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Why simulate ALMA observations

Interferometers do not sample all spatial frequencies on the sky,
so the image obtained from interferometric observations does not
necessarily represent the full brightness distribution.

Simulations of ALMA observations are not required for a proposal, but
they can strengthen it in some cases.

They can demonstrate the need for specific configurations, or combinations
of configurations, to resolve certain structures or meet specific goals.

If they are discussed to justify any technical
aspects of the observation their results should be included in the
science case and in the technical justification.



Why simulate ALMA observations

Assume this is our target
field:
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Why simulate ALMA observations

ALMA Cycle3 most compact cfg
8hrs observations 1 pointing

complist_cfgZ.1.alma.cycleZ. 1.image
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Why simulate ALMA observations

ALMA Cycle3 most extended cfg
8hrs observations 1 pointing

complist_cfgZ./_new.alma.cycleZ./.image
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Why simulate ALMA observations
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470 km/s
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Simulation of a complex source
with extended structure and
point-like regions.

BIMA CO image @ 6”
of NGC3627
rms ~ 30mJy/beam in 10 km/s

Target scaled to z=0.03
J2000 13:00:00 -40:00:00
CO (1-0) @ 112.10 GHz
peak flux 0.041 mJy/pix



ALMA 12-m configurations available during Cycle 3
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Why simulate ALMA observations

470 km/s

The extended configuration misses
completely the emission from the
largest components.

The compact cfg recovers the
extended emission without
resolution.

Adding ACA would give a more
precise representation of the flux.

Model
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o0 Rt et T2 To recover both extended and
point-like structures the
combination of multiple

compact
12 m array cfg is needed.

Combination: C36-3+ C36-6
Observation 8hrs long.
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The OT will decide automatically how many 12 m array
configurations are needed, based on the values of
Desired Angular resolution and
Largest angular structure

you give as input.

f,cs (arcsec) | 45 (arcsec)

Array combination

Time ratios

Total Time

0.3 <48 C36-6 1 1.0 X Acrtended
0.3 4.8-25.2 C36-6 + C36-3 1:0.5 1.5 X A ztended
0.3 25.2-42.8 C36-6 + C36-3 + 7-m 1:05: 2 3.5 X Acrtended
0.3 >42.8 C36-6 +C36-3 +7m+ TP | 1:05: 2: 5.5 X Acotended

Table 7.4 ALMA cycle-3 Technical Handbook




The OT will decide automatically how many 12 m array
configurations are needed, based on the values of
Desired Angular resolution and
Largest angular structure

you give as input.

Largest angular structure

0,5 (arcsec)

0.3
U5
0.3
0.3

145 (arcsec)

Array combination

Time ratios

Total Time

> 42.8

(C36-6

C36-6 + C36-3

C36-6 + C36-3 + 7-m
C36-6 + C36-3 + 7-m + TP

1

1: 0.5
1: 0.5
1: 0.5

I

1.0 x ﬂhE':L‘tf”.'a-:lr-f'ucf
1.5 x ﬂe:rtended
3.5 X Aertended
2.9 X ﬂe:rtended

Table 7.4 ALMA cycle-3 Technical Handbook




The OT will decide automatically how many 12 m array
configurations are needed, based on the values of
Desired Angular resolution and
Largest angular structure

you give as input.

Largest angular structure

0,5 (arcsec)

145 (arcsec)

0.3
0.3
0.3

0.3

Arrav combination

Time ratios

Total Time

( C36-6 1 1.0 x ﬁrz:tendec{
4.8-25.2 C36-6 + C36-3 1:05 1.5 X Acrtended
25.2-42.8 C36-6 + C36-3 + 7-m 1:05: 2 3.5 X Acrtended
> 42.8 C36-6 +C36-3 +7T-m +TP [ 1:05:2:4 | 55 % Acriended

The most extended configuration is enough!

Table 7.4 ALMA cycle-3 Technical Handbook




The OT will decide automatically how many 12 m array
configurations are needed, based on the values of
Desired Angular resolution and
Largest angular structure

you give as input.

