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Why simulate the radio sky

* The need for sophisticated simulations
- demonstrate SKA can beat systematics

- hence drive technologies that generate
transformational SKA science

« SKADS

- what’s been done 2006-2008 and how to
use it

- what will be done before mid-2009
- what won’t be done by then, and

future plans
(prord
hysics,
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Science with the
. Square Kilometre Array

P(k) / h® Mpc®

~ Carilli & Rawlings
E (2004)

Abdalla & Rawlings (2007) T

k/ h Mpc™

(PXford Important to keep adding to the science case

ysics.
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&Y Measurement of Neutrino masses

and hierarchies SKADS
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«IfZm is~0.05eV, anck sufficient and necessary to measure it, an
hierarchy must be normal. If Zm_> 0.25 eV, measurement of N, too!

» With particle physics experiments, prospect of evidence for sterile neutrinos or
time evolution of neutrino mass. But all based on “perfect’ (100
Qp%@ﬁ%) SKA survey: no longer adequate
h
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Simple (Gaussian error) “e2e’

Simulations now inadequate
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&#¥  Also competitive environment is fast
developing

N\
R\

SKADS

* Spectroscopic All-sky Cosmic Explorer: 5 billion redshifts over 3/4 sky to
z~2.5, multi-slit near-IR

xford e Competition/Synergies: DUNE+SPACE (EUCLID): M-class (300 MEuro), could
hysics. be as early as 2017
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&#? Get the Best Possible Technology R\
Solution PEADY TN

Dishes

~300 MHz: HI at z~4

~800 MHz: HI at z~0.75: ~day
with dish-SKA to get multiple
P(k): perfect because few x

365~20,000/30

Aeff

~500 MHz: H| at z~2: ~month
with the AA-SKA to get multiple
P(k): perfect because
10x12~20,000/250

SPARSE AA CRITICALLY-
SAMPLED AA Frequency

v

* Collecting area below 500 MHz rises as (1+z)? for sparse arrays, but only worth going

to z~4 because of sky temperature (Braun 2006)
(prord * Use multi-beaming to ‘shape’ FOV a (1+z)* gives ~constant mapping speed, and a
hysics.. plausible FOV at the lowest frequency
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&> Technology and the Phased T&
N\

SKADS
Approach
Cosmic volume ~ (time) x (FOV) x (A/T)?for radio HI

If we relied on observing time, errors on P(k) would improve by a
factor 10 every 100 years!

Technology I: increase dish FOV by ~100 and “dedicate’” array, ~10°
galaxies to z~0.2 (1% SKA pathfinders HI P(k) by ~2010)

Technology 2: mass production to increase A/T by ~10. ~107
galaxies over 20,000 deg? to z~0.75 (10% SKA in dishes
~2015)

Technology 3: additional technology (500-800 MHz). Further
Increase in A/T and FOV. ~10° galaxies to z~2 (100% SKA in
aperture arrays ~2020).

Technology 4: Benefit from increased processing power as you
(prord iIntegrate (300-800 MHz). >10'° galaxies to z~4 (2020-2030)

hysics,
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Two types of SKADS
<’ o ypes o skaDs IR\

extragalactic simulations

* ‘Line’ semi-analytic
approach (Obreschkow
PhD): SAX. DM haloes from

Millennium Simulation. Ascribed HI and
H,, star formation rates and AGN

properties: provides insufficient FOV for
SKADS benchmark

4x4 deg’ out to z~20 (HI/CO)
~107 objects

star-formation continuum OK

AGN continuum still needs work

 ‘Continuum’ semi-empirical approach (Wilman):SEX.

DM density field evolved under linear theory, populated with objects
from known radio luminosity functions, and with other important physics
(e.g. non-linear structures, source models) ‘pasted on’

(prOl‘d currently 20x20 deg? out to z~20 , ~2.5x108 simulated sources
h

ysics.
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&> Semi-Analytic eXtragalactic (SAX) SKADE ﬁ
simulations a
Millennium Simulation Semi-analytics Post-processing
(Springel et al. 05) (De Lucia et al. 06/07) (Obreschkow et al. 08)

Dark matter Visible matter Neutral atomic hydrogen

"

-, - o ’ - E
: ! i -2 g
= - ;-Af.'

