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   Observations with large single-dish telescopes including the LST provide us with 
important and unique information on chemical processes occurring in molecular clouds, 
which cannot readily be obtained with large interferometers including ALMA. In view of 
10”-scale angular resolution achieved by LST (see Figure 1), the main targets will be large 
scale distributions of molecules from a molecular cloud scale (a few pc) to a dense core scale 
(0.01 pc), which enable us to obtain high dynamic range maps of molecular abundances. It is 
indispensable to investigate whole chemical evolution from clouds to cores, and eventually to 
disks, for understanding and establishing the comprehensive view of the chemical evolution.  
Here, a few representative cases are discussed.  

 
Figure 1. Angular resolution of the LST 50m telescope as a function of observing frequency, 
plotted with those of IRAM 30m, LMT 50m, and the standalone ACA (the 7m array). For 
the ACA, its maximum recoverable scale (MRS) is also plotted as well as its angular 
resolution (AR). The correcting areas (in unit of %) normalized to the ALMA 12m array (45 
12m antennas) are indicated. The gap of angular resolution of the LST at a frequency of 
around 420 GHz is due to the under-illumination (the limited use of the surface of; i.e., its 
inner 35m of the 50m dish) for the higher frequency (see Kawabe et al 2016). Large scale 
distributions of molecules missed by the ACA 7m array, a scale of > 30-100 arcsec (0.03-0.1 
pc at d=200pc), can be complemented very efficiently by the LST with exploiting its large 
correcting area, i.e., high sensitivity.  
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1. Mapping Spectral Line Survey of Molecular Clouds: Bridging between Galactic and 

Extragalactic Astrochemistry 
   The angular resolution of 0.”1, which can readily be achieved for bright molecular lines 
with ALMA, corresponds to 5 pc at a distance of 10 Mpc. Hence, recent ALMA observations 
are revealing distributions of molecular gas in nearby external galaxies at a molecular cloud 
scale (a few pc), and the chemical compositions are discussed in relation to physical 
processes occurring at a galactic scale on the basis of the astrochemical concepts established 
for a smaller scale (<0.01 pc). However, it is well known that strong chemical differentiation 
is recognized in Galactic molecular clouds, and the interpretation of the chemical 
composition observed at a molecular cloud scale is not straightforward. For a full use of 
chemistry in extragalactic studies, it is indispensable to understand the meanings of the 
chemical composition at a molecular cloud scale.  
   A powerful approach for this purpose is to conduct mapping line survey observations 
with a large frequency range toward nearby Galactic molecular clouds. By averaging the 
spectra taken over a target molecular cloud (i.e., a few pc square area), the spectrum at a 
molecular cloud scale, which can be compared with that observed toward nearby external 
galaxies, is obtained. Moreover, the contribution of different parts of molecular clouds can 
be explored for each molecular line by its mapping data. 
   Although such observations were reported for the central molecular zone of the Galactic 
center (e.g., Jones et al. 2008), they have recently been conducted toward nearby molecular 
clouds (Watanabe et al. 2017; Nishimura et al. 2017; Pety et al. 2017). Figure 2 shows the 
result for the giant molecular cloud W51. The molecular-cloud-scale spectrum at 3 mm 
consists of the fundamental transition lines of abundant molecular species such as HCO+ 
(J=1-0), HCN (J=1-0), HNC (J=1-0), and CS (J=2-1), which is different from the spectrum 
of the high-mass star-forming core W51 e1/e2 showing richer spectral lines. The mapping 
data of each molecular species indicates that the contribution of high-mass star-forming 
cores to the molecular cloud scale spectrum is minor while the diffuse extended part makes a 
dominant contribution. The molecular cloud scale spectrum rather resembles the spectrum 
observed toward the spiral arm region of a nearby external galaxy M51. This result suggests 
that the spectrum in M51 at 3 mm mostly represents chemical composition of the diffuse 
extended part of molecular clouds in the spiral arm rather than those of star-forming regions.  
Although we have some initial results connecting the extragalactic and galactic 
astrochemistry, as mentioned above, we apparently need more systematic information on the 
molecular-cloud-scale spectrum for various molecular clouds in the Galaxy and also at 
various wavelengths. For this purpose, the mapping spectral line survey with LST will be 
very useful.  
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Figure 2: (a) A molecular-cloud-spectrum prepared from the mapping observations of W51. 
The fundamental transition lines of abundant molecular species are seen. (b) A spectrum 
obtained toward the hot core W51 e1/e2. Many other molecular lines not detected in (a) can 
be seen. (c) The spectrum observed toward the spiral arm region of M51. It is similar to (a) 
rather than (b), indicating that diffuse extended parts make dominant contributions. 
(Watanabe et al. 2017).  
 