Largest angular structure

| ... (arcsec)

145 (arcsec)

Array combination

Time ratios

Total Time

0.3
0.3
0.3
0.3

< 48

25.2-42.8
> 42.8

C36.6
CC36-6 + C36-3O
C36-6 + C36-3 + 7-m
C36-6 + C36-3 + 7-m + TP

1

© oo
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1.0 x ﬂhE':c'tf”.'a-:lr-f'ucf
1.5 x ﬁemtended
3.5 X Aertended
2.9 X ﬂe:rtended

2 main array configurations are needed!

Table 7.4 ALMA cycle-3 Technical Handbook




The OT will decide automatically how many 12 m array
configurations are needed, based on the values of
Desired Angular resolution and
Largest angular structure

you give as input.

Largest angular structure

| f... (arcsec)

i1 as (arcsec)

Array combination

Time ratios

Total Time

0.3
0.3
0.3
0.3

< 48

25.2-42.8
> 42.8

C36-6

36-6 + C36-3 D
C36-6 + C36-3 + 7-m
C36-6 + C36-3 + 7-m + TP

q

1

1.0 x ﬂhE':c'tf”.'i.r:.tfnf'-ﬂ.’

fﬁ 1.5 x ﬂ'E‘IfE’ﬂ-dE
1 Dg 2 -jr:l' = ﬂ.EIfE?ldEd
1:05:2:4 | 55 x Acstended

\"4

2 main array configurations are needed!

Time scaling assumed for the observations
Table 7.4 ALMA cycle-3 Technical Handbook



The OT will decide automatically how many 12 m array
configurations are needed, based on the values of
Desired Angular resolution and
Largest angular structure

you give as input,

and suggests the use of ACA if needed.

Largest angular structure

frcs (arcsec)

#1145 (arcsec)

Array combination

Time ratios

Total Time

—

0.3
0.3
0.3
0.3

< 4.8
4.8-25

> 42.8

C36-6

(C36- :
36-6 + C36-3 + T-m

C36-6 F T3 + -m + TP

q

1

1.0 x ﬁe:‘tended
2 X A ended

C.‘l':.‘l

1: 0.5
1 : 5 2
r. g

g

1:

':.‘l

4

2.0 X ﬂe:‘tended

2 main array configurations + ACA are needed!

Time scaling assumed for the observations

The OT suggests to add ACA. If you decide to go against this recommendation
you heed to adequately justify your decision.



The OT will decide automatically how many 12 m array
configurations are needed, based on the values of
Desired Angular resolution and

Largest angular structure

you give as input,

and suggests the use of ACA if needed.

Largest angular structure

fBrcs (arcsec) | frag (arcsec) | Array combination Time ratios Total Time

i' 0.3 < 4.8 C36-6 1 1.0 x ﬁe:‘tended
0.3 4.8-25.2 C36-6 + C36-3 1: 0.5 1.5 X Aprtended
0.3 25.2-42.8 C3 L 1:05:2 3D X Aegtended
0.3 (=428 ) Q366 + C36-3 + 7T-m + @ :2:4 | 5.5 X Acstend

2 main array configurations + ACA + TP are needed!

Time scaling assumed for the observations

The largest angular structure can have a strong impact on a proposal since it can
multiply by a factor of 5 the total time needed.

A strong scientific motivation for it should be provided when multiple configurations
are required.



Two software tools available to help users simulate images
resulting from an ALMA observations:

Simulations with CASA tasks

simalma or simobserve & simanalyze

Tasks to produce ALMA data from an input sky model
(theoretical model or previous observations)

Observation Support Tool

The OST is a webtool hosted by the UK ARC with a
website acting as a simple GUI to set parameters and run the
simulations



Simulations with CASA

* Allow you to simulate observations starting from images or

component list.

 You can scale the spatial axes and the flux of your model
to shift the data to what would be observed for a similar
target at a different distance.

* You can combine observations taken with different
configuration and with the ACA

 New simple task simalma

* If you need CASA simulations we can help you running
CASA scripts
during this afternoon session or some other time.



simalma

dryrun = T prints an informational report including the required calls to other CASA tasks
You can check it before actually running the simulation

simalma requires a CASA or fits image. You can set the appropriate input parameters,
scaled if needed. This simply changes the header values, does not perform any regridding.

