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Goals of the Project
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Spitzer Science Center IR Compendium

FORMATION OF 
SIMPLE/COMPLEX 

MOLECULES

SUBLIMATION/FORMATION OF COMPLEX 
MOLECULES

     SIMPLE & COMPLEX MOLECULES

The study of (low-mass) prestellar cores can give us a better understanding of the origin of 
our solar system and the life.

Study of the chemical composition



Complex Organic Molecules (COMs)
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CDMS

~200 molecules detected in our Galaxy
(without isotopologues) 



COMs in Cold Cores — L1544

L1544, a typical prestellar core:

Low temperature: <10 K 

High density: >106 cm-3


Line survey toward the prestellar core 
L1544 with the IRAM 45-m telescope in 
3mm (Vastel et al. 2014, ApJL). 

CH3OH, 13CH3OH, CH3CHO, CH3CCH, 
and are detected.


We need a larger sample of prestellar 
cores with COMs detected!
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Methanol (CH3OH)
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Grain Surface

Hydrogenation: 

Garrod & Herbst 2006, Garrod+2008, Öberg+2009, 
Rimola+2014, Kalvãns+2015, Ruaud+2016

Gas Phase

Balucani, Ceccarelli & Taquet (2015)



Deuterium Species
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Targets Selection 
- The GCC project is built on Planck 

observations that led to the 
identification of cold regions of 
interstellar clouds. Herschel 
observatory has covered many fields 
using PACS and SPIRE instruments. 


- Montillaud+ (2015) generated dust 
temperature and N(H2) maps using 
modified black-body SED fitting of 
SPIRE data. A catalog of ∼ 4000 cold 
sources has been provided, with their 
physical properties derived from SED 
fitting results. The sources are 
separated between protostellar (538) 
and starless sources (1397), based on 
submillimeter dust temperature 
profiles and color criteria applied to 
associated mid-IR sources. 

Data on the field G176.27-2.09. (Montillaud+ 2015)
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The Dust temperature profiles of three targeted sources (Montillaud+ 2015). The red lines show the 
Gaussian fitting of the data, the blue lines show the background temperature.

- We have selected three of the best prestellar targets from the catalog using the following 
criteria:


-  1) Starless cores: submillimeter dust temperature profiles and color criteria applied to 
associated mid-IR sources;


-  2) Distance: the distance should be within 600 pc to avoid the dilution with the IRAM-30m 
(~30”), considering a typical prestellar size of 0.1 pc (0.1/600  34”) ; 


- 3) Environment: the cores should represent diverse galactic environments: radiation field, 
density, evolutionary stage of the structure... 

≈

Targets Selection 
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Targets Selection 

Dust temperature (up) and H2 column density (bottom) maps of the three cores, overlaid by the contours of N2H+ 
observed by the IRAM-30m telescope. The prestellar cores are marked  with ellipses. 



IRAM 30m Pilot Observations

- Pointed observations: 79.4 - 101.6 GHz; Frequency switching; 

                                        Integration time: ~ 5 hours

                                        Rms: 2.5~7mK with the spectral resolution of 50kHz


- Mapping observations: 200 arcsec ✕ 200 arcsec; position switching;

                                          Setup 2: C18O (1-0); 

                                          Setup 3: N2H+ (1-0) and N2D+ (1-0) simultaneously; 

                                          3 hours for each map.
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Line Identification
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23 molecules (29 transitions) detected in 869

32 molecules (51 transitions) detected in 1390

41 molecules (67 transitions) detected in 4149



Radiative Transfer: LTE
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For the species with more than 3 detected transitions covering at 
least 10 K in energy, we perform the analysis to fit: 1) Tex and N in 
LTE;

2) Tk, nH2 and N in non-LTE when collision rates are available 


The fitting is done by MCMC fitting script implemented in CASSIS 
or rotational diagram analysis.

Left: Corner plot of fitting results of Ketene (H2CCO), Right: Rotational diagram fitting. 
Zhou et. al. in prep



Radiative Transfer: non-LTE
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Fitting model of three transitions of A/E-CH3OH

We can constrain the temperature and nH2 
of the cores with methanol.

The ratio of A/E-CH3OH is assumed to be 
unity; 

Collision rate: Rabli & Flower (2010)

Collision molecule: p-H2

The ratio of p-H2 and o-H2 is ~1000, as our 
objects are cold and dense (L. Pagani et al. 
2013) 


869 as example:

Tk: 10-13 K

nH2: 6-30 

N: 8-20 


The results are consistent with the non-
detected transitions

× 103cm−3

× 1022cm−2



Relative Abundance
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Future Plan and Observations
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Approved the GBT 20B proposal: Making 9' x 9' 
mapping observations of NH3 (1,1) and (2,2) 
simultaneously toward those three cores for 5.5 hours 
each. We aim to use the data to study the gas 
temperature and column density profiles of the cores as 
well as the conditions of the larger scale. Observed on 
Nov. 15-16, 5 hours for 1390 and 4149 each and 2 
hours for 869

Submitted the VLA 21A proposal: Using the VLA to do 
Ammonia observation toward the core 1390 and 4149, 
with Configuration D in 2021A (~ 4”). To generate high 
resolution gas temperature and column density profile 
used for chemical modelling.

Allocated 6.5 hours for just one source (rank C)

Gas temperature and density profile 
of L1544


 Crapsi et al. 2007 A&A



Future Plan and Observations
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, and has been finished now



Future Plan and Observations
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Future Plan and Observations
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200” x 200” 1.2mm and 2mm continue observation toward the three cores with 
NIKA2

Approved at IRAM 2021A, rank B


Aims: Combining the high-spatial-resolution long-wave band continue data with 
Herschel data to get more accurate estimations of H2 column density. So that we 
can study the CO depletion (which is important in astrochemistry) and dust 
properties of the three cores



Thanks