2. Formation of Complex Organic Molecules in Molecular Clouds 
   An important issue remaining in astrochemistry is how complex organic molecules 
(COMs) such as HCOOCH3, CH3OCH3, and C2H5CN are formed in interstellar clouds. For 
many years, such COMs were only found in star forming cores; hot cores in high-mass 
protostellar sources and hot corinos in low-mass protostellar sources. It is generally thought 
that they are formed on ice mantle surface and are liberated into the gas phase due to 
protosteller activities. Alternatively, they may be formed in the gas phase from CH3OH 
sublimated from ice mantle surface. However, COMs have recently been detected even in 
some starless cores, where the thermal evaporation of COMs and CH3OH can be ignored 
(Bacmann et al. 2012; Jimenez-Serra et al. 2017; Soma et al. 2018). Figure 3 shows an 
example observed for the prestellar core L1544. Their origin is still controversial, and is 
subject to future studies.  
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Figure 3: Spectral lines of COMs and related species observed toward the prestellar core 
L1544 (Jimenez-Serra et al. 2017).  
 
   Important information on the origin of COMs in starless cores will be obtained from 
their distribution. However, the COM lines are not bright enough, so that the mapping 
observation requires high sensitivity. Large single-dish telescopes including LST are 
powerful tools for this purpose. So far, a proxy molecule of COMs, CH3OH, has been 
mapped in starless cores/prestellar cores with single-dish telescopes (e.g., Soma et al. 2015; 
Spezzano et al. 2017). These works clearly reveal that the distribution of CH3OH is 
significantly different from those of the high density tracer lines. The CH3OH emission 
seems to be more extended to diffuse regions (Figure 4). This result may indicate that 
COMs are also distributed similarly. In fact, the spectral line profiles of COMs are similar to 
that of CH3OH and not to those of other high density tracers in TMC-1, indicating the 
similar distributions (Soma et al. 2018). If so, the formation of COMs is occurring in the 
earliest stages (rather diffuse stages) of starless core evolution. Recently, CH3OH and 
HCOOH are detected even in a diffuse cloud, Horsehead nebula, although they are 
relatively simple molecules compared with COMs (Guzman et al. 2014). This is a very 
important issue in thorough understandings of chemical evolution from molecular clouds to 
star and planet formation, and need to be examined.   
   Although ALMA has been used to explore chemical compositions of starless cores, it is 
not an ideal instrument to reveal the distribution of weak extended emission like the COM 
emission. Large single dish observations at 3 mm will be a powerful technique to explore the 
origin of COMs in starless cores. The same situation also happens when we search for a new 
molecules (COMs) in starless cores. If their distribution is extended, large single-dish 
telescopes are the most sensitive. Starless cores have physically simple structures in 
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comparison with protostellar sources. Thus, they are the best targets to explore detailed 
formation pathways of COMs. 
   

   
Figure 4: Distributions of various molecular species in the prestellar core L1544. The 
distribution of CH3OH is more extended than those of the other molecules. COMs will be 
similarly distributed to CH3OH (Spezzano et al. 2017). 
 
