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Project origin

An experiment for data mining the ALMA science
Archive

- ARTEMIX : a service to search and display
ALMA data (on-line since 2018)



Artemix

Search by M8&3 m or by | right ascensiol declination With aradius of | 1 arcsec x ~ Oor by | alma-name - or by | project code -

Redshift ][573 | e ®From| number ... ~ |to| number ... ~ |atoms in molecule
Shifted Frequency Rest Frequency Eup(cm- Elow(cm-  Aij(s-
Spectroscopic data source @ : Local @ JPL O CDMS O O Species © Species (GHz2) (GHz) 1) 1) 1)
Line intensity csssssssssssssss——f) - -1 (0.05) ND
(0.126) HCO+ 7 - 6 HC3N 10- 9.0824e+1 9.0979e+1
Energy up max (cm-1) € Disabled for Local dat: (0.7511) C3 9
(3.0818) C3
12C0-1-0
13C170 2-1 Upper level Lower level
13C170 3-2
13C180 2-1
121N 2.9
Band 3 Band 4 ==
Reset zoom
88 90 92 94 96 98 100 102 104 106 108 110 112 114 116 118 120 122 124 126 128 130 132 134
Frequency

Highcharts.com
Warning : the collection of FITS files used by ARTEMIX and copied from the Alma Science Archive is already quite large. However, it is incomplete; we strive to improve the situation until we have a full copy of the ensemble of FITS files present in the ASA. Please also notice that only a relatively small
fraction of all ALMA raw data are actually turned into images. Please go to the ALMA archive and download raw data for a complete overview of the data.

[J Show all data. & *.pbcor.fits and *.pbcorr.fits (] *.image.fits [ *.clean.fits (] *.cont.fits and *.line.fits &

m © Available fits file(s) for selected metadata : 5

Show entries Search:
Metadata
i Release Search Alma
# Target Band RA DEC Res (") Freq. Range (GHz) Proj. code Date Pl name Fits
1 m83 3 13:37:0.92 -29:51:56.74 2.0458 99.94 --- 101.93; 101.7 --- 103.69; 112.08 --- 114.07; 114.57 --- 2012.1.00762.S  2017-01-19 Hirota, Akihiko
115.57
2 M83 3 13:37:0.92 -29:51:56.74 62.2649 85.59 --- B7.58; 87.47 --- 89.46; 97.58 --- 99.57; 99.46 --- 101.45 2013.1.01312.8 2016-12-28 Hirota, Akihiko

13:37:0.90 | -29:51:56.00 89.57 --—- 91.44; 91.34 --- 93.21; 101.57 --- 103.44; 103.28 - 2015.1.00175.S | 2018-03-20 Harada, Nanase
105.15

13:37:0.90 -29:51:56.00 95.06 --- 96.94; 96.84 --- 98.71; 107.06 --- 108.94; 108.84 ---

2015.1.00175.8 = 2018-02-17 Harada, Nanase



Project origin

An experiment for data mining the ALMA science
Archive

- ARTEMIX : a service to search and display
ALMA data (on-line since 2018)

A standalone Viewer inside web-browser

- YAFITS : a distributed Quick-Look FITS Viewer
(sitting on the data / no-install for the user)



YAFITS
Yet Another FITS viewer

Distributed Quick Look Viewer
D-QLV

LERMA i | PSL %
Laboratsire d'Ftudes du Rayonnement et de la Matiére
en Astrophysiaue et Atmashéres

YAFITS




Local Viewer

3. Software display FITS
1. Install Software
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2. Get FITS files
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Remote Viewer

3. Web browser display
- 1. Install Docker image
E .

. [||
E 2. Get PNG/Fits/Json files




Local / Remote

Local

Large range of analysis
tools

But

Need to download all the
fits files to be checked
(even if no detection)

Speed limited by local
computer performances
and/or software
optimization (for display)

Remote

Optimization on dedicated
machines (load fits,
calculations)

No need to download fits
files on local disk (if many
and from different projects)

But
Delay for loading (11 MB/s
at most) large file (> 10
GB)

Limited analysis



YAFITS

Goal : provide a quick look preview of the data cube content

Display the data cube (2 images, 2 spectra) : 1 channel map, 1
moment map, 1 spectra extracted from a pixel, 1 spectra
extracted from a spatial region (square).

