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Outline

The Square Kilometer Array
® Specifications and timeline

® Key science projects

The SKADS Simulated Skies (S-cubed)

SEX and SAX simulations of the radio sky
Database structure and access
Making the SKADS sky

A few applications....

Simulating the observations with SKA

® The Measurement Equation

® MeqTrees

® (Generating skeleton Measurement Sets



The Square Kilometer Array
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0.001



The SKA Timeline

Science South Africa
case Western Australia

published i PrepSKA
Sites preparatory phase : ,
short-listed activities ‘“10% SKA’ SKA
l l | ~_Science Complete
A 4 l
98 2002 06 07 08 09 10 1 12 13 14 18 22
Concept design PrepSKA system design
Pathfinder suite construction T T
‘ Phase 1 Full array
construction construction
External 10% SKA 100% SKA
Feasibility Reference engineering MeerKAT
studies and Design review of top- ASKAP
concept selected level design
demonstration
Initial specs for Phase 1 Detailed Phase 1 design &
and full SKA top-level SKA design

... pushed back one year
(every year)




The SKA Key Science Projects

CRADLE OF LIFE
® Thermal imaging of protoplanetary disks (0.15 AU at 150 pc @ 20 GHz)

® Leakage radiation from ETI
TESTS OF GENERAL RELATIVITY IN STRONG FIELDS
® ~20,000 detectable pulsars : probable pulsar+BH binary

® Timing of millisecond pulsars : GW background

CosMIC MAGNETISM
® 100,000,000 Rotation Measures from extragalactic sources (spacing 60”)
® Spectropolarimetric observations of galaxies up to z>3

GALAXY EVOLUTION AND COSMOLOGY
® Detection of HI emission at high redshift (z~2)

® Star-formation through continuum emission

EPOCH OF REIONIZATION

® Intergalactic medium HI at high redshift

® Star-formation through studies of molecular gas and dust



The SKADS Simulated Skies (S-Cubed)

Semi-Empirical eXtragalactic

Wilman et al. (submitted)

Underlying dark-matter distribution
evolved from linear theory

Populations of AGN and galaxies drawn
randomly from observed/extrapolated
luminosity functions down to 10 nJy

HI mass ascribed via L 4ap,
400 square degrees
Maximum redshift z=20

RQ-AGN, FRI, FRII, SFG, SB

Semi-Analytical eXtragalactic

Obreschkow et al. (in prep.)

® Dark-matter haloes of galaxies identified
in the Millenium simulation

® (as properties, star-formation and BH
accretion rates ascribed

® 27 square degrees

maximum redshift z=4

Dark matter Visible matter Neutral atomic hydrogen




Simulation Output

~
Hot Spot

® ASCII files for clusters and sources

Lobe

® Sources = point sources and ellipses

HI Disk

® One row per subcomponent
SF Disk

® SEX:47 GB and 235,301,766 sources

Lobe ® SAX:71GB and 77,443,475 sources
® Continuum @ 151, 610, 1400, 4860, 18000 MHz
Hot Spot
Y,
Source morphologies Source counts (SEX)
Lobes Hot Spots  SF Disk HI Disk
Radio-quiet AGN X 36 132 566
FR | X X 23 853 134
FR 11 X X X 2 354
“Normal” galaxies X X 168 046 330
Starburst galaxies X X 7 267 382




Source Table Structure

Source index Unique key
Cluster index
Galaxy index

@ Hubble type

@ I type index
Star-Formation type index
AGN type index
Structure type index
Right Ascension [degree] Index
Declination [degree| Index
Comoving distance [Mpc|
Observed redshift
Position angle [rad]

