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• What do one observe in the mm ?  
• Telescopes / Interferometers 
• French community 

Outline



APOD - M31: The Andromeda Galaxy Image Credit & Copyright: Robert Gendler

http://www.robgendlerastropics.com/
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Hubble observations have taken advantage of gravitational lensing to reveal the largest sample of the faintest and earliest known galaxies in the universe. Some of these 
galaxies formed just 600 million years after the Big Bang (Frontier Fields. K. Hatek


Credits: ESA/NASA 



PESSTO (the "Public ESO Spectroscopic Survey of Transient Objects")

Credit: 

ESO/PESSTO/S. Smartt

http://www.pessto.org/


PESSTO (the "Public ESO Spectroscopic Survey of Transient Objects")

Credit: 

ESO/PESSTO/S. Smartt
 + PHANGS

http://www.pessto.org/


Credits : Dame et al. 

Molecular Line in the Milky Way



Credits : R. Neri, IRAM Xth IRAM school

Inter-stellar Medium



Molecular Line Emission in space



Molecular Line Emission in the ISM

Credits : R. Neri, IRAM Xth IRAM school

https://cdms.astro.uni-koeln.de/classic/molecules

Molecular Line Emission in the ISM



• Most frequent molecules  
– Monoxide Carbon (CO) 
– Water (H2O), OH, HCN, HCO+, CS 
– Ammonia (NH3), Formaldehyde 

(H2CO) 
• Rare Molecules 

– Alcohol,Sugar, …

Molecular Line Emission space



Molecular Line Emission in the ISM

Credits : R. Neri, IRAM Xth IRAM school



Emission Processes

Credits : R. Neri, IRAM Xth IRAM school



Joan Miró : Le disque rouge (1960)

Where are the molecules ?  



Molecules tracks different phases 
along the stellar life 

Joan Miró : L’Etoile Bleue (1927)



Stellar Birth 

Credits : R. Neri, IRAM Xth IRAM school



 (a) A composite image for the jet in different molecules, produced by combining the images from the Very Large Telescope 
(McCaughrean et al. 2002) and ALMA (Lee et al. 2015). Orange image around the center shows the dusty envelope+disk at 
submillimeter wavelength obtained with ALMA at 200 AU resolution. (b) A zoom-in to the very center for the dusty disk at 8 
AU resolution. Asterisks mark the possible position of the central protostar. A dark lane is seen in the equator, causing the 
disk to appear as a “hamburger”. A size scale of our solar system is shown in the lower right corner for size comparison. (c) 
An accretion disk model that can reproduce the observed dust emission in the disk. 

Credit: ALMA (ESO/NAOJ/NRAO)/Lee et al.



Proto-planetary disks 
Planet formation and the cradle of life



ALMA Large Program (DSHARP) :  
20 nearby protoplanetary discs to learn more 
about the earliest stages of planet formation.  

Planetary systems are likely to have their origins 
in protoplanetary discs of gas and dust, which 
form around protostars in the early stages of 
their development.  

DSHARP studies the process by which planets 
emerge from these diffuse discs when dust 
within a disc coalesces into planetesimals and 
the seeds of planets are formed.  

Next : to accurately predict what type of 
planetary system will evolve from any particular 
disc. 

Protoplanetary discs



The death of stars  
Matter recycling - molecular complexity



Red Giant evolved star: 
Molecular gas wind

Optical

Molecular gas in the mm-band

Evolved Stars



Credits : R. Neri, IRAM Xth IRAM school

Stellar death 



Recycling gas and dust

 The strange shape was probably created by a hidden companion star orbiting the red giant.



Joan Miro : Constellations (1940)

The interstellar medium 

The star nursery



IRAM

Optical vs mm-Observations

Optical
Millimeter



Credits : R. Neri, IRAM Xth IRAM school

ISM 











Credits : R. Neri, IRAM Xth IRAM school

Nearby galaxies 



Credit: F. Santoro & A. Leroy/PHANGS/ALMA

PHANGS ALMA images



The starburst galaxy NGC 253 and the radio spectra obtained with ALMA. ALMA detected radio signals 
from 19 different molecules at the center of this galaxy. Credit: ESO/J. Emerson/VISTA, ALMA (ESO/
NAOJ/NRAO), Ando et al. Acknowledgment: Cambridge Astronomical Survey Unit



Black-Holes and Feedback



Credits : R. Neri, IRAM Xth IRAM school

Weighting Black-Holes 



AGN-Feedback 
(Black-Hole retro-action) 



A simulated image of the supermassive black hole at the centre of the M87 galaxy. The dark gap at the centre is the shadow of the black hole. Credit: Jason Dexter (left) and 
Kazunori Akiyama (right)

