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with thanks to:
Chris Williams (OeRC), Eduardo Ibar (Royal Observatory Edinburgh)
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European ARC Nodes are “the interface between ALMA and the European user
communities”. Their functions include “making available to users tools for
proposal preparation” and the “development and maintenance of new software
and techniques’.

From the European ALMA ARC Memorandum of Understanding (ESO)




Common Parameters
Sensitivity Type " Point Source detection |4
RA 00:00:00.000
Dec -50:00:00.000

Effective Bandwidth 16.0 | GHz %

Frequency (CHz) 345.0

Observatory site ‘@
Water Vapour Column Density | ETC Chooses ALMA SenSItIVIty Calculator

Sensitivity Unit mjy

Individual Parameters http://www.eso.org/sci/facilities/alma/observing/tools/etc

12m Array 7m Array Total Power Array
Number of Antennas 50 12 4

Beamsize(arcsec) 5.97869 14.946725
Sensitivity(mJy) 200.0 200.0 200.0
Exposure Time (sec) 6.304788E-5 0.010106377 0.

(" Calculate E posure Time ) (" Calculate Se sitivity )

[ Figure 1 v A x

test2.input50pc_672GHz flat test2 clean flat test2 diff.im

min=-8 de-08 [min=-5.2e-08|
max=65e-05 max=4.0e-06
RMS=0.0e+00 RMS=11e.08

CASA <71=: inp simdata
————————— > inp(sindata)
# simdata :: simulation task:

project = 'sim’ #

complist v #

mode | image #

inbright ‘unchanged ' #

ignorecoord False # R’;jﬁ%’l
startfreq '89GHz ' # [onl) RMS=4.3e-08]
chanwidth '18MHz ! #

refdate '2012/095/21/22:05:00"

totaltime "7200s " #

integration ‘18s’ #

L T T T T O T VA R I I

scanlength 5
direction ['J2608 15h@EMA8 -48d0onal| C é L] 9
pointingspacing '1arcmin’ # spac
mosaicsize ['1.Barcmin', 'i.Barcmin’ I h e ASA S I I I I d at a t a S k
caldirection v # pt s
calf lux "1y
checkinputs ‘no’ #
antennalist ‘alma.outiB.cfg’ #
noise_thermal True # (
noise_mode ‘tsys-atm' # L]
#
user_puwy = 1.8 # e er Yapor in mm [tsys-atm only]
= 269.8 # ombient temperature
= 263.0 # atmospheric temperature [tsys-manual only]
= 8.1 # zenith opacity [tsys-manual only]
cell = 'B.larcsec’ # output cell/pixel size
imsize = [128, 128] # output image size in pixels (x,y)
threshold = '8.91mdy"’ # flux level (+units) to stop cleaning
niter = 560 # maximum number of iterations
psfmode = ‘clark’ # minor cycle PSF calculation method
weighting = 'natural’ # weighting to apply to visibilities
uvtaper = False # oapply additional uv tapering of visibilities.
stokes = ' # Stokes params to image
fidelity = True # Calculate fidelity images
display = True # Plot simulation result images,figures
verbose = False
async = False # If true the taskname must be started using simdata{...)

cash <72-: |


http://www.eso.org/sci/facilities/alma/observing/tools/etc/
http://www.eso.org/sci/facilities/alma/observing/tools/etc/

model.fits

UPLOAD

OST webform

CLICK

Simulation
Parameters

You’ve got mail SEND A MAIL

USERS FILES
TEMPORARY FILES ON THE SERVER

SOFTWARE ON THE SERVER

BACK END SYSTEM

TEMPORARY ‘INCOMING’ FOLDER

model.fits

params.txt

Self-contained
CASA script

HTML :
summary

simulation.fits

TEMPORARY ‘OUTGOING’ FOLDER




Front end

‘:‘ Applications Places System @ O

{22 Ap y Lo

¥)) ALMA observation support tool - Mozilla Firefox
Fle Edit View History Bookmarks Tools Help

~ ol
S -
®| ALMA observation support too

ALMA Observation Support Tool

ALMA

Observation Parameters

Corruption

Imaging

No (Retum ¢

Submit

@ ) ALMA observation sup...




In-browser sanity checks

™% Applicatio Plac S tm@" ® Sun 29 Aug, 4:27 AM Do
A3 Applications Paces ssemQ}QM®H 0 Wesun2Ap.s2AM AF
Q?) ALMA observation support tool - Mozilla Firefox

Fle Edit View History Bookmarks Tools Help

> 204

®| ALMA observation support tool

ALMA Observation Support Tool

ALMA

Browse..