@ Inclination [rad]
Major axis [arcsec| Index
Minor axis [arcsec]

log(I), log(Q), log(U), log(V') @ 151 MHz [Jy]
log(I), log(@Q), log(U), log(V) @ 610 MHz [Jy]
log(I), log(Q), log(U), log(V') @ 1400 MHz [Jy]
log(I), log(Q), log(U), log(V') @ 4860 MHz [Jy]
log(I), log(Q), log(U), log(V) @ 18000 MHz [Jy]
@ log(I5y;). log(Qyy). log(Uyyy), log(Viyy) [Jy km/s]

@ 1 line width [km/s|

@ Hi circular velocity [km/s]
@ log(Myy; /M)

@ cos(viewing angle)

e SAX only
e SEX only

Q U, V:NULL

Data Distribution
# Step 1

® Conversion of ASCII files to MySQL / PostgreSQL
® C(Cluster table + Source table

® Indexing on major axis, right ascension and declination

# Step 2

® Hosting by Oxford e-Research Center

® Web interface for query http://s-cubed.physics.ox.ac.uk/

# Step 3

® (Collaboration with N. Walton @ Cambridge for
implementation into AstroGrid (VO)




Making the SKADS continuum sky
B - oo parancces [ |

region - source types -|resolution|- frequency -|flux limit

Query databases

=4 Read structure information

position size orientation|- reference fluxes

Scale template image

Paste into full map




Making the SKADS HI sky

First approach @ low resolution : synthetic spectra

® HI flux from HI mass and distance Av
PY “Random” line width (SEX) /(S/Jy)(dv/km.s_l) ~ 4.24 X 10_6(MHI/M®)(D/MPC)_2

® Synthetic double-peaked shape

Second approach @ high resolution : template cubes from R. Boomsma (Kapteyn)

® (Galaxy models made of “clouds”
® Placed according to density profile
®  Orbiting according to velocity curve

® 5 galaxy types (spirals and
irregulars)

® 46 inclination values (0-90 degrees)

® 5 asymptotic velocities

|

scale / rotate / paste

S0-Sab galaxy type 200 km/s asymptotical velocity 42 degrees inclination




The MapMaker

e 06 S-cubed : MapMaker [1.0]
Large Scale Catalogs _ﬂ ® Perform Source Query ®
Small Scale Catalogs —ﬂ Load Source List File Browse
BLC -| O/: 0]: 17.0333333333|| -| 0|: 4|: 155
TRC + O}: 0/: 17.0333333333|| + 0/: 4: 155
@ 2D Frequency (MH2) 1113.0
3D Resolution (kHz) 62.5
Number of channels
™ Continuum Beam FWHM (") 20
™ HI Line Pixel size (") 1.0
™ Polarization Noise level 0.0
" Velocity Profile accuracy 300
® Erequency Image accuracy 20
Reference + 12 : 0 : 00/| + 0/: 0: 0.0
Output Directory /Users/levrier/Catalogs/RW/Maps/ . Browse
FITS File ™ Build ™ Show
Source List File ™ Save [ Show
Catalog File ™ Build | Show
Annotation File ™ Build
Script File | Save
( About )| Help J( write ) Run )i Quit )

Standalone application in Python
SQL/Python interface

Source list = query + post-processing
FITS output with annotation file

2D images or 3D cubes

Backend routines to be parallelized and
plugged into VO



Example : Central square degree of S-cubed SEX

030" ma};;—»lsqfdeg—»ltype‘l—x 1,4‘ fite .

T T

ma];)A lsc%degAltj‘-'pel‘—}ﬂ‘ 1.4T fits mep-+1sqdeg-typed->1.4 fits
T T T

.

