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ALMA simulations with Ssmdata

simdata is a CASA task used to produce mock ALMA data
from an input sky model (theoretical model or previous
observation)

The main work is done by the smtool: the simdata task (a
Python script) is a user-friendly interface to this tool with
additional work done on plotting and analysis

simdata is the ‘official” ALMA simulator, supported by the
ALMA project, and under active development
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Science Users Information ® Future Facilities > ALMA > Observing with ALMA > Tools and Services ® Sensitivity Caloulator 28 Oct 20089

—— ALMA Sensitivity Calculator

This tool will calculate the necessary integration times for a given sensitivity, or vice versa, for your ALMA observing project. Input and
output parameters .You can also get additional information an the valid range for each parameter by hovering
your mouse painter over each field in the calculatar applet.

Tao run the calculator yvou need the Java Plug-in installed. If vou do not see the calculator then it is likely that you do not have it installed.
Instructions for installing the plugin will vary depending on your browser and operating system. A plugin compatible with the Java
Development Kit version 1.6 (or Javag) is recommended (version 1.5 should work at the moment). Please contact vour IT department
for installation help if necessary.

Common Parameters Parameters

Sensitivity Type ' Point Source detection |- ] Common
Farameters

RA 00:00:00.000 Sensitivity Type:

Dec 00:00:00.000 Choose between a
point-like or

Effective Bandwidth 16.0 | GHz ps ] extended source.
RADec:

Frequency {GHz) 345.0 Coordinates of the

Observatory site | Chajnantor == ] observation target.

] Effective
Bandwidth: The

4k

Water Vapour Column Density = ETC Chooses |

| g £ £ 5 gg 1




The ALMA Sensitivity Calculator is also part of the OT |

[ M) Sensitivity Calculator
Common Parameters
Dec -12:34:56.700 |
Polarization Dual -
Observing Freguency 350.0 CHz |-
Bandwidth per Polarization B.0 GHz |=
Water Vapour Column Density |Calculator Chooses -
Tau/Tatm tau=0.228, Tatm=59.335 K
Tsys 207.026 K
Individual Parameters
12m Array 7m Array Total Power Array
Number of Antennas (50 | [12 | [4 |
Resolution 0.0% arcsec | w| 5.889203 arcsec 14.723008 arcsec
Sensitivity(rms) 01 my |+ [may |+ 1 [y |+
0.01101 K - | 0.00032 18 w | 0.00003 4 -
Integration Time  |7.46255 | ~|7.17734 |min|~|42.47564  [min |~
Integration Time Unit Option |Automatic |v|

‘ Calculate Integration Time | | Calculate Sensitivity | | Close |




ALMA Observation Support Tool

- to be hosted by the UK ARC node (Manchester) and/or ESO
- written by lan Heywood (Oxford)

.r‘ Applications Places System E‘ ‘9 |l| ® Thu 21 Jan, 11:03 PM
il

@ ALMA observation support tool - Mozilla Firefox

File Edit View History Bookmarks Tools Help

B ‘ﬁ |O http://localhost/ v ||G_|V 1

ALMA Observation Support Tool

Array nstrument ALMA b

Sky Uplecad FITS image Browse... Leave blank to use central point scurce mode

Declination |-40doomoo.0s | Ensure

Peak Pixel Value [1.0 || mly| = For ima

Observation Parameters Obkserving Band (central frequency 3 (100 GHz) +

Bandwidth |2 || GHz | 2 U
Desired Resolution (arcseconds |D.l | OST wil chocse config if instrument is set to "ALMA’
Start Hour Angle |D.D | Dieviation of start of cbservation from transit

Duration (seconds |3800 |

Corruption Atmeospheric Conditions Good | & Determines level of phase noise

"

Imaging maging weights Natural |3

0 {Return dirty image) | &

you@yourdomain.com Submit

Done

B @) ALMAobservation sup...




ALMA OST example output

Applications Places S |I| ® Thu 21 Jan, 11:0

ALMA OST - Job ID: 20100121230311 - Mozilla Firefox

Edit istory Bookmarks Tt Help

& v = @& | (8] ntpzriocainostioutputy2010012123031 Lt v | [T~ %

ALMA Observation Support Tool - Result @

Job ID: 20100121230311 / Submitted by: you@yourdomain.com

Array config

Central frequency 100 GHz
Bandwidth 2GHz

Duration 3600 seconds

Your simulated image

Dirty beam (PSF)

http:/flocalhost/output/20100121230311.image.png

() &) ALMAOST - Job ID: 20...



