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Abstract

WD 1145+017 is a white dwarf that has an actively
disintegrating object in orbit and also uniquely dis-
plays circumstellar gas absorption. We present a
preliminary analysis of the circumstellar absorp-
tion features present in the ultraviolet and op-
tical spectra of WD 1145+017 using an eccen-
tric precessing gas disk model similar to Cauley
et al. (2018) who tried to reproduce the periodic
changes in the velocity shift for 3 circumstellar
lines. Our goal is be able to perform a similar analy-
sis, but for the whole ultraviolet and optical spectra
using a full radiative transfer model which consid-
ers both dynamical and chemical properties.

1 Introduction

In the first section, we present the description of our
model and the free parameters that allow us to produce
absorption features of various shapes and depths. We
then show some preliminary results of our analysis and
explain what the next steps are and what we wish to
accomplish with this model.

2 Model Description

2.1 Opacity & Spectra

The synthetic spectrum of the star absorbed by the disk
is computed by dividing the star surface in a 20×20
grid in the xz plan, with the line of sight on the positive
y axis. For each ring, each square is given a density,
a temperature and a line of sight velocity. The opaci-
ties are computed with the Iron Curtain mode of the
synthetic spectrum code Synspec, in the Tlusty pack-
age (Hubeny (1988)). The chemical composition of
the disk is taken equal to the composition of the star’s
polluting material determined by Xu et al. (2016). The
spectrum of the star alone is then passed through the
rings, each shifted with the appropriate line of sight

velocity, in each square. Finally, the total spectrum is
computed with an integral over the entire grid.

2.2 Geometric Configuration

The disk model is composed of 14 eccentric gas rings,
each with a radial width of 0.5 times the radius of the
star. They are all in the same edge-on plane and the
star is positioned at the same focal point for all the rings.
There are 5 parameters which determine the position
of those rings and each geometrical configuration will
result in a different velocity profile for the spectral
lines. The first parameter is the perihelion distance,
corresponding to the radial distance of the closest point
of a ring to the star. The second parameter is the
eccentricity of the rings, and the third is the angle
between the apsidal line and the line of sight. These
parameters are fixed at the values given by Cauley et al.
(2018) for this exploratory analysis.
The fourth parameter regulates the moment of the

precession period at which the disk is and needs to
be adjusted in regards to when the observed spectra
were taken. It is a time between 0 and the value of the
precession period (the fifth free parameter), which was
determined as 5.3 years by Cauley et al. (2018). With
these 5 parameters, the radial position of each point
in the 14 rings is known and we can then compute the
velocity at each point with using Keplerian laws (see
Figure 1).

2.3 Physical Parameters

The parameters used to physically describe the rings
are the mass density and the temperature. The densi-
ties are scaled radially and vertically from the value of
the innermost ring at z = 0, which is a free parameter
of the model. The radial structure is the one proposed
by Cauley et al. (2018), which is scaled with the peri-
helion distances as (rin/r)2. The vertical structure of
each ring is taken from a temperature approximation
developed by Melis et al. (2010) (see Figure 2).
As a first exploratory step, we assume a constant

temperature throughout the disk, which is certainly not
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Figure 1: Top row: Ring positions for 3 different epochs (coloured ellipses). The dashed blue lines are the apsidal lines of the
innermost and outermost rings and the red line is the line of sight. Bottom row: Line of sight velocity profile of each ring
(corresponding colours) on the width of the star, for the 3 epochs.

Figure 2: Vertical density profile of each ring (colours corre-
sponding to Figure 1) with a central density of 1×10−6g/cm3

and a temperature of 8000 K.

realistic. Our next step will be to include realistic radial
and vertical structures and make details comparisons
with the observations.

3 Preliminary Results

In this first exploratory analysis, we used two Keck
spectra at two different epoch in the optical (taken
April 11, 2015 and February 3, 2016), and one HST
observation (which was taken at roughly the same time

the second Keck spectra, i.e. March 28, 2016). The first
step was to determine when in the precession cycle the
observations were located. This was done by varying
the t parameter with a fixed temperature and central
density and comparing to the two epochs, with respect
to their time difference. The times that seemed to best
represent the observations do not have the exact time
difference of the two epochs, which could mean the
precession period used might not be optimal. We then
varied the temperature and central density to find an
acceptable solution to the optical spectra (see Figure
3). Using this optical solution to match the ultraviolet
features in the HST spectra is much less satisfactory,
specially for the strong Si IV features at 1394Å and
1403Å (see Figure 4). This might be a consequence
of the limitation of our simple constant temperature
structure, or an indication to the presence of other
inner structures in the circumstellar disk around WD
1145+017.

4 Future Work

While we are happy that our simple constant tempera-
ture model can provide a good account of the optical
circumstellar absorptions at two different epochs, the
failure to reproduce the ultraviolet features with the
same parameters indicates that our initial exploratory
theoretical framework needs improvements. The next
step is to include realistic temperature structures in
order to fully extract the information contained in the
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Figure 3: The same portion of Keck spectra for the two different epochs is presented in black. The synthetic spectra of the
unobscured star is in blue and our model including the circumstellar absorption is in red. The models have a central density of
1× 10−6g/cm3 and a temperature of 8000 K. For the top panel, the t parameter is 1.8 years and the bottom one is 2.2 years,
roughly the time separation between the observations.

Figure 4: A portion of 2016 HST spectra is presented in black and the star alone and our circumstellar absorption model are
in blue and red, respectively. The model parameters are the same as the bottom panel of Figure 3. The green line presents our
model with a higher temperature of 40 000 K, which can account for part of the Si IV features. The unidentified lines are all
Fe II.

velocity profiles of the numerous circumstellar features
(optical and UV). We will also apply our model at mul-
tiple epochs and try to verify whether the abundances,
geometry and precession period assumed are optimal.

5 Conclusions

We have presented a preliminary analysis of the circum-
stellar absorption present in the spectra of the white
dwarf star WD 1145+017, with a new precessing ec-
centric gas disk model inspired by the work of Cauley
et al. (2018). We did a reasonably good job reproduc-
ing a portion of the optical spectra for two different
epochs. The ultraviolet features seem to be needing
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a much higher temperature, which could involve the
presence of a second structure much closer to the star.
Our goal is to continue working on our model and
eventually reproduce more features, for all available
epochs.
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