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A false-color infrared image of a young star showing outflowing jets as green
beams of shocked gas (actually two of the stars in this image have jets). A new
study using the SMA has found that bright methanol masers, often seen in such
star-forming regions and long thought to indicate only the youngest such stars,
are also found around more mature stars. Credit: NASA-Spitzer Space Telescope

(Phys.org)—Astronomers have come to realize that the process of star
formation, once thought to consist essentially of just the simple
coalescence of material by gravity, occurs in a complex series of stages.
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As the gas and dust in giant molecular clouds comes together into stars,
dramatic outflowing jets of material develop around each, as do
circumstellar disks (possibly pre-planetary in nature). Other features are
present as well: Astronomers in the 1960s were amazed to discover that
these star-forming regions sometimes produce natural masers (masers
are the bright, radio wavelength analogs of lasers). Clouds of water vapor
or methanol vapor in regions of active star formation generate some of
the most spectacular masers.

Although associated with the complex activity of star formation, the role
of masers in the building of a new star is thought to be minor (although it
is not understood). However masers, because they are so bright, provide
valuable diagnostic probes of the regions where star formation is
underway. Exactly what they reveal is less clear, but many astronomers
have thought that methanol masers can signal the very earliest stages of
star formation, perhaps less than about ten thousand years old. One of
the key questions masers can possibly help resolve is how stars more
massive than the Sun form. Understanding the birth of such massive
stars is essential not only in its own right, but also because these stars end
up as supernovae which enrich the cosmos with elements essential to
life. The birth of massive stars is, however, notoriously tricky to
understand because their larger masses prompt the young star to mature
very quickly, in less than about one hundred thousand years and much
faster than lower-mass stars. As a result, many growth stages are blurred
together. Masers are thought to offer a way to probe these earliest times
of star formation.

SAO astronomers Claudia Cyganowski and Qizhou Zhang, with five
colleagues, used the Submillmeter Array (SMA) to study regions of
massive star formation identified in infrared images as having outflows
typical of massive young stars. The SMA was able to identify all of the
protostellar cores from their millimeter dust emission. They found one
such protocluster of young stars that also contained a variety of types of
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methanol masers, enabling a comparative study of masers and star-
formation activity. Writing in the latest issue of the Astrophysical
Journal Letters, the scientists report finding that, contrary to the
conventional wisdom, methanol masers thought to be associated with
very young stages of star formation are found occurring with more
evolved embryos. The new results show for the first time that the
mechanisms at work to make these methanol masers, shocks for
example, are found in a much wider range of situations than previously
suspected. The new results are not atypical of progress in astronomy.
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