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Outline

* Driver for CARTA

 CARTA

 CARTA in the ALMA Science Archive
« Stand-alone CARTA

* Practice with continuum image

 Practice with cube

Credits to Kazi Rygl, Elisabetta Liuzzo, et al.
I-TRAIN #12: CARTA tutorial
EU ALMA school (presentation, materials)

ALMA Spanish Days, Hugo Messias, 2025/Feb/19, IAC


https://almascience.eso.org/tools/eu-arc-network/i-train
https://youtu.be/K71rFeAhQ5o
https://sites.google.com/view/eu-alma-school-2024/programme
https://drive.google.com/file/d/11KcCTCUxhirMHazjNyWqBZP6wHcrtnJC/view?usp=sharing
https://drive.google.com/drive/folders/10WCeMLPggDsrAOYRyuJxQqYYbFQEMgov?usp=sharing

Why use CARTA?

* Many fits visualization tools in the market (link here)
(DS9, QFitsView, Aladin, APLpy, fv, CARTA, ...)

e CARTA was made to address the interferometric data context

Continuum

Spectral cubes

Full polarization

Flux extraction

Spectral fitting

Momentum maps (integrated flux, velocity, velocity dispersion)
Position-velocity diagrams

Built to deal with heavy data (eg, 1TB cubes, parallelization)
FITS or HDF5

Can be used directly from the ALMA Science Archive

ALMA Spanish Days, Hugo Messias, 2025/Feb/19, IAC



https://fits.gsfc.nasa.gov/fits_viewer.html
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Cube Analysis and Rendering Tool for Astronomy,"iswa\-_lf"} |
next-generation image visualization and analysis tool"'"
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ASA vs stand-alone

Working with CARTA in the
ASA

e No need to download data

e No need to install CARTA

e (Can open multiple ASA images
and overlay these

e Save png but not FITS to disk

Working with CARTA on your
device

Slightly bigger interface

Save FITS/png to disk

Can load locally stored data and
overlay these

Can load your regions/catalogs




CARTA in ASA

Using CARTA in the ASA https://almascience.eso.org/aq/

<, Explore and download

Source name: HD 142527 ‘ Remove filters | 1 column filter active

‘8 FoV: 3.08" Molecules Redshift
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© Observations (6) Q Projects (18) [E Publications (36)
[ Band: 6 ][ Remove tab filters ] B & - 2 -
Project code ALMA source name RA h:m:s ~ Dec dms-~ Band Cont.sens. mJy/beam ~ Frequency support T Release date Publications Ang.res.

8 ¢ < 6 Vv |X

T (20110004655 |  HD 142527 15:56:41.887  -42:19:23.341 6 0.1041 ([ 218464.23244206Hz | [ 2013-08-06 ] [ 12 ] 0597
O ( 20131.003055 |  HD_142527 15:56:41.874  -42:19:23.656 6 0.0315 [ 219501.2328926Hz | [ 2016-10-31 | | 2 |  o0.208
O o ( 2015101353 |  HD_142527 15:56:41.874  -42:19:23.670 6 0.0380 [ 219501.2328926Hz | [ 2017-03-29 | | 5 | o765
@ O o~ & HD_142527 15:56:4 873  -42:19:23.680 6 0.0255 | 219501.232.8026Hz | [ 2018-10-03 [ 5 | o266
O o ~N A 2018.1.01172.5 HD_142527 15:56:41.871  -42:19:23749 6 0.0366 ( 219520.2354826Hz | [ 2020-12-12 | | 1 ] o487
O o~ [ 20181004755 |  HD_142527 15:56:41.850  -42:19:24.198 6 0.0233 [ 219061.2321326Hz | [ 20230816 | [ o | 0560

nalCJ
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CARTA in ASA

Previews hovering the mouse over the 5th icon

Source name: HD 142527 || Remove filters | 1 column filter active @~ o, Explore and download

