Molecules in Space
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Early observations
of molecules in the interstellar medium

Plates of { Persei obtained by Mary Lea Heger at Lick Observatory in 1919 | :
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UNIDENTIFIED INTERSTELLAR LINES*
By Paur W. MERRILL

In stellar spectra, observers recognize three types of ab-
sorption lines, distinguished by the place of origin: (1) stellar
lines, formed in the gases immediately overlying the star’s
photosphere; (2) terrestrial lines, introduced by the Earth’s Q
atmosphere; (3) detached or interstellar lines, originating be-
tween the star and the Earth. For about thirty years only four
lines of group 3 were known: H and K of ionized calcium;
D1 and D2 of neutral sodium. A brief history of observations observer
of these lines was given.

McKellar 1940, PASP, 52,307 evidence of molecular origin of some unidentified interstellar lines (CH, CH*, CN)



Radioastronomy and the boom of molecular detections
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Gamma Rays, X-Rays and Ultraviolet
Light blocked by the upper atmosphere
(best observed from space).

The opening of the radio window in the 1950s and 1960s led to:

- Discovery of H line at 21 cm
- Discovery of quasars

- Discovery of pulsars
- Discovery of the Cosmic Microwave Background

- Boom of molecules in space



Most of the (barlomc) mass in our galaxy is in stars
5 Around 10 % is in interstellar clouds




In our galaxy, molecular clouds account for 1 % of the interstellar volume
20 % of the interstellar mass

Molecular clouds occur in regions of transformation !

Dame, Hartmann, & Thaddeus (2001)

The Milky Way in Molecular Clouds
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Moléculas detectadas en el espacio
(McGuire 2021)
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Molecules detected in space by telescope facility

NRAQO 36-ft 2.2/yr (1967 -1985) ]
Yebes 40-m 1.9/yr (2007 -2022) Guadalajara

IRAM 30-m 1.6/yr (1984 -2022) Granada .
GBT 100-m 1.2/yr (2004 -2022)

Nobeyama 45-m  1.1/yr (1982 -1997)
NRAO/ARO 12-m 0.7/yr (1984 -2022) —
NRAO 140-ft 0.5/yr (1965 -1993)
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Molecules in galaxies
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COOL STARS: Infrared shows
smaller cool red stars that
make up most of the galaxy.

COLD GAS: Radio waves reveal
regions of gas cool enough for
€O, molecules toexist.
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SOLAR STARS: Optical light
comes from stars around the
size of_the Sun.
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HOT STARS: Ultraviolet shows
the larger hot blue stars that
are less frequent in galaxies.
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HOT GAS: X-rays are emitted
from the hottest regions of
gas where atoms are ionized.
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HL Tau
ALMA Partnership 2015

Continuum

Qi et al. (2013)
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Water Signatures in Exoplanet HD189733b Spitzer Space Telescope * IRAC
NASA / JPL:Caltech / G. Tinetti [Institute d'Astrophysique de Paris) s5¢2007-12a
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HOT GAS GIANT EXOPLANET WASP-39 b

ATMOSPHERE COMPOSITION

NIRSpec PRISM
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