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Highly frequency-resolved spectroscopy at submillimeter wave-bands is a powerful tool 
that may be used to probe the physical and chemical conditions of terrestrial planets, gaseous 
or icy planets, and comets in the solar system. CO2, which is the dominant species in the 
atmospheres of Venus and Mars, is photolyzed by UV radiation. However, in the atmospheres 
of Mars and Venus, the observed abundances of CO and O2 are less than would be expected 
on the basis of various chemical models. Therefore the issue of CO2 stability is recognized 
as a major challenge in understanding the atmospheres of these terrestrial planets. In order 
to address this problem, a comprehensive understanding of the chemical reaction network and 
general atmospheric circulation will be greatly advantageous. Thus, simultaneous observations 
of various minor atmospheric constituents such as sulfur compounds, NOx species, chlorine 
compounds, HOx species, CO, and others, will be valuable for integrated studies.

CO in the Venusian middle atmosphere varies both temporally and spatially (Clancy et
al., 1991, 2012, 2015, Gurwell et al., 1995, Sagawa, 2007); this variation is possibly linked
to dynamic and photochemical reaction processes that also involve SOx, HOx, and highly 
reactive chlorine species (ClOx). In conventional photochemical models, HCl is considered to 
be the primary chlorine reservoir, providing ClOx to the middle atmosphere of Venus. However 
the decrease in HCl abundance observed at altitudes greater than 80 km is at odds with the 
predictions of these models (Sandor et al., 2012). In addition, recent observations have revealed
the temporal variation of the sum of H2SO4 and SOx abundances, which suggests that the 
reservoir of sulfur is hidden somewhere within the Venusian atmosphere (Sandor et al., 2012). 
Moreover, observations of Venus made by ALMA in 2015 showed that the spatial distributions 
of HDO, SO, and SO2 vary over remarkably short timescales of one day or less (Encrenaz et al., 
2015). These phenomena also cannot be explained by conventional photochemical models. The
chemical and physical mechanisms of long- and short- term variations in SOx, HCl, CO, and 
HOx driven by subsolar-antisolar and retrograde zonal circulations are the subjects of ongoing 
research.

Various observations of Mars, made by NASA’s Infrared Telescope Facility (IRTF), the 
Planetary Fourier Spectrometer on the Mars Express spacecraft, the Fourier Transform 
Spectrometer at the Canada-France-Hawaii Telescope, and the Curiosity rover, have demon-
strated the presence of methane (Mumma et al., 2009, Formisano et al., 2004, Geminale et al., 
2011, Krasnopolsky et al., 2004, Webster et al., 2015). In the Earth’s atmosphere, the production 
of methane is predominantly biological. However, it is not yet known whether the origin of 
Martian methane, which varies spatially and over short time scales, is biological or abiotic. It has 
been established that Martian methane cannot be accounted for by preexisting models, including 
UV degradation of accreted interplanetary dust, carbonaceous chondrite ma-terial, release from 
past reservoirs such as clathrates, ongoing methanogenesis in the regolith, or from exogeneous 
sources such as bolides and comets. A basic understanding of the pho-tochemical reaction 
network of the Martian atmosphere, including the effects of dust storms, solar activities, and 
surface reactions of dust particles and the soil, is crucial in decoding the evolutionary processes in 
the Martian atmosphere, including the oxidization processes of CO and the formation and 
destruction of methane.

Submillimeter waveband lines for HCN and CO were detected in the atmosphere of 
Neptune (Lellouch et al., 1994). Following the impact of the Shoemaker-Lavy 9 (SL9) comet with 
Jupiter in 1994, variations in the abundances of various molecules were reported in the 
atmosphere of Jupiter, such as CO, CS, and HCN (Moreno et al., 2003). The sources of sulfur, 
oxygen, and nitrogen in the middle atmosphere of the Jovian planets are less well understood. 
Possible origins of these molecular species include the convection of interior components, ex-
ogenous sources like SL9, interstellar dust, influx from the atmospheres of satellites like Triton, 
and explosive or combustive chemical reactions induced by impacts with meteors or comets. 
Continuous observations of the changing temporal, vertical, and spatial distributions of these
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species, in addition to flexible rapid observations of infrequent opportunities such as collision
events, will provide basic information about the origin of atmospheric components, as well as
the dynamics and structures of Jovian planets.