Redshift

:p FoV: 3.08' " Molecules

: i
Previews for HD_142527 B 2 £ 0 8 £ 28 g 8 & 8
0O < < w [T g o ~ ~
< O o O OlN < < <
1l — ) =) - 0N 1l Il
e L 5 =z v 203 = 2 2
ALMA  ari_l g L & Y -5 & % @ 3
- 9 N £ NG % woN
i 2 < T e B
i e & B3 B\ I
README & 2 L N
s e e
SPW 0: 219.501..219.618GHz, 70.557 kHz, XX YY member.uid__A001_X2fe_X465.HD142527_C180.pbcor.fits 6 GB T it
.o Ut ASSY X% RASS an LMD V2527 sciapwmd Z19500MM2 1 2m cube | phoor Ma E Band: 6 :
. Frequency type: line Iy
equency range: 219.501..219.618
<. equency resolution: 70.557 kHz 4/GHz 226 GHz 228 GHz 230 GHz 232 GHz 234 GHz
ontinuum sensitivity: 0.026 / 8 9 10
Line sensitivity 10km/s (estimate): 0.48 mJy/beam@10km/s W L~ T
Line sensitivity native (estimate): 0.12 uJy/beam@native :
Polaritazions: XX YY
© Observations (6) Array: 12m
[ Band: 6 J[ Remove tab filters CARTA . B &~ @~
t T Release date Publications Ang.res.
SPW 1: 220.339..220.457GHz, 70.557 kHz, XX YY member.uid___A001_X2fe_X465.HD142527 13CO.pbcor.fits 6 GB
=] . Band: 6
O V) &) e Frequency type: line 2 GHz J [ 2013-08-06 ] [ 12 ] 0.597
Frequency range: 220.339..220.457 =
O © v L‘lb <. Frequency resolution: 70.557 kHz 2 GHz ] [ 2016-10-31 | [ B ] 0.208
Continuum sensitivity: 0.026 \
: 2 GHz 2017-03-29 5 0.765
© o N od Line sensitivity 10km/s (estimate): 0.48 mJy/beam@10km/s l [ | L ]
@'} O o ~Nn v e e 2GHz |= [ 2018-10-03 | 5 | 0.266
O o mn 4 2018101728 |  HD_142527 15:56:41.871  -42:19:23.749 6 0.0366 ( 219529.235482GHz | [ 2020-12-12 | | 1 | 0.487
O o~ | 2018.1.00475.5 HD_142527 15:56:41.850  -42:19:24.198 6 0.0233 ( 219061.232132GHz | [ 2023-08-16 | [ 0 ] 0560
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CARTA in ASA

< Download Open legacy Request Handler

Q Project (1)

© Group ObsUniSet (1)

™ Member ObsUniSet (1)

@ Source (1)

:= Collection (2)

" Array (1)

("o File type (5)

(Y File class (6)

+
S+ &

51 NAJS

@ National Astronomical

+ Observatory of Japan

CARTA icon

Name

member.uid___A001_X2fe_X465.ari_|.HD_142527_sci.spw2_220398MHz.12m.cube.l.pbcor.fits

member.uid___A001_X2fe_X465.ari_|.HD_142527 sci.spw2_220398MHz.12m.cube.l.mask fits.g...

member.uid___A001_X2fe_X465.ari_I.HD_142527_sci.spw0_1_2_3_226092MHz.12m.cont.l.mask....

member.uid___A001_X2fe_X465.ari_|.README.txt

member.uid____A001_X2fe_X465.ari_|.HD_142527_sci.spw1_230545MHz.12m.mfs.l.mask.fits.gz

2015.1.01353.5_uid__A001_X2fe_X465_external_ari_|_001_of_001.tar

member.uid___A001_X2fe_X465.ari_|.hifa_image.weblog.tgz

member.uid___A001_X2fe_X465.HD142527_CO.pbcor.fits

member uld__AOOT XI%e X405 MOWISIT COpbeoe s | Band: 6

s (o]

(external, external/ari_l)
(external, external/ari_l)
(external, external/ari_l)
(external, external/ari_l)
(external, external/ari_l)

(external)
(external, external/ari_l)

(external, product)

- Frequency range: 230.479..230.596
Frequency resolution: 70.557 kHz

Line sens. (10km/s): 0.474mJy/beam
<. Line sens. (native): 0.121uJy/beam

Polaritazions: XX YY
Array: 12m

CARTA icon




CARTA in ASA

Open legacy Request Handler

<% Download Open legacy Request Handler Z

Name

Q Project (1)
member.uid___A001_X2fe_X465.ari_|.HD_142527_sci.spw2_220398MHz.12m.cube.l.pbcor.fits (external, externalfari_l)

member.uid___A001_X2fe_X465.ari_|.HD_142527 sci.spw2_220398MHz.12m.cube.l.mask.fits.g... (external, external/ari_l)

