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Abstract Table Summary

One of the main physical mechanisms that could drive mass
outflows in AGN is radiation pressure on spectral lines. Although
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Introduction & Definitions

The force due to a single line can be many orders of magnitude greater than
the force die to electron scattering alone. In order to determine the line force, we
use the photoionization code XSTAR (Bautista & Kallman, 2001) to determine the
equilibrium temperature for solar atomic abundances and an incident flux. To
characterize the gas as we change the incident flux, it is useful to define a
photoionization parameter, &,

We show the five strongest unique lines for type I (left) and type II (right)
AGN shown in the figure to the left.
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To determine the line force, it is useful to define a normalized opacity, optical
depth along with the traditional definitions (Stevens & Kallman 1990),
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Summary and future work
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The next stages of this work will be to explore the dynamical
consequences of the new radiation force, incorporating the results of our
calculations into a magneto-hydrodynamic code and running simulations
of disk winds and inflows from outflows in AGN. One of our expectations

In the above figure we summarize our current results. The top panel displays the is that we might find two different stages of acceleration caused by the
two SED'’s, the type I in blue and type II in red (dashed) (Mehdipout et al, 2016). The bumps the line force at high ionization parameter caused by Fe and O
colors in subsequent panels indicates which SED that information belongs. lines. In our new simulations we will use radiative heating and cooling
rates that were computed also with XSTAR for the same SEDs (see Dyda
et al. 2017). Therefore, our new gas dynamics simulation will have most
up-to-date and complete line opacity and heating and cooling rates that
are tailored to study objects with a given SED and chemical abundance.

Current Results

The second panel displays the the force multiplier as a function of photoionization
parameter with fixed optical depth parameter t = 10°. The green dashed line is the
thermal equilibrium curve determined by XSTAR, so as we change photoionization
parameter, we are also varying temperature as well. The shaded areas on those figures
indicate region that is unstable to isobaric perturbations. Previous works assumed that
the majority of the line force came from UV (dashed) lines, but we wanted to address
the question of how important X-ray lines (dotted) are for the total force multiplier. We
see that at very highly ionized gas, X-ray lines become very important, providing the
Fo, majority of the radiation force. Comparing this with previous results, such as those

from Stevens & Kallman (1990), we find that our “bump” at log(¢) ~ 3 to be much more

C pronounced, and we suspect this is due to our more complete atomic database. We also

note that the X-ray contribution to the total force multiplier is a weak function of € until

log(€) ~ 3.

Combining these definitions, we can determine the force multiplier, M(t), due to
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Then our expression for the total line force is,
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Another important component to this calculation is the atomic data set. We use
the latest versions of the atomic line list available from Robert Kurucz’s database
and merge it with the line list in XSTAR. These two lists complement each other,
Kurucz’s list mostly contain lines in the IR to UV bands and XSTAR containing UV
and X-ray lines. Our current line list contains approximately 2.5 million lines.
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The bottom two panels indicate the maximum line opacity (solid) and the maximum
line opacity for UV (dashed) and X-ray (dotted) lines. The largest opacity happens to be
for a very low energy line, in the IR band, it doesn’t have a large impact on the total
force multiplier, so it is important to have relatively opaque lines near the peak our
spectral energy distribution in order to expect any significant effect from line driving.




