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Many metal polluted white dwarfs show excess infrared emission from thin dust discs created by the destruction of minor or major planets. 
The properties of the discs, such as their occurrence and composition, provide clues to the fate of planetary systems around A-F type stars. 
We observed 15 moderately to highly polluted white dwarfs with Spitzer IRAC in search for such dust discs.

Two stars in our sample show clear subtle infrared 
excess emission when compared to white dwarf 
atmospheric models: KUV 15519+1730 and HS 
2132+0941. The figures to the right show the spectral 
energy distributions using stellar atmospheric models 
by Koester (2010) and the Jura (2003) opaque, 
geometrically flat dust ring models for two different 
scenarios of high inclination or narrow rings.

We also found a weak excess (2.5σ) for the cool (Teff = 7500 K) helium white dwarf G245-58 (left). 
If the excess proves to be real, this is the coolest white dwarf with both 3.6 and 4.5 µm observable 
emission and the first cool helium white dwarf (DZ) with a bright disc.

Planetary remnants around white dwarfs

Three subtle discs around metal polluted white dwarfs

A few discs around old white dwarfs: Discs are long lived

For G245-58, the subtle infrared excess corresponds to a circumstellar dust ring of width 
r < 0.5 RWD ≈ 4400 km  ―  comparable to the main ring of Jupiter.

The discovery of a subtle excess around the cool white dwarf G245-58 together with the 
previously known dusty white dwarf G166-58 suggests that while bright discs are 
uncommon at old age (≈1Gyr), they still exist. 

The figure (right) shows the mass accretion rate as a function of effective temperature for 
polluted white dwarfs with and without observable discs. 
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Subtle discs are common
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An outstanding question is why some metal polluted white dwarfs have detectable discs 
when others have not. The lack of discs around old polluted white dwarfs may be explained 
by the fact that the metal sinking time for these stars is of the order of 1 Myr, therefore the 
discs may have dissipated but the atmospheric pollution can still be detected. The 
detection of a disc around the ≈1 Gyr old helium white dwarf G245-58 together with the 
previously known hydrogen white dwarf G166-58 of similar age suggests that discs can 
survive on a timescale of 1 Myr or more. 

The figure (right) shows the fraction of known 
metal polluted white dwarfs with observable 
dust emission to those without. The fraction 
drops sharply for stars cooler than ≈10 000K, 
corresponding to a cooling age of around 500 
Myr, suggesting that the disruptions of large 
asteroids decline on this timescale. 

The subtle nature of the disc emissions in 
the old white dwarfs G245-58 and G 166-58 
implies a small surface area, and the 
material is likely confined into narrow rings. 
The faint excesses and the low fraction of 
observable discs at ages ≳1 Gyr may 
suggest that there is little planetesimal 
material left at this age.  

Together with previously observed 
subtle excesses (Farihi et al. 2008, 
2010), our discovery of three faint 
dust discs corroborates a picture in 
which subtle discs or narrow rings, 
possibly similar to the rings of the 
outer Solar System planets, are 
common around white dwarfs, but 
often too faint to be detected with 
currently available instrumentation. 
Future missions like JWST and 
SPICA with infrared spectroscopic 
capabilities are likely to detect 
more subtle excesses.

Narrow rings around old white dwarfs

—

H356.69

H!277.69↘
→

Gjhvsft!gspn!Cfshgpst!fu!bm/!3125

Gjhvsf!gspn!Cfshgpst!fu!bm/!3125

Figure from Bergfors et al. 2014
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