DM haloes, merger trees  SFR, cold gas mass HI from cold gas mass

(prord
hysics,
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«” Key Issue KADS

n,is averaged
over a galaxy

(prord
hysics,
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log(¢p/Mpc’)

xfo1

Constant n, inadequate

/

SKADS m

-1 - S . :
TN Bower et al semi-analytic
LA SR
-2 ] A, N . ~ Lh"ﬂ..n\
/‘/ - % ~ N,

_“Bé Lucia & Blaizot semi-analyties

Ng= 0.19..4.0, galaxy type dependent ™
i (Young & Knezck, 1989)

Ng=~ 0.5...5.0, gas mass dependent
(derived from Keres ef al., 2003)

Ny = 0.14, constant (Boselli er al., 2002)

Ng= 0.04...0.5, galaxy type dependent
(derived from Sauty et al., 2003)

8.5 9.0 9.5 10.0 10.5

log( M/ Mg,,)

8.0

~ Obreshkow et al. (2008)

hysics,

11.0
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CO LF

14 constant Xy =3
AT — w/o scatter
f (Keres et al., 2003)

5 _ X encodes
= constant X, = N H, to CO
< with scatter ratio
" p
= 34 A\
= : \:

% .44 Incorporates known variable X \
= anti-correlation of X with scatter \:
with CO luminosity ”‘\"-__
5 i
i
&
-6 T T T T T T T ll' -' T
6.5 70 75 80 85 9.0 95 10.0 105

(PXfor‘ log(My, h*/ My,n)
hysics. Obreshkow et al. (2008)
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Q,,, lower in variable-X model
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Models forn, . 5B\

Obreshkow et al. (2008)

Driven by gas pressure

E  E/SO SO S0/a Sa Sab Sb Sbc Sc Sed Sd  Sm Irr

Morph Type T 0 I] 10

log(n) = ¢y + T

+HIPASS .
+ ]1”}1 ZOQ m

o) | =

+ 0) Model 0 \

. . = Model 1 \
(Pxford Free parameters fixed using Model 2 -\
= Model 3 L

hysics. local sample \
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n, Is determined by pressure

SKA

100‘00 : B|ItZ & ROSO'OWSky 2006 . : Analytic model (this Sect.) sp
[ Elmegreen 1993 _.-; L%y E o
*u i é Global phenomenology
77 0.00F % | Gt
1.00Ff -
: 04 03 02 01 0 01 02 03
' ct’
0-10 F Normal Galaxies +
! Interacting Gal. +

Milky Way +

0.01

Parameter likelihood

1 03 1 04 1 05 1 Oa 1 07 )
G 1 /f) 1 /2 P -0.3 UIESJ —f;.E —U,IIS f;l Ens 0
P(r) = - X, > (7

[og(-?]) — Cﬁ} + " T + ky log(m)

ford .
(px ot Obreschkow et al (2008) —
hysics . 05 04 03 02 -0.1 0 0.1 0.2 0.3

Parameter likelihood
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€7 Pphysical Model at z=0 skaos B\

/

Cold Gas (this paper)

log(¢ h”® Mpc® dex)
o

HI (Zwaan 2005)

_6 I I I I T T T T
65 70 75 80 85 90 95 10.0 105 11.0

lOg(m hz/MSun)

(I?XfOfd Obreschkow et al. (2008)

ysics.
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Model fits sizes  skags B\

2.5
Our simulation (z=0) j
FET
2.0 - S
g
B 15
5
104 Observational Data
T A Spirals
1 omBR e
0.5 i B Ellipticals
5 5 Dark galaxies
0.0 . | |
7 8 9 10 11
log(mﬂl /mSun)
(prord
hysics. Obreschkow et al. (2008)

SKADS MCCT Workshop, Bonn, April 2008 Steve Rawlings



Ed
&? After Correction for inclination

Av [km/s]

(prord Log(MHI [Msun/h])
hysics. Obreschkow et al. (2008)
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Eel
Pd

Predictive at high-z

2.5
Our simulation (z>0) Fit to observed sprials at z= 0/
N
2
2-0— 7 e ;
el
:“? 15
=
=)
1.0
0.5
0.0t~ ot L .
7 8 9 10 11
f d log(mﬂl /mSun)
xfor
7 Obreschkow et al. (2008)
ysics.

SKADS MCCT Workshop, Bonn, April 2008 Steve Rawlings



B .
«” Evyolution of Hl and H, ¢

0 1 2 2 4 °

(Pxford Note link with ALMA  Obreschkow et al. (2008)
ysics..
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€7 \lilestone 1: ~1% SKA (~2010) SKADS
8.0E+03
6.0E+03 - - -~
A 2 ) sy
o /
> / e
2 4.0E+03 - e Lo . S
5 TG j~ii\
i T
2 0E+03 - — ‘\\\‘:““:‘"‘*-— -
e T
N ::C::: - ~
0.0E+00 , TS Sssrssoooos
0.0 0.1 0.2 0.3 0.4
Redshift

in ~100 days >10° galaxies: an ~1000 deg?survey to z~0.2;
(I?Xford gives P(k) and hence bias

ysics.
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Milestone 2: ~1% SKA+FMOS/AAQ KAD>

A\
N
R\

* ‘Radio stacking’ on optical/near-IR redshifts
out to z~17

Wiggle-z: ~400 targets per deg?over large (~30 deg?)
patches: 4/12000~100 gain on star-forming
subset of galaxies

FMOS: 12,000 deg?, 4/12000~100 gain on ALL
galaxies in deg? patches

Should provide statistical detections of HI
emission to z~17 (alongside HI absorption

(P . experiments to higher z)
X1ior
h

ysics.