Uses of simdata

simdata is or will be used by the ALMA project to:

- simulate various sources of data corruption

- produce lots of (mock) ALMA data to test subsystems like
archive and pipeline

- produce mock data for end-to-end testing

future observers can use simdata to test their science case:
- can | do this with ALMA ?

- can | already do this during Early Science ? Should | ?
-how to optimize my science goal ?



on-line guide to simdata

Simulating Observations in CASA - CASA Cuides

(4>~ ":;G: 'ﬂ' = :’ hitp: / /casaguides.nrao.edu/index.phprtitle=Simulating_Observations_in_CASA Gl iy ¥ | i:h'l' Q)

Astro-ph  ADS ESO ESO-ERP ARC TWiki ARC Internal TWiki ALMASW casajosx_distro GAMA Herschel-ATLAS SERVS IDL help iCosmos CSV
1! ! Simulating Observations in CASA ... F + -
2 Login i

_navigation
u Main page
» Community portal
= Current events
= Recent changes
= Random page
= Help

BRI

| Simulating Observations in CASA

(Go ) (Search

loolbex
u What links here
= Related changes
= Special pages
= Printable version

= Permanent link

Done

page “discussion | ViEW SOurce Thistory

Contents [hide]
1 Introduction
2 Steps to simulation
3 Tutorials, Recipes, and Example images
4 Technical and Planning

Introduction

Simulation capability in CASA follows the usual two-layered structure: there is a beginner-level python task interface called simdata, which calls methods
in the sm C++ tool. The task interface turns a model of the sky (2 to 4 dimensions including frequency and Stokes) into the visibilities that would be
measured with ALMA, (E)VLA, CARMA, SMA, ATCA, PdB, etc. The task also can produce a cleaned image of the model visibilities, compare that image
with your input convolved with the synthesized beam, and calculate a fidelity image. simdata can add thermal noise (from receiver, atmosphere, and
ground) to the visibilities.

The sm tool has methods that can be used to add phase delay variations, gain fluctuations and drift, cross-polarization, and (coming soon) bandpass and
pointing errors to your simulated data. sm also has more flexibility in adding thermal noise than simdata, for example for new observatories that are
unknown to simdata.

Mew for 3.0.2: Two task interfaces will be present, the old simdata and a new simdataZ. We recommend using simdataZ2 -- simdata is being retained
because it has had more extensive testing, and simdata?2 is very new, but in the future simdata will be removed.

CASA simulation uses the aatm @& atmospheric model, a thin wrapper of Juan Pardo's ATM @ library, to accurately calculate all atmospheric corruption
terms (noise, phase delay) accurately as a function of frequency and site characteristics.

£
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on-line guide to simdata

Simulating Observations in CASA - CASA Guides

) "::ﬁ_':'- =% ( http:/ /casaguides.nrao.edu/index.phpritle=5imulating_Observations_in_CASA

Astro-ph  ADS ESO ESO-ERP ARC TWiki ARC Internal TWiki ALMASW casa/osx_distro GAMA Herschel-ATLAS SERVS IDL help iCosmos CSV

1. ! Simulating Observations in CASA _. |1 +

Steps to simulation

it you have CASA 3.0.2 and simdata2, you should use simdataZ. It's better and better supported.

simdata
pdf presentation explaining the same things as below: File:Tutorial.dec2009. pdf

1. Install CASA

simdata inputs look like this (v3.0.2; click to enlarge): “=

i

the links below describe the various sections of inputs

2. Input Model - Preparing a paftch of sky for simdaia to pseudoobserve.

4. Specifying Observation - how to set up what/'when/how you want to observe, and the
output image details

5. Corrupting Observation - (Optional) For added realism, corrupt your visibilities with
thermal and phase noise.

8. Deconvolve Image (Optional) Go back from the calculated visibilities to a synthesis
image

3. Antenna List - how to specify the positions and diameters of your antennas or stations.

simdata2 Only works in CASA 3.0.2 Obtaining CASA LS
1. Install CASA

simdata2 inputs look like this (v3.0.2; click to enlarge): —

The subtasks are modular i.e. as long as you follow a few conventions about filenames,
you can run each bit independently and optionally. For example, you can modify the sky
madel, then predict ACA visibilities, then run again and predict ATCA 12m visibilities and
image and analyze both measurement sets together. You can run once to predict, run
interactive clean yourself, and as long as you called your image Sproject.image, run
simdataZ2 just to calculate a difference image and analyze the results,

