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Abstract

We present a bulk sample analysis of the metal
polluted white dwarfs which also host infrared
bright dusty debris disks, known to be direct sig-
natures of an active exoplanetary accretion source.
We explore the relative positions of these systems
in a “single-temperature blackbody plane”, de-
fined as the temperature and radius of a single-
temperature blackbody as fitted to the infrared
excess. We find that the handful of dust sys-
tems which also host gaseous debris in emission
congregate along the high temperature boundary
of the dust disk region in the single-temperature
blackbody plane. We discuss interpretations of
this boundary and propose the single-temperature
blackbody plane selection technique for use in fu-
ture targeted searches of gaseous emission.

1 Background and Motivation

The potential of white dwarfs to measure the internal
chemical compositions of rocky exoplanets has recently
begun to be realized (Jura & Young, 2014). The key to
unlocking this potential is an understanding of the de-
livery and diffusion of the exoplanetary material onto
and below the white dwarf surface. Generally speak-
ing, the delivery of these exoplanetary remnants to the
white dwarf surface occurs through the scattering of
smaller, rocky bodies to within the tidal disruption ra-
dius of the white dwarf. The disrupted material settles
into a compact accretion disk around the white dwarf
star, depositing material to the surface via a variety of
accretion disk phenomena. Once on the surface, the
accretedmaterial diffuses through the observable atmo-
sphere where its relative abundances can be measured
and compared against known planetary bodies. This
process is rich in physics and was recently succinctly
captured in Figure 1 of van Lieshout et al. (2018).
A complete understanding of the process detailed

above is required to accurately tranlate the observed at-
mospheric abundances back into planetary abundances,

and in this work we focus on the evolution of material
through the compact accretion disk. The final stage of
material transport through the accretion disk is poorly
understood, but fortunately the accretion disks are
accessible through direct observation. The disks are
expected to host material in dusty and gaseous phases,
both of which have been observed (Farihi, 2016). The
warm dust emits primarily in the near-infrared radi-
ation, and has been detected around several dozen
white dwarf stars (Farihi, 2016). Signatures of gaseous
debris have also been observed either in emission or
absorption, but, despite the expectation that all sys-
tems with dusty debris should also host gaseous debris,
observable gaseous debris appears to be a much rarer
phenomena (Manser et al., 2016).

The paucity of systems with observed gaseous de-
bris in absorption is easily understood as a selection
effect, requiring the gas to lie along the line-of-sight be-
tween the observer and the system. The observability
of gaseous debris in emission should however be incli-
nation independent. To date, only eight systems with
both dusty debris and gaseous debris in emission have
been confirmed (Manser et al., 2016), with no clear
explanation as to why some dust systems host gaseous
debris in emission while others do not. These systems
show evidence of global evolution on timescales of
years to decades (Manser et al., 2016; Dennihy et al.,
2018), and are extremely useful for testing theories
of the accretion disk evolution (Bochkarev & Rafikov,
2011; Miranda & Rafikov, 2018).

In this project we explore methods for isolating the
dusty debris disk systems which also host gaseous de-
bris using only the photometric properties in an effort
to understand their origin and provide a target se-
lection method for future studies. In Dennihy et al.
(2017), we introduced a method for selecting new
dusty debris disk candidates based on the parameters
of a single-temperature blackbody fit to the observed
infrared excess. We also drew attention to the locus of
gaseous debris disk-hosting white dwarfs in the single-
temperature blackbody plane, which forms the basis
of this investigation.



2 Dusty Exoplanetary Debris Disks in the Single-Temperature Blackbody Plane

Figure 1: A comparison between a single-temperature black-
body fit (dashed green) and an optically thin dust model
fit (solid red) to simulated photometry. The dust infrared
excesses perform reasonably well in the bands we typically
observe, which extends to the Spitzer IRAC Channels 1 and
2, or, similarly, the WISE W1 and W2 bands.

2 Single-Temperature Blackbody
Fits to Dusty Infrared
Excesses

The favored choice for modeling the contribution of the
dust disk to the observed spectral energy distribution
(SED) is the optically thick, geometrically thin model
introduced by Jura (2003). While extraordinarily suc-
cessful, this model suffers from strong degeneracies
between the disk inclination and outer disk radius,
making comparisons of literature-determined param-
eters for different systems difficult. For this study, we
focus instead on a simpler model of the infrared excess,
a single-temperature blackbody, which allows direct
comparison between systems while still capturing some
of the information provided by the SED.
Before exploring the sample, it is worth confirming