—————————— > inp(simalma)
# simalma :: Simulation task for ALMA

project = # root prefix for output file names
dryrun = # dryrun=True will only produce the
# informative report, not run
# simobserve/analyze
skymodel # model image to observe

# scale surface brightness of
# Dbrightest pixel e.g. "1.2Jy/pixel”
# set new direction e.g.

# "J2000 19hOOMOO -40dOOmMOO"

= # set new cell/pixel size e.q.
# "0.larcsec”

= # set new frequency of center
# channel e.qg. "89GHz" (required even
# for 2D model)

= # set new channel width e.g. "10MHz"

# (required even for 2D model)



simalma

Integration time default = 10 s. Simulations are faster using larger values

antennalist : antenna position files available in CASA, or you can also use the string
antennalist='"ALMA;0.5arcsec' and CASA will use the appropriate full ALMA configuration

complist = ' # componentlist to observe
setpointings = True
# 1integration (sampling) time
e # "]J2000 19h0OMOG -40dOGmMOA" or "" to
# center on model
# angular size of map or "" to cover
# model
antennalist = # antenna position files of ALMA
# 12m and 7m arrays
hourangle = ‘'transit’ # hour angle of observation center e.qg.
# -3:00:00, or "transit"
totaltime = # total time of observation; vector
# corresponding to antennalist
tpnant = 0 # Number of total power antennas to use
# (0-4)



simalma

Imsize in pixels = dimension of the image in spatial pixels

cell = cell size dimension of a pixel in arcsec

threshold = flux level to stop cleaning (2 -3 times the expected rms)
niter = number of cleaning iterations (O for dirty image)

image

graphics

verbose
overwrite

True

‘both'

HHFEHFHRFHETEHRR

H R

image simulated data

output image size in pixels (x,y) or
© to match model

set output image direction,
(otherwise center on the model)

cell size with units or "" to equal
model

maximum number of iterations (0 for
dirty image)

flux level (+units) to stop cleaning

display graphics at each stage to
[screen|file|both|none]

overwrite files starting with
$project



Simalma output

cfg36-4_lhr.alma.cycle3.4.skymodel flat
T T T

0.0000015

min=-11e-06
Imax=7.9e-06
20 |RM5=0.0e+00

\lyipixel 0.0000012

0.0000009

0.0000006

0.0000003

0.0000000

—0.0000003

—0.0000006

—0.0000009

resized model sky

Sky model
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Observing details:
Elevation plot
Antenna configuration
UV-coverage

PSF




Simalma output

cfg36-4_lhralma.cycle3 4 skymodel flat.regrid
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ALMA Observation Support Tool

(http://almaost.jb.man.ac.uk/)

ALMA Observation Support Tool

Version 3.0
05T NEWS HELP QUEUE LIBRARY ALMA HELPDESK
Updated: Important information on the new OST version.
Array Setup:
Instrument: | ALMA m Select the desired ALMA antenna configuration.
Sky Setup:
Source model: | OST Library: Central point source : Choose a library source model or supply your own.
Upload: No file selected. You may upload your own model here (max 10MB).
Declination: |-35d00m00.0s Ensure correct formatting of this string (+/-00d00m00.0s).

Image peak / point flux in | mJy Rescale the image data with respect to new peak value.



Array setup

ALMA Observation Support Tool

Version 3.0

05T NEWS HELP QUEUE LIBRARY ALMA HELPDESK

Updated: Important information on OST output.

Array Setup:

Instrument: | ALMA Select the desired ALMA antenna configuration.

il

K

ACA . .

T Incl.udes all Cycle 3 configurations +
options to do ALMA Cycle3 + ACA

ALMA Cycle 2 C34-1 (b_max= 166m) |=

ALMA Cycle 2 C34-1 + ACA Cycle 2 .

