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Pristine material from 
early Solar System?

- Pristine from molecular 
cloud

- Processing in presolar
nebula

Complex Organics
⁃ Inventory
⁃ Sample return
⁃ Missions

Isotope ratios
- Origin, formation and 

evolution of the Solar 
System (ex : Earth’s 
Water)

- ISM-comet connection

Comets- Interstellar inheritance?
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Some of the Known Interstellar Molecules
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PRE-ROSETTA 

Comae molecules

• 25+ molecules known 

from remote surveys 
(many more from Giotto)

• Nucleus composition or 

coma chemistry?

– Need spatially-resolved 

maps to determine the 

origins

Bockelée-Morvan et al., 

Comets II, 2005 Milam, 4
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Solar System Connection?

Connecting the 

simple chemistry 

found in the 

Interstellar Medium 

to the complex 

chemistry found in 

Meteorites, IDPs, and 

NOW Comets.

Pizzarello, S. (2004) OLEB, 34, 25



Milam, 6



Milam, 7

ROSETTA in context

• Provide the ground truth for remote 

observations.

• Native vs. distributed species.

• Isotopes.

• Future sample return?  

– CAESAR
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Cometary Comae

Hartley 2 - EPOXI Hartley 2 - 4’’ refractor
credit: N. Howes Milam, 8
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Campaign
• Dynamic and ‘short’ 

lived objects.

• Utilizing facilities all 

over the world (and 

space).

• OH used as proxy for 

H2O when needed.

• Simultaneous 

observations with 

APEX/ALMA to 

determine molecular 

distribution of primary 

volatiles in the coma.

9

APEX

Nanҫay

NRAO GBT

ALMA

Milam, 9
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Broad Band 

Spectroscopy

• Multiple lines 

observed 

simultaneously.

• Averaging over 

transitions for new 

detections.

• Easier to conduct 

deep searches.

Biver et al. 2015
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Detection of Complex Organic Molecules (COMs)

• First confirmed 

detection of ethanol and 

glycol aldehyde in a 

comet. 

– ROSETTA lander, 

Philae, has tentative 

detection of glycol 

aldehyde.

• Based on at least two 

transitions at >6s.

Biver et al. 2015
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COMs in Comets vs. Star Forming Regions
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Isotopes as tracers

• Access to 

multiple species 

in surveys.

• Sensitivity still 

challenging.

Biver et al. 2016
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Isotopes as tracers

• Access to 

multiple species 

in surveys.

• Sensitivity still 

challenging.

Biver et al. 2016



Milam, 15

Nitrogen Anomalies

• Enrichment by a factor of 2 in 15-Nitrogen wrt the 

terrestrial value (=272) measured in 18 comets 

(mean = 148+/-6) 

• 14N/15N identical in JFCs and OCCs

– From NH2 observations.
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Secondary vs Distributed?
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ALMA’s new look on comets
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Extended dust sources of coma molecules

Cordiner et al.  2014

Comet C/2012 F6 (Lemmon) 
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Molecular Origins?

Cordiner et al. 2014

HCN

HCN

HNC

HNC

H2CO

H2CO

ISON

Lemmon

Milam, 19
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More comets with ALMA

• Comet ER61

• ACA observations –

later followed up with 

12m array.

• Still see distributed 

source in H2CO.

Milam, Cordiner ++ , in prep.
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JWST Sensitivity
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Simulated Comet Spectra

Milam et al. 2016
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Simulated Comet Spectra

Milam et al. 2016

Bockelee-Morvan+2016
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Cometary Impact on 

“Biomolecules”

• Comets are typically 

aggregates of smaller 

bodies.

• Dissociation of the 

parent body has been 

observed in multiple 

targets.

• Fragmentation

• Distributed source?

73P
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Cometary Impact on 

“Biomolecules”

• Comets are typically 

aggregates of smaller 

bodies.

• Dissociation of the 

parent body has been 

observed in multiple 

targets.

• Fragmentation

• Distributed source?

73P
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Comet ISON

JCMT Scuba2 850 um images

Keane++2017
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JCMT Scuba2 850 um images

Keane++2017
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Summary
• Sample return and direct 

missions are limited (biased?).

– Necessary for ground-truth.

• Remote observations give us 

population studies.

• Broadband surveys are key for 

detection of less abundant 

species.

• Interferometers are key for 

probing distribution.

• Future missions with access to 

key species for surveys (D/H).

– SPICA, OST
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OST simulation

1 hour integration

FOM 0.05

(Q~5e26)

With Continuum

HDO

HDO (125.8micron) ~ 6.82e-21

Noise ~ 4.47e-22

S/N ~ 15
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OST can survey ~100 comets in 

D/H

490 total comets in 5 years

PSG 5 sigma limits