—> Based on GILDAS Mapping « go view ». Same functionalities
Implemented (frequency selection, region selection, integrated
flux computation)



Show 3D model

Show Fits file browser

YAFITS

Show FITS header

Show Licences

cl - OBJECT = NGC940 - NAXIS = 4 - NAXIS1 = 256 - NAXIS2 = 256 - NAXIS3 = 387 - NAXIS4 = undefined
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-
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Save

1.65'x 2.27', PA 45.0°, 3.93e-2 Jy/K

3.00e-2
7.63e-1K

2.50e-2
6.35e-1K

2.00e-2
5.08e-1K

1.50e-2
3.8le-1K

1.00e-2
2.54e-1K

5.00e-3
1.27e-1K

O‘ptimized for lakge datasets (still Ok for

(fast load + pan and zoom)

Use of server-side RAM memory
Use of server CPUs

V!isualization of 1D, 2D and 3D cubes

Chan#0

x =125,y =130
RA=2:29:27.620
DEC=+31:38:27.864
Value=3.7446e+0

1210570 ) — ... 2:29:32/0574.
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http://artemix.obspm.fr/fits/visit/?relFITSFilePath=//2017/2017.1.01053.S/science_goal.uid___A001_X1288_Xf91/group.uid___A001_X1288_Xf92/member.uid___A001_X1288_Xf93/product/member.uid___A001_X1288_Xf93.HH_212_sci.spw18.cube.I.pbcor.fits

YAFITS 3D 2022

Show 3D model Show Fits file browser Show FITS header Show Licences

cl - OBJECT = NGC940 - NAXIS = 4 - NAXIS1 = 256 - NAXIS2 = 256 - NAXIS3 = 387 - NAXIS4 = undefined
1.65'x 2.27', PA 45.0°, 3.93e-2 Jy/K
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YAFITS 3D

cl - OBJECT = NGC940 - NAXIS = 4 - NAXIS1 = 256 - NAXIS2 = 256 - NAXIS3 = 387 - CDELT3 = -6.613 kmi/s- LINE = CO(1-0) GHz more headers ...

Chan#187 rms=1.08e-3 Jy/beam mean=9.71e-6 Jy/beam 1.65'x 2.27', PA 45.0°, 3.93e-2 Jy/K
@Cursor @Pixel x=125 y=130
3.00e-2 Graph

7E3elK =
Zoom in

2.50e-2
6.35e-1 K

Zoom out

2.00e-2
5.08e-1 K Reset

x=125,y = 130
RA = 2:28:97 660 -

DEC = +31:38:27.272 1.50e-2
Value = 2.4154e-2 Jy/beam | S, Spectral

smooth factor

1.00e-2
2.54e-1 K

(weaquic) Aususp xnj4

II |

Download

5.00e-3

127e-1K 2
View

0.00e+0
0.00e+0 K

-5.00e-3

1138 1137 1136 1135 1134 1133 1132 113.1 113 1129 SLefelh

Sky Frequency (GHz)

Highcharts.com
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rms=1.8%9e-1 Jy/beamkm/s mean=2.34e-3 Jy/beam*km/s 2.38e+1 Jy.km/s, vmin=-314.09 km/s , vmax=320.76 km/s, imin=145, imax=241
@Cursor @Box xmin=112 xmax=143 ymin=112 ymax=143
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Highcharts.com




YAFITS 3D

cl - OBJECT = NGC940 - NAXIS = 4 - NAXIS1 = 256 - NAXIS2 = 256 - NAXIS3 = 387 - CDELT3 = -6.613 km/s- LINE = CO(1-0) GHz more headers ...

Chan#187 rms=1.08e-3 Jy/beam mean=9.71e-6 Jy/beam 1.65'x 2.27', PA 45.0°, 3.93e-2 Jy/K
@Cursor @Pixel x=125 y=130
3.00e-2 Graph

7.63e1K =
Zoom in

2.50e-2
6.35e-1 K

Zoom out

2.00e-2
5.08e-1 K Reset

x=125, y = 130
RA = 2:28:97 66O .

