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The Cosmology science
case back in 2004

« Galaxy surveys for BAO

 Weak Lensing surveys
— BAO & WL for dark energy

« HO with Masers

* Much has been done in
the above three areas and
many others since... Carilli and Rawlings 2004
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21cm: a Hydrogen
Detector

Higher energy :
state flip

s, . « Detection of the HI disk, a bit larger than
the continuum disk!

* HIl only on a line, continuum over all band!

,1420 MHz « SKA1 will quickly pinpoint ~107-8 galaxies

A=21cm in 3D (cf ~108 galaxies in Sloan, Euclid ~
SPECTRAL domain 6*107) SKA2 will whickly pinpoint ~10°
0.5 to1.4 GHz galaxies in 3D (cf ~10°8 galaxies in Sloan)

MIOL at z==2 « Continuum ~101° galaxies in 2D
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modelling

SKADS sims

Millennium Simulation

(Springel et al. 05)

Navl smaatéar

~ '

& Blaizot semi-analyties

e = 0.19..4.0, galaxy type dependent

. . (Young & Knezek, 1989)

Semi-analytics .
N, = 0.5...5.0, gas mass dependent

. o Torived £ Z areg o 2003
(De Lucia et al. 06 (derived from Keres ef al., 2003)

Viieihla v\1atter A

ng = 0.14, constant (Boselli ef af., 2002)

10 - - - - - - - 54 Mg = 0.04...0.5, galaxy type dependent
—— No evolution (derived from Sauty er afl.. 2003)
o "--ModelA || : , T : :
Tmee llImeel e 8.0 8.5 9.0 9.5 10.0 0.5 1.0
N - 1 IOg( :le/ ;‘w.\'uu)
Obreshkow et al. (2008)
]
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]
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10 . . . . . [
7 75 8 85 9 85 10 105 1

log, (M)

HI from cold gas mass



Full SKA Predictions
Have to rely on educated quesses
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Redshift

e SKA1 deliver >107-8 galaxies over ~20,000 deg?to z~0.6,
SKA2 deliver >10° galaxies over ~20,000 deg?to z~2
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Importance of the baseline distribution here:

4000

3500

3000

2500

count

1500

Pulsar angd

IM baseline

500 -

Weak |

2000

_ensing baselines!

1.0

g

5.5

HI baselines

Fraction of flux detected

0.0 0.5 1.0 1.5 2.0
Redshift 2
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BAO in LSS
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Looking back in time in the Universe ——
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Looking back in time in the Universe ——
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Looking back in time in the Universe
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Model A

Can probably do without?

Model B

Model C
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SKA1 deliver >108 galaxies over ~20,000 deg?to z~0.6,
SKA2 deliver >10° galaxies over ~20,000 deg?to z~2
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SKA results on w:

-0.6r

-1.2r

~1.4f

1.6}

1.8}

SKA - pathfinder

- '::"'I“E‘ o
Planck

0.8 0.85

0.9

Abdalla, Blake & Rawlings 09

0.82

0.8

0.78

10.76

10.74

~0.72

0.7

0.68

0.66

Pathfinder equivalent to
WFMOS ~ below 5%

Need ~15% SKA or a ~10%
compact SKA for this to be
cosmologically interesting.

Full SKA gets errorto ~.7%
with wiggles +CMB

Number of galaxies probed:
~109 from z=0 to z=2
(Abdalla & Rawlings 05)

Probe which is independent
of Planck priors.
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What can the SKA do In o e e
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« The DETF advocated using an FOM w0-wa, thien
advocated using a binning PCA approach. (Abdalla,
Blake & Rawlings 09; Tang, Abdalla & Weller 10)



S

B THE ROYAL
@ SOCIETY

Redsfhit space distortions...

* On large scales velocities towards overdensities relate to
derivative of the growth 6 + 2H 6 = 4nGpm 6 with respect
to time

« On small scales they relate to the circular velocity of
collapsed objects.

y gverdensity N 54
// 25 8
J 8 5 0 §|3 § ¥
$ S
4& 4 Y

real space redshift space v real space redshift space

L1950 O
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Redshift-space Tf;:/ 40
clustering

e Zz-space distortions
due to peculiar
velocities are
quantified by
correlation fn (o).

