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• One - The gaseous debris disc around 
SDSS J1228+1040 

• Few - Common variability of gaseous debris discs 

• Many - Frequency of gaseous debris discs around 
white dwarfs
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Marsh & Horne, 1988, MNRAS, 235, 269

Doppler Tomography
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Doppler Tomography
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0

2

4

6

8

10

12

14

16

18

N
or
m
al
is
ed

F
lu
x

2003-03

2007-07

2011-04

2014-03

2015-05

Sharp feature

Red extension

Time evolution of peaks

Doppler Tomography

750
500

250
0

-250
-500

-750

v
x
[km

s
−
1]

-750

-500

-250

0

250

500

750

vy [km
s−

1 ]

2006-07

2
0
0
9
-0
4

2
0
1
2
-0
3

2003
-03

2015-06

2.0
R⊙

0.2
R⊙

2016
−
12

︸
︷
︷

︸

750
500

250
0

-250
-500

-750

v
x
[km

s
−
1]

-750

-500

-250

0

250

500

750

vy [km
s−

1 ]

2006-07

2
0
0
9
-0
4

2
0
1
2
-0
3

2003
-03

2015-05

2.0
R⊙

0.2
R⊙

2016
−
12

︸
︷
︷

︸

Manser et. al. 2016, MNRAS, 455, 4467

2011-01



750
500

250
0

-250
-500

-750

v
x
[km

s
−
1]

-750

-500

-250

0

250

500

750

vy [km
s−

1 ]

2006-07

2
0
0
9
-0
4

2
0
1
2
-0
3

2003
-03

2015-06

2.0
R⊙

0.2
R⊙

2016
−
12

︸
︷
︷

︸

750
500

250
0

-250
-500

-750

v
x
[km

s
−
1]

-750

-500

-250

0

250

500

750

vy [km
s−

1 ]

2006-07

2
0
0
9
-0
4

2
0
1
2
-0
3

2003
-03

2015-05

2.0
R⊙

0.2
R⊙

2016
−
12

︸
︷
︷

︸

8500 8600 8700

Wavelength [Å]
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Some more comparing
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Spiral?
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Even newer data!
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Reached half way?
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Coadded X-Shooter spectrum

7750 8000 8250 8500 8750 9000 9250

Wavelength [Å]
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A variable gaseous disc at a white dwarf 1881

Figure 2. Normalized time series spectroscopy of SDSS J1617+1620
showing the change in strength of the Ca II 8600 Å emission line triplet
between 2006 and 2014. The telescope/instrument used to make the obser-
vation is indicated on the left above each spectrum, with the date of the
observation on the right. On earlier dates the lines clearly show the double-
peaked morphology characteristic of emission from a gaseous disc around
the white dwarf (Horne & Marsh 1986). However by the time that the UVES
spectrum was obtained in 2013 March the lines, and hence the gaseous disc,
had disappeared (Fig. 3).

rocky asteroid (Davidsson 1999), and the inner radius is near the
sublimation radius (von Hippel et al. 2007). Note that, whilst the
inner radius can be constrained by calculating the Doppler shift at
the full width zero intensity of the emission lines, the point with
represents the outer edge is somewhat more arbitrary. In this case,
we chose to measure the peak separation of the lines to provide a
lower limit.

Inspecting our WHT, Gemini, and VLT/X-shooter spectra, there
is a slight hint that the width of the Ca II lines decreases with time,
which would imply the inner radius of the gas disc moving further
out. However, the emission lines in the later observations are too
weak to make a firm conclusion.

6 AC C R E T I O N O F P L A N E TA RY M AT E R I A L

In addition to the Ca II 8600 Å emission line triplet, we detect pho-
tospheric absorption of Ca K 3934 Å and Mg II 4481 Å (Fig. 4).
The detection of metal pollution provides an opportunity to inves-

Table 2. Equivalent widths of the absorption and emission lines in the
times-series spectra of SDSS J1617+1620. Note the relative consistency
of the Ca K 3934 Å and Mg II 4481 Å absorption lines compared to the
hugely variable Ca II 8600 Å triplet. No measurement was made of the
absorption lines in four cases: the SDSS spectra are of insufficient quality
for an accurate measurement, and the Gemini and FORS observations did
not cover the corresponding wavelength range.

Equivalent width [Å]
Date Ca II 3934 Å Mg II 4481 Å Ca II 8600 Å Triplet

2006 July 01 – – −6.4 ± 1.8
2008 March 03 – – −16.1 ± 1.2
2009 February 17 0.20 ± 0.02 0.34 ± 0.02 −6.1 ± 1.0
2010 April 23 0.16 ± 0.03 0.36 ± 0.05 −4.2 ± 1.0
2010 June 10 – – −3.4 ± 0.8
2011 March 21 0.21 ± 0.01 0.30 ± 0.02 −3.3 ± 0.8
2011 May 31 0.20 ± 0.01 0.28 ± 0.01 −2.6 ± 0.8
2011 June 27 0.20 ± 0.01 0.26 ± 0.01 −2.8 ± 0.8
2013 May 05 0.23 ± 0.01 0.26 