Press Release from Academia Sinica

Theory of Comet Formation in Early Solar System Gains Support

Comets are dirty snowballs that contain lots of dusts. They were believed to have formed in the outer solar system 4.5 billion years ago. The Stardust spacecraft launched by NASA successfully flew by Comet/Wild-2 after seven years of journey, and caught comet dusts near the nucleus for the very first time. The comet samples were returned to Earth on January 15, 2006. Preliminary findings have been published in a special issue of Science on Dec 15, 2006. The most striking discovery from the comet dusts is small particles that have formed under very high temperature (～1700˚C and possibly higher), similar to the Calcium-Aluminum Inclusions found in carbonaceous meteorites, which were not local products made at the extreme cold (lower than −200˚C) outer solar system. These particles should have been melted and solidified in the central high-temperature region in the innermost proto-solar system (closer by 10 times from the distance of Mercury) and later transported by great distance to the outer parts by a powerful bipolar outflow. This suggests that in the early solar system, large-scale and large-distance mixing and interactions for the matter between the inner and outer solar system existed. The finding strongly supports a bold prediction made by Frank Shu (now at UC San Diego), Hsien Shang (now at Academia Sinica Institute of Astronomy and Astrophysics) at UC Berkeley, and Typhoon Lee from Academia Sinica 10 years ago, based on their X-Wind model of chondritic meteorites (published in Science in 1996).
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Figure 1: Track 25 of comet samples collected by NASA Stardust spacecraft: small (<0.01 cm) particles entered from left, along a deceleration trajectory, and terminate on the right, making many fragments (small inserted pictures). The red arrow labels one particle that is like the Calcium-Aluminum Inclusion, believed to have formed under high temperature environment in the inner solar system. (Credit: NASA Johnson Space Center.)
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 Figure 2: Shu, Shang, and Lee applied the X-Wind theory to the formation of high-temperature material in the early solar system (such as chondrules and CAIs from chondritic meteorites). The cyan circle labels the very young solar system, in which matter falls through, attracted by gravity, and accretes onto the forming young Sun. A fraction of the matter will turn into the X-Wind, launched along the color dotted lines near the Sun. CAI particles of various sizes, melted and solidified under high temperature, are thrown out by gas in the X-Wind, then detached and dropped like a fiery rain over the whole solar nebula. (Credit: Hsien Shang).