ALMA Cycle 2 C34-2 (b_max= 304m) When ALMA + ACA s selected ]

ALMA Cycle 2 C34-2 + ACA Cycle 2 two jobs will be run and a CASA script for

ALMA Cycle 2 C34-3 (b_max= 443m) | | combination will be provided

ALMA Cycle 2 C34-3 + ACA Cycle 2
ALMA Cycle 2 C34-4 (b_max= 558m)
ALMA Cycle 2 C34-4 + ACA Cycle 2
ALMA Cycle 2 C34-5 (b_max= 820m)
ALMA Cycle 2 C34-5+ ACA Cycle 2
ALMA Cycle 2 C34-6 (b_max= 1091m)
ALMA Cycle 2 C34-6 + ACA Cycle 2
ALMA Cycle 2 C34-7 (b_max= 1508m)
IALMA Cycle 2 C34-7 + ACA Cycle 2 I
ACA Cycle 2: 7m (Standard) [+1




Sky setup

Sky Setup:
Source model: | OST Library: Protoplanetary Disk = Choose a library source model or supply your own.
Upload: No File selected. Uploaded FITS image lel here (max 10MB).
¥ OST Library: Central point source
Declination: |-40d00m00.0s Ok O5T Library: NGC1333 at 8 kpc his string (+/-00d00m00.0s).
Image peak / point fluxin |mJy OS5T Library: Protostellar Cluster :spect to new peak value.
0.0 oK OS5T Library: Protoplanetary Disk ource model.

05T Library: Mova Model
OST Library: W49 in Leo T
O5T Library: Watchmen logo
O5T Library: 568mil

You can upload a FITS image or a model
(max size 10 MB)

OST library available
' I xy

Image peak is the scaling factor, defined as: [ =

Xy M

0.0 means no scaling



Observation setup

Observation Setup:

Observing mode: ® Spectral © Continuum Spectral or continuum observations?

Central frequengy#T GHz: |112.10 The value entered must be within an ALMA band.

Channel wigth in | MHz _|: IB.?'Z The width of channels to simulate.

Number of po This affects the noise in the final map.

Required resolution in arcseconds: OST will choose array config based on this value if instrument is set to
0.4 | ok ALMA,

Pointing strategy: | Single = Selecting single will apply primary beam attenuation.

On-source time in | hours 1 Per pointing for mosaics.

1 | ok

Start hour angle: [D.D | oK Deviation of start of observation from transit.

Mumber of visits: I‘I | oK How many times the observation is repeated.

Include cycling to phase calibrator?: O Yes @ No This affects the uv-coverage of your simulation.

Central frequency within the range of available ALMA bands.
Bandwidth of observations:
Narrow for lines, broad for continuum



Observation setup

Observation Setup:

Observing mode: @ spectral O Continuum

Central frequency in GHz: |-1 12.10

Channel width in |MHz = |: [3.72

Wumber of polarizations: | 2 7 |

Required resolution in arcseconds:

0.4 | ok

Pointing strategy: | Single 2|

-

On-source time in | hours —E

1 | ok

Start hour angle: |.D.D

| ok

Number of visits: |1

Include cycling to phase calibrator?: O Yes @ No

| ok

Spectral or continuum observations?
The value entered must be within an ALMA band.
The width of channels to simulate.

This affects the noise in the final map.

05T will choose array config based on this value if instrument is set to

ALMA,
Selecting single will apply primary beam attenuation.

Per pointing for mosaics.

Deviation of start of observation from transit.

How many times the observation is repeated.

This affects the uv-coverage of your simulation.



Observation setup

Observation Setup:

Observing mode: @ spectral O Continuum

Central frequency in GHz: |112_1{}

Channel width in | MHz = :|3.72

Wumber of polarizations: | 2 7 |

Required resolution in arcseconds:

0.4 | ok

-

Pointing strategy: | Single 2|

On-source e —m

1 oK

Start hour angle: |D.D

Number of visits: |1

oy

Include cycling to phase calibrator?: O Yes @ No

Pointing strategy
Single pointing or

| OK

| 0K

Spectral or continuum observations?
The value entered must be within an ALMA band.
The width of channels to simulate.

This affects the noise in the final map.

05T will choose array config based on this value if instrument is set to

ALMA,
Selecting single will apply primary beam attenuation.

Per pointing for mosaics.

Deviation of start of observation from transit.

How many times the observation is repeated.

This affects the uv-coverage of your simulation.