Declination (J2000)

Declination (J2000)
Declinastion (J2000)

_ap' | | -30' | |
301: b h 1 2bpg™ ghgp= bggm
12=00= 11%58= 12702= 12°00™ 11859= 11858= 12702 12700 11759

Right Ascension (J2000) Right Ascension (J2000) Right Ascension (J2000)

+0°30"

I]layﬁlgl%deg_.ltjrpe%_.1,4',fitg . . _ i 11'1&E~1sc¥deg7t}rpe?5~1.4I.fits i

Declination (J2000)
Declination (J2000)

| |
oh, m
12200 _ _ 12800=
Right Ascension (J2000) Right Ascension (J2000)




Source Extraction
In collaboration with R.Auld (Cardiff)

MapMaker

Duchamp

0.00040
ATNF (M. Whiting)
o
Locates sets of contiguous voxels above some threshold g 000020
o
Uses spectral, spatial or wavelet smoothing for enhancement <
o OUg 0.00000
Very quick (30 minutes for 512 x 512 x 1024 cube on a laptop) *g
VO-compliant g, .
Memory and process intensive
Completeness issues (misses high S/N sources) Cow —0.00040
12]“(3010s 12200™00" 11h59’““5S
#002: J115857+000222 11:59:57.80, +00:02:22.12, 86480336.000 m/s Risht A , (J2000)
Fint=496.384 Jy m/s, F oeck=0-0000300 Jy/becm, S/N_ _ =B8.80 12 scension
;Q' w_RA=0.083, w_DEC=0.100, w_Vel=276655.000 m/s
E . Centre: (288.5, 397.5, 2B0.6), Size: 343 voxels, Raonge: [286:290, 395:4Q0, 272:289]
2 9x10 T T T T T ™ X107 T3
T ox103 M s M
x 8x10 3 '1 48x10 7 - fo 3 -
L:)?xn“’: ; x100E 1 o
g 8x107° —Wr&mwrﬂnd‘) WWWW 6x107° .V.-rrl . \vlvq' }—4
4 84000000 86000000 88000000 900000C0 8.62326¢ 40 ;O‘b i

Velocity [m/s]

mJy/Beam



Lensing

In collaboration with B. Metcalf (Garching)

® Potentially 10,000 - 100,000 lensed systems in SKA all-sky surveys

® Internal mass structure and evolution of clusters up to z~1

4000




S3-PUL : A pulsar database

In collaboration with R. Smits (Jodrell Bank)
& A. Karastergiou (Oxford)

® With SKA sensitivity : ~20,000 detectable pulsars
® (Generation of pulsar population

® (Generation of synthetic profiles

V' Period 20 20000 ms [M. Kramer]
v Dispersion Measure 0 ' 1700 ‘cm 3 pc

| Pulse Width 0 3000 ms # Name  Period DM  Width | b S \alpha X Y Z D R L
) Galactic Longitude |-180 | [180 | degrees | J2000+0134 18448 25439 20.1 131 66 56 167 158 171 081 702 233 028
) Galactic Latitude -90 90 Adcgrccs 10,00 BHs

| Flux 0 ' 250000 mly

_ Spectral Index -3 0

) X Galactic -200 20  kpe

— Y Galactic -20 20 Akpc

) Z Galactic -4 | 4 ' kpe

— DEarth 0 130 Akpc

~) RGalactic 0 20 kpe

_| Luminosity 0 ' 250000 mly kpc?




The Measurement Equation

Hamaker, Bregman & Sault, 1996

incoming electrical field

antenna voltage pattern Jones matrices

Brightness

° field and voltage pattern are 2-element vectors (2 polarizations)

° Visibility function, Jones matrices and brightness are 2 by 2 matrices Visibi“t)' function

Effortlessly describes interferometric polarimetry _




MeqTlrees=Meq+Trees

Every mathematical expression is a tree ...