2. Modify Model - relabel (scale) the spectral and spatial coordinates and brightness of
the sky model image.

3. Set Pointings - calculate a mosaic of pointings and save in a text file. You could also
make the text file yourself.

4. Predict - Calculate visibilities for a specified array on a specified day

5. Corrupt - Corrupt the measurement set with thermal noise, phase noise, cross-
polarization, etc.

6. Image A subset of clean to re-image the visibilities

7. Analyze Calculate and display the difference between output and input, and fidelity
image.

~



on-line guide to simdata

o W e Wi Simulating Observations in CASA — CASA Guides
(« ] l*_',." 'g' [_'___'_ﬁl lﬁ' [,\E__] ( " hittp:/ /casaguides.nrao.edu /index.php7title=Simulating_Observations_in_CASA E,_',!Hl )] (-']" Google Q
Astro-ph  ADS ESO  ESO-ERP ARC TWiki ARC Intermal TWiki ALMASW casa/osx distro GAMA Herschel-ATLAS SERVS IDL help iCosmos CS5V
— —
1 ! Simulating Observations in CASA . F + -

Tutorials, Recipes, and Example images

Simulated ALMA Observation of M51 at z = 0.1 and z = 0.3: fully annotated tutorial
This uses a BIMA-SONG cube of a nearby galaxy and scales it to greater distance.

simdaia page simdaia2 page
NOTE: increasing the exposure time to run faster

Protoplanetary Disk: sky model and lightly annotated script
This uses a theoretical model of dust continuum from Sebastian Woll, scaled to the distance of a nearby star.

simdata page simdata2 page

Nearby edge-on spiral galaxy: sky model, script, and discussion
This uses a Galactic CO cube from the Galactic Ring Survey and places it at 10Mpc, similar to what NGC891 would look like if it were
observable from the southern hemisphere.

[simdata script&] simdata2 page

Other example input images
Other example output simulations (scripts to reproduce these are coming)

Technical and Planning

| always welcome input on developing the CASA simulator, and these links are meetings, technical documents, and planning discussions. Much of it won't make
sense to a new user of CASA::isimdata, but may be of interest to those wanting to delve deeper:

= Simulation Library & This will become a library of use cases and examples illustrating different science and cbservation setups. It is in early stages as of Jan
2010, and we're actively seeking volunteers to turn their simulation projects into use cases.
= Jan 2010 workshop 2 Including slides and discussion of how simdata and Simulator work "under the hood" and plans for development

-

Done e



simulation database

i W e W e ALMA simulation library [licensed for non-commercial use only] / FrontPage =3
Ih: -"‘:)* (@) L;J (&) "EJ (FB_ " http://almasimulations.pbwaorks.com /w/page /15289425 /FrontPage '];Il-‘? G'l' Google Q)
Astro-ph ADS ESO ESO-ERP ARC TWiki ARC Internal TWiki ALMASW casa/osx distro GAMA  Herschel-ATLAS SERVS IDL help iCosmos C5V
1 PB ALMA simulation library [licensed ... H 4“] -
ALMA simulation library '_?'f Get your own free workspace | login help
E]' Wiki Q.J Pages & Files Search this workspace
VIEW EDIT L4
FrontPage

5 To join this workspace, create an

account.
last edited by 3 Mark Lacy 9 mos ago ((=h Page history

Already have an account? Log inf

ALMA simulation library

Navigator =)
This Wiki contains a list of ALMA simulation projects which we hope to include into the ALMA Archive, for testing * FrontPage i
purposes and as examples to users. Ui
Each of the projects is based around one or more scientific simulation datasets, produced by theorists, which
serve as input science models to the ALMA simulator simdata(), which produces mock ALMA datasets that can be * Meeting
put into the ALMA archive along with the associated project datafiles generated by the Observe Toal. + Press Release
The following is needed for each of the projects: - FEe. bR
- science simulations ¢ Project "
- a description of the dataset, and the choice of observing mode(s) and parameters b
- a project datafile produced by the Observe Tools, tagged as a simulation project Files options | 3
Links to files at your home institution would be preferred, as diskspace is limited on this (free) wiki | SiduBar =

This is your Sidebar, which you can edit like any

Some of the projects have links to proposed projects in the DRSP |, but this is not required. Stk pais TH your Workspati.