Mosaic: it will examine the sky area which is to be simulated and
return the number of pointings needed to cover the entire field



Observation setup

Observation Setup:

Observing mode: @ Spectral O Continuum

Central frequency in GHz: |.1 12.10 | oK

Channel width in |MHz 2 |: [3.72 |

Number of polarizations: | 2 7 |

Required resolution in arcseconds:

0.4 | ok

Pointing strategy: | Single 2|

-

On-source time in | hours =

1 I
< Start hour angle: |.CI'.G | DK)

Number of visits: |1 | OK

Include cycling to phase calibrator?: O ves @ No

Start hour angle

Spectral or continuum observations?
The value entered must be within an ALMA band.
The width of channels to simulate.

This affects the noise in the final map.

OST will choose array config based on this value if instrument is set to

ALMA,

Selecting single will apply primary beam attenuation.

Per pointing for mosaics.

Deviation of start of observation from transit.

How many times the observation is repeated.

This affects the uv-coverage of your simulation.

this value indicates the time before/after the transit the observation starts.
ex. -1.5 with time on source 3 hrs means the source transits in the middle

of the observation.



Observation setup

Observation Setup:

Observing mode: @ Spectral O Continuum
Central frequency in GHz: |112.10
Channel width in | MHz 2 |: |3.72

Number of polarizations: | 2

Required resolution in arcseconds:

0.4 oK

-

Pointing strategy: | Single 2

-

On-source time in | hours -

1 oK

Start hour angle: |0.0 oK
Number of visits: |1 oK
Include cycling to phase calibrator?: O ves @ No

oK

Spectral or continuum observations?
The value entered must be within an ALMA band.
The width of channels to simulate.

This affects the noise in the final map.

OST will choose array config based on this value if instrument is set to

ALMA,

Selecting single will apply primary beam attenuation.

Per pointing for mosaics.

Deviation of start of observation from transit.

How many times the observation is repeated.

This affects the uv-coverage of your simulation.

ex. only hour angle +/- 1 is acceptable but 20 hours on source are needed:
start hour angle must be set to -1, time on source to 2,

and number of visit to 10



Observation setup

Obse
Dbbl:‘['u'l[]l:i rmouae; = opecLdl OrILmnaurm SJpPECLIdl O COTILITIUUNT Qmservarinms e
Central frequency in GHz: |112.10 OK The value entered must be within an ALMA band.
Channel width in | MHzZ 2 |: [3.72 The width of channels to simulate.
Number of polarizations: | 2 This affects the noise in the final map.
Required resolution in arcseconds: OST will choose array config based on this value if instrument is set to
0.4 oK ALMA.
Pointing strategy: | Single 2 Selecting single will apply primary beam attenuation.
On-source time in | hours &= - Per pointing for mosaics.
1 oK
Start hour angle: |0.0 oK Deviation of start of observation from transit.
Number of visits: |1 oK How many times the observation is repeated.

clude cycling to phase calibrator?: (@/ves O No This affects the uv-coverage of your simulation.

Phase Cycle: |0.0 The length of time between cutting to a phase calibrator.

Limited to either 0s or between 300s and 600s.

n Phase Cal. time: |0.0 K seconds The length of time spent observing phase calibrator (including slewing
time).
- - Currently limited to either 0s or between 30s and 120s.
Include cycling to phase calibrator !

If YES includes in the simulation time off source, spent on a hypotetical calibrator.
Phase cycle is the time between scans on the calibrator
On Phase cal time is the time spent on the calibrator



Atmospheric corruption

Atmospheric Corruption:

Atmospheric conditions: | PWV = 0.472 mm (1sk Octile)

Imaging Product:

-

Imaging weights: | Briggs 2

Perform deconvolution?: | Yes

Output image format: | CASA

Add noise to the simulated
observations due to water
vapor in different weather
conditions

1.0

0.8

Transmission fraction

0.2

0.0

¥ PWV = 0.472 mm (1st Octile)

PWV = 0.658 mm (2nd Octile)
PWV = 0.913 mm (3rd Octile)
PWV = 1.262 mm (4th Octile)
PWV = 1.796 mm (5th Octile)
PWV = 2.748 mm (6th Octile)
PWV = 5.186 mm (7th Octile)

noise due to water vapour.