 Two effects visible:

— Small separations
on sky: ‘Finger-
of-God’;

— Large separations
on sky: flattening
along line of sight o / h'Mpe

7 / h™'Mpe




n / h™'Mpe

7 [Mpc/h]

-GRS

(Colless et al. 00)

I . I
0.2 0.4

[
(Peacock et al. 2001,

15

0 02 04 06 08
B

(Guzzo et al. 2007)

20 B
20 15 10 5 0 -5 -10 -15 -20
rp [Mpcih]

<Z>=0.1
250,000 galaxies
L f=0.5+0.1
© " 5=390+50 km/s
Nature)

VVDS

LeFevre et al. 05

<Z>=0.75
~ 10,000 galaxies
f=0.9+0.4
P 0=400150 km/s




McDonald & Seljak: more galaxies beat
cosmic variance:

- 2 -
0gi = (bzi-f—f,u )O-I-Gzi

0g2 B!+ p?

Spp=f(B"+p*)d+e, R

dg2 = f (a,:"3_1 + u?) O+ €.

- If we take the ratio of the
deltas for different galaxy
types, the delta from the
underlying density drops out.

hout? Hence it is not dependent on
the previous error bar.

10 F %‘\i}‘

ﬁ
10° | - ;

[Model A | Important region
' 15

0 0.5 1
z
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Predictions for the
expansion history and growth rate

EUCLID Dark—Energy vs Gravity test: redshift distortions alone

3.5 —T | T L E s T T T T AN N L L L A O
[ —— Q_=.25, 0,=0.75, w,,=—0.95
o _ _ Simulated 20,000 deg?® observations =
3 N By=3. Q=7 ‘I‘ ,@ H<22, .1/-3 samp1i1.1g |
[
2.5 - 3 = 1 + w 1/2 ‘7’_
He | H(2) =Ho [Qu(l+2)" 4+ (1 —Qn) exp (3 7 dz g
H(O) =z | 0 +z |
i . - i a £y
[ ; ] o -
1.5 — 0.5 —
L E <
- - — -
[ ] =
1 ) _— 8 - —— — DM+DE Time-Dependent Coupling |
[ $ WMAP 3 yr + 182 SNe [a + SDSS BAQ ] © N = ===:DM+DE Constant Coupling |
T Euclid 20,000 {deg)® galaxy redshift survey T ACDM Concordance Model

O‘/I

m

3

+ —a ! 1 —w(a)(1

2

— Qm(("))] (5-:71

3 _
— —a

9 29111((5)6771 =0 )

forecast for Euclid measurement of H(z)

is obtained using a fisher matrix code

distortions on two-point correlation
function (from L. Guzzo).

(from Y. Wang) . . _
Can constrain Modified gravity as

Einstein's Eqns have a one to one relation
of geometry and growth



Lowest neutrino mass allowed:
~0.05eV and potentially the hierarchy

1
0.5

LSS cannot measure a mass
of 0.05 eV

However LSS + CMB
experiments can

For such small masses N nu
1S unconstraint

However 1s the mass 1s so
small we have detected a
normal hierarchy

A combination of both can
constrain N_nu to a certain
extent.
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Scaling as a function of SKA size:

0.15 h Mpc_1
100

10

TV lll!v.ll

0.1
ALY

Effective volume (h™> Gpc®) at k

A A A A A A A A l A A L A A s A A

0.01 0.1 1

Fraction of SKA sensitivity
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Caveats:

« For BAO only SKA1 will match more or less current state
of the art. Will not be much better than for HI galaxies (not
true for intensity mapping). In terms of volume...

« Matching with IM systematics... See Mario’s talk.

« Calculations not done but number density of galaxies will
be much greater than for other surveys such as Euclid...
Possible improvement on techniques like Hirata and Seljak
test on cosmic variance.

« Systematic effects such as redenning/selection/star
contamination/ obscuration
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Stellar obscuration!
An issue for the optical!

0.01

w(8)x6

T T T T T

No corrections

T

: Astar | star,sky E
I Catar 1 Weights ]
5 J T Weights, C,, ]
[ { 'y I B f
Yl NG L
i leT] 1 [ |
[ ” 1 - iuﬁ,
-nnl 1 1 lllllAl 1 1 II:-IIII 1 1 ||‘|||| L |1:
1 10 1 10
f(degrees) f(degrees)

0.5

0.5

LG magnitudes:
igmoa < 18.5

185 < igpeg < 19
19 < igpee < 193 T
193 < i < 196 +

star magnitudes:
19 <i< 193
193 <i < 19.6
196 <i < 19.9
19.9 < i < 20.1

cmod

203 <i < 205

/e < 205

seeing < 0.9

0".9 < seeing < 1" 20.5 < inpz < 20.75
1" < seeing < 1".1 T 20.75 < ig, < 21 A
1".1 < seeing < 1".2 ¢+ 21 < i, < 21256 A
seeing > 1".3 | ige > 21.5 |
SRR SRR TR NSRS SR S | ' R R
5 10 15 20 5 10 15 20

f(arcseconds)