SKADS MCCT Workshop, Bonn, April 2008 Steve Rawlings



v — N
&” Milestone 3: ~10% SKA (~2015) SKADSm

2.5E+04

2.0E+04 -

1.5E+04

dn/dz/deg”2

1.0E+04 -

5.0E+03 { J

0.0E+00 - . ;
0.0 0.2 0.4 0.6 0.8 1.0
Redshift

* Dishes: >107 galaxies over ~20,000 deg?to z~0.75 (or 800 MHz);
multiple P(k) to z~0.35, stacked analyses to z~2

* Likely to be similar cosmic volumes to optical redshift surveys (e.g
WFMOS: combination very powerful for studying galaxy

evolution and bias).

( I ) * Survey Volumes then grow, at best, linearly with t, hence
xford
h P(k) accuracy grows as t°°

ysics.
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& Full SKA Predictions SKADS&\
2.0E+05
™=\ Abdalla & Rawlings
1.6E+05 - e
5; 1.2E+05 1
3
=
£ 8.0E+04 - Obreschkow et al
4.0E+04 - No evolution
0.0E+00 £- ' '
0.0 0.5 1.0 1.5

Redshift
* In ~100 days, phased arrays deliver >10° galaxies over

(prord ~20,000 deg?to z~2 (and multiple P(k) to at least z~1)
h

ysics.
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SKADS
Design requirements of the Semi-Empirical
eXtragalactic (SEX) simulation

* Sky area: 20x20 deg?

* Redshift range: z=0- 20

* Flux density limits: 10ndy @ 151MHz, 610MHz, 1.4 GHz,

4.86 GHz & 18 GHz

* Source populations: radio-quiet AGN
FRI and FRII radio-loud AGN
normal star-forming galaxies
starburst galaxies

Output: online database tool for creating
‘idealised skies’

SKADS MCCT Workshop, Bonn, April 2008 Steve Rawlings
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The Theoretical Framework SKADS

Starting point: a z=0 (&6p/p),,, linear theory dark matter density field
defined on a 550x550x1500 grid of 5 Mpc/h cells

Cosmology: H,=70 km/s/Mpc, Q,,=0.3, Q,=0.7, 0,=0.74, BAO P(k)

(PXfOfd Wilman et al. (2008)
hysics..
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The Theoretical Framework
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CADS

ith cell,

redshift z
In the ith cell, for each source population: Wilman et al. (2008)

« Compute the mean number of galaxies expected without clustering:
n,,=®(L>L,z) AV

(prord - Modify this by biasing the log-normal density field:
hysics. Nqus i = Ny A expl b(z) G(z) (dp/p)]

SKADS MCCT Workshop, Bonn, April 2008 Steve Rawlings



The Theoretical Framework

N\
R\

SKADS

ith cell,
redshift z

In the ith cell, for each source population:
« Poisson sample the LF atL > L,
- In the limit (6p/p)—0, (dn/n) — b(z)G(z)(6p/p) (i.e. a linear bias

ﬂébd Wilman et al. (2008)
hysics..
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red Continuum source SKADS m

populations
¢ RadIO-QUIet AG N: Hard X-ray AGN LF (Ueda et al. 2003) +

X-ray:radio relation (Brinkmann et al. 2000)

* FRI radio sources: wiloteta (2001) 151 MHz LF
* FRII radio sources: wiiott et al. (2001) 151 MHz LF
* Normal star-forming galaxies:

Yun et al. (2001) 1.4 GHz LF (low-L component) + PLE

» Starburst galaxies:

Yun et al. (2001) 1.4 GHz LF (high-L component) + PLE

(pmford Wilman et al. (2008)
hysics..
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FRI an FRI.I uminosity SKADS m
functions
Willott et al. (2001) ‘Model C @ 151 MHz
-5 ' I ' I ' ' ' ! ' !
i !
5 ISR
24 | 25 | -26 27 | 28 | 29
; Logn bl L W-HE" 55°h
(px_‘” Wilman et al. (2008)
hysics..
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FRI/FRIIs: unification, beaming, SKADS
structures and spectra

