Spectropolarimetry of the starburst galaxy M82:

Kinematics of dust outflow
Michitoshi YOSHIDAD2), Koji S. KAWABATAD, and Yoichi OHYAMA?3)

1) Hiroshima University, 2 Okayama Astrophysical Observatory, NAOJ, 3 Academia Sinica, Institute of Astronomy and Astrophysics

Abstract

Spectropolarimetry results for the starburst galaxy M82 are presented. The optical emission lines of the filaments in the energetic outflow
(“superwind”) from the nuclear starburst region of M82 are substantially polarized. The polarized emission lines are redshifted with respect to the
emission lines in the total light and systemic motion of the galaxy. The emission line intensity ratios in the polarized light and the electron density N,
derived from the [SII]A6731/A6717 line ratio of the polarized light strongly suggest that the emission from the nuclear starburst of M82 is scattered by
dust grains entrained and transported outward by the superwind. A simple hollow biconical outflow model shows that the velocity of the outflowing
dust grains, v, ranges from 100 to 200 km s* near the nucleus, decreases monotonically with the distance from the nucleus, and reaches ~10 km s-
Lat around 1 kpc. The motion of the dust is substantially slower than that of both ionized gas (v, ~ 600 km st) and molecular gas (Voo ~ 200 km s°
1) at the same distance from the nucleus of M82. This indicates that dust grains in the superwind are kinematically decoupled from both gas
components at large radii. Since the dust velocity v, is much less than the escape velocity of M82 (v,.. = 170 km s at 1.5 kpc from the nucleus),
most of the dust entrained by the superwind cannot escape to intergalactic space, and may fall back into the galaxy disk without any additional
acceleration mechanisms (such as radiation pressure).

Introduction Observations B ey
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Huge dust in the superwind of M82 Wollaston prism + half wavelength plate

optical imaging (e.g Ohyama 2002), imaging polarimetry (e.g (p=0",45", 22.5°, 67.5")
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Can the dust escape from the galaxy to |

Intergalactic space ?
— Spectropolarimetry to study the kinematics of
the scattering material (=dust) in the superwind
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Subaru Telescope, National Astronomical Observatory of Japan
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Slit positions of the spectropolarimetry of M82.
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emission-lines are systematically redshifted with respect to the unpolarized lines.
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The dust outflow of M82 Is monotonically decreasing with the distance from the disk.

scattered by dust In the superwind.

Comparison with other elements

The dust is very slow !

Element Velocity at 1 kpc  Reference

lonized gas (Ha) 600 km/s Shopbell & Bland-Hawthorn (1998) The dust in the superwind of M82 Is kinematically
Molecular gas (CO) 220 km/s Walter et al. (2002) > decoupled with both of the ionized gas and the
Dust 50-100 km/s  This work molecular gas in the wind.