Not valid!

Observation Parameters [ y hello Must be a number!

Minimum value: -12

Corruption

Imaging

No (Retum d

Please check
@ ) ALMA observation sup...

Uses open-source Javascript library from http://livevalidation.com




Results page (1)

"% Applications Places System @ 5y [ ® Sun 29 Aug, 4:28 AM Do
{2 Aep y O = " 9 5
) ALMA OST - Job ID: 20100820222812 - Mozilla Firefox
Fle Edit View History Bookmarks Tools Help

= v @ b | [¢ st/output/20100820222812.htn

®| ALMA OST - Job ID: 20100820222812

ALMA Observation Support Tool - Result

20100820222812 / Submitted by: you@yourdomain.com

Overview

Data products

® ) ALMAOST-JobID: 20...




Results page (2)

.t-:‘ Applications Places System @@ E !‘- Sun 29 Aug, 4:28 AM
“e

E) ALMA OST - Job ID: 20100820222812 - Mozilla Firefox

Fle Edit View History Bookmarks Tools Help

st/outputy20100820222812.htn

MA OST - Job ID: 20100820222

Diagnostics

® ) ALMAOST-JobID: 20...




Results page with message window

™% Applicati Places Syst @'0

t_‘ pplications Place ystem g E

) ALMA OST - Job ID: 20100820185515 - Mozilla Firefox
Fle Edit View History Bookmarks Tools Help

ost/outputy20100820185515.htn

ALMA Observation Support Tool - Result

Job ID: 20100820185515 / Submitted by: you@yourdomain.com

Messages

Overview

products

® ) ALMAOST-JobID: 20...




Server-side error checking for more complex problems

.:‘A licatio Places S tm@l'r Sun 29 Aug, 4:28 AM D o
ot'. pplications Places Syste g@ l‘u un ug L
e) ALMA OST - Job ID: 20100821215520 - Mozilla Firefox

Fle Edit View History Bookmarks Tools Help

= v & @ (6] | http://localhost/output/20100821215520.htn

®| ALMA OST - Job ID: 20100821215520
ALMA Observation Support Tool

Job ID: 20100821215520 / Submitted by: you@yourdomain.com

What went wrong?

Suggestions

® ) ALMAOST-JobID: 20...

(or for users who do not have Javascript enabled.)
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>N A1 Neutral Hydarogen simuiation

with contributions from:
Danail Obreschkow (TWT GmbH), Francois Levrier (ENS, Paris),
Oleg Smirnov (ASTRON), Steve Rawlings (Oxford)




SKA1 low-frequency sparse aperture array

MY At A

Frequency range: 70 <v=< 450 MHz
Instantaneous bandwidth: 380 MHz
Stations: 50 X 180 m diam.

Nyquist frequency: 100 MHz
Maximal Aeff / Tsys: ~2000 m? /K

(See e.g. Garrett et al., 2010, arXiv 1008.2871)

SPDO / Swinbume Astronomy Productions



SKA7T aperture array: assumed 50-station layout

(with thanks to Rosie Bolton)

All stations Inner 10km

SPDO / Swinbume Astronomy Productions



o ana uv coverage

-60°, 450 MHz
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y SlTidiauon

Simulate multiple beams with 1000-hours on-source
with 180 < v=< 450 MHz, corresponding to 2.16 < z < 6.89 for neutral hydrogen.

To make this more digestible...

Sub-band Redshift range  Max. resolution at veentre FOV (FWHM) at veentre
180-270M 6.89 >z>4.25 1.83 arcsec 0.52 deg
270-360M 4.25>2z2>2.94 1.30 arcsec 0.37 deg
360 -450 M 2.94>2z2>2.16 1.01 arcsec 0.29 deg

Assume 256 channels for now, giving Av = 250 km s'.




 SIHTIUIAUOrnn

“What we put into the simulation is what we get out.”

Two (big) assumptions:

1. Calibration problems such as ionospheric corruptions and
variable station beams are tractable.

he SKA will actually work.




Sl mu Iation Steps Many papers by Obreschkow et al.

http://s-cubed.physics.ox.ac.uk

Extract sample of galaxies from S3-SAX within relevant volume of space.
Generate model sky cube in FITS format.