« Assign a true linear size: D, . in range [0,D,(1+z)"4], D,= 1Mpc
e Jet axis-LOS drawn from uniform distribution in cos 6

« Assign intrinsic core:extended luminosity @ 1.4 GHz
Re = 10%, x ~ N(X.4, 0.5), X, =-2.6 (FRI), -2.8 (FRII)

« Apply beaming model to generate R, = R, B(6,Y)
y=6 (FRI), 8 (FRII)
« Steep spectrum extended emission, flat-spm core with curvature
« GPS cut-off (F ~v2°) belowv_: logv,= - 0.2 -0.65 log(D,,./kpc)

(O’Dea et al. 1998)

(prord Wilman et al. (2008)
hysics..

true

med?

true
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FRI/II: unification, beaming, SKADS
structures & spectra

O D FRI

PLS

FRII:

Q © O Hotspot:extended flux ratio

f..=0.4[logL,q, - 25.5] + 0.15

< N
« »

PLS

(PXfOfd Wilman et al. (2008)
hysics,
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&”¥ Two populations of star- SIADE ﬁ\
. . W\
forming galaxies L(60 pm)
. 1 8.0 9.0 10.0 11.0 12.0
« Radio LF of IRAS-selected B S SR S S
galaxies from Yun,Reddy & N N 3
Condon (2001) — 5’\3 Ll ]
. a0 —3H T— -
* Double Schechter-fn fit © : 7t :
representing normal galaxies f 4 F Starb“\St“s\ e
and starbursts 3 i :
i =2 3
« We assume LF flattens = - 1
below L, g, = 10°7W/Hz = "© 1 ¢
and integrate downto 108 2 _, -
W/Hz (SFR ~ 103 M /yr) : % :
_8 -
S I RN RS R SEE\\ S
20 21 B 23 24
o log L, on, (W Hz1)
(PX_‘”’ Wilman et al. (2008)
hysics..
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Star-forming galaxies: SEDs
3 model SED components:

A (cm)

0.4

= (LALLAN

0.01

1000

100

s (Iy)

M82 radio-far IR SED (Condon 1992)

(P xford
hysics..

SKADS MCCT Workshop, Bonn, April 2008

Wilman et al. (2008)
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SKADS

« Non-thermal: F,~ v7°

e Thermal: F,~ v
e Far-IR thermal dust (45K)

Starbursts: free-free absorption
below 1 GHz

Steve Rawlings
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_; Star-forming galaxies: HI and
4. J9 ' SKADsm

disk sizes

. Doyle & Drinkwater (2006)

Broeils & Rhee (1997)
T T T I;f

|
log M, (M)
[ia}
[
" :
- 2 L]
-
|

10 10 10 o =
SFR (M, Y1) log Diameter (kpc)

« Normal galaxies: log M, = (1.96 + 0.04) log D, + 6.52 £ 0.06
Broeils & Rhee (1997)

« Starburst galaxies: log D_,,= (1+z)?>kpc to z=1.5
10 kpc at z>1.5

(pmford Wilman et al. (2008)
hysics,

SKADS MCCT Workshop, Bonn, April 2008

Steve Rawlings



B
P

\
N\
R\

Large-scale structure and  SKADS
biasing

Each population assigned a halo mass which reflects large-scale
clustering which is then used to compute b(z)

N.B. We are not directly populating galaxy-sized haloes

« Radio-quiet quasars: M, ,=3E12/h M
« FRIradio sources: M, .= 1E13/h M
« FRIl radio sources: M, = 1E14/h M

halo

« Normal star-forming galaxies: M, = 1TE11/h M

(prord | Wilman et al. (2008)

= N _{\/
SKADS MCCT Workshop, Bonn, April 2008 Steve Rawlings




Clusters of ga

A\
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R\

KADS

Wilman et al.
(2008)

==

|

« Each 5 h”" Mpc cell has mass 10*h"M — resolution to identify
cluster-mass haloes

« Smooth density field on a range of mass scales, 10'+6 h-'* M , and
search for islands of overdense cells with (6p/p) > 1.66/G(z)

(Pxford « Discreteness of grid and lack of filter-edge
hysics. interpolation — ‘quantised’ cluster masses

SKADS MCCT Workshop, Bonn, April 2008 Steve Rawlings



Cluster mass function

1113 i ' ' P
g 4 B h'--'.---'.'“.'----,.
o 1 0' L = .'."_-..:_.___.q_?.%.‘ |
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3 10— e, -
s +\\*~
s | x\ | |
™ + s
o — AP
T 10°f 2x boost .
£ kN
o %
P "".,".- L
10-“}! L B fir g | PR L L L \..\.I'"x i |
13 14 15 16

log M/h M(Sun)

xford :
Wilman et al. (2008)