DEC = +31:38:27 272 1.50e-2
Value = 2.4154e-2 Jy/beam | S Spectral

smooth factor

1.00e-2
2.54e-1 K
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Download

5.00e-3
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-5.00e-3
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Highcharts.com
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rms=1.89e-1 Jy/beam™km/s mean=2.34e-3 Jy/beam*km/s 2.38e+1 Jy.km/s, vmin=-314.09 km/s , vmax=320.76 km/s, imin=145, imax=241
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YAFITS 3D

cl - OBJECT = NGC940 - NAXIS = 4 - NAXIS1 = 256 - NAXIS2 = 256 - NAXIS3 = 387 - CDELT3 = -6.613 km/s- LINE = CO(1-0) GHz more headers ...

Chan#187 rms=1.08e-3 Jy/beam mean=9.71e-6 Jy/beam 1.65'x 2.27', PA 45.0°, 3.93e-2 Jy/K
@Cursor @Pixel x=125 y=130
- 3.00e-2 Graph
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YAFITS 3D

cl - OBJECT = NGC940 - NAXIS = 4 - NAXIS1 = 256 - NAXIS2 = 256 - NAXIS3 = 387 - CDELT3 = -6.613 km/s- LINE = CO(1-0) GHz more headers ...

Chan#187 rms=1.08e-3 Jy/beam mean=9.71e-6 Jy/beam
@Cursor

x=125, y =130
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YAFITS Interop

Export spectra / Images in dedicated external software
Immediate use on Desktop for further analysis

Browse Fits files Query Fits files Help (3D)

cl - OBJECT = NGC940 - NAXIS = 4 - NAXIS1 = 256 - NAXIS2 = 256 - NAXIS3 = 387 - CDELTS3 = -6.613 km/s- LINE = CO(1-0) GHz more headers ...

Chan#187 rms=1.08e-3 Jy/beam mean=9.71e-6 Jy/beam 1.65'x 2.27'". PA 45.0°, 3.93e-2 Jy/K
@Cursor RA=2:29:28.728, DEC=+31:37:47.932 x=95, y=43 @Pixel x=9 y=46
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| E
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-254e-2 K Download
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YAFITS Interop

Searching a source in NED catalog by coordinates

Data from NED

Flat Universe with Hp=69.6, ()y=0.286

ion ion Scale DA
Dec Type Redshift (kpc/™) (Mpc

2:29:27.499 +31:38:27.300 G 0.017075000 0.300 0.349 72.04

What's new : tabbed list, sortable columns



YAFITS Interop

Selecting a source in NED catalog

Data from NED

Flat Universe with Hyp=69.6, ()4=0.286

Show | 10 « | entries Search: |

Object + Separation Separation Scale DA
Name RA Dec Type Redshift (arcsec) (kpc) (kpc/®) (Mpc

NGC
0940

2:29:27.499 +31:38:27.300 G 0.0170750003 0.300 0.105 0.349 72.04

Previous 1 ‘ Next

Showing 1 to 1 of 1 entd

rms=1.89e-1 Jy/beam km/s mean=2.34e-3 Jy/beam*km/s
@Cursor
P

Marker on the slice images

1.5



SAMP Interoperability
PNG image in Aladin

Fichier Edition Image Catalogue Graphigue Couverture Outil Vue Interop Ajde | )

Données disponibles (WL ELGY02: 29:25.04 +31:37:12.4 Référentiel [GERIN Proj n ERSE -
DSS pPanSTARRS pgSDSS p2ZMA GALEX jGaia jSimbad gHED +

145-241.percent99.gist_rainbow.direct

rmarg

undefined
percent88.giz

SUPET

3 - toutes les collecti...|[l

ol

nord hdr rnuttivues

[c) 2020 Universite de StrasbourgtCMRS - developed by CDS, distributed under GPLWE Oselfdsrc  SOEMo E




SAMP Interoperability
FITS image in Aladin

| Fichier Edition Image Catalogue Graphigue Couverture Outil Vue Interop Aide al =

Données disponibles Comman Réeférentiel [[(Wak - Projection |_,

DSS 5 5 5 m2MASS g GALEX g Gaia gSimbad gNED +

cl.fits-undefined : :
Bienvenue sur Aladin,
i onel du

ronomigue

urle net !

rmarqg
Four débuter,
norm d'objet,

s-undefined
AR 145-241 percent9s. gis

SUPRT

- toutes les collecti... |l

1, Ll S al D280 BB}

tri WL n rnord  hdr rnuattreae:

