
Sample: sources with complex organic molecules on 
scales of the emerging protoplanetary disks. Trace 
different aspects of protostellar physics: sources in 
both isolated and clustered regions and in different 
evolutionary stages.
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COMPASS is an ALMA Large Program to 
systematically characterise the presence of complex 
organic molecules of a sample of 11 deeply 
embedded protostars through unbiased spectral 
surveys. 


Studies of individual sources suggest commonality in 
terms of the abundances of COMs but also 
differences in, e.g., their isotopic compositions 
reflecting the conditions in their natal environments.
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Figure 1: Abundances of complex organic molecules toward the protostar IRAS16293B and the
Galactic Center source Sgr B2(N2) from ALMA and comet 67P from Rosetta measured relative to
CH3OH and HNCO, for the O- (black) and N-bearing (purple) species, respectively (from Jørgensen

et al. 2020 ). Strong correlations are seen over several orders of magnitude, yet di↵erences exist,
e.g., in the overall abundances of the N-bearing species. The proposed program will enable similar

comparisons for an additional 11 young protostars in di↵erent environments and evolutionary stages.

The importance of environment for the chemical complexity of young stars
The journey toward chemical complexity starts in the cold regions of molecular clouds where simple
species such as CO, CO2, H2O, and NH3 freeze out on the icy mantles of dust grains, or are formed
on or within them. Subsequent chemical reactions in those ices can lead to more complex species
that can then be injected by non-thermal and thermal processes into the gas phase where they
are observed at (sub)millimeter wavelengths (e.g., Herbst & van Dishoeck, 2009). In the inner warm
regions where the temperature increases above 100 K, called “hot corinos” (typically at radii . 100 au
for Solar-type protostars), the ices are fully sublimated. Observations of such regions thus provide a

unique view of the products of the chemical evolution from the cold molecular cloud to the scales where

protoplanetary disks will emerge. We emphasise that direct measurements of the ice compositions at

infrared wavelengths, even with the JWST, are much less sensitive (several orders of magnitude in

terms of abundances) than what can be achieved for the warm gas with ALMA.

The formation of complex organic molecules may depend on the unique evolutionary histories and
environments of individual sources. Observations of some of the main COMs toward prestellar cores
(e.g., Bacmann et al., 2012; Vastel et al., 2014; Jiménez-Serra et al., 2016) demonstrate that their
formation is initiated in the early phases where the temperatures do not exceed 10–15 K. Laboratory
experiments show that ice chemistry at such low temperatures can lead to the formation of complex
molecules – even prebiotic species such as sugars (Fedoseev et al., 2017) and amino acids (Ioppolo
et al., 2021). This is possibly the result of non-di↵usive reaction processes where pairs of of radicals
are formed close to each other in the ices as shown by recent theoretical modeling (Garrod et al., 2022).
But, alternatives are possible, such as reactions in the gas phase. Consequently, the exact composition
of organics in the warm gas around young protostars may be determined by the physical conditions,
such as the extinction and cosmic-ray ionisation rate, in their natal environments. By establishing
systematic inventories of complex organics for a set of sources from diverse environments, it will be
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Key questions: 
• What are the physical, environmental, and 

evolutionary regulators of the formation of complex 
organics? 

• Is there a universal outcome of interstellar 
chemistry in terms of complex organics? 

• And ultimately: how much diversity in organic 
inventories do we expect for planetary systems?

Observations: COMPASS covers the 279 to 312 GHz 
range for these 11 sources at 0.5 km/s spectral and 
0.3-0.5” angular resolution (two close binaries are 
targeted with 0.15” angular resolution). Below 
spectrum toward BHR71-IRS1 from survey.