Press-Schechter analytical mass function
Ih

ysics.. Sheth-Tormen
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Simulation output: source counts SKADS
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€%” Simulation output: source counts SKADS

R\

o
o
-]

TL, Wiman et al. (2008)

Ll | Linul Ls i

= JoTr B> O

| e iianl Lo el P | |

0.1 1 10 100 1000

S (mJy)
xford  Hopkins et al. (2000)/Windhorst (2003) model which includes an
hysics. additional population of ‘normal galaxies’ derived from an optical LF
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&#¥  Simulation output: 1.4 GHz local (z<0.3) _
luminosity function SKADS
| * . | ,
-
LTH |
o |
T r 1 i

20 27 24 26

log,olL, 4 (Watts Hz ™ Sr™]
(Pxford Data points from Mauch & Sadler (2007)
hysics. Wilman et al. (2008)
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2¥Y Simulation output: anqgular clusterin

]l:li Y T
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&= Simulation putput. P-D & D-z SKADS m
diagrams

/

2 o

S . - 2 — T3
—~ = « 3CRR (S;5;>12.0 Jy)
) = 2 « 6CE (2.0<S,5,<3.93 Jy)]|
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5, * 7CRS (51,7048 ) s ' : :

= 1 10 0 1 2 3 4

Projected linear size (kpc) Redshift

Relative sky coverage of the surveys:

Simulation: 0.12 sr 3CRR: 4.24 sr 7CRS: 0.022 sr

xford Wilman et al. (2008)

hysics,
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SKADS

A common standard for S3 output

« Galaxy index to identify sub-component sources
(cores/lobes/hotspots) to parent galaxy

* Source type (AGN/SF) and sub-component type
e Cluster Index
* Millennium catalogue halo and galaxy indices

e Continuum I[QUV] flux densities @ 151 & 610 MHz, 1.4,
4.86 & 18 GHz

* Morphological info: ellipse PA, major+minor axes

(p xford
hysics,
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“ MAIN TABLE

(” #1 Unique source index
#2 Cluster index (0-no member, cluster index)

#3 Galaxy index

#4 SF type (0-no SF, 1-normal SF, 2-SB)

#5 AGN type (0-no AGN, 1-RQQ, 2-FRI, 3-FRII, 4-GPS)
#6 Structure type (1-core, 2-lobe, 3-hotspot, 4-SFdisk)

#7 RA

#8 DEC

#9 Comoving distance (Mpc)

#10 Redshift

#11 Position angle (rad) for elliptical substructures
#12 Major axis (arcsec)
#13 Minor axis (arcsec)

#14-17 logl,log Q,log U, logV @ 151 MHz

#18-21 log |, log Q, log U, logV @ 610 MHz

#22-25 logl,log Q,logU,logV @ 1.4 GHz

#26-29 logl,log Q, log U, logV @ 4.86 GHz

#30-33 logl,log Q, log U,logV @ 18 GHz

#34 log (M,,) (star-forming galaxies only)

#35 cos (viewing angle) (wrt jet axis, FRI and FRII only)

CLUSTER TABLE

#1 Cluster index
#2 RA centre

#3 DEC centre
#4 Redshift

#5 mass

#6 Virial radius
7 Cluster virial velocity dispersion
xford y disp

hysics..
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Accessing the simulations SKADS

« Central sq deg: catalogues and maps available on the SKADS wiki
* Full 20x20 deg?: interactive database query tool and mapmaker at
http://s-cubed.physics.ox.ac.uk

Wilman et al. (2008)

B NySICS,
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\
R\

Limitations of the simulations "%

* The use of extrapolated luminosity functions

« The lack of star-forming/AGN hybrid galaxies + double counting
* The lack of redshift space distortions

* The lack of small-scale non-linear clustering

* The simplified treatment of galaxy clusters

— Post-processing by the user is essential!

(p xford
hysics,
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A full hemisphere simulation (20,000 deg?)
« Star-forming galaxies only
* Out to redshift z=2-3

* Linear theory z-space distortions

Extension (ii) FRI/Il structures: simple prescriptions

The next step? SKADS

(p xford
hysics..
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« A common standard for SKADS extragalactic simulation catalogues

« Galaxy index to identify sub-component sources
(cores/lobes/hotspots) to parent galaxy

« Source type (AGN/SF) and sub-component type

* Cluster Index

* Millennium catalogue halo and galaxy indices

e Continuum I[QUV] flux densities @0.15, 0.61, 1.4, 5 and 20 GHz
« HI fluxes and profile descriptions

* Morphological info: ellipse PA, major+minor axes

(p xford
hysics,

Catalogue format SKADS
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how does it fit together ~ °KAD?