[c) 2020 Universite de StrasbourgfCMRS - developed by CDS, distributed under GPLwS Oself0src  234Mo E



YAFITS Spectro

Fits files

oriona-12co10-cube - OBJECT = ORION-IRC2 - NAXIS =3 - NAXIS1 = 689 - NAXIS2 = 575 - NAXIS3 = 450 - CDELT3 = -0.406 km/s- LINE = 12C0(2-1) GHz more headers

Chan#225 rms=1.02e+1 K (Ta") mean=1.06e+1 K (Ta") 11.25'x 11.25', PA 0.0°
@Cursor @Pixel x=345 y=288
1.20e+2K Graph
8 - :
n Zoom in
1.008+2K
8.00e+1K
™
B.ODE+1K % Spectral
.3 smooth factor
z 2 |
400e+1K E—
|
2.00e+1K
0.002+0K
-2.00e+1K
2306 230.58 230.56 230.54 23 2305 230.48
Sky Frequency (GHz)
0 10 20 30 40 50 60 70 80
rms=6.12e+1 K (Ta*)*km/s mean=4.04e+1 K (Ta")*km/s 2.83e+2 K.km/s, vmin=-13.84 km/s , vmax=32.08 km/s, imin=168, imax=281
@Cursor @Box xmin=301 xmax=387 ymin=251 ymax=323
80 __
Q
ra
i
= 50
i Observed
] Possible Frequency
n species (GHz)
5 40
M CO 2-1 230.5311
g
.(';.
10
75 -50 .25 0 25 50 75

Welocity (kmis)

100 200 300 400 500
Search NED Data for a flat universe | in FOV  + | Q
Ho |69.6 | |0.288 Sea o
Search lings in : Do not search O Local ®
Redshift 0.0000300%| Velocity |9 [DL|inMpc | o— 5,
hh:mm:ss ; dd:mm:ss ; Name 80 K v
Number of atoms [1 v |4 v |




YAFITS 2D

See more FITS files... GG_Tau_cont_tclean.image.pbcor - OBJECT = GG_Tau - NAXIS = 4 - NAXIS1 = 540 - NAXIS2 = 540 - NAXIS3 =1- NAXIS4 =1cic

LY Al o~ 3 [)

iIRA=401 IDEC=160 RA=4:32:30.026 DEC=+17:31:36.217 - Flux density : -6.9101e-4 Jy/beam

+17:31:46:947
+17:31:43.617
+17:31:40:287
+17:31:36.957

i 417:31:33:627,

-

R

-
4:32:3111062 4:32:30.597 4:32:30.364 4:32:30.131 4:32:29.!}_‘1“-{’,: Y :361%%?9.668




YAFITS 2D

Infos

Fluxin box : 1.7246e+0 Jy

sum:1.7246e+0 Jy

min:-2.3376e-3 Jy/beam

max:1.2628e-2 Jy/beam

mean:1.3523e-3 Jy/beam

stdev:1.6538e-3 Jy/beam

numpix:15244 pixels (!=Nan)

percentage of total number of pixels:5.2277e+0 %
boundingRect:216,196,103,148 pixels

Copy as JSON




YAFITS 2D and 3D
Gnomonic

* Chan#40 rms=1.03e+1 K (Tmb) 31.00' x 31.00', PA 0.0°
R e e

W 541:0.647 3 o0 2:38:35 3.00e+1K
/ Save
4 -

NenuFA

115.2725

*rms=5.17e+1 K (Tmb)*km/s
T SETEIas ;

/ 5AT:0.647

6.02e+1 K.km/s,

-2.5

Velocity (km/s)




YAFITS 1D

Browse Fits files Query Fits files

b1-082-112-cube - OBJECT = B1 - NAXIS = 3 - NAXIS1 =1 - NAXIS2 = 1 - NAXIS3 = 162694 - CDELT3 = 0.195 MHz- LINE = 082-112 GHz more headers ...
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YAFITS 1D

Browse Fits files Query Fits files
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YAFITS 1D