Please use free formatting for your project when editing this wiki: this whole page will be reformatted at some This Sidebar appears everywhere on your
point, once we know what information should be there. workspace. Add to it whatever you like -—- a
navigation section, a link to your favorite web

sites o anwuthing ploa

Done



Using simdata to make decisions for Early Science:
two example science cases

0072

00000056 0064

4 00000048 1 0056

1 0.0000040 1 0.048

- 0.040
4 0:0000032

- 01032
10.0000024

4 0024
00000016
0ole

00000008
0008

15 148 0.3 g 43 =Lk =5

A proto-planetary disk A nearby galaxy

A simulation by Sebastian Wolf An H-alpha image of M51
(Wolf and D'Angelo 2005) provided by D. Thilker(NRAO)
-> a Jupiter-mass planet around a 0.5 solar mass star -> should be a reasonable representation of the atomic

FIR lines and other tracers of massive star formation



Proto-planetary disk (ALMA band 9)

‘psim2.skymodel flat.regnd pEim2_ES image.fiat

psim2:image flat

0.0000056 0.00048
0.0000048 000040
0.0000040

0.00032
0.0000032

0.00024
0.0000024

000016
00000016

0.00008
0.0000008

000000

Skymodel Early Science Full Array
(30 mins) (10 mins)



Nearby galaxy (ALMA band 9)

M51_ES_long image flat

Ma1_full_long.skymodei flat.regnd M51_ES image flat
" 0.072

155 0.064

1.0 0.056

05 oo4s

0.040
00

0.032

0:0zd

0.018

0.008

Skymodel ES (30 min) ES (4h)

M51_full imags fiat M51_full_long.image.flat ML full_long image flat

] 10 05

Full 2 km array (30 min)  Full 2 km array (4h) Full 6 km array (4h)




m32 skymodel flat regnd - = .
psim2.sky iatregn; psim2_ES.image flat psim2_ES image flat psim2_ES.image flat psim2_ES image flat

0.0

M51_ES image flat M51_ES_long.image flat

M51_full_long.irmage flat M51_full_long.image.flat
- - -

T oh § <
00 0510 —-15

Input skymodel Earl Science 10m  Early Science 4h Full 10m Full 1h

( all simulations are for single pointings )
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t=30 min

B o]

- :

M51.diffim

min=-1.3e-01
max=3.6e+00
REMS=1 2e-02

min=0.0e+00§
max=9.2e-01

00 400 200 0 200 400 60
ulkiambdal



min=-8.1e-02
max=4&.0e+00

AMS5=5.02-03

| | [ [ [ ! ' M51.clean.psf

'
bmin=2_7e-01

=
=

min=0.0e+00
max=1.3e4+00
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Default simdata parameters

F o i S

Al Xterm
CASA <B:: inp
————————— > inpl)
# =zimdata :: mosaic zimulation task:
project = ‘zim' # root for output file names
mocli Fupmodde 1 = Falze # modify model image
skymodel "$project,skymodel ' # model image to obzerve or modify
= True
‘10s! # integration (=zampling) time

- #  "JE2000 13h00m00 —40d00m00" or "" to center on model
= ["larcmin', 'larcmin'] #  angular size of map or "" to cover model

= 'hexagonal ' # hexagonal, square, etc
ing = 'larcmin’ # =zpacing in between pointings or "" for 0.5 PR
= True # calculate visibilites using ptgfile
- o # optional componentlist to obzerwve with skymodel
"2LHz ! # optional bandwidth if simulating from components only

= 'alma,outld,cfg' # antenna pozition file or "" for no interferometric M5

= 201RA0RSA AR 0000 # timeddate of obzerwvation *see help
- AN # total time of obzervation
Ll # pt source calibrator [experimental]

Ty
dant ] 2t = i # =zingle dizh antenna poszition file or "" for no total power MS
sdant E ] # =zingle dish antenna index in file

thermalnoise = e # add thermal noise: [tsys—atml|tsys-manuall""]

leakage = (.0 # cross polarization

imare - Falze # Irelimage $project.ms to $project,image

analyze = Falze # lonly first B selected outputs will be dizplayed)

graphics = 'screen’ # diszplay graphics at each stage to [screenlfilelbothlnone]

verboze = Falze

overurite = Falze # overwrite filez starting with $project

async ~ Falze # If true the taskname must be started using simdatal,..)