=4

ion [ sensitivity trade-off.
jorithm to deconvolve the image.

i are returned as a tar file

=
o
T

=
B
T

A

|
.L

L

v_

\J

I
\

\
‘.
W\

0.5 mm
— 1.5mm

— 2.5 mm

|
|

i
\ la'
600

200 400

Freguency [/ GHz



Imaging products

Atmospheric Corruption:

]

Atmospheric conditions: | PWV =0.472 mm (1st Octile) : Determines level of noise due to water vapour.

Imaging Product:

@g weights: | Briggs :| Matural | 2 > This allows a resolution / sensitivity trade-off.

Perform deconvolution?: | Yes 1\ yniform - Apply the CLEAN algorithm to deconvolve the image.
Output image format: | CASA _': CASA format images are returned as a tar file
Briggs
= T~
Weighting

Natural: visibilities are weighted according to the number of measurements within a given
region of the u-v plane. Maximum sensitivity but lower resolution than that offered.
Uniform: applies equal weighting to all visibilities. Maximum resolution.

Briggs: intermediate approach.



Imaging

Atmospheric Corruption:

Atmospheric conditions: | PWV = 0.472 mm (1skt Octile) : Determines level of noise due to water vapour.

Imaging Product:

Imaging weights; | Brinas = This allows a resolution / sensitivity trade-off.

Perform deconvolution?: | Yes = Apply the CLEAN algorithm to deconvolve the image.

Output image format: | EAS:D CASA format images are returned as a tar file

Output image format: CASA or FITS

EUROPEAN ARC
.M ALMA Regional Centre || Italian



Submission

Imaging Product:

Imaging weights: | Briggs - This allows a resolution [ sensitivity trade-off.

Perform deconvolution?: | Yes - Apply the CLEAN algorithm to deconvolve the image.

Output image format: | CASA CASA format images are returned as a tar file
Submission:

@email address is |paladino@ira.inaf.it CD Submit

Your email address is essential!

You will be notified via email when the simulation is complete and be
directed to a link:

EURDPEAN ARC N\ | H* @EZ‘E b;E

28 ALMA Regional Centre || UK ' :

Job ID: 20150408181054pILRd / Submitted by: paladino@ira.inaf.it

Simulation in progress!



Results: Overview

Overview

Click thumbnails to view full-size images. Left: linear colour scale, right: with histogram equalization.

Array configuration:

Source model:

Input image:

Maximum elevation:

Central frequency:

Total Bandwidth:

ALMA outl0

NGC 1333 at 8 kpc
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Dechination | relative SFcist

o 1] a i =20

Right Asctridon [ relathoe arcie:

72.88 degrees

112.10 GHz (ALMA Band 3 )

0.032 GHz

& Track length:

4 hours % 1.0 visits __>

System temperature:

PWW :

Iheoretical RMS noise:

Bestoring beam (resolution):

Tsys = 80.6330795691 K

ATR mm

6.30543753455e-05 |y (in naturally-weighted map)

Major axis = 0.685 arcsec, minor axis = 0.607 arcsec, PA = 41.45 den

Right Ascenslon ! celitive anciec

Time on source 4 hrs



Results: data products

Data products

Your simulated image:

0.0021
Download CASA image
00018
and and with primary beam o
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Simulated image and PSF.
Linear pixel transfer function
Histogram equalization



Results: data products

Coverage in the uv-plane:

UV coverage

Atmospheric transmission for
all bands (left) and
the selected band (right)

Atmospheric transmission
and zoom to the band

Elevation vs time:

Source elevation
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Comparison between these two methods

Simalma

Needs a little CASA knowledge

Allows more control on the simulation details.

It is possible to move a target to different distances, without
producing a fits model image.

Combinations of different configurations and TP

can be simulated.

OST
1S very easy to use.
Only combinations of one configuration + ACA simulations are

possible.
No TP.



Using both methods:

The rms measured in the simulated images can be
significantly different from that predicted by the ALMA
sensitivity calculator.

Simulations should only be used to qualitatively assess the
sensitivity.

Expected sensitivity should only be based on the sensitivity
calculator.

Grazie
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