EoR galaxies, clusters Milky Way
lonosphere /
xford Troposphere
hysics..
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_ .physics.ox.ac.uk
s-cubed.physics.ox.ac.u SKADSﬁ\\

oo SKADS Simulated Sky (S-cubed)
.http:,.f,"s—cubed.physics.ox.ac.uk; - Qv s-cubed oxford
[T1 Apple Wikipedia Welcome to Google Mail SKADSwiki Schlagzeilen.. Nachrichten Python Library Reference Programming... textbooks ALMA Memo Index »

OXFORD |- s3 -=-The SKADS Stm'ulated Sktes

ik Introduction

Schema

I The SKADS Simulated Sky is a simulation of the extragalactic radio continuum sky developed at the University of Oxford, suitable for planning science with the

magas Square Kilometer Array (SKA) radio telescope, putting emphasis on modelling the large-scale cosmological distribution of radio sources rather than the internal

Access structure of individual galaxies. The simulation covers a sky area of 20 by 20 degrees, which is the expected field of view of the SKA aperture array, out to a
cosmological redshift of z=20, and down to flux density limits of 10 nJy at 151 MHz, 610 MHz, 1 4 GHz, 4.86 GHz and 18 GHz.

Query Five distinct source types are included: radio-guiet AGN, radio-loud AGN of the FRI and FRII classes, and star-forming galaxies (split into populations of quiescent
and starbursting galaxies).

Map Maker The simulated sources are drawn from observed (or extrapolated) luminosity functions and grafted onto an underlying dark matter density field with biases which

Downloads reflect their large-scale clustering. A numerical Press-Schechter-style filtering of the density field is used to identify and populate clusters of galaxies. For economy of
output, source morphologies are constructed from point source and elliptical sub-components, and for FRT and FRII sources an orientation-based unification and
beaming model is used to partition flux between the core and extended lobes/hotspots.
The "idealised skies" generated by this simulation can be fed to telescope simulators to optimise the design of the SKA itself.

xford
hysics

OCIC
SKADS E\\

& University of Oxford 2008
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...and via the Virtual Observatory! SKADS

Spherical Plot

@

T, VO Desktop

066 Task Runner for SKADS Simulated Sky - untitled
SKADS Simulated Sky Interface:| ADQL v} 7 Executel |~
Inputs Qutputs. Execution_ 0.06
AlQuery = AL — SRALD SHTWatey IRy
& —_— COMPLETED C
EDTIar 00.vot| [ Choose Location.. @J B
e 2 z 0.05
VOTABLE - E test10000.vot Ei
e . R —_—,—,—,CL
[/ Edit ./ Comment | » [] SKADS Simulated Sky |
Select Top 10000 = From sources Catalogue 2 00
las a
g
Table |sources v| [GFilter columns . 03;
Sy
# Column Name Description Datatype uco Units
- 1 source Subcomponent index long ID_MAIN C
2 cluster Cluster index int 0.02
3 galaxy Galaxy index long
Star formation type. 0: None /
4 sfype 1: Quiescent / 2: Starburst it
6606 VO Explorer - skads 0.01
* ﬂ 4 Radio images Contents of skads - 2 resources (=N Y
i/ Vizier AGN tables [Flag... |Title Capability | Date v
[/ VOEvent services [ |SKADS Simulated Sk [°- 8  [2008-04-02 0
12/ taurus SKADS Simulated Sky BT 2008-04-02
“ 5 hipparcos @ = A
i my
L chandra
L xmm Data- Row Subsets
2 SIAP I Table: [ 2: test10000.vot 3 Man =
BJ ] iz iphas
2 eso 2 Longitude Axis: right_ascension ﬂ [ degreas 3|
[/ cosmos r =
2 ssap Y Latitude Axis:  declinati i degrees B
m b4 | | Aux 1 Axis: redshift i E [ Log [ Flip|,
=F New Smart List L2 —————————— —
- - (@ i ] Table Metadata ] XML |
> Acti N e
7 Actions SKADS Simulated Sky ﬁ"“‘“‘“ - TOPCAT
2 Flag : a : ]
&l Build ADQL 1D ivo:iuk ac.cam ast'skads-dsa-catalog/S3iceaApplication - e ” |ﬁ | B | ED H@l | B8 |@| 2‘, | |m| |@|@|%|\! ‘ ] ‘ % | Qi| k
~yne CeaApPliCation Crsied 2008-D4-02T14:46:37 wightight [l %)
4, Execute Task Updated 2008-04-02T14:56:53 Table List “Current Table P
Content Type Simulation Subect simulated radio galaxies agn L=ve research Notes LitestL000:vot Label:  test10000.vot
(@ About The SKADS Simulaled Skies ($3) are a set of simulations of the radio sky B
atthe University of Oxford, suitable for planning science with the Location: 000000001903d3460119515f0fee0fa8
Selection: CeaApplication Square Kilometer Array (SKA) radio telescope. They form part of the Square Name:
Kilometer Array Design Studies (SKADS) programme, which is pa ity funded .
@ Further Info by the European Union. Further Information Rows: 1600
- 1 Columns: 35
&, Email Curator Relationships felated-to jvo//uk.ac.cam astskads-dsa-catalog/S3 Sort Order: 4 ( 3
& This resource describes a Catalog Ques Monitoring service r
ry Service (ADQL) 9 - Can 2]
Interisces ADOL, ConeSearch, MultiGone No known providing | 4+ Row Subset: |_All |
services ]

