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Spatio-kinematics of the optical nebula M1-92 with HST/STIS
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We report optical long-slit spectroscopy with HST/STIS of the well known pre-Planetary Nebula (pPN) M1-92 (a.k.a. Minkowski's footprint). Long-slit echelle spectra with Keck I1+ESI
are also presented. We have used our high-angular (~0.1"”’) resolution HST spectra to characterize the spatio-kinematic structure of the optical nebula. From the analysis of the H_ (2D)
profile we identify several distinct nebular components at different spatial scales. The blue-shifted absorption component of the broad 'P Cygni'-like profile of the H_ line is spatially
and spectrally resolved and is found to be composed of not one but two different features centered at V ~-600 and -200 km/s. To assist in the interpretation of the data, we have
used a simple spatio-kinematic model which has allowed us to describe the main properties of the fast, bipolar wind (expanding with velocities of up to ~“650 km/s) running inside
the reflection lobes of M1-92 that produces the absorptions. At the nebula center, we also discover an equatorially extended H, emitting region that is expanding at moderate
velocity (<~100 km/s) in the direction perpendicular to the lobes. We have estimated the column density of the inner post-AGB winds and other physical parameters needed for

improving our understanding of the evolutionary history of M1-92.
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V. Analysis. . i -BipolarLobes: Here we see two main different structures: the
1O lobe walls and the inner bipolar wind.
To improve our understanding of the spatio-kinematics of 0 _ T e | “ | " v - - Walls: They are expanding at low velocities with a “shear-

M1-92 we have performed a more cuantitative analysis

500 flow” velocity field from 20 to 80 km/s. Their kinematical age
based on the interpretation showed above.

T is ~900 yr. The dust in the lobe walls lobes scatters the Ha
emisson from the core.
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Spatio-kinematics: The goal of our simple model is to

reproduce the H_, emission centroid (red points) and the
positions and widths of the absorptions (green and white
points). The centroid is well reproduced assuming that
lobes expand following a “shear-flow” velocity field from
~20-80 km/s. For the absorptions we present a fast bipolar

- Bipolar wind: Is responsible for the absorption features
- observed in the spectrum. Our study suggests that it is
: expanding with a radial velocity from 450 to 650 km/s,
accelerating in a region r<1.5”. Its density falls in a “soft” way
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r~<1.5" and with a density law p(r) ~ r*(Fig. 5) _ i ] Absorption Opacity -Knots: Intrinsic emission, i.e. locally produced (not scattered).
Normalization to “pseudo-continuum”: We assume that % - - [SIl] doublet ratio = Electron density around 10% cm™3.
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We create a synthetic spectrum (l,) which is divided by the -Eiroa, C., &Hodapp, K.-W. 1989, A&A, 223, 271

. T . : - Fig. 6. At the top we observe the original H, profile (1D) (red) and the symmetrized one _
Orlg.mal one (Ioe ) We obtain a better appro;gmatlzon for the (1D) (black). At the center (left) we observe the original H_ profile (2D) and the - Cohen, M. &Kuhi, L. V. 1977, ApJ, 213, 79
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NZ~5.1012 cm2. normalized to the continuum (left) and the absorption opacity (t) (right).