CASA <6t []



changing model parameters

modifymodel=True

T

N Xterm
CASA <1031 inp
————————— > inpl)
# =zimdata : mozaic szimulation task:
project = ‘zim’ # root for output file names
mocdi Fumodde] e True $# modify model image
skymode] = '$project,skymodel ' # model image to observe or modify
inbright ' il # zet peak surface brightressz e,g. "1.2Julpixel” or "
ndirection " #  "J2000 19h00m00 -40d00m00" o "
incel ] > e # cellfpixel size e,g. "0.larczec" or "
incenter - e # frequency of center channel e,g, "A9GHz" or "
inwidth = o # channel width e.g, "10MHz" or ""
= True
r '10s" # integration (zampling) time

= e # "I2000 19R00m0O0 —40d00m00" o " to center on model
= ['1larcmin', 'larcmin'] # angular size of map or "" to cover model

= 'hexagonal ' # hexagonal, square, etc
spacing = 'larcmin’ # =pacing in between pointings or "' for 0.5 PB
= True # calculate wizibilites using ptofile
-~ b # optional componentlist to obserwe with skymodel
"2GH # optional bandwidth if simulating from components only
= 'alma,outld,cfg' # antenna pozition file or "" for no interferometric MS
= 201200 2LA22 0000 # timesdate of observation *see help
= s # total time of observation
= Ll # pt source calibrator [experimental]
ERNT
sdantlist z = # =ingle dish antenna position file or "" for no total power MS
sdant = i # =zingle dish antenna index in file



changing other parameters

thermalnoise=‘tsys-atm’
image=True
analyze=True

thermalnoize = “tsysz—atm’ # add thermal noise: [tsys-atmltsys—manuall""]
LIZEF_phiv z 1.0 # Precipitable Water Yapor in mm
t_ground - 269,0 # ambient temperature
leakage = Q0,0 # crosz polarization
image 5 True # [relimage $project.ms to $project,image
wis "fproject,ms’ # Measurement Set(=) to image
de ] image - o # prior image to uze in clean e,g. existing zingle dish image
ims1ze = ] # output image size in pixels [x,y) or O to match model
, 5 # cell size with units or "" to egual model
Eali ] # maximum number of iterations (0 for dirty image)
"0, 1mJy! # flux lewel {+units) to stop cleaning
"hatural ' # weighting to apply to wizibilities
[] # clean mask — see help clean
£ [] # uy-taper on outer baselines in uv-plane
tokes i # Stokes params to image
= True # flonly first B selected outputs will be displayed)
- Falze # like plotants
True # display uv coverage
True # display synthesized (dirty) beam
True # display sky model at original resolution
: Falze # dizplay sky model convolwed with output beam
- True # display the synthesized image
- Falze # display the clean residual image
True # display difference image
True # dizplay fidelity




Antenna configurations

Antenna configurations are simple text files, listing all antennas that are part of the
array of choice.

Several examples come with CASA, and can be found in the CASA repository
directory in the subdirectory data/alma/simmos

As an example, using antenna configuration file ‘alma.out20.cfg’, type (in CASA):
>repodir=os.getenv("CASAPATH").split(' ')[0]

>antennalist=repodir+"/data/alma/simmos/alma.out20.cfg”

NOTE: none of the ALMA antenna configurations are official yet !!



Example antenna
configuration for
full operations
(included with

CASA 3.1)

# observatory=ALMA
# coordswys=UTH
# datum=5AMBG

# zZone=

19

# hemizphere=5

#ITH-x
Bz TEEL
627
b= THAS
628183
Bz 7454
B=7oga
627856
B2 7499
Yty
B27422
Gz TE3Y
a¥atala ]
627328
Yt
B=7h9
627615
G233y
B=7237
B282e1
Gz TETE
B=7369
B284GE
Gz 7266
a¥atalala ]
a¥atan N ala]
B2 THZ1L
B=a593
07364
Bz 7o
¥l S
B2677e
Bz3571
B277Zh
o=7847
Gzgo4s

L T ]

31
.59
.88
.8a
.68
.88
.88
. B8
.BA
.8a
.68
.88
.88
.88
.88
.8a
.68
.88
.88
. B8
.BA
.88
.68
B8
.88
.88
.88
.88
.68
.88
.88
. B8
.88
.88
.68

ElE]