© Group ObsUniSet (1)
member.uid___A001_X2fe_X465.ari_|.HD_142527_sci.spw0_1_2_3_226092MHz.12m.cont.l.mask.... (external, external/ari_l)

@ Member ObsUniSet (1) member.uid___A001_X2fe_X465.ari_|.README.txt (external, externalfari_l)

member.uid___A001_X2fe_X465.ari_|.HD_142527_sci.spw1_230545MHz.12m.mfs.l.mask.fits.gz (external, external/ari_l|)

@ Source (1) 2015.1.01353.5_uid__A001_X2fe_X465_external_ari_|_001_of_001.tar (external)

member.uid___A001_X2fe_X465.ari_|.hifa_image.weblog.tgz (external, externalfari_l)

:= Collection (2) member.uid___A001_X2fe_X465.HD142527_CO.pbcor.fits (external, product)

memberuld__ AODT XI%e X405 MOWISIT COpbeoe s | Band: 6

. Frequency range: 230.479..230.596
Frequency resolution: 70.557 kHz

Line sens. (10km/s): 0.474mJy/beam
("o File type (5) <. Line sens. (native): 0.121uJy/beam

Polaritazions: XX YY

Array: 12m

" Array (1)

(Y File class (6)

CARTA icon

+
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CARTA in ASA

CARTA previews for fits files in Product

ALMA Request Handler

Anonymous User: Request #2165002684535 ¢

Request Title: click to edit

| Download Selected \

readme product auxiliary [} raw [_] raw (semipass) [ external

Project / OUSet / Executionblock
M\ || Request 2165002684535
v (@l Project 2015.1.01353.S
v || Science Goal OUS uid://A001/X2fe/X463
v || Group OUS uid://A001/X2fe/X464
v || Member OUS uid://A001/X2fe/X465
» SBHD_14252_a 06_TE
lg readme
m ' v @j product

product

Updated

2020-07-10

product
product
product
product
product
product
product
product
product
product

product

nalCJ

National Astronomical
Observatory of Japan

member.uid

A001

File

X2fe_X465.README.txt

2015.1.01353.8 _uid

A001_X2fe X465 001 of 001.tar

member.uid  A001_X2fe X465.HD142527 13CO.flux.fits.gz
member.uid A001 X2fe X465.HD142527 13CO.image.fits
member.uid A001 X2fe X465.HD142527 13CO.pbcor.fits
member.uid  A001 X2fe X465.HD142527 C180.flux.fits.gz
member.uid  A001_X2fe X465.HD142527 C180.image.fits
member.uid A001 X2fe X465.HD142527 C180.pbcor.fits
member.uid  A001_X2fe X465.HD142527 CO.flux.fits.gz
member.uid _ A001_X2fe X465.HD142527 CO.image.fits
member.uid A001 X2fe X465.HD142527 CO.pbcor.fits
member.uid  A001 X2fe X465.HD142527 cont.flux.fits.gz
member.uid  A001 X2fe X465.HD142527 cont.image.fits
member.uid A001 X2fe X465.HD142527 cont.nbcor fits

Size

46 GB

CARTA icons




CARTA in ASA

Open CARTA in a new tab

[ (4 Open in a new tab J

Fle View Widgets Helpf ®m / OO O ~ [ = ’ SR O FO ~ E S NE

member.uid__A001_X2fe_X465.HD142527 CO.pbcor fits X Profile: Cursor X @€ O

) =42:19:23.7); Image: (500, 500); NaNk; | Image
230.4786 GHz; Velocity: 77.2907 km/s; Polarization

Active ¢ Region Active ¢

1.00e+0
5.00e-1
0.00e+0

10 -42:19:00

0 0.6
)‘2 coordinate

Declination

Y Profile: Cursor X

Image  Active ¢ Region Active ¢

1.00e+0

¥ @ Qrox &3 & wes #f s |H|» | 5.00e-1

‘ 0.00e+0

44 42 15:56:40 38 36
Right ascension Colorscale: -1.80509e-1 Jy/beam

0 0.6
6 coordinate

Render Configuration X $OQ ¢ O : = -
° e Image List X | Animator X 3@ ¢ ~

90% 95% 99% 99.5% 99.9%|99.95% 99.99% 100% Custom pistogram

ES

Per-channel < Image Layers Matching Channe
0 ber.uid___A00 (XY ]
Clip min  -0.18050949058 memertd__A00: | A Ov)(z)(r) 0

ulllll merun

0.1 2 0.3 0.4
Value (Jy/beam) Scaling Linear

Clip max 0.199529092745

+
S+ &
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CARTA functionalities

