperature alone.



Probing GR at the largest scales

LIGER: mock relativistic light-cones from Newtonian simulations

Mikolaj Borzyszkowski* nd Cristiano Porciani
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SKA2 should be able to detect the non-standard Doppler contribution to galaxy clustering.



Marginal error on ultra-large scale effects

Multi-tracing techniques

[Fonseca, Cumera, Maartens & Santos, 2015]
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Non-Gaussianity

Constraining Primordial non-Gaussianity with Bispectrum
and Power Spectum from Upcoming Optical and Radio
Surveys
Dionysios Karagiannis'™, Andrei Lazanu?, "~
91, Nicola Bi;;'L(‘)l()l'g':’: Lj(:llﬂ.V(.‘l.'(l(fi'ﬁ
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Ratio of 25% bounds on dark matter cross section

Particle DM searches

[SKAT Red Book 2018 (Bucon, Camera et al.), 2018]
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1000

radio data Is expected to
correlate with the gamma-ray
sky and can be exploited to filter
out the information concerning
the composition of the gamma-
ray background contained in
maps of the unresolved gamma-
ray emission.

SKA HI galaxies are at low-z
and with low shot-noise level, in
a regime heavily dominated by
astrophysics (spectroscopy is
important to get a precise
window/filter function).