... So is the Measurement Equation

z = f(x,3y + sinx)

Faraday rotation Faraday rotation

lonospheric delay lonospheric delay

Sky rotation

Antenna #| Gain Antenna #2 Gain

Correlation




The MeqTrees Software

Developed @ ASTRON [Smirnov, Noordam] with outside contributions [Willis]
Primarily designed as calibration suite for LOFAR
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
[Tl e 6% T3 565 0 v

'~ Tabbed Tools

-  { Gridded Viewers

Messages | £ Snapshots | example7-iono3.py |
©Exec (3 /O ~Options [L:1 C1

from Timba.Meq import meq
import math

example7-iono3.py [E;

# reuse previous function
from example5_iono import make_sine_tid

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

def define_forest (ns,**kwargs):
for p,(x,y) in enumerate(positions):
if x is None:
# for None,None make a special xy position
# start with an 1,m pair
Im = ns.Im(p) << Meqg.Composer(Meq.Grid(ax
# now derive xy using ionosphere height
# x = h*sin(a), 1=cos(a), so sin(a)=1/sqrt(1-1"
height = 300000; # in meters
ns.xy(p) << height*Im/Meq.Sqrt(1-Meq.Sqr(Im
else:
ns.xy(p) << Meq.Composer(x,y); =
# define tec trees
make_sine_tid(ns,ns.tec(1,p),ns.xy(p),ampl=.1
make_sine_tid(ns,ns.tec(2,p),ns.xy(p),ampl=.0
ns.tec(p) << ns.tec(1,p) + ns.tec(2,p);
ns.phase(p) << ns.tec(p)*25*%(3e+8/Meq.Freq(]
ns.difftec << ns.tec(0) - ns.tec(1);

- : 3 ] L a oo

AL .l
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MeqTrees Features

® 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
N T
ST Sl PR et o
} *?4 e EEod
AR A Rl o
RN O
R oA
~.~ S 5 ;‘q:i’»‘::,!’j : %
symmetrical vs asymmetrical beam average vs per-station beam
error level: 2% error level: 0.02%

® No decent parallelization yet : limited number of sources and antennae
Uses Measurement Sets but does not generate them

Input skies are source lists, not images



-

Measurement Set Generator (De Mesmaeker) &<

RS-
o

) De Mesmaeker -0 X
| Help | | | | Quit
T Ty Python interface to a glish script from T. Willis
Output name default
]
: Preset Iocatjonsv Select USES AIPS++ “I’IEWSImU|at0r” taSK
Hame | MeerKAT
Longitude {(d:m:s) + 21/ 23| 16.8040393771
Latitude (dm:s) -| 30| 42 532622500264 Uses existing configurations or generates random ones
Altitude (m) 1054.0
Load configuration | Browse | Show

Builds a skeleton MS to be used by MeqTrees

Generate configuration | Parameters |
Antenna parameters 1

Shadowing limit 0.001

Flevation it (d) 5.0 L) Configuration generator
Right Ascension (h:m:s) 12 0 0.0\ ) Number of antennas 60
Declination (d:m:s) - 30 42| 53.2822500284 . Min. radius (m) 100.0  Max. radius (m)  2000.0
Epoch  Select Diameter (m) 15.0 Tsys (K) 20.0 -~ Equatorial mount
Flux (Jy) 1.0 Digitization 4 Efficiency 0.75 & Alt-Az mount
Spectral index 0.0 ' . |
.p Generate | _| Write to file Close
Noise level (Jy) 0.0 J

Observational Setup

Date (d:m:y) 23 11| 2007

Start Hour Angle (hom:s) + 11 30 0.0 0 eEETET 0O X
Stop Hour Angle (h:m:s) || 12]| 39 = Diameter (m) 15.0/ - Equatorial mount
Integration Time (s) 300.0 .
Central Frequency (MHz) §00.0 U L) 20.0jR gt e
Bandwidth (MHz) 80 Efficiency (%) 0.75
Number of channels 32 Digitization 4
Linear Polarization ¢ W XX W XY & YX W YY | Apply | Apply to all

Circular Polarization . _| - - -
Write Glish | Run Glish | | |




Conclusions

‘ MapMaker ‘
Simulated - = “Lskies

Costing !

‘ MeqTrees \

Parallelization

sky model

“Ideal” cat ! Software

” skies erved

Data Model

Engineering Pathfinders