Auxiliary Widgets - basics

e Image list Header info

. Preferences
Region list info

ALMA Spanish Days, Hugo Messias, 2025/Feb/19, IAC



CARTA functionalities

Analysis Widgets - more info

Spatial (xy) and Stokes
spectral (2) Analysis PV diagrams
profiler Animation
=B K E DAL ESES R QP
Statistics Rendering Spectral line
query
Histograms Catalog
(overlay)

Image fitting

0/ © g | 6

Online
catalog query

Contour plots
(0) and vector
overlays (//)

ALMA Spanish Days, Hugo Messias, 2025/Feb/19, IAC



Stand-alone CARTA

Statistics widget - Peak flux and flux density

~
2] ® CARTA
File View Widgets Help ® / OJ O L~ =B N AHMOAKNK<Lx S8 L2 QP 0O FO | Q o
member.uid___A001_X133d_X4111.HD_142527_sci.spw5_7_9_11.mfs.IQUV.manual.pbcor.fits Statistics: Region 1 (Active) X
Ll WCS: (15:56:41.516, -42:19:26.40); Image: (379, 247); Value: -1.86699e-4 Jy/beam ; *o Image Active s Region Active 2 Polarization Curreni 2 .
e aria e eiTaR - i For get“ng the peak Of
Statistic Value
L] L]
NumPixels 1.210000000000e+4 pixel(s) th t rg t ml | n
g Sum 1.334411289695e+2 Jy/beam e a e e SS O Y
N
é FluxDensity 1.109948542859e+0 Jy 1
use a Region on the
< | 8 Mean 1.102819247682e-2 Jy/beam
= StdDev 2.711615817367e-2 Jy/beam Ta r et
Min -8.869579760358e-4 Jy/beam g b
Max 1.510777622461e-1 Jy/beam
o Extrema 1.510777622461e-1 Jy/beam
© RMS 2.927193700397e-2 Jy/beam
-~ o SumSq 1.036784018117e+1 (Jy/beam)”"2
ie]
©
£
3
03
<
Q
o
Animator X || Image List X | Render Configuration X
©
g K K > M 3 > FrameRate $ 5 -
o
S © Polarizatio
S{o S’O S{o Ay LS l°p/. Ry
%@s g@s g'@soﬁa/ LONLCTN " ”7@929/@
2o}
N
Ow @ Qux & & wes 8 =B »Ils
=)
41.7 416 41.5 41.4

42.3 42.2 421 15:56:42.0 41.9 41.8
Right ascension

‘ Stokes | continuum map, HD 142527

V) | =
NAGJ | ALMA Spanish Days, Hugo Messias, 2025/Feb/19, IAC

National Astronomical
Observatory of Japan




Stand-alone CARTA

Statistics widget - rms

=
@ ® CARTA

Fle View Widgets Help ® / J O &~ =B X AAHMMm OMNKLK S8 LN OFO L Q )

I | | [T PPt (e oS K ) | ! S5 O T P A T \ | {0 J 1 S ! ‘ | e S | S (U | G R | | LI T . . ;
= il i i 05, ; a5 Image Region Polarization = Current < .
3.12446e-4 Jy/beam ; Polarization: Stokes I For gettl ng the RM S

Statistic Value

member.uid___A001_X133d_X4111.HD_142527_sci.spw5_7_9_11.mfs.IQUInarkefPbeol Statistics: Region 2 (Active) X

10
0.10

NumPixels 2.330900000000e+4 pixel(s) H f th
Sum 5.034562741016e-1 Jy/beam n O I Se O e m a p, U S e
FluxDensity  4.187693570548e-3 Jy

