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The Feedback of Star Formation Based on
Large-scale Spectroscopic Mapping Technology

LI Hui-xian
(National Astronomical Observatories, Chinese Academy of Sciences, Betjing 100012)

Star Formation is a fundamental topic in astrophysics. Although there is a popular
model of low-mass star formation, every step of the process is full of physical and chemical
complexity. One of the key questions is the dynamical feedback during the process of star
formation. The answer of this question will help us to understand the star formation and
the evolution of molecular clouds.

We have identified outflows and bubbles in the Taurus molecular cloud based on the
~ 100 deg? Five College Radio Astronomy Observatory *2CO(1-0) and 3CO(1-0) maps and
the Spitzer young stellar object (YSO) catalog. In the main 44 deg? area of Taurus, we
found 55 outflows, of which 31 were previously unknown. We also found 37 bubbles in the
entire 100 deg? area of Taurus, all of which had not been identified before. After visual
inspection, we developed an interactive IDL pipeline to confirm the outflows and bubbles.
This sample covers a contiguous region with a linear spatial dynamic range of ~ 1000.

Among the 55 outflows, we found that bipolar, monopolar redshifted, and monopolar
blueshifted outflows account for 45%, 44%, and 11%, respectively. There are more red lobes
than blue ones. The occurrence of more red lobes may result from the fact that Taurus is
thin. Red lobes tend to be smaller and younger. The total mass and energy of red lobes
are similar to blue lobes on average. There are 3 expanding bubbles and 34 broken bubbles
among all the bubbles in Taurus. There are more outflow-driving YSOs in Class I, Flat,
and Class II while few outflow-driving YSOs in Class III, which indicates that outflows
more likely appear in the earlier stage (Class I) than in the later phase (Class III) of star
formation. There are more bubble-driving YSOs of Class II and Class III while there are
few bubble-driving YSOs of Class I and Flat, implying that the bubble structures are more
likely to occur in the later stage of star formation.

The total kinetic energy of the identified outflows is estimated to be ~ 3.9 x 10%° erg,
which is 1% of the cloud turbulent energy. The total kinetic energy of the detected bubbles is
estimated to be ~ 9.2 x 10%6 erg, which is 29% of the turbulent energy of Taurus. The energy
injection rate from the outflows is ~ 1.3 x 1033 erg-s~!, 0.4-2 times the turbulent dissipation
rate of the cloud. The energy injection rate from bubbles is ~ 6.4 x 1033 erg-s~!, 2-10 times
the turbulent dissipation rate of the cloud. The gravitational binding energy of the cloud
is ~ 1.5 x 10*® erg, 385 and 16 times the energy of outflows and bubbles, respectively.
We conclude that neither outflows nor bubbles can provide sufficient energy to balance the
overall gravitational binding energy and the turbulent energy of Taurus. However, in the
current epoch, stellar feedback is sufficient to maintain the observed turbulence in Taurus.

We studied the methods of spectral data processing for large-scale surveys, which is
helpful in developing the data-processing software of FAST (Five-hundred-meter Aperture
Spherical radio Telescope).
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