EHT (Event Horizon Telescope) 
First image of a Black-Hole 



Primordial galaxies and
Proto-clusters





Credits : R. Neri, IRAM Xth IRAM school

Molecules in primordial galaxies 



Credits : R. Neri, IRAM Xth IRAM school

Surveys of primordial galaxies 





SDSS cosmic web. Each dot is a galaxy



Galaxy cluster XMMXCS J2215.9–1738 observed with ALMA and the Hubble Space Telescope. 
Gas rich galaxies detected with ALMA are shown in red and marked with circles. Most gas rich 
galaxies are located in the outer part, not the center, of the galaxy cluster (around the center of the 
image). Credit: ALMA (ESO/NAOJ/NRAO), Hayashi et al., the NASA/ESA Hubble Space Telescope

z=1.46

Proto-clusters



Credits : R. Neri, IRAM Xth IRAM school

Telescopes



Credits : R. Neri, IRAM Xth IRAM school

Telescopes in the (sub)mm



Credits : R. Neri, IRAM Xth IRAM school

Telescopes in the (sub)mm



Credits : R. Neri, IRAM Xth IRAM school

Telescopes in the (sub)mm



ATCA

Australia

Nobeyama JAPAN



Credits : R. Neri, IRAM Xth IRAM school

Interferometers

Résolution = Lambda / D Résolution = Lambda / B
D=Single antenna Diameter B=Distance btw antennas



Credits : R. Neri, IRAM Xth IRAM school

Interferometers



Credits : R. Neri, IRAM Xth IRAM school

Interferometers



Credits : R. Neri, IRAM Xth IRAM school

Interferometers



Credits : R. Neri, IRAM Xth IRAM school

IRAM (Fr/Ger/Sp) 
Institut Radio-Astro millimetrique



Credits : R. Neri, IRAM Xth IRAM school

IRAM Receivers



Credits : R. Neri, IRAM Xth IRAM school

IRAM Correlator



Credits: Nienke van der Marel 



Credits: Nienke van der Marel 

Rich Archive of public data (2D + 3D)

• ESO : https://almascience.eso.org/asax/

• OP-viewer : http://artemix.obspm.fr/

https://almascience.eso.org/asax/
http://artemix.obspm.fr/


Credits : Guy Perrin (SF2A 2019) 

TGIR



Lien Site Ministère

https://www.enseignementsup-recherche.gouv.fr/pid34085/infrastructures-recherche-astronomie-astrophysique.html


OSU coordinateur Type de SNO Sous-type de SNO Nom du SNO

Obs. Paris AA-ANO2, AA-
ANO3

SO2_InstrumentationSol SKATE

OASU AA-ANO3 ALMA Regional Center

OASU AA-ANO3 IRAM

Obs. Paris AA-ANO3 Station de Radioastronomie de Nançay

Obs. Paris AA-ANO2, AA-ANO3 SO2_InstrumentationSol SKATE

Obs. Paris AA-ANO2 SO2_InstrumentationSpatiale JUICE / RPWI

Obs. Paris AA-ANO2 SO2_InstrumentationSpatiale JUICE / SWI

Services Nationaux d’Observation (SNO) 
ANO-2 : Instrumentation des grands observatoires au sol et spatiaux
Cette Action nationale d’observation porte sur la capacité des OSU de concevoir, exercer la maîtrise d'œuvre, réaliser et assurer le 
fonctionnement d'instruments (en particulier focaux) pour les infrastructures de recherche sol et les missions spatiales qui fournissent des 
données accessibles à l'ensemble de la communauté. Il s'agit de moyens lourds, ouverts à l'ensemble de la communauté française, ayant une 
visibilité internationale forte, et dont les données sont rapidement rendues publiques. Elle concerne également la fourniture de logiciels 
d'acquisition et de réduction de données. Cette Action nationale d’observation est structurée en deux volets :

• Instrumentation des télescopes, sondes et observatoires spatiaux
• Instrumentation des grands télescopes et interféromètres au sol

ANO-3 : Stations d’observation
Les astronomes ont à leur disposition des moyens lourds nationaux ou internationaux dont la gestion est une tâche souvent exigeante, et qui n'a 
pas de retour direct en termes de publications. Pour reconnaître ce service à la communauté cette action comprend :

• La gestion des stations d'observation
• Les activités instrumentales qui leur sont propres
• L'opération des instruments après leur mise en service
• Les actions amont qui visent la qualification et la protection des sites d'observation existants et futurs (optique, radio…)

http://insu.obspm.fr/cnrs/detailSo/220
http://insu.obspm.fr/cnrs/detailSo/85
http://insu.obspm.fr/cnrs/detailSo/116
http://insu.obspm.fr/cnrs/detailSo/221
http://insu.obspm.fr/cnrs/detailSo/220
http://insu.obspm.fr/cnrs/detailSo/125
http://insu.obspm.fr/cnrs/detailSo/94


Carte IMCCE

IRAM

Orsay
Saclay



https://arxivsorter.org/stats/papermapper

Words: ALMA, IRAM



https://arxivsorter.org/stats/papermapper

Words: ALMA, IRAM

https://arxivsorter.org/stats/papermapper


Aff: France Aff: All
Link to ADS query "ALL"

Your search returned 25,500 results
Link to ADS query "France"

