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Astrochemistry astrōkemǝstrē (n) 
The study of molecules in space: 
where they are how they got there 
and what they are doing.



In the beginning the Universe was created …

This had made many people very angry and has been 
widely regarded as a bad move.

-Douglas Adams The Restaurant at the End of the Universe
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Last Updated: 2 Jan 2024

Created with ASTROMOL v2021.8.0

bmcguir2.github.io/astromol

McGuire 2022 ApJS 259 30
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Translation:  Here’s 50000 stars.  I quit.
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A COMPLEX SOURCE
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Singh et al. 2023 ApJL 954 L1

CO 2-1 HST
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Kamiński et al. 2013 A&A 551 A113
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Humphreys et al. 2019 ApJL 874 L26
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Kamiński et al. 2013 A&A 551 A113

McGuire 2022 ApJS 259 30
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Becklin et al. 1969 ApJ 158 L133
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Ridgway et al. 1976 Nature 264 345

Morris et al. 1975 ApJ 199 L47


Penzias et al. 1971 ApJ 168 L53
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Created with ASTROMOL v2021.8.0

bmcguir2.github.io/astromol

McGuire 2022 ApJS 259 30
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bmcguir2.github.io/astromol
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Created with ASTROMOL v2021.8.0

bmcguir2.github.io/astromol

McGuire 2022 ApJS 259 30
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C E N T E R  F O R
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HARVARD & SMITHSONIAN
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C E N T E R  F O R
A S T R O P H Y S I C S
HARVARD & SMITHSONIAN

MOLECULES AS PROBES

Orion

Src I

Outflow

Outflow

Circumstellar

Disk



C E N T E R  F O R
A S T R O P H Y S I C S
HARVARD & SMITHSONIAN

MOLECULES AS PROBES

Orion

Src I

Outflow

Circumstellar

Disk

Outflow

Ginsburg 2018 ApJ 860, 119

Ginsburg, McGuire et al. 2019 ApJL 872, 54

1.3 mm Continuum H2O  (55,0 - 64,3)
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IRC+10216 STRUCTURE
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Cernicharo et al. 2015 A&A 575 A91
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McGuire 2022 ApJS 259 30
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SiO 2-1 SiS 6-5

Velilla-Prieto et al. 2019 A&A 629 A146

ALMA
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Fonfriá et al. 2014 MNRAS 445 3289

SMA
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SUGGESTIONS OF A COMPANION

38

Kim et al. 2015 ApJL 804 L10

Guélin et al. 2018 A&A 610 A4


Cernicharo et al. 2015 A&A 575 A91

IRAM 30m SMA SMA + IRAM 30m HST

Exposed to 

UV
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Agúndez et al. 2017 A&A 601 A4

Eup = 24 K
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Siebert et al. 2022 ApJ 941 90

Eup = 323 KEup = 177 K
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Siebert et al. 2022 ApJ 941 90

Not enough UV deep in

Cannot be explained by gaps in 
the outflow alone

IRC+10216 just too cold

A hotter close-in companion could 
explain the abundance and 
asymmetry
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Siebert et al. 2022 ApJ 941 90

Best fit is to a solar-type 
companion with a chunky 

outflow
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Siebert et al. 2022 ApJ 941 90
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Siebert et al. 2022 ApJ 941 90

Eup = 323 KEup = 177 K
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Monday 28 February 1994

Manchester Evening News



Sensitivity

THE NGVLA IS THE PLATONIC IDEAL 
ASTROCHEMISTRY INSTRUMENT

Bandwidth
Spectral Resolution

Spatial Resolution

Open Skies

NGVLA
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Spotify Apple
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