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= Short overview of MADCUBA software and SLIM task
= VIOMASS: concept and objectives

= Data model, physical parameters and tables

= Interoperability

= First science case

= To Do list: provenance and UCD

0o

= Current status and prospects.
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MADCUBA

Kk o8
)/
AD

Overview of MADCUBA = [/

= Suite able to deal with large data cubes
(although data should be on disk)

= Java-based using imageJ infrastructure

= Able to read several formats (FITS, GILDAS, CASA) and
data models (IRAM, ALMA, Herschel, VLA, GBT, ...)

= Built-in molecular line databases (CDMS, JPL, others)

= Visualize and manipulate data cubes

(baselines, smoothing, moments, ...)
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SLIM
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SLIM / AutoFittask [/

M CUBA

= Vlisualize, analyze, and model spectroscopic data cubes

= Automatic identification of molecular lines and RRLs
= Derive line parameters. LTE fitting

= Autofitting of one or many molecular lines
= Highly interactive. Fast and reliable graphics
= Hosted and supported by CAB

= Available at:
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https://cab.inta-csic.es/madcuba/
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https://cab.inta-csic.es/madcuba/
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How it works

Virtual Observatory Integration Of
MADCUBA And SLIM Spectra

= Collaboration between MADCUBA and SVO groups MADCUBA

SLIM /AUTOFIT

= Aims: to enhance the exploitation ot MADCUBA
and to build a new VO tool

= How: by transforming MADCUBA/SLIM outputs as
VO-compliant

= Spectra as FITS files and tables as VOTables.
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S0 VIOMASS

Spectra data model

No. Name Ver Type Cards Dimensions Format
PRIMARY 1 PrimaryHDU 35 ()

SPEC1 1 ImageHDU 60 (961, 1, 1, 1) floaté64
= (Hybrid) FITS files containing both com | Tnagemu 55 (23, 23, 984)  floated
# HDU O
observed and modeled spectra. st - ¢/ Standard FI15 fomat
NAXIS = 0 / No image, just extensions
' ' EXTEND = T / There are standard extensions
= Formed by a generic primaryHDU followed [y
XTENSION / Image extension
by a set of imageHDUs SAxrs O b ot ariey dimensions

NAXIS1 961
NAXIS?2

NAXIS3

= ImageHDUs always considered as cubes,

even fora 2D images (a one-channel cube)

or a single spectrum (a one-pix cube).
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Svo VIOMASS

(1) EXtension and data type
XTENSION= 'IMAGE ' Type of extension
EXTNAME 'DATA CUBE' Extension name

EXTVER Version of extension
FITS headers

Array data type
(2) Physical units

BSCALE
- O . d b . . BZERO Value corresponding to zero, in physical scale
rganlze y Categorles, BUNIT 'K Unit of physical values

BLANK
DATAMIN

1. XTENSION and data type DATANAX

-0.196652002633E-001 /
0.267310943455E-001 /

" " NAXIS = Number of array dimensions
20 PhySICa‘ Un|t5 NAXIS1 = Size of dimension 1
NAXIS2 = Size of dimension
2; /\ NAXIS3 = Size of dimension
° rray NAXIS4 = dimension
CTYPE1l = 'FREQ
40 Tlmes and dates ' and dates
= '2021-08-27T712:02:22.596"' HDU creation date
ORIGIN = 'MADCUBA v 1.1 ' Created by SLIM-AUTOFIT
5. Telescope Trpeys - unC -
DATE-OBS= '2017-07-25T02:59:33.655" Date observed
0 DATE-RED= '2021-06-24T00:00:00.000"' Date reduced
6. Observed and/or synthetic spectra opSTINE = 6,00000000000002102 2 Icesration tine
UuT = '02:59:33.655" Universal time at start
7. Comments, logs, and END (5) Telescops

TELESCOP= 'IRAM-30M Radio telescope
INSTRUME= 'EMIR-0 Receiver

= Validity checked: FITS standard, VO-compliant OPSHODE = PN

(6) Observation and/or synthetic spectra

OBJECT = 'AFGL2298 '
) d k d RA 0.2850453750000E+03 [deg] Right Ascension
Some man ato ry eyWOr S DEC 0.3763083333333E+01 [deg] Declination