   In exploring molecular processes responsible for the formation of COMs, the isotope 
anomaly will also be very useful in addition to the distributions and velocity structures of 
COMs emission. For instance, the 12C/13C isotope anomaly of molecules provides an 
important constraint on the formation mechanism. According to the previous studies, 
molecules formed from C+ in the gas phase tend to have the 12C/13C ratio larger than the 
elemental ratio of 60 (Sakai et al. 2008; 2010; 2013). On the other hand, molecules formed 
from CO on dust grains are expected to have the 12C/13C ratio of 60-70, as found in CH3OH 
(Soma et al. 2015). Spectral lines of isotopic species are generally faint, and their 
distributions in starless cores (if extended) need to be studied with large single-dish 
telescopes.  
 
3. Chemical Diversity of Low-Mass Protostellar Sources  
   It is well established that chemical compositions of low-mass protostellar sources show 
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significant diversity even if the evolutionary stages of the protostars are similar to each other 
(Sakai & Yamamoto 2013). Figure 5 shows such examples observed with IRAM 30 m 
telescope (Lefloch et al. 2018). NGC1333 IRAS4A is rich in CH3OH and various COMs. 
This feature is called as hot corino chemistry. On the other hand, L1527 is rich in 
carbon-chain molecules and their isomers, but deficient in CH3OH and COMs. This type of 
chemistry is called as warm carbon chain chemistry (WCCC). 

 

Figure 5: Spectra observed toward the WCCC source L1527 and the hot corino source 
NGC1333 IRAS 4A with the IRAM 30 m telescope (Lefloch et al. 2018). Exclusive chemical 
nature is seen between these sources.  
 
   According to the ALMA observations (e.g., Sakai et al. 2014; Oya et al. 2016; Lee et al. 
2017), such chemical diversity found at a 1000 au scale is inherited into the disk forming 
regions at a 100 au scale. Thus, the chemical evolution from protoplanetary disks to 
planetary systems would likely have some diversity. Its detailed understanding is deeply 
related to the chemical origin of the Solar System.  
    Although ALMA is a powerful instrument to address the chemical characteristics of 
protosteller sources. Nevertheless, single-dish observations are still useful to characterize 
chemical nature of many protostellar sources (Lindberg et al. 2016; Grannger et al. 2016; 
Higuchi et al. 2018). Such an example is shown in Figure 6, where the chemical survey of 
many protostellar sources conducted in an unbiased way with the IRAM 30 m telescope (1.3 
mm) and the Nobeyama 45 m telescope (3 mm) is presented (Higuchi et al. 2018). C2H and 



Astrochemistry with LST (31 July, 2018) 

 7 

c-C3H2 were employed as representatives of carbon-chain molecules, while CH3OH was used 
as a proxy of COMs. The column densities of C2H and c-C3H2 are well correlated with each 
other, but the column densities of CH3OH and C2H are not. These results clearly indicate 
the chemical diversity of the protostellar sources. Cloud-to-cloud and region-to-region 
comparisons of such correlations will be useful for identifying the relation between chemical 
characteristics and environmental conditions. LST will enable us to find its 
environmental/regional variation with taking more regions including southern sources as 
well as slightly distant sources (ex. Serpens, Orion, etc.).  
 

 

Figure 6: Correlation plots of the column densities among C2H, c-C3H2, and CH3OH. As 
seen in (a), chemical compositions show significant diversity, the C2H/CH3OH ratio being 
scattered over two orders of magnitude (Higuchi et al. 2018). Such observations can readily 
be done with LST. 
 
   So far, relative abundances between saturated and unsaturated organic molecules have 
been used to characterize chemical compositions. In addition to them, new axes to define 
different aspects of chemical diversity may exist. One possibility is the abundances of sulfur 
bearing molecules, which shows a large source-to-source difference. Finding out new axes 
requires observations of various molecular lines, which can be a good target for LST.  
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