=| § Mean 2.159922236482e-5 Jy/beam a feW Reg i O n S

0
StdDev 4.171234932992e-4 Jy/beam .
Min -1.116830739193e-3 Jy/beam eXC| U d I ng th e Ta rgEt
s Max 1.497527817264e-3 Jy/beam o
g Extema  1.497527817264e-3 Jybeam and ima gee d ges
- |g RS 4.176734016956e-4 Jy/beam . .
S SumSq 4.066280001912e-3 (Jy/beam)”2 h h d t
5 IgNner Noilse) an e
T
=
the mean RMS.
3
o
Animator X || Image List X | Render Configuration X
o
@ 0, 0, 0, 0, 0, 0, 0, 0,
90% 95% 99% 99.5% 99.9% 99.95% 99.99% 100% Custom Clip Min -0.002561544039
S Clip Max 0.105304328775(
o
Scaling Square root ¢
wn
[}
Colormap [N $
3 Invert color map
1 1 1 1 1 1 1 1 1 1 1 O .
428 426 424 4221556420418 4.6 414 412 410 408 L LB A LhIE: Bias / Contrast ¥
nght ascension Cursor: 0.11 Jy/beam Value Ly bearm)

Stokes | continuum map, HD 142527

y) | =
NAGJ | ALMA Spanish Days, Hugo Messias, 2025/Feb/19, IAC

National Astronomical
Observatory of Japan




Stand-alone CARTA

o~ - o o ° Cbgm=yy
N -) Q1
al -
" 3
© @ CARTA
File View Widgets Help B/ OO0~ =FEBEANAAWHMOMBMDBRM AL ESS L 0 H& AR ¢
member.uid____A001_X133d_X4111.HD_142527_sci.spw5_7_9_11.mfs.P.manual.pbcor.fits X Profile: Cursor X
WCS: (15:56:41.855, -42:19:23.81); Image: (303, 299); Value: 1.17737e-4 Jy/beam Image Active = Region Active 2
o 7§ 15:56:42.3  15:56:42.0 15:56:41.8 15:56:41.6  15:56:41.4
o
o 1.50e-3
€
() «
N 2 1.00e-3
S
2
Q 5.00e-4
5 I
_g S 0.00e+0
© < o
c N
S O 200 250 300 350 400
8 ?l X coordinate
Data: (WCS: 15:56:41.857, Image: 303 px, 1.17737e-4)
[s2]
§ Y Profile: Cursor X
o
- Image  Active ¢ Region Active ¢
N
-42:19:26 -42:19:25 -42:19:24 -42:19:23 -42:19:22 -42:19:21 -42:19:20
2 ; €
& E O W @& Q1ox 5§ S wes | H s ) » §
a 1.00e-3
42.4 42.2 15:56:42.0 41.8 41.6 41.4 5 5.00e-4
. * ()
Right ascension § 0.00e+0
Animator X | Render Configuration X || Region List X | Image List X 240 260 280 300 320 340 360
: S Y coordinate
Image Layers Matching Channel Polarization
Data: (WCS: -42:19:23.80, Image: 299 px, 1.17737e-4)
0 member.uid___AO! R (xY]J(R) 0
Statistics: Image (Active) X
Image  Active $ Region Active o -
Statistic Value
NumPixels 3.529190000000e+5 pixel(s)
Sum 2.923261300310e+1 Jy/beam

FluxDensity 2.431536397910e-1 Jy

Adane 0 NONANNAINOLNOA~ 1

L ‘Linear polarisation map, HD 142527

ALMA Spanish Days, Hugo Messias, 2025/Feb/19, IAC

National Astronomical
Observatory of Japan




Size
File  View Widgets Help B/ 000~ F =B LA BE 003 FH A4S

No image loaded

SRINCS: (15:56:42.082, ~42:19:34.77); Image: (253, 80); Value: -2.28297e-3 Jy/beam | U
L 6 GHz; Velocity: 3.0887 km/s; Polarization: Stokes I
- L
o
AN
&
Ql
BY
©
= L
O w [
QO N
o
S Distance measurement
i Click to create geodesic curves.
Double Click to open the settings.
w |
m 1
> Wwcs | w2s M
445 440 43.5 40.5 15:56:40.0

Right ascension

Render Configuration X || Image List X | Region List X || Animator X

K First M Prev » Play M Next A Last -2 Mode Frame rate
Channel LSRK
0 12 3 36 49 230.5356 GHz
3.0887 km/s

Polarization
Stokes Q Stokes U StokesV Ptotal Plinear PFtotal PFlinear Pangle

ALMA Spanish Days, Hugo Messias, 2025/Feb/19, IAC

Image

0.19

0.14

0.04 0.09

Value (Jy/beam)

-0.01

<>

G+~ ©

X Profile: Cursor X

15:56:43.223

2.00e-2

1.50e-2

1.00e-2

5.00e-3

0.00e+0

-5.00e-3

Data: (WCS: 15:56:42.082, Image: 253 px, -2.28297e-3)

