The ALMA Imaging
Simulator in GILDAS

Erome Pety, IRAM Grenoble
Frédeéric Gueth, IRAM Grenoble
Stéphane Guilloteau, Obs. Bordeaux

09/09/2008 Workshop on Simulations for ALMA 1



ALMA Simulator

* An ALMA/ACA/SD imaging simulator

— Developed for an imaging study: impact of
ACA on the wide-field imaging of ALMA

— Can also be used for the scientific
preparation of ALMA (e.g. Wolf et al.)

* Detailed description in ALMA memo 398
(Pety, Gueth, Guilloteau)
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ALMA Simulator

* Implemented in, and distributed with, GILDAS
(MAPPING software)

http://www.iram.fr/IRAMFR/GILDAS

* Based on tasks from MAPPING and CLIC
Mostly Fortran 90

* Upper layer = SIC procedures

* Top layer = widget interface

09/09/2008 Workshop on Simulations for ALMA
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Simulation Steps

Basic inputs: source, array,
frequency, etc.

Visibilities simulations
Data calibration
Imaging + deconvolution

Comparison result vs source
model

09/09/2008
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Basic Inputs

* Source model (e.g. FITSimage), coordinates
* Observing frequency

* Source size number and position of
observed fields are automatically found

* Hour angle to be observed
* Array configuration
* Type of observations

ALMA only ACA only ALMA+ ACA

ALMA+ SD ACA+ SD ALMA+ ACA+ S

LJ
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Simulation Steps

°* Basic inputs: source, array,
frequency, etc.

* Visibilities simulation
* Data calibration
°* Imaging + deconvolution

* Comparison result vs source
model
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Visibilities
Simulations

* Basic scheme:
—time uv coverage sample FT(source x
prim.)
* Observing mode:

— Source-calibrator loop  create source and
calibrator uv tables

* Add (simple) errors:
— Thermal noise

— Errors on amplitude calibration: offset +
drift, reset at each calibration

— Random phase noise
09/09/2008 Workshop on Simulations for ALMA 15




Visibilities
Simulations

* Pointing errors

— Added in the uv plane : FT of source
convolved to specific primary beam at each
Integration time

— Different error models

* Random

* Thermal -slow drift with time + strong
correlation between antennas; timescale >
minutes

* Wind -random within direction and magnitude
range + correlation between antennas; timescale
09/09/2008 ~ Second Workshop on Simulations for ALMA 16




Visibilities
Simulations

* Atmospheric phase screen

— 2-D screen generated in the Fourier plane
(statistical properties correct) + scaling
according to input phase at 300m + altitude

— Elevation dependence as sqrt(airmass)

— Phase screen moves above ALMA during the
observations, with given speed and
direction

— Consistent source/calibrators phase noise
— Simulator can include dynamic refraction

09/09/2008 Workshop on Simulations for ALMA 17
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Simulation Steps

°* Basic inputs: source, array,
frequency, etc.

* Visibilities Simulations
* Data calibration
°* Imaging + deconvolution

* Comparison result vs source
model

09/09/2008 Workshop on Simulations for ALMA 20



Phase Calibration

* Standard calibration

* spline curve fitted through the calibrator
data to model the time-dependent phase
variation = the PdBIlI method, implemented
In CASA (gaintype= GSPLINE in task gaincal)

* Fast switching

* linear interpolation of the phase between
two consecutive calibrator measurements

09/09/2008 Workshop on Simulations for ALMA 21



Phase Calibration

* Water Vapor Radiometry

* aWVRIis used to correct the phase in real
time; corrected phase modeled as

(t)= P(0) +  (P(t) —P(0)) + N(t)
* still need a subsequent phase calibration

* WVR + FS

* aWVRis used and the last calibration
phase is removed (offset)

09/09/2008 Workshop on Simulations for ALMA 22
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(PdBI Phase
Correction)

* Plateau de Bure antennas are equipped with
22 GHz radiometers

* Correction computed every second, both
corrected and uncorrected data are stored

09/09/2008 Workshop on Simulations for ALMA 24
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* Turbulent conditions, 4.4 mm pwv, A configuration

* NRAO150 (point source) gain of 2.5 in SNR



Simulation Steps

Basic inputs: source,
array, frequency, etc.

Visibilities simulations
Data calibration
Imaging

+ deconvolution

Comparison result vs
source model

- Classical CLEAN-base
mosaic deconvolution

- bint
(ALMA+ ACA+ SD)
deconvolution

-Hybridization in the uv
plane

09/09/2008 Workshop on Simulations for ALMA 27




Joint Deconvolution

A multi-scale approach

2.
3.
4.

o

Start with two dirty mosaics (ALMA and ACA+ SD)
Selection of mosaics with higher SNR

Search for CLEAN component using

* CLARK for the ALMA image

* SDI for the ACA+ SD image

Remove components from both images

Go to (2)

Convolve CLEAN components with the ALMA clean
beam

09/09/2008 Workshop on Simulations for ALMA 28



Hybridization

Combine data in the uv plane

2. Deconvolution of ALMA+ SD

3. Deconvolution of ACA+ SD

4. FFT of the two images

5. Linear combination
* ALMA+ SD data for uv distances < 15 m
* ACA+ SD data for uv distances > 15 m

6. Inverse FFT of resulting data

09/09/2008 Workshop on Simulations for ALMA
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Simulation Steps

Basic inputs: source, array,
frequency, etc.

Visibilities Simulations
Data calibration
Imaging + deconvolution

Comparison result vs source
model

09/09/2008
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Fidelities

Fidelity image = input model/ differencle

— Fidelity is the inverse of the relative error

— In practice: lowest values of difference are
truncated

Fidelity range = max(model)/rms(difference)

Histogram of cumulated fidelity : number of
pixels whose fidelities are larger than a given value

Fourier space estimators : the fidelity can also
be computed in the uv plane

09/09/2008 Workshop on Simulations for ALMA 31















ALMA/ACA imaging
study

* ALMA+ ACA simulation tool, Pety, Gueth,
Guilloteau, ALMA memo 386

* ALMA + ACA simulation results, Pety, Gueth,
Guilloteau, ALMA memo 387

* Impact of ACA on the wide-field imaging
capabilities of ALMA, Pety, Gueth, Guilloteau,
ALMA memo 398

* Wide-field imaging of ALMA with the ACA:
Imaging simulations, Tsutsumi, Morita,
Hasegawa, Pety, ALMA memo 488

09/09/2008 Workshop on Simulations for ALMA 36









Wolf et al. 2003




Conclusions

* Advantages of this simulator

— Integrated tools from input image to fidelity
plots

— Many options

* Limitations
— No multi-configurations
— No spectral line simulations
— No polarization
— Low maintenance during the last year

09/09/2008 Workshop on Simulations for ALMA
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