Ross et al. 12



Maximum survey redshift (nP = 1)

2

0.1 1

Fraction of SKA sensitivity
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Scaling as a function of SKA size:

0.15 h Mpc™'
100

10

0.1

Effective volume (h™ Gpc®) at k

Optical (2015) ]

No—evolution model
— — Abdallo & Rawlings model A -
—-—- Abdalla & Rawlings model B 3

...... Abdalla & Rawlings model C

0.1 1

Fraction of SKA sensitivity
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Importance of the baseline distribution here:
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Foreground issues for
Cosmology with the
Square Kilometer Array

diometry Equation "ﬂ

Filipe B. Abdalla
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EOR signal
(~5mK) -
‘ Y= -. : _.-" i. 3 ’.A ',"(.;1
EXTRAGALACTIC 'x“ ',’l__,-_.;"f".";«,'; -W
foregrounds —t————r ]
(~0.8K) T 2 il e T
% '.,)w <R
\.“{g g
'S ;f"tj
EaR.
" TN
e Tazturaless Do rlzwy GALAC“C S Comhgical
Hturaless power o
o ; oregr s ‘ 21cm signal
¢ variation in spectral f (~5?(')" nd pd : ~29 %)
indesc with pousition it X
on the siqy and with . O] ey radio galaxies
frequency P i and clusters
(~ 1%, B~ -2.15)
.5 (~70 %, T, ~ 240£2 K, p ~ -2.55)
= free-free emission
SNRs
synchrotron emission
@ 120 MHz

SIMULATIONS: 3° x 5° filed of view, ~ 0.6 arcmin resolution and
freg. range: 115-180 MHz LOFAR 30-370 SiA-low

Jelic et al., 2008, MNRAS



The problem outline:

Extracted
Cosmological
21cm signal < cosmological
21cm signal
l A
Galactic and { Extraction A—i-
extragalactic
foregrounds [ Inversion —i-
L‘— lonosphereJ
[ RFls J
Y
Instrumental MOCK
DATASETS

response and
noise J
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Galactic foreground emission

0,839 rasulution 59 rasuluiior)
Galactic map @ 408 Mz Galactic map @ 130 Mz

rlzslzrr 28 2], 1987 Lzjriclzelcar S WY izlaninsid 26 2, 12957
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Polarized Galactic foreground emission

Fan region in total intensity @ 150 MHz

. spatlally more smooth in totaI than in polarlzed intensity !

polarized structures are not correlated with structures seen
in total intensity, due to strong depolarization effects !

in the Galactic halo fluctuations are of a few Kelvin in total
|nten5|ty and a few 100 mK in polarized |nten5|ty '

\‘g&

Sun et al. 2008

Bemardi et al. 2009
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Extraction of the signal!

LOFAR EoR windows.

Haslam 408MHz

The Galaxy is 10000 times
brighter than the signal sought

.......................................................

Chapman, FBA et al 2012a
Chapman, FBA et al 2012b

Use methods, e.g. the cocktail party
problem solution, and wavelet
decomposition in order to separate the
galaxy from the signal

Our pipeline is on the LOFAR cluster
ready to be used on the data.

Real signal Reconstruction
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Results GMCA:
3D Power
Spectrum — 131
MHz, 151 MHz
and 171MHz

l0g,o(&%, (K) / (MK))

log o(A%, (k) / (MKY)

log,o(A%,_(K) / (MKY)

-2.0 -1.5 -1.0 -0.5 0.0
log,o(k /7 (h Mpc™))
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Area covered in the sky:
Residual Projection

(k) / (mMK)?)

2
2D

log, (A

2

|
o
O

fg: blue,dash
reconstructed fg: red, solid

simulated noise + cs:
yellow,solid

C,.cs: green,dashdotdotdot
simulated cs: red,dashdot

reconstructed no+cs:
black,dotted

R;4: purple,dotted

Last plot: different wavelets
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Intensity mapping: If we degrade the
resolution to the binning we will do anyway:

)2
F = 44 4K Qui(z)h | (1 +2)
2.45 x 10~%4) E(z)

« Collect signal from all HI

. . . 7 —— Lognormal 1 realisation
in that bin, obtain a — Lognormal average
spectrum.

