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|.Motivation

Stars, stellar winds, and planetary nebulae (PNe) are embedded in the interstellar medium (ISM). In general,
through their differing history, stars and their surrounding ISM are in different velocity states in their respective
orbits around the center of the galaxy.

The most accurately known example of this is the Sun and its so-called local ISM (LISM). Both the Sun and the
LISM are in motion with respect to an inertial frame (the local standard of rest). Both velocity states yield a
relative apex motion of 26 km/s.

The LISM is part of the Local Interstellar Cloud (LIC) which is warm (~7000 K) and dense (~0.2 cm H°, ~0.1
cm3 H*). The LIC is embedded in the Local Bubble (1.2 x 106 K, ~0.005 cm= H*). It is to be expected that many
PNe evolve within a similar variety of ISM environments. For larger ISM ram pressures, the wind-wind
interaction will naturally give rise to asymmetries in the PNe.
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PNe — ISM interaction has already been studied extensively. Recently arguments have been advanced that part
of the ISM-caused asymmetry in PNe does not only begin at an old stage when the thin PN shell is sufficiently
diluted, but has possible roots at the interaction of the ISM with already the AGB phase of the CS, whereby the
ISM wind distorts the mass lost in that phase before even the onset of the post-AGB wind (e.g., Villaver 2003, ApJ
585, L49). This poster seeks to extend the published work to high-velocity regimes which are probably
responsible for the structure of high-proper motion PNe such as the PN around Sh 2-68.



II. Simple Model of Time-Dependent Stellar Wind

Spatial geometry

@ A 3D spherically symmetric stellar wind encounters, in the rest frame of the star (CS), a homogeneous
(plane-parallel) 3D interstellar wind.

@ Absent of symmetry breaking through magnetic fields etc, the configuration is axisymmetric. The symmetry
axis contains the ISM flow vector and the CS.

@ Consequently, we reduce to 2D simulations only (coordinates: radius, angle from symmetry axis), a half-
circle representing the 3D sphere, 430 x 37 grid, ISM boundary at r = 16 pc, stellar wind boundary at r = 0.01
pc (2000 AU).

Stellar wind evolution: toy model

@ Initially, grid is filled with a uniform ISM.

@ At t=0, a slow AGB wind starts, with mass loss rate (MLR) of 8 x 108 M /yr and terminal wind velocity of 7
km/s; see Figure 2.

@ At 66 000 years starts a transition to the thermal pulse regime, reached at about 100 kyrs. The AGB-TP
regime is characterized by an MLR of 1 x 10 My/yr and terminal wind velocity of 15 km/s; see Figure 2.

@ After 80 kyrs in the TP phase, the wind transits to post-AGB with 6 x 10-12 M/yr and terminal wind velocity
of 520 km/s.
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1. ISM parameters
@ For simplicity, we show results for 6 different ISM environments, all at 8000 K:

@ Two relative ISM velocities, 64 km/s and 104 km/s (1 pc in 15 and 9 kyrs, respectively)
@ Three ISM hydrogen densities: 0.2, 0.1, and 0.02 cm-3

IV. Results




V. Conclusions

@ If the ISM is anything but very tenuous, a star in the AGB branch will interact with it. At the very least, for
modest ISM ram pressures, the ISM will take the structures downwind and hence the CS will be off the
geometric center.

@ For the ISM parameters studied, non-spherical structures develop, even in the AGB phase. Spherical
symmetry is never regained.

@ We have run the exact same stellar evolution (stellar wind history) for six different ISM environments. The
modest variation of ISM ram pressure by a factor of 200 resulted in vastly different AGB end states and PNe.

VI. Outlook

@ To make progress in the interpretation of observations (in particular of high-proper motion PNe) it seems
unlikely that a toy model will suffice. A more realistic model incorporates a more detailed wind evolution
(ideally derived from stellar evolution), photoionization, radiative cooling, and so forth.

@ The model has a fair amount of parameters to be varied; however there is no dearth of additional
parameters that might play a role in the comparison with the observations: ionization state of the ISM,
small scale variations of the ISM, an interstellar magnetic field, stellar magnetic fields and rotation, dust,
and so forth.

@ Interpretations of the AGB mass loss, and circumstellar material in general, from PNe observations have
to take into account the ISM interaction through models similar to the ones presented here.



