
Radio astronomy, Lecture 14

1) Molecular clouds

2) Dust

3) ALMA
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Laboratory tour
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The whole sky (by eyes)

Lund observatory
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µm

William Herschel: “holes in the Heavens”

The whole sky (by eyes)
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The whole sky (by eyes)

Lund observatory

Molecular clouds



6

The whole sky (in the light of HI)

Credit: Max Planck Institute for Radio Astronomy
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The whole sky (in the light of HI)

Effelsberg 100m, Deutschland Parkes Telescope 64m, Australien

+



8

The whole sky (in the light of HI)

Credit: Max Planck Institute for Radio Astronomy
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Our Galaxy

Credit: NASA
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Molecular clouds

Visible light image 
of the dark molecular 
cloud Barnard 68

The place where stars and planets
are born

The formation of the most important
astronomical molecules

T = 100 – 10 K, 
N = 103 – 106 molecules/cm3

Size = 10 – 100 pc
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Molecular clouds

Credit: Alexander Tielens, 2005
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Molecular clouds

Visible light image 
of the dark molecular 
cloud Barnard 68

The place where stars and planets
are born

The formation of the most important
astronomical molecules

T = 100 – 10 K, 
N = 103 – 106 molecules/cm3

Size = 10 – 100 pc



Barnard 68

The Horsehead Nebula Taurus Molecular Cloud

The Coalsack Nebula

The R Corona Austrialis Molecular Cloud

The California Nebula
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Molecular clouds

Alves et al. 2001

Visible                                                                                Near infrared
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Molecular clouds

Nielbock et al. 2012



16

Dust emission in Molecular clouds

Bianchi et al. 2003

µm

Cold dust
(Barnard 68)
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Gas and dust

Dust grains (1% of the mass of the ISM)Gas phase

Adsorption  Desorption

Our Galaxy:
HI gas – 5x109 M .
H2 gas – 1-5x109 M .
Dust – 5x107 M .



Formation of ice/dust grains in the ISMFormation of dust grains in the ISM

Credit: Ambra Nanni, SISSA

Asymptotic
Giant 
Branch
star



Formation of ice/dust grains in the ISMFormation of dust grains in the ISM

Gobrecht et al. 2016



Formation of ice/dust grains in the ISMFormation of dust grains in the ISM

1500 K
10 K

nm-size particle

Evolving star

Molecular cloud



Formation of ice/dust grains in the ISMFormation of dust grains in the ISM

10 K

Evolving star

Molecular cloud1500 K



„Cometary“ ice: H2O, CO, CO2, NH3, CH4, CH3OH

Formation of ice/dust grains in the ISMFormation of dust grains in the ISM



Formation of ice/dust grains in the ISMFormation of dust grains in the ISM



Formation of ice/dust grains in the ISM

µm-size particle

Formation of dust grains in the ISM



Formation of ice/dust grains in the ISMDust grains in the ISM

Ned Wright's Fractal Dust Model (University of California)
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D. Burke, W. Brown, 2012, PCCP

Physics and chemistry of the ice/dust grains in the ISM
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Physics and chemistry of the ice/dust grains in the ISM

Credit: Herma Cuppen



Formation of ice/dust grains in the ISMDust in the ISM

Carbon-rich dust: 
hydrogenated amorphous carbon, graphite, silicon carbide (SiC)

Oxigen-rich dust: 
silicates (pyroxene MgxFe1-xSiO3, olivine Mg2y,Fe2-2ySiO4), metal oxides (Al2O3, SiO, FeO)

Detection:
Absorption, Emission, Polarisation, Scattering of starlight

Importance:
Decoding of astronomical spectra, Surface chemistry, Physical conditions, Growth processes



Formation of ice/dust grains in the ISM
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Interplanetary dust

“A few million tonnes of interstellar dust enter the solar system within Jupiter’s orbit per day”.
(Williams, 2000, Astronomy & Geophysics)

ESA/Rosetta/NavCam
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Interplanetary dust on Earth

“A few million tonnes of interstellar dust enter the solar system within Jupiter’s orbit per day.
Some of this will mix with interplanetary dust, and about 100 tonnes of interplanetary dust arrives 
at Earth per day.”
(Williams, 2000, Astronomy & Geophysics)

Credit: Melbourne Museum 
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ALMA



331937

the Atacama Large Millimeter/submillimeter Array (ALMA)
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http://www.almaobservatory.org/en/videos/the-movie-alma-in-search-of-our-cosmic-origins/

http://www.almaobservatory.org/en/videos/the-movie-alma-in-search-of-our-cosmic-origins/
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ALMA
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ALMA

0.15 - 16 km
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ALMA

Credit: John Carpenter, 2017
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pwv - precipitable water vapor

ALMA
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ALMA

•Frequencies: 86– 950 GHz (250 µm–1 mm)

• Spatial resolution: 0.01" @ 950 GHz

• Spectral resolution: >20 m/s 
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[left]The 50 km s−1 molecular cloud in an integrated intensity map of CS J = 2−1. The integrated velocity range is VLSR = 20 − 40 km s−1. 
[right]The location of the filaments. Gray thick lines show the central axes of the MCFs and black filled circles show the molecular cloud cores.

Uehara et al. 2016

The first attempt of filament-finding in the Galactic Center Region

ALMA: from molecular clouds to planets and distant galaxies
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ALMA: from molecular clouds to planets and distant galaxies
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ALMA: from molecular clouds to planets and distant galaxies

Organohalogen methyl chloride discovered by ALMA around the infant stars in IRAS 16293-2422. These same organic compounds
were discovered in the thin atmosphere surrounding 67P/C-G by the Rosetta space probe (Credit: B. Saxton (NRAO/AUI/NSF))

methyl chloride
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ALMA: from molecular clouds to planets and distant galaxies
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ALMA: from molecular clouds to planets and distant galaxies

Dust around the closest star to the Solar System, Proxima Centauri. The data may indicate the presence of 
an elaborate planetary system. These structures are similar to the much larger belts in the Solar System and 
are also expected to be made from particles of rock and ice that failed to form planets 

(Credit: ALMA Observatory and Anglada et al. 2017)
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ALMA: from molecular clouds to planets and distant galaxies

Credit: NASA
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ALMA: from molecular clouds to planets and distant galaxies

Dust around the closest star to the Solar System, Proxima Centauri. The data may indicate the presence of 
an elaborate planetary system. These structures are similar to the much larger belts in the Solar System and 
are also expected to be made from particles of rock and ice that failed to form planets (Credit: ALMA Observatory)
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ALMA: from molecular clouds to planets and distant galaxies

Back to a time soon after the Big Bang, the earliest galaxies to have formed in the Universe, 
nearly 13 billion years ago (Credit: Amanda Smith, University of Cambridge)
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ALMA: from molecular clouds to planets and distant galaxies

Credit: Wikipedia
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We are here



50

The evolution of the Universe?

The synthesis of complex organic molecules?

The formation of stars, planets, planetary systems?

The origin of Life on Earth?

Life on other planets?
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