Active Polarization

o



Contours overlay

File View Widgets Help B/ 00 ~

member.uid___A001_X133d_X4111.HD_142527 sci.spw7.cube.lQUV.manual.pbcor.fits

WCS: (15:56:41.957, -42:19:22.26); o)
Image: (281, 330); Value: 1.45402e-1 Jy/beam ; <
Frequency (LSRK): 230.5356 GHz;

Velocity: 3.0887 km/s; Polarization: Stokes I

21

S o
r (<)
o L
= N
S |
=k
S8t o
s2h g
O QL 1 o
avyYl d
w0 [ ol
N
il <
L {pPs ©
© o
o
qaes -
o
L (- D I IR | | | O
421 15:56:42.0 41.9 41.8 41.7 416 T
Right ascension
Render Configuration X || Image List X | Animator X
Image Layers Matching Channel
0 member.uid__A00' R (xy)(z) 24
1 member.uid__A001. R C XY R 0

+
S+ &

51 NAJ

@ National Astronomical

+ Observatory of Japan

Declination
-42:19:24

=B & B

21

22

23

25

26

27

421 15:56:42.0 41.9 41.8 417
Right ascension

Polarization

Stokes |
Stokes |

VO @O

EAEOIN N

+@ O | v profile: Cursor X

Contour Configuration

Data member.uid___A001_X133d_X4111.HD_142527 sci.spw7.cube.lQUV.manual.pb

source a

Levels Configuration

Histogram

Per-channel

Styling

a
v

Generator

Parameters

0.05

percentages-refvalue %

Reference

Upper (%)

1.999e-1

100

0.15 0.2

Value (Jy/beam)

-

<

v

N

Lower (%)

8

20

0.25

<|>

<>

Close




Stand-alone CARTA

Practice
(5min + 2min Q&A)

e *es0137-0.continuum.image.pbcor
* Flux density (compare it with total sum and size in beams)
e Peak flux
* rms

 Same with *es0137-0.CO21.image.pbcor,
but in different channels

* Use different type of regions
* Try out the distance/size widget
* Overlay continuum contours onto the CO(2-1) cube

ALMA Spanish Days, Hugo Messias, 2025/Feb/19, IAC



Stand-alone CARTA

Contours overlay

Fle View Widgets Hep ® / OO O ~ [ =B & A B bOF K SSE R Qr 0O FO 2 S A = e
member.uid__A001_X133d_X4111.HD_142527_sci.spw7.cube.IQUV.manual.pbcor fits as " $+@ O | Y profile: Cursor X 1@ O
WCS: (15:56:41.957, -42:19:22.26); > Contour Configuration Q@ X
Image: (281, 330); Value: 1.45402e-1 Jy/beam ; © |Socontours
bxll Frequency (LSRK): 230.5356 GHz; w
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ectral analysis: cllck spectral proﬁler drag it
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oments: settings in z profile
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Moments: settings in z profile ~_

.Z Profile Settings: Region #2 (Active)
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Spectral profile: Moments available

Choose Region
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Position Velocity diagrams P\/
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Practice
(5min + 2min Q&A)

e *es0137-0.C0O21.image.pbcor

* Obtain different moment maps playing with different Z profile
settings

e Extract fluxes
» Extract different PV diagrams

ALMA Spanish Days, Hugo Messias, 2025/Feb/19, IAC



More on CARTA

cartavis.org

I-TRAIN #12: CARTA tutorial

EU ALMA school (presentation, materials)

* Exercises on spectral line fitting
e Catalogue interfaces
* Polarization imaging analysis

Comrie, Wang, Hsu, et al., (2018)
https://ui.adsabs.harvard.edu/abs/2021zndo...3377984C/abstract

ALMA Spanish Days, Hugo Messias, 2025/Feb/19, IAC



https://cartavis.org/
https://almascience.eso.org/tools/eu-arc-network/i-train
https://youtu.be/K71rFeAhQ5o
https://sites.google.com/view/eu-alma-school-2024/programme
https://drive.google.com/file/d/11KcCTCUxhirMHazjNyWqBZP6wHcrtnJC/view?usp=sharing
https://drive.google.com/drive/folders/10WCeMLPggDsrAOYRyuJxQqYYbFQEMgov?usp=sharing
https://ui.adsabs.harvard.edu/abs/2021zndo...3377984C/abstract