that the single-temperature blackbody is a reasonable
model to apply. After all, the dusty debris disks are
neither spherical nor are they composed of dust at a
single-temperature, so it seems poorly motivated. But
while the physical motivation is lacking, the single-
temperature blackbody provides a reasonable estimate
of the system flux in the bands in which we are inter-
ested, as shown in Fig. 1. Most observations of near-
infrared excess from dusty debris disks are confined
to wavelengths below 4.5 µm, where the WISE all-sky
survey is most sensitive and Spitzer post-cryogenic pho-
tometry has continued to be available.
The single-temperature blackbody does a reasonable

job capturing the bulk properties of the dusty infrared
excess. In a sense, one can think of the blackbody
temperature as a flux-weighted average temperature

of the disk. The hottest, inner dust dominates the fit,
but this effect can be slightly offset by the radial extent
of the disk, where cooler dust has a larger surface area.
The blackbody radius on the other hand is a proxy for
the projected surface area of the disk, dominated by
the disk inclination. With this intuition in mind, we
apply the single-temperature blackbody model to a
well characterized sample of dusty white dwarfs.

For our collection of dusty white dwarfs, we choose
the Spitzer-confirmed sample of (Rocchetto et al.,
2015). This sample consists of 35 dust debris disk-
hosting white dwarfs with IRAC 3.6 and 4.5 µm band
photometry, and was analyzed by the authors to search
for trends in the fractional infrared luminosity as a
function of white dwarf properties (Rocchetto et al.,
2015). As their proxy for the infrared luminosity of the
dust disk, the authors fit single-temperature blackbody
models to the observed infrared excess, and we adopt
their best-fitting parameters given in their Table 3 for
our study.
With these in hand, we define the single-temperature

blackbody plane with the two free parameters of the
model, the temperature and radius of the blackbody.
In Fig. 2 we plot the best-fitting parameters of all 35
systems as grey diamonds, giving us our first look at
the titular plane. Previously, we have used this plane
to define a selection criteria for new dusty debris disk
candidates (Dennihy et al., 2017), but here we focus
only on the properties of previously discovered systems.

3 Gaseous Emission Bound-
ary in the Single-Temperature
Blackbody Plane

There are a few key features of the region occupied by
the dust disks we draw attention to before examining
the gas-disk boundary. First, the majority of systems
congregate between temperatures of 1000 and 1500 K.
This follows the expectation that the dust should exist
in the region bounded by the sublimation radius at
the innermost edge and the tidal disruption radius at
the outermost edge, which spans a temperature range
of approximately 300–1800 K. Any dust within the
sublimation radius will be sublimated into gas and dust
production is expected to begin at the tidal disruption
radius, beyond which larger bodies are expected to
remain mostly intact.
In accordance, the lack of observed systems at high

temperatures (above 1500 K) reflects the sublimation
of the dust. However, the dearth of systems at lower
blackbody temperatures is potentially a selection effect,
as these dust systems are fainter and only visible at
longer wavelengths where the data are limited.
By identifying the systems which also host gaseous
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Figure 2: The locations of all 35 dusty debris disks identified
in Rocchetto et al. (2015) in the single-temperature black-
body plane as grey diamonds. We highlight in red the seven
systems in this sample also known to host gaseous debris in
emission, which aggregate at the high-temperature boundary
of the dust disk region.

debris in emission as red diamonds on Fig. 2 we quickly
see that they congregate along the high-temperature
boundary of the dust disk region. By itself, this is useful
as a selection technique for future targeted studies of
gaseous emission line-hosting dust disks, but it is also
interesting, and perhaps suggestive, in the context of
dust disk evolution.
For example, in the PR-driven evolutionary scenario

explored by Bochkarev & Rafikov (2011), as the outer
edge of the disk evolves inward the average dust tem-
perature increases, leading to higher best-fitting single-
temperature blackbodies. This would lead to a dust
disk evolving toward the boundary before eventually
sublimating entirely into gas, suggesting that the gas-
disk boundary could be an end-state of evolution for
the dusty debris disks.
In another interpretation, collisions of bodies with

existing dusty debris disks are expected to both pro-
duce copious amounts of gas and lead to temporary
infrared brightening of the dust disks (Kenyon & Brom-
ley, 2017a,b), which would lead to larger best-fitting
radii, forcing systems towards the boundary from be-
low. Neither of these interpretations is preferred by
our analysis, and they are only given as examples of
how the boundary could be interpreted.

4 Conclusions

In the single-temperature blackbody plane the dusty
debris disk systems which host gaseous debris in emis-
sion form the terminus of the dusty debris disk region,
providing a useful selection criterion for targeted gas
emission searches. This technique is well-suited for

application to the expected large sample of GAIA white
dwarfs (Gentile Fusillo et al., 2019) withWISE infrared
excesses as it relies only on publicly available photom-
etry for target selection.
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