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Observations of the Interstellar Medium with the ALMA
—Breakthroughs by sensitive high-resolution observations at
millimeter & sub-millimeter wavelengths —

Munetake MOMOSE (Institute of Astrophysics & Planetary Sciences, Ibaraki Univ.)

Atacama Large Millimeter/Sub-millimeter Array (ALMA), consisting of 64 12-meter antennas,
will be an ultimate ground-base telescope at millimeter and sub-millimeter wavelengths. The ALMA
project officially started in last February as a joint project between Europe and North America, but
astronomers in Japan are also continuing their activities to be an official member of the project in
the next fiscal year. ALMA will provide unprecedented sensitivity, spatial resolution and imaging
capability over the wide frequency range from 30 to 950 GHz and will be a premier tool to study
various astronomical objects. In this talk I will focus on the study of the interstellar medium and
discuss possible breakthroughs by the ALMA observations.

There are many spectral lines of gas species at millimeter and sub-millimeter wavelengths, and
these are important probes to study the high-density interstellar medium. Especially intriguing objects
are star-forming regions, disks around young stars that seem to be the precursors of planetary systems
(protoplanetary disks), and aged stars which have already left the main-sequence (late-type stars and
planetary nebulae). Informations on chemical reactions in the interstellar medium or environmental
effects on molecular abundances have actually been obtained by previous line surveys toward several
representative objects. In massive star forming regions, for example, emissions of complex organic
molecules, which are mainly produced in reactions on grain surfaces, are enhanced in “hot cores”
near young stars where the gas temperature is significantly high. Another example is radial variation
of chemical composition found in a circumstellar envelope of late-type stars. It is difficult, however,
to simultaneously achieve high sensitivity and high resolution with a present telescope, hence the
relationship between the physical condition (e.g., temperature or density) and the chemical properties
of the interstellar medium on small sizescales has only been revealed for nearby objects. The spacial
extent of protoplanetary disks is so small that a present radio telescope is only sensitive to the emissions
from their outer regions.

ALMA will have better sensitivity or spatial resolution than the current millimeter interferometers
by two orders of magnitude; moreover, it will be able to detect line emissions at sub-millimeter
wavelengths. These capabilities will be essential for studying regions of higher temperatures and
densities, in which the chemical reactions are very active. For example, one can observe gas emissions
from a nearby protoplanetary disk with a spatial resolution of a few AU (1AU is the average separation
between Sun and Earth). Such observations will provide us strong constraints on a general theory of
the formation of planetary systems. For star forming regions or late-type stars, ALMA will allow us
to carry out detailed studies of fairly distant objects in various evolutionary stages, and therefore to
obtain a deeper understanding of the evolution of the interstellar medium. A lot of rare species will
also be discovered by deep integrations with the ALMA; some of them might be related to biomolecules
or “building blocks” of life.