M-type stars, which are the dominant star type in our galaxy, are considered to be more
active than our Sun, due to their faster rotation. To investigate how extreme ultraviolet ra-
diation (EUV), X-rays, and high energy particles emitted by the central star during flares or
coronal mass ejections (CMEs) influence the atmospheric environments of surrounding planets,
we are monitoring the middle atmospheres of unmagnetized terrestrial planets in our solar sys-
tem, making observations with a single dish 10 m radio telescope of the Nobeyama Millimeter
Array (NMA) at 100 and 200 GHz frequency bands (Maezawa et al., 2014). On-the-fly map-
ping observations made by 0.3-1 THz multi-band highly sensitive superconducting heterodyne
detectors with LST will allow us to more comprehensively determine the short-, middle-, and
long-term changes in the three dimensional distributions of minor constituents driven by, as
well as the photochemical reaction network, the dynamics of the planetary atmosphere and by
solar activity. These basic systematic studies will also help to provide a vital understanding of
the physical and photochemical environments and evolutionary processes of the atmospheres
of exoplanets. This study with LST will be complementary to the research with ALMA, as,
for instance, it is difficult for ALMA to observe the night-side chemistry and dynamics of
Venus. because the apparent diameter of the night-side (antisolar) disk (∼ 60′′) during interior
conjunction is much greater than the resolve-out size of ALMA.

The distribution of day and night sides on the visible disk of the planet, its apparent
diameter, and the solar activity conditions can vary continuously on a range of time scales.
Therefore, as a new approach utilizing LST, we propose the implementation of new soft/hard
algorithms for brief daily automatic observations of planetary atmospheres. For constant and
periodic monitoring, a high reliability of calibrations, including the stability and reproducibility
of the characteristics of multi-band receiver and spectrometer systems, a high tracking and
pointing accuracy (< beam size), and a good beam pattern and beam efficiency, is required.
Receiver performances, such as side band ratio, must have high reproducibility even after daily
automatic tunings and improvements or reassemblies. Pointing accuracy can be improved by
prompt automatic feedback correction with an optical CCD image and cross scan data of the
target planet itself. To precisely and simultaneously trace the very narrow Doppler velocity
widths and the broad continuous absorption features on the spectral lines of atmospheric minor
constituents, spectrometers with both high-resolution (< 10 kHz) and wide-band coverage (>
several GHz) are required. When observing a planetary atmosphere, there is a significant
difference between incoming radiation levels from on-planet and off-planet sources, which can
accentuate standing-wave patterns on the spectral base line induced by the reflected waves
between the detector, sub-reflector, and mirrors of a quasi-optical system. This degrades the
precision of the retrieval analysis of observed spectral lines from the planetary atmosphere.
Therefore, it is essential that an optical design that minimizes this reflection is employed.

References

Clancy, R. T., Muhleman, D. O., 1991, Icarus, 89, 129
Clancy, R. T., Sandor, B. J., Moriarty-Schieven, G., 2012, Icarus, 217, 779
Clancy, R. T., Sandor, B. J., Hoge. J., 2015, Icarus, 254, 233
Encrenaz,T., Moreno, R., Moullet, A., Lellouch, E., Fouchet, T. 2015, Planet. Space Sci., 113, 275
Formisano, V.,Atreya, S., Encrenaz, T., Ignatiev, N., Giuranna, M., 2004, science, 306, 1758
Geminale, A., Formisano, V., Sindoni, G., . 2011, Planet. Space Sci., 59, 137
Gurwell, M.A., Muhleman, D. O., Kathryn, P. S., Glenn, L.B., Rudy, D. J., Grossman, A. W., 1995,

Icarus, 115, 141
Krasnopolsky, V. A., Maillard, J. P., Owen, T. C., 2004, Icarus, 172, 537
Lellouch, E., Romani, P.N., Rosenqvist, J., 1994, Icarus, 108, 112

2



50 60 70 80 90 100110120130140150160170180190200
50

60

70

80

90

100

110

120

130

140

150

160

170

180

190

200

36

36

179

179

287

305

323

3
4
1

50 60 70 80 90 100110120130140150160170180190200
50

60

70

80

90

100

110

120

130

140

150

160

170

180

190

200

32

32

160

160

256

2
7
2

2
8
8

Nov. 16, 2005

day-and-night

configuration

359

265

169

75

-20

B
ri

g
h

tn
es

s 
te

m
p

er
at

u
re

 [
K

]

320

232

144

56

-32
B

ri
g

h
tn

es
s 

te
m

p
er

at
u

re
 [

K
]CO(1-0) 115 GHz

continuum 103 GHz

Fig. 1. The spatial distributions of
CO and thermal continuum emis-
sions from Venus observed with NMA
(Sagawa, 2007). The spatial resolution
(FWHM) was 2.5′′ × 6′′. The similar
spatial resolution will be available by
LST.
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Fig. 2. Spectral lines from the atmospheres of Venus and
Mars monitored regularly with a single dish 10m-telescope
of NMA (Maezawa et al., 2014).
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