5e-05
l

—— Theory
« Mean signal will be from
the mean HI content of
that shell

* Fluctuations will be
related to the large scale
structure.

2e-05

()

5e-06
|

 Wolzetal. To be . r T . . .

. 5 10 20 50 100 200
submitted

I
0.61<z<0.67
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Systematic effects from foreground

subtraction!

462
422

342
302
262

182
142
102

62

2242 |

1.3 § 7 9

11 13 15 17 19 21 23 25 27
Zyin

462
422
382
342
302
262
222
182
142

Zrin

o n - (=2 ==}

@ & A& b
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Area coverage in the sky:
station size and beams.

[s0}
. . o —— Original Cosmic Si o .

« Foreground subtraction if all 5 - oo Strucon g g o
w _fgliméK Cosmic Signal Recon _fgliméK Fitting error

H —— _fglim8K Ci ic Signal R fglim8K Fitti
sky were available! AmioN Coumic Sqrel acn . A Fag s
\ —— _fglim12K Cosmic Signal Recon -+ _fglim12K Fitting error

B N —— Cosmic Signal Recon Fitting error

 Residuals are of the order of
0.1mK even in the center.

« This is a strong function of the
area covered as the previous 5
results for the LOFAR-EoR
show bias at large scales.

S5e-04

5e-05

 |If all sky available sims, with 8 | |
proper masks, show biases at N
scales of |~20, which means ~ g |

10 degs scales. -> implications ' ' ' r 1
. 5 10 20 50 100
on science

|
z bin 0.71 <z<0.72;
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—  Bystematics Imin=20
Systematics Imin=30

Intensity mapping o =
8 . i

- Theoretical Model of the power © 8 =
spectrum Cl 54 (‘«/

» Statistically speaking SKA w <1 |
intensity mapping can measure fnl/ [ PR PR P P
Modified gravity to a gret accuracy "
see M. Santos/others talks. - ——r———r—y

o Depends on Cosm0|ogica| i ~ § E::t:' :;»:Mg‘s:m?zncw of foregrounds
parameters like (Omegam;wO0; b; gt I :
fnl) [

« Contours are biased towards a 7
different best fit when systematics [l
are included 3ok

« BAO fit is not biased. (Wolz et al.) o L

e 0.5 1 1.5
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Intensity mapping correlations

1.0

08

06

04

B 02
0.0

-0.2

-0.4

10 15 20 25 30 35 40 45 10 15 20 25 30 35 40 45
(a) Orliginal data (b) After Fox.eground Removal

1.0 1.0

08 08

06 06

0.4 04

02 0.2

0.0 0.0

-0.2 -0.2

5 10 15 20 25
Zon

(a) Original data (b) After Foreground Removal
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Problem of the polarized foregrounds

— 50
X 5. , Stokes I
m E \ '\ ﬂ
O = 0 | \ yl \3
|_|_| o]
IK—D 120 140 160 180 200

Frequency [MHz]

Stokes I
)] =~
2
3 X —
=S Stokes Q :
(@)) 10 ;
() = - —
| s \‘g"
& LG

120 130 140 150 160 170

v [MHZ]

> the leaked polarized emission can mimic the cosmological signal: extraction
much more difficult

> Leakage has to be controlled on a calibration level! Currently no FG separation
method which deals with polarisation leakage. Leakage calibratable.
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Problem of the polarized foregrounds

EoR ~ 25 mK
FG~2K
residual leakage ~ 1.5 % (30mK)
50
r
405 \ e - £\ o
%‘ 30 \ ey :’ \\ ! \‘ “\
= \/ 7\ . ; /
= 20 ; ‘\I & \"// ‘v, ", \\,\-4 N\ I, f" \\ ’,.'\‘:’ \\ AT
3 S A\ AN
10 ‘-. i \.!' - ‘ﬁ.’/
0 . . LN A .
120 130 140 150 160 170
v [MHz]

Jalic 28z, 2010
Gajl 282/, 2011
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Frequency coverage!

Generic feature that we need
a few MHz aside the central
frequencies in order to
obtain best foreground
subtraction -> If band pass
stops at 50Mhz, likely to not
be able to remove
foregrounds down to
60MHz...

Frequency: EoR absorbtion

signal & EoR heating period
& 21cm Intensity mapping at
high redshift < EOR?

2

Va

3

5e-14

— Noise level
-1 — Theoretical n%e’

—— Noise leakage

0.15

0.10

leakage/input noise

0.05

0.0 0.5 1.0 1.5 0.0

30

RMS emror/ mK