Ceeator Fduardn Gonzalez-Saolares Activation Acti

(_ (no action)

xford

a0 &

€3

hysics,
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painting on needed g\

HI

polarization /
depolarization
(source IQUV &

cluster)

| hysics..
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Synthesized Catalogues ¢ aps

'@06 1

IF 1
@

Telescope Simulation (DS2T2)

hysics..
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@> Tools: e.g. the MapMaker

emoe S-cubed : MapMaker [1.0]
Large Scale Catalogs —” @ Perform Source Query @

A\
N
R\

SKADS

Small Scale Catalogs  |'s] _  Load Source List File
BC | 0 0]: 170333333333 | | 0]: 4 158 * Standalone application in Python
TRC + 0f: 0f: 170333333333 | 4 0]: 4/: 155 .
* SQL/Python interface

"?‘ 2D Frequency (MHz) 11130

O 30 Resolution (kHz) 25 * Source list = query + post-processing

Number of channels

# Continuum Beam FWHM () 20 * FITS output with annotation file
™ Hi Line Pixel size (") 1.0
™ polarization Noise level 0.0 o 2D |mages or 3D CUbeS
) Velocity Profile accuracy 300
@ Frequency Image accuracy 20 . Ba&k(?nd roaltlnes\}%be parallellzed
Reference + 12|: 0| 00/ + 0: 0f: 0o an p Ugge IntO
Output Directory /Usersfevrier/Catalogs/RW/Maps/ | Browse |
FITS File ™ Build ™ Show
Source List File '21 Save || Show
Catalog File # Build ) Show
Annotation File ™ Build
Script File | Save
| About )| Help )| Write | Run J[ Quit |
xford
hysics..
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Configuration Library skADS R\
L L L B B R R R A
+
4000 - N + - (. gl glot - X
3 + 1 Coordinate walues
World ¥ U 788 306
+ + || world v v 1021.07
2000 + N 1 | ey
- | oW
: + o+ + T ]
of + =
) _
2000 - -
. _
4000 &= P P IR S S A S T R T
—4000 —2000 ] 2000 400
Xford ﬂl Print |uvcover.ps v Disniss |
hysics..
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N
Source HI Extraction O\
R. Auld (Cardiff) SKADS m

Duchamp

0.00040
i ATNF (M. Whiting)
° , o) 0.00020
Locates sets of contiguous voxels above some threshold o
Q@ &
¢ Uses spectral, spatial or wavelet smoothing for enhancement il o
g 000000 &
y Very quick (30 minutes for 512 x 512 x 1024 cube on a laptop) = ) o
£ -
o VO-compliant =
O
] o
’ Memory and process intensive 000020
‘ Completeness issues (misses high S/N sources)
—0.00040

#002: J115957+000222 11:58:57.80, +00:C

h .. s hopmans hegm, s
Fiy=%96.384 Jy m/s, F__,=0.0000300 J aflnlOE A0 eF - 1Fas=a0

z W_RA=0.083, w_DEC=0.100, w_Vel= Right Ascension (J2000)
E Centre: (Z88.5, 387.5, 260.6), Size: 343 voxels, Ronge: [ZBE:280, 555:4?0, 272:289]
_3‘;§31|:_a. T T T T ™ @107 P T
= -5 E F]a P’ -5 F |M
= B0 E '1 Jax107*E ! &
= E £ L
i 7107 | || metE | #

f d E Ex10™2 —..MHHAW nsiathibindiiat il sttt S i B 107 ot “H L.‘“ joss

Xior =) 84090000 BB0CI00D BE0OC0D 90000000 B.62376e+07

= 8.67306e4+07

. E velocity [m/5]

hysics..
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N
The MeqTrees Software ¢, 5¢ ﬁ\

Developed @ ASTRON [Smirnov, Noordam] with outside contributions [Willis]
Open source code Linux / UNIX (virtual machine available)

Code repository for beam shapes, ionospheric models, ...