Attenuate image cube with simple PB model.

Generate MS ‘crates’ with CASA sm tool.
Fill visibilities with MeqTrees.

Invert visibilities to produce ‘observed’ image cube.

Divide out PB model from output images, and cut at 30% level.



http://s-cubed.physics.ox.ac.uk
http://s-cubed.physics.ox.ac.uk
http://s-cubed.physics.ox.ac.uk
http://s-cubed.physics.ox.ac.uk

Simulated neutral hydrogen cube: 2.1491 =z < 2.8989
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SKA Aperture Array single beam: 364.2 = v =450.9 MHz
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256 channel cube with an arbitrary low noise floor



SKA Aperture Array single beam: 364.2 = v =450.9 MHz
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MeerKAT deep continuum simulation - sky model from S3-SAX (Wilman et al., 2008)
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Spectral and temporal noise model

2 ks

NApA, At Av

(Generalised from Eq. 6.43, Thompson, Moran and Swenson, 2nd Ed.)



Testing the noise model in the MeqTrees browser

Uncorrupted visibilities (L: real, R: imaginary) Corrupted visibilities

{ MeqgBrowser - meqserver.16383 = visibilityisky:0:1 (MegAdd) B noisy predict:0:1 (MeqAdd)
MeqTrees TDL Debug View Book @ 9

t:, Trees ] m: 0.0325+ 0.00613j sd: 0.118

visibility:sky:0:1 (MegAdd) WA @ Q noisy_predict:0:1

b3z Trees L~ (Tabs) [ (Grid)

m: 0.0338+ 0.006j sd: 0.129

2

[jﬁ Forest state
P By class (22)

< Root nodes |

l 11

L1 1

P xyz0
< VisDataMux
p post: VisDataMux:post

pre: <none>

Relative Timelsec)
Relative Timelsec)

213
F23

start: <none=
3: sink:0:1
W7 ¥ 0: noisy_predict:0:1
= 0: visibility:sky:0:1
< 0: visibility:5+0+0
p 0: K:S+0+0:0
1: coherency:S5+(
p 2: K:S+0+0:1:cor
> 1: visibility:S-1+0:0
> 2: visibility:S+1+0:
> 3: visibility:5+0-1:0
> 4: visibility:S+0+1:
< 1: noise:0:1
< 0: noise:0:1:0
< 0: noise:0:1:0:real

1 l § I l

lllllll

lllllllllllllIllllllllllllllllllllllll
llllllllllllllllllllIllllllllllIll

(freq =+1.81e+03 MHz time

@

0: (gaussnoise)
- 1: divide(divide(multiply(c1.95253437915e-23,add(c50.0,add(multip
- 0: divide(multiply(c1.95253437915e-23,add(c50.0,add(multiply(cH
= 0: multiply(c1.95253437915e-23,add(c50.0,add(multiply(c5000(
0: c1.95253437915e-23
- 1: add(c50.0,add(multiply(c500000000.0,pow(divide((freq),cl
0: c50.0
+ 1: add(multiply(c500000000.0,pow(divide((freq),c1000000.
P 0: multiply(c500000000.0,pow(divide((freq),c1000000.0),
1: c4.0
= 1: multiply (multiply (pow(multiply(multiply(c1017.87601976,sin(
"

v 1: pow(divide(multiply(c10.0,subtract(freql,freq0)),nelementy

Move

Sky temperature node




The spectral line stacking technique (signal from the noise!)

Sample of individual spectra Average line profile

227146764 225307122 225415113
T T T T 1 T

l,l ‘» |,' ,»:
I I

227010689
™T T T T

f

227146663

227042114
™1 1 T 1.1
ol

227078994
—— T

30 20
Channel number




Investment per simulated 256-channel beam
Intel Core 2 Duo @ 3 GHz / 8 GB RAM

Approx. CPU time / hours

Data volume / GB

8.6 8.6 281 53 8.6

Reduces to about 122 GB (Including hard removal of flagged MS rows)

|deal sky input cube

Attenuated sky cube

8.6 105 8.6 Generate and fill Measurement Sets

Image Measurement Sets

PB-corrected output cube



(with further thanks to Rosie Bolton)




Time to generate Measurement Set for one channel:

~06 hours

Size of single channel Measurement Set:

~25 GB '

TR——— N

Time to produce 163842-pixel image from single channel Measurement Set: 1

w BE O NEA
Ty