UTH_Y
T4hE16A
T4hEA5S
T455845
TE3218
T463191
T4E2T24
4534586
T4h2T91
T455847
TE3453
T452573
7455493
TE2951
T4h2E16
7485011
452483
T4hE354
T4R5255
THEZETT
T4h3E353
T4h2511
453134
T4hE452
T4h2241
4535530
THh2TIZ
T4h2T42
T4R5952
T4h2147
T4RETAS
T453196
T4hz164
T4h4263
TAE2ATS
T4hE327

TARE=214

i
82
.59
oA
.88
.88
.Ba
)
.88
.Ba
.68
.88
.Ba
.88
.88
.Ba
.aa
.88
.08
.68
.88
B8
.68
.88
.88
.88
.88
.88
.aa
.88
.88
.68
.88
.88
.68

B1E]

BRZ9.
BRZ9.
BRZG.
BEZZ.
BRZE.
BRZ9.
BEZ6.
BRZ3.
BA15.
B2,
BR3Z.
BRZZ.
BEAZ5.
BE15.
BR31.
BRZG.
BR1G.
BRZO.
5A19.
BRZ9.
BA19.
BRET.
BRZG.
BA1G.
BRZZ.
BE11.
BA1Z.
BRZG.
BRZSE.
BA1A.
BA13.
BR3A.
BRZ9.
BA15.
495,

E@A1A

alma.eut2D.cfg

B e e e I e B IR SN o I P S Y m B et I T O w w At e LY B W LY o R o JNCY I R R S e D S R ¥

Ciam {m}
12.
12.
12.
1z.
12.
1z2.
12,
12,
1z.
12.
12.
1z.
12.
12.
12.
1z.
12.
1z2.
1z2.
1z,
1z.
12.
12.
1z.
1z.
12.
12.
1z.
12.
12.
12.
1z,
12.
1z.
12.

12

=

RSO0 3D0000000000E0E 00030233

Faod #

23

43

18z
163
164
185
166
1a7
1as
169
114
111
112
113
114
115
114
117
113
119
128
121
122
123
124
125
126
127
125
129
138
151
132
133

4724




Example antenna configuration for
Early Science
(included with CASA 3.1)

aima.eariy.250m.cfg
# obzervatorv=ALMA
# coordsys=LOC {local tongent plane)
# x vz diagm pad

27.93  -Z2.68  £3.8 12.8  ABB4
B4.29 -BA.BR 3.8 12.8 &BAG
49.46 2R.31  £3.8 12.8  ABEY
24.83  BY.34 Z3.8 12.8 4863
-18.18 29.31 £3.8 12.8  ABRZ1
-zh.BE B4.B2  Z3.8 12.8  &B23
17.7%7 -2b.pa 23.8 12.8  AB36
-3.61 -40.67 Z3.8 12.8 4846
-47.81 -1687.81 23.5 12.8 ARG
60.81 -10A6.33 23.5 12.8 4064
117.88 22.38  23.8 12.8  ABGY
-186.48 T1.18 23.8 12.8  AB6E
-126.68 -66.98 £3.5 12.8 ARGS9
141.08 -42.68 Z23.5 12.8 4878
-04.28 139.48 Z3.8 12.8 4B71
4777 161.85 23.8 12.8 #4137



Another example antenna
configuration for Early Science
(not included with CASA 3.1)

alma.early.large.cfa
# obzervatorv=ALMA

# coordsys=LOC {local tongent plane)
# x v = diam pad#

153.87  67.09 29.8 1Z2.8 Al@
-62.21 2¢.A4  29.9 1.8 A3l
-47.81 -187.81 23.9 1Z2.8 A6Z
60.81  -10A6.33 253.1 1Z2.8 A5d
-184.1 -179.6 Z6.8 12.8 A7S
= -218.8 33.56 12.8 AY9
64,77 248.8B5 29 12.8 ASA
-166.23 £15.85 29.9 1Z.8 A33
65.77 415.85 Z6.6 12.8 AS3
-365.23 382.85 29 1z.8 A6
263.77 422.B5 ZE2.3 1Z2.8 ASS
-197.23 B4B.05 31 1z.8 Al8l
496.77 315.85 16.4 12.8 AlAS
gY.77 TEV.E5 29.4 12.8  AlBG
-52R.23 411.85 Z6.1 1Z2.8 AlRA9
-BER.23 297.06 27.1 12.8  AlG6



Time for a demo ...
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as a less nearby galaxy ...