Trees are declared by python scripts and executed by a C++ kernel

] meqserver.0.1558.0 - idle B
MeqTimba IDL Debug View Bockmarks Help ‘
B:(Trees) '-Tabs HGrd &TDLExec O K2
|~ Tabbed Tools B = & Gridded Viewers =
Messages | & Snapshots | example7-ionodpy | o

©Exec /O = 0ptions [L:1 C1 example7-iono3.py [
from Timba.Meq import meq
import math

= =]

main value rqev.00.00.1

0.02 | ‘
def define _forest (ns,**kwargs): B 1

for p,(x,y) in enumerate(positions): S q
if x is None:
# for None,None make a special xy position i g

# start with an 1,m pair
Im = ns.Im(p) << Meq.Composer(Meq.Grid(ax
# now derive xy using ionosphere height =
# x = h*sin(a), l=cos(a), so sin(a)=1/sqrt(1-1™ 1
height = 300000; # in meters AiEs
ns.xy(p) << height¥im/Meq.Sqrt(1-Meq.Sqr(lm 4
else: d
ns.xy(p) << Meqg.Composer(x,y); =l 24

# define tec trees B o 1
make_sine_tid(ns,ns.tec(1,p),ns.xy(p),ampl=.1 -

# reuse previous function
from example5_iono import make_sine_tid

positions = [ (0,0),(10000,10000),(None,None) ]

make_sine_tid(ns,ns.tec(2,p),ns.xy(p),ampl=.0
ns.tec(p) << ns.tec(1,p) + ns.tec(2,p);

=
=
b4
=
=
~
=
=
=
=
=

ns.phase(p) << ns.tec(p)*25*(3e+8/Meq.Freq( B
ns.difftec << ns.tec(0) - ns.tec(1); m =+0,0495 radl | =-0.087 rad value: 9,99 -
xford ! | 2 [ s
= — = [ . —{ L]
[Eidle || | vszzrempss1iem

hysics..
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MeqgTrees Features

SKADS

¢ Powerful calibration : almost any parameter can be solved for
’ Fast and smart evaluation on time/frequency grids

’ Per-station effects and polarization effortlessly included

)

Visual assessment of different models via difference trees

symmetrical vs asymmetrical beam average vs per-station beam

error level: 2% error level: 0.02%
’ No parallelization yet : limited number of sources and antennae
’ Uses Measurement Sets but does not generate them

xford ’ Input skies are source lists, not images

hysics..
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=2 Confontation with Data  skaps IR\
70
. Obreschkow Mauch et
Simulation al, in prep
50
40
o WSRT data _
y \
10 . / .
0
-4 3 -2 1 0 1 2
xford Sky simulations will increasingly be
hysics. checked against real data
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Post-Processing Options ﬁ
% X-AIPS tv Screen Server 98 - UNIX 1 S KA D S \\

EE Bz 38

1]

Wilman
simulation

i}
E
[
L
I
H
A
T
1
u}
H

Lensing
model: Ben
Metcalf

S EEN

1]

57 38

(prord
hysics..

BE a8 2@ 85 |aE 23 33 55
RIGHT ASCEMSION (JZ2EEE)
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Sky as viewed by a simulated interferometer O
D SKADS ﬁ\\

Wilman

simulation

+ E-LOFAR
simulation
(Heywood)

STFC
permitting,
by~2010

&8 B2 3@

ag

i}
E
C
L
I
H
A
T
1
u}
H

I EE R

aa

oV 3a

HE @@ 2@ 23] B@E 23 539 55

L]
RIGHT ASCEMSION (J2@@&3 LenSIng

— “ model: Ben
XIior
q; 0 Metcalf

ysics.

SKADS MCCT Workshop, Bonn, April 2008 Steve Rawlings



B
Pod

A\
N
R\

Concluding Remarks SKADS

- reference skies exist http://s-cubed.physics.ox.ac.uk

- please use them (for SKA simulations and real science)
and provide feedback

- e2e data simulations now urgently needed, and
tools will appear on this same web site as they are
developed (map-maker, post-processing options,
configurations, instrument simulators)

- must be linked to functional simulators and cost model

- must keep an eye on synergies with other facilities, e.g. EUCLID

* The Future: PrepSKA + Path2SKA: FP7 Sep2

(PXford Path2SKA - being organised by SR on behalf of ESKAC -
h

ysics. strongly linked to international SKA project
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