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MADCUBA and SLIM:

A lightweight software package for datacube handling and spectral line analysis
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The problem: Handling and analyzing spectroscopic data from new instruments

Instruments like ALMA does produce large size data cubes
with an unprecedented sensitivity, which translates into
spectral richness and complexity.
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* ALMA Large Program; Martin et al. In prep



Why MADCUBA

* MADCUBA is not new
» Developed for more than a decade now in different forms, it is now
ready for massive usage
» Already used in a number of publications during the last few years

e Two key principles in mind:
Efficiency: Required for handling big datasets
Easyness: Installation and basic usage “mostly” interactive



MADCUBA in a nutshell

@ Image)

« MADCUBA stands for MAdrid Data CUBe Analysis
* Java-based package
* Implemented as a plug-in within the Imagel) framework

"® ™ MADCUB/

Synchronize Cube

SLIM

About MADCUBAIJ

e Easy installation:
* Requirements:Java 1.6 or 1.8
 Download MADCUBA (36.6 MB)
* Unpack
e _/run.sh



A quick look into Image)

iy

Scrolling tool (or ce bar and drag)
Imagel is an open source image processing program designed for scientific
multidimensional images
Imagel is highly extensible, with thousands of plugins and scripts for performing a wide
variety of tasks, and a large user community

LOOK WHERE THEY USED IMAGE] LAST WEEK!

Alternatively, view the Image] usage map for the last year.

Mostly used in life sciences
Not much attention from astronomical
community but for AstrolmagelJ (Collins+2017)




MADCUBA: Open/Import

Plugins  wWindow

MADCUBA uses FITS as native format

Cube can be opened using the java virtual memory

Allows importing data from ALMA, Herschel, ASCIl formatted spectra and
GILDAS files

Synchronize Cube

Handles/converts a wide range of intensity units —

About MADCUBAI)
Ensuring WCS completeness while importing (FITS # standard)

O ™ @ Open file @ ® @ Import File or Directory
. CUBE ALMA FITS FILE
Cube HERSCHEL PRODUCT
Virtual Cube SPECTRA ASCII FILE
OPEN Virtual Cube Background IMPORT SPECTRA CLASS FILE

SPECTRA FITS FILE

Spectra )
OpeniSpectra Directory




MADCUBA: Datacube handling (Virtual Cube Background + Synchronize Cube)

® ™ Cube Container e

Image])

* Openingcu be ile Fie Edit Im Frocess
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MADCUBA: Datacube handling (

Cube Container

Openlng n_CUbeS . File  Edit Image Process Analze Pluging  Window Help
Name | OBJECT BEAM Display O ool A4+ |8 |Aala]alz| Qe s|al ] | |=
3OOX300X450 CUBE MA...|ngc253 Lo |00 0° . true scrolling tool (or press space bar and drag)

PLOT MA... |ngc253 Lo [0"HO" 0° .. [false
PLOT MA... |ngc253 ... |0"xQ" 0° ..[false o> M MADCUBIL
PLOT MA... |ngc253 Lo [0"HO" 0° .. [false
PLOT MA... [ngc253 .o |0"x0" 0° ...[false Import
PLOT MA... |ngc253 ... [0"x0" 0° ..[false

Cu be PLOT MA.., |ngc253 .. |0"R0" 0° .. [false Open
PLOT MA... |ngc253 ... [0"x0" 0° ..[false

H H PLOT MA... ngc253 Lo (0RO 0° ..[false Synchrﬂnize Cube
SynChr0n|Zat|On PLOT MA... |ngc253 ... |0"x0" 0° ...[false

PLOT MA... [ngc253 Lo |0"x0" 0° ..[false SLIM

CUBE MAD CUB_ngc253.B4a.126000.7m. PLOT MA... |ngc253 0"w0" 0° false

File  Wiew Functions  Show Information FLOT MA... [ngc252 LR EE . Jfalse About MADCUBA“

u I EERE PLOT MA... |ngc253 [138.... |0"x0" 0° . [false

e e Elipsale PLOT MA... |ngc253 ... (00" 0" ...[false

Spectral Axisi| Vrad - Py PLOT MA... |ngc253 ... [0"wO" 0° ...[false

Intensity: Intensity w |Jy/beam PLOT MAD_CUB_ngc253.B7n.371900.7m.cube.nocontsub.pbcor-1.fits

Interpolation: w Temp Scala: PLOT File  Edit  View Functions  Show Information File Edit View Functions  Show Information Edit View Functions  Show Information