RADESYS
SPECSYS
ELEVATIO

'"FK5' Equatorial coordinate system
'LSRK' Reference frame of spectral coordinates
0.264136238885E+002 [rad] Telescope elevation

= Units explicitly exposed in header

(7) Comments, logs, and END
HISTORY Written by MADCUBA v0.5.0 on 2021/08/30-16:22:15
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Svo VIOMASS

Output tables = Physical parameters: column density, n(H2),
tau, Texc, velocity, line width, source size

= All'in single or multiple (TBD) VOTables

= Careful definitions of column names

= Source information: name, coordinates, offset

= Line/s used for fitting: name/s, formulation,

quantum numbers, frequency/ies, energy/ies

= |nclusion of units associated with all columns

TOPCAT(1): Table Browser N wihonoavor e SS|b|e

indow R

ows Help

Table Browser for 1: viomass example.vot
ra

X
Index | source dec dx dy tag frequency E up gup |Formulaltransiti..[compo... area err_area width err_width velocity | ¢
1 1 4,9342 3,65497 0, 0, 44002 2,171050E5 14,4843 11 | Si0 o-4 1 65, 46054 2,21021 5,65325 0,359111 | 65,9482
. 0. [ o |

5 | 19,3452 | 2,03763 | 4,84273 | 0,899005 | 59,2368 | |

4
Total: 2 Visible: 2 Selected: 0

Table Browser for 1: viomass ample.vot
er

e
err_velocity Tpk rT ux_conti...| err_conti... | (e ' _line | err FWHM | col_dens |err_col_de... Tex err_Tex Thg tau err_tau |telesc...
1 | 0,154809 10,74923 0, 75879 . ; : 0, -1 14,3285 13,09 173, -1, 2,73 0, 06628 0,00484 | Ox0
X

173,

‘ [C]

Total: 2 Visible: 2 Selected: 0
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VIOMASS

Output tables

TOPCAT(1): Table Columns b4
Window Columns Display Help

+ @

Table Columns for 1: viomass example.vot

A Index | Visible Name $1D Class Units Description UCD Datatype
[] Index $0 Long Table row index

it
source (2  |String |  |Sourcename |s¢  |char |
($3  |Double |deg  |Right ascension (Expression: frequency/44000) |pos.eqra | double |
' Double |deg | Declination (Expression: ra/l1.35) double
arcsec | RA offset from source position double
arcsec | Dec offset from source position double
Molecule tag . |char

MHz | Frequenc double
cm-1 upper level energ double

R
$10 Upper level degenerac e
$11 Chemical formulation - |char
$12 Spectral line transition
$13 Velocity component .
$14 Kkm/s |Integrated line intensit double

dec

requenc

Formula
transition
component
area

err area
width

err width
velocit

err velocit

o=
5|2
A}
-~

3
—~

$15 Kkm/s | Uncertaint . |double
$16 km/s | Line width loat
$17 km/s | Uncertaint . |fleat
$18 km/s Central velocity of the component spect.dopplerveloc loat
$19 km/s | Uncertaint - |float
$20 Peak intensit ouble

err Tpk

flux continuum
err continuum
FWHM continuum
fraction

WHM line

err FWHM

col dens

err col dens
Tex

err Tex

$21 Uncertaint double

$22
$23
$24 arcsec
$25
$26 arcsec
$27 arcsec
$28 cm-2
$29 cm-2
$30
$31
$32
$33
$34
$35

Continuum flux densit

Uncertaint . |double

Diameter of the continuum source src.fwhm double

Fraction covered by the beam . |double
FWHM of the source size | f
Uncertaint B
Column densit