Your search returned 4,448 results


Publications
abstract:("millimeter" OR "submillimeter" OR "ALMA" OR "IRAM" OR "RADIO" OR "mm" OR "submm

https://ui.adsabs.harvard.edu/search/filter_database_fq_database=AND&filter_database_fq_database=database:%22astronomy%22&filter_property_fq_property=AND&filter_property_fq_property=property:%22refereed%22&fq=%7B!type=aqp%20v=$fq_property%7D&fq=%7B!type=aqp%20v=$fq_database%7D&fq_database=(database:%22astronomy%22)&fq_property=(property:%22refereed%22)&q=(((abstract:(%22millimeter%22%20OR%20%22submillimeter%22%20OR%20%22ALMA%22%20OR%20%22IRAM%22%20OR%20%22RADIO%22%20OR%20%22mm%22%20OR%20%22submm%22)))%20AND%20year:1940-2021)&sort=date%20desc,%20bibcode%20desc&p_=0
http://(((aff:%22France%22%20abstract:(%22millimeter%22%20OR%20%22submillimeter%22%20OR%20%22ALMA%22%20OR%20%22IRAM%22%20OR%20%22RADIO%22%20OR%20%22mm%22%20OR%20%22submm%22)))%20AND%20year:1963-2021)


Aff: France Aff: All
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Your search returned 25,500 results
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Your search returned 4,448 results


Publications
abstract:("millimeter" OR "submillimeter" OR "ALMA" OR "IRAM" OR "RADIO" OR "mm" OR "submm

https://ui.adsabs.harvard.edu/search/filter_database_fq_database=AND&filter_database_fq_database=database:%22astronomy%22&filter_property_fq_property=AND&filter_property_fq_property=property:%22refereed%22&fq=%7B!type=aqp%20v=$fq_property%7D&fq=%7B!type=aqp%20v=$fq_database%7D&fq_database=(database:%22astronomy%22)&fq_property=(property:%22refereed%22)&q=(((abstract:(%22millimeter%22%20OR%20%22submillimeter%22%20OR%20%22ALMA%22%20OR%20%22IRAM%22%20OR%20%22RADIO%22%20OR%20%22mm%22%20OR%20%22submm%22)))%20AND%20year:1940-2021)&sort=date%20desc,%20bibcode%20desc&p_=0
http://(((aff:%22France%22%20abstract:(%22millimeter%22%20OR%20%22submillimeter%22%20OR%20%22ALMA%22%20OR%20%22IRAM%22%20OR%20%22RADIO%22%20OR%20%22mm%22%20OR%20%22submm%22)))%20AND%20year:1963-2021)


Link to ADS (France) here

Publications 
(France)

https://ui.adsabs.harvard.edu/search/filter_database_fq_database=AND&filter_database_fq_database=database:%22astronomy%22&filter_property_fq_property=AND&filter_property_fq_property=property:%22refereed%22&fq=%7B!type=aqp%20v=$fq_property%7D&fq=%7B!type=aqp%20v=$fq_database%7D&fq_database=(database:%22astronomy%22)&fq_property=(property:%22refereed%22)&p_=0&q=aff:%22France%22%20abstract:(%22millimeter%22%20OR%20%22submillimeter%22%20OR%20%22ALMA%22%20OR%20%22IRAM%22%20OR%20%22RADIO%22%20OR%20%22mm%22%20OR%20%22submm%22)&sort=date%20desc,%20bibcode%20desc/bubble-chart


Link to ADS query here
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abstract:("millimeter" OR "submillimeter" 
OR "ALMA" OR "IRAM" OR "RADIO" OR 
"mm" OR "submm")

Publications 
(France)

https://ui.adsabs.harvard.edu/search/filter_database_fq_database=AND&filter_database_fq_database=database%3A%22astronomy%22&filter_property_fq_property=AND&filter_property_fq_property=property%3A%22refereed%22&fq=%7B!type%3Daqp%20v%3D%24fq_property%7D&fq=%7B!type%3Daqp%20v%3D%24fq_database%7D&fq_database=(database%3A%22astronomy%22)&fq_property=(property%3A%22refereed%22)&p_=0&q=aff%3A%22France%22%20abstract%3A(%22millimeter%22%20OR%20%22submillimeter%22%20OR%20%22ALMA%22%20OR%20%22IRAM%22%20OR%20%22RADIO%22%20OR%20%22mm%22%20OR%20%22submm%22)&sort=date%20desc%2C%20bibcode%20desc
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https://ui.adsabs.harvard.edu/search/filter_database_fq_database=AND&filter_database_fq_database=database:%22astronomy%22&filter_property_fq_property=AND&filter_property_fq_property=property:%22refereed%22&fq=%7B!type=aqp%20v=$fq_property%7D&fq=%7B!type=aqp%20v=$fq_database%7D&fq_database=(database:%22astronomy%22)&fq_property=(property:%22refereed%22)&p_=0&q=aff:%22France%22%20abstract:(%22millimeter%22%20OR%20%22submillimeter%22%20OR%20%22ALMA%22%20OR%20%22IRAM%22%20OR%20%22RADIO%22%20OR%20%22mm%22%20OR%20%22submm%22)&sort=date%20desc,%20bibcode%20desc


Gary  LarsonThanks !Sidney Harris