Browse Fits files Query Fits files
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Architecture, Technical aspects, Development
environment, Install

https://yafits.obspm.fr/

data visualisation visual analytics
DOI 10.5281/zenodo. 3696974

Deployed inside Docker
* No external dependency
* Easy configuration (PATH)
Uses external libraries : Highcharts (spectra) and Openlayers (Images)
Designed for radio-astronomy datacubes
Tested with ALMA, NOEMA data, but also MUSE and SITELLE,



Technical evolution

Server optimization
- Faster fits file loading time
- Faster image generation time

Installation on IRAM large programs database

Development of a test suite for deployment on IRAM large
program archive :

- Comparison of Yafits and Gildas output

- Non regression tests between Yafits versions



Gildas / Yafits comparison

- Tests are executed through a configurable script (bash, python +
selenium)

- For each cube, some data are extracted from Yafits web Ul and stored In a
JSON file ( statistics and values from images and spectra)

- The same data are extracted from the cube opened in Gildas into JSON
files ( scripts in command line )

- Gildas Is installed in a docker container for easy deployment on any host
server

- Content of JSON files Is compared and a summary Is generated



Gildas / Yafits comparison

Comparison between Yafits and Gildas

target : Yafits current version v23.3.1

reference : Gildas version jun22a

Total errors
0

11157-n2hpl0-pdbi 30m-cube
Test Errors
check upper image
check upper spectrum
check lower image
check lower spectrum
check lower spectrum

o o o o O

Global results summary

12col0-cube-cube
Test Errors
check upper image
check upper spectrum
check lower image
check lower spectrum
check lower spectrum

o o o o o

12co21-cube-cube
Test Errors
check upper image
check upper spectrum
check lower image
check lower spectrum
check lower spectrum

o o o o o




Gildas / Yafits comparison

Comparison between Yafits and Gildas

target : Yafits current version v23.3.1

reference : Gildas version jun22a

Total errors
0

11157-n2hpl0-pdbi 30m-cube

Test
check upper image
check upper spectrum
check lower image
check lower spectrum
check lower spectrum

Errors

[ B e B o B e T e

12co010-cube-cube

Test
check upper image
check upper spectrum
check lower image
check lower spectrum
check lower spectrum

Errors

c oo oo

12co021-cube-cube

Test
check upper image
check upper spectrum
check lower image
check lower spectrum
check lower spectrum

Errors

(=] (=] =] =] =]

Detailed view

—

Datafile

11157-n2hp10-pdbhi_30m-cube.json

Total errors
0

Smapetmp /11157 =nZhpt O—pdbi J0m—cube—extract.fits
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refPixel x value
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Yafits @ IRAM

ML AN PRUJLUL | IUN MULE & 7

dlimétrique

Data Managemeant Systam (DMS)

History — Data Managemeant Systam f Show programs f EMPIRE Current usar

Browse
Show programs

philippe.salome
Add a darasat Atinch file Logout
Find fles
Search:

created + aditad ] ask Tor publishing s published

EMPIRE (EMIR Multiline Probe of the ISM Regulating Galaxy Evolution)
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First data release (DR1) - 2019 June 11th

Brosse Fits
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= NQC2I03 - NAXIS = 3 - HAXE] = 120 - HANGD = 135 - NAXEY = 375 - COELTY = 4000.000 km/s
LINE = 12C04{1-0} GHz more headers ...

Chan@ 1HE rms=4.56e-2 K (Tmal mean=1.18e-2 K (Tmhbi Z5.45" x 25.65, PAD.O"

\elurscr el k=B =0

- 16 Graph

Epectral
B smeoth
factor

=
EI

i i -

Sky Fraquancy [GHE

=0.05 0.00 aas 18 1] 015 020 az2s 020
ms=5.65e+3 K (Tmb"km/s mean=1.57e+1 K (Tmbi"kmys Z.T3e+4 K.kmiy's, vmin=362169.80 km/s , vmax=T383509.50 km/s, imin=140, imax=234
(pelurscr ®Eox xmin=52 xmax=07T ymin=E0 ymax=7E

3
i




Next steps

- Finalizing the integration of Yafits on IRAM Large Program
database

- Work in progress : prototyping « Visualization of SKA data with
high volume of users and high amount of data »

- Improving sources search interface

- Plugging an automated source detection software in Yafits (D.
Cornu is joining the project)


mailto:artemix.lerma@obspm.fr
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