£4.2000.0 RA £4.2000.0 RA:00h 47m 33.065 DEG:-28 £9.2000.0 RA00h 47m 33.065 DEC:-25° 17m 17,185 (0,01
PLOT AL ALMA IFREQ 359.135GHz Vi ALMA IFREQ 370.973GHz VRAD-LSR 250.0kmfs

PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT

ixels: X= 227 Y= 250 Z= 72.0 T 200
oordinates: RA: 00h 47m 30.33247s  DECG: -25° 16m 30.17835s Vrad (kmis)

pectral Axis: -1.4293x10° 3 ET 3

ntensity:

ofarization: 1 e [ e | [ e ad | [ ey p— vad | aEervea e




MADCUBA: Datacube handling (

Cube Container

Openlng n_CUbeS File  Edit Image Process Analze Pluging  Window Help
Name | OBJECT BEAM Display O ool A4+ |8 |Aala]alz| Qe s|al ] | |=
300X300X450 CUBE MA...|ngc253 Lo |00 0° . true scrolling tool (or press space bar and drag)

PLOT MA... |ngc253 Lo [0"HO" 0° .. [false
PLOT MA... |ngc253 ... |0"xQ" 0° ..[false o> & MADCUBLE
PLOT MA... |ngc253 Lo [0"HO" 0° .. [false
PLOT MA... [ngc253 .o |0"x0" 0° ...[false Import
PLOT MA... |ngc253 ... [0"x0" 0° ..[false

Cu be PLOT MA.., |ngc253 .. |0"R0" 0° .. [false Open
PLOT MA... |ngc253 ... [0"x0" 0° ..[false

H H PLOT MA,.. [ngc253 Lo |0"0" 0° .. [false Synchronize Cube
SynChr0n|Zat|On PLOT MA... |ngc253 ... |0"®O" 0° ...[false Y

PLOT MA... [ngc253 Lo |0"x0" 0° ..[false SLIM
CUBE MAD_CUB_ngc253.B4a.126000.7m. PLOT MA... |ngc253 oo 0° ~false

ile VWiew  Functions  Show Information PLOT MA... nqc253 LR EE . Jfalse Abﬂl_lt MADCUBA“

Ojo|o /, o, | & PLOT MA... |ngc253 .. [0"x0" 0° ..[false
PLOT MA... |ngc253 Lo [0"xO" 00 .. [false
e .. [nge253 ... [0"wO" 0° ...[false

Coordinates: (] Equatorial

Spectral Axisi| Vrad

Intensity: Intensity

ly/beam PLOT MAD_CUB_ngc253.B7n.371900.7m.cube.nocontsub.pbcor-1.fits

1emp5(a|e,‘ 1 Edit Wiew Functions ShowInformation Fle Edit View Functions Show Information Edit View Functions Show Information

-
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Interpolation:

e 020000 t500n 70 3380, D5C 28 020000 B0 3110 0 257 L 0
I i R AR e R AR ek b o 8 i

| Pixals: X=182 ¥=15 Z=320.0
oordinates: RA: 00h 47m 31.99096s DEC: -25° 18m 27.67973s
pectral Axis: 1.1617x10°
ntensity:

' Polarization: | Frad | [fmis [+ ] ’x e f'“““ ‘mx e — Vrad | [kmrs [+ | ’xrau 93 anﬁqa ‘\ndzx e vrad | [kmus [ =] ’x—an .
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MADCUBA: Scripting

Most MADCUBA operations on cubes can be automated
Makes use of Imagel script record/edit/run functionality

Scripts can be easily created for massive operations on
large datasets o

Recorder

Record: Macro

CUBE MAD_CUB_ngc253.B4a.126000.7m.
nf PLOT MAD_CUB_ngc253.B4a.126000.7m.cube.nocontsub.pbcor.fits

view  Functions  Show Information

T run( GET SPECTRUM",
ctindow ("PLOT
makeRectangle (140
ract

"select=/home/smartin/

N

h
»M
N‘ \‘k‘,'mr | “f’ ”\ Nﬁ ”w

\»l

K
18m 20.17736s

i [=] s [+] femamr [ saera fraee

s DEC: -25°

c2

/Trabajos/

3.B4a. 126000

0.7m. cube.nocontsub.pbcor, fi
126000. 7m. cube . nocontsub. pbcor, fi

53, B4a. 126000, 7m. cube.nocontsub.pbcor, fits");

{ALMADATA/CycleS/ALCHEMI/v2_DATA/ ftestspectra, fits");




SLIM: The spectroscopic analysis tool within MADCUBA

e SLIM stands for Spectral Line Identification and LTE Modeling
e SLIM is a tool to perform exactly that task currently biased towards molecular spectroscopy

e Efficient molecular line analysis from unbiased spectral lines surveys
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|
Spectrum from NGC 253, starbursting at 3 Mpc!!! (Martin et al. in prep)
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SLIM: The spectroscopic analysis tool within MADCUBA

Modeling molecular emission assuming Local Thermodynamic Equilibrium and Gaussian
shape line profiles

Peak line intensity (IR (J],.(Tm- ) —J,(T,)— J,.-{:Tg;g )J(l —e )

Gaussian optical
depth profile EEEEEEY4

—4In2(v=v,)%/ AV

2
)

C

To = T omn, 3 Au
8.515736 v Av

Molecular spectroscopic parameters are required for modeling the emission



SLIM: The spectroscopic analysis tool within MADCUBA

SEARCHING

e Spectroscopic information is available offline within SLIM standalone database in HSQLDB
(HyperSQL Database is 100% Java )

SLIM Product Data Config Catalog
" 5limDB

LINE CATALOGUE SELECTION

Catalog: |Lovas 1992 L% Search New ® Add Current | 7 Clear
Lovas 1992

 CATALOGS: (1 GB extra download)

(CH3)2CO

o — * SLAIM

13CH2NH
13CH3CN
13CH30H

« NIST
13CO
13CS
15NH3
Select | All None Select [ All

* JPL

SEARCH CRITERIA

Range: |User Defined ¥ ||Frequency || MHz|+|From 80000

e CDMS

SPECTROSCOPIC CRITERIA

e List of Atomic Recombination lines

GENERATE SPECTRA

 User created catalogs



http://hsqldb.org/
http://hsqldb.org/

SLIM: The spectroscopic analysis tool within MADCUBA

MODELING

Modeled spectra and automatic fitting done through the parameters of N, T,,, V, Av, and Source Size
Non-linear least-squares fitting of the molecular emission/absorption using the Levenberg-Marquardt algorithm

) SLIM
SLIM Product Data Config Catalog

SimFit

CONTINUUM

Display Mode: o contium |+

DISPLAY

Sorted Intensity Lines Range(km/s) |26.072| Components

FILTER SELECTED

Molecules: | Threshold |Intensity | »|[1.0E-4| [] Purge

Clonly checked [JAll Species Units: ||

Spectra Table

MOLECULAR PARAMETERS
formula | Comp.[10gy,

Simulate Auto Fit

v,

e 5.5ize Purge

Select Tab [JPL|Orig I~

Residual: []Show

Filter

Noise

87. 5]

SLIM Table: 'ngc253_ALCHEMI.mad.zip'

Table View Preferences

Dspectral CIFit CPhys.

Table/Cube: ALCHEMI v4 CHANGE TELESCOP.fits

Table Filtering

|Orig.  Width Velocity (km/s): [426.

PLOT SLIM ALCHEMI_v4 CHANGE TELESCOP.

File  Edit View  Show Information

SIMULATE X

EOE—

Index

Frequency

Formula

262,004.227

CCH

349,337.456

CCH

349,338.728|CCH

349,398.906

CCH

EREE

262,006.403

CCH

262,064.843

CCH

N
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PARAMETER SLIDERS

349,400.292

CCH

174,663.222

CCH

262,067.331

CCH

174.667.685

CCH

174,721.777

|ccH

174,728.1|CC|
174,733.195|CCl

174,806.827

262,078.776

262,208.439

log,o N
12 12.8 13.6 14.4 15.2 16

VLSR

162 172 182 193 203 213

87,284.156

87.316.925

87.328.624

87,402.004

CCH

200 200
Vrad (km/s)

|v||kmfs |v| lx: 535.451

IY: 1.2332

Freq: 262109.64 M

87,407.185

[CCH

87.446.512

CCH

FWHM
81 91 101 112 122 132

| source size_|
Source Size




Sample usage: Searching complex molecules in complex emitters with SLIM

0 M\M\% M}muvmw WMM WMWMMJ WLM%
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e ——. e
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ux% V\J‘ mjbx, JMM’U WWM

Galactic hot molecular core G31.41+0.31 (Rivilla et al. 2017)
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MADCUBA and SLIM:

A lightweight software package for datacube handling and spectral line analysis

* For information and download
(or just google MADCUBA ...no it is not that restaurant in Madeira)

* Publication currently in preparation (Martin et al.)


http://cab.inta-csic.es/madcuba/Portada.html
http://cab.inta-csic.es/madcuba/Portada.html
http://cab.inta-csic.es/madcuba/Portada.html
http://cab.inta-csic.es/madcuba/Portada.html