Uncertaint S
Excitation temperature
Uncertaint S

Background temperature
Optical depth / Line opacit nhys.absorption

Uncertaint S
Telescope

tau
err tau
telescope

0
2| 2 W [source
a4 b [dec  [$a |
"6 6 M [dy  [$6 |
"8 8| i |[frequency  [$8 |
"o o[ W [eEwp  [$9 |
0| 10 b [gup  [$10 |
T 11 b [Formua  [$11 |
T12| 12[ [ [transtion  [$12 |
T13| 13[ [ [component  [$13 |
14| 14| W Jarea  [$14 |
15| 15[ [ [erarea  [$15 |
16| 16] b [wdth  [$16 |
17 17 b [errwidth  [$17 |
18| 18| [ [velocity  [$18 |
19| 19 [ [errvelocty |41 |
20| 20| b [Tk [$20 |
o1 21| b ferTpk  [$21 |
25| 2| v [fukcontinuum [ $22 |
23| 23] [ [errcontinuum _ [$23 |
24| 24| v |FWAM_continuum |$24 |
25| 25| i |[fraction  [$25 |
26| 26| i [FWHMline  [$26 |
27| 27| b [erFwHM  [$27 |
28| 28| i [coldens  [$28 |
29| 29[ W [errcoldens  [$29 |
30| 0| b [Tex ~  [$30 |
S| 3| W JemTex  [$31 |
52| w[ b [Tg  [$32 |
33 [ b [tau (433 |
errtau  [§34
35| 35| [ [telescope  [$35 |

= | =h|=h|=h|=h|—h a ol b= = = =1 e
O
-
2
[
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Vo VIOMASS

Interoperability

= Spectra successtully opened by CASSIS

= Cubes visible within Aladin, with channels
in the ‘movie’ mode

= Tables recognized by Topcat

= Not all features tested yet
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First use

First science case

aring molecules in n Car
4 C. BUEM! 1 p. LETO !

1 3. R. R1zZ0 2.3 P. BUFANO ! G. QUl!\"l‘ANA-LA(?ACl , ,
a @, S. Loru, S. RIGE! L C. TriciLo, G- UMANA
1

. BorDIU '
5 A. INGALLINE .
E. SCIACC
95123 (Clatania
Madrid, Spain

} AND

1 .
F. CAVALLARO L L. CERRIGONE;
. Catania; Via Santa Sofia 78,
Ardoz,

) D .
iscovery of Si-beari
ring molecules i
es in eta Carin
1INAF _Osservatorio Astrofisico db

' iolog - , Ctra. M-108, km- 4, E-28850 Torrejon de

. , iz de Bobadilla 3, E-28040 Madrid, Spain
IFF. CSIC. c/ Serrano 123, E-28006, Madrid, Spain
8320000, Santiago; Chile

a Group of Molecular Astrophysics:
Alonso de Cérdova

5 Joint ALMA Observatory:

3107, Vitacura,

- i G .
) i SiSand SiN found in twelve clumps &
Other molecules: 13CO, 13CN : %
= Colum iti | :
" n densities and abundances determined :
. in
y the VO-compliant MADCUBA output e

= Si0
i0 formed by shocks. Complex chemistry
/ “WWW/J\W“WW

s1S [x2]

Flux density (Jy beam ')

0
50
107° L2
107°
1078
107"
10 0.0000
. 1
0.0001

grain destruction and formation

Figure 3
. Velocity-ali

molecules de ity-aligned s
tected in ¢ spectra of .
in clump F. The SiN t:l:ans.l'bearing -
sitions at gure 4. C .

sured in 7 C:;H(Ptil:lson of abundances of SiO
is work) and o 10 and SiS me:

ther star t mea-
ypes \Vith con-

VIOMASS: '
: making MADC
UBA VO-co '
mpliant '
| Ricardo Rizzo | IVOA |
nterop Meetin
g (online) |
October 20
22



o To Do
To do list

= History logs and provenance

= Testing on interoperability

= UCDs (semantics)

= Fine tuning definitions for the
output tables

= Documentation and tutorials.
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Conclusion

Concluding remarks

- e .
~ MADCUBA and SLIM are powerfu Interoperability being tested with

. good results
radio astronomy tools

. = First succestul science use
= Efforts are being made to convert

. . . = To do: provenance,
their output in VO-compliant i

= Spectra as hybrid FITS and tables
as VOTables

interoperability, UCD, fine tuning,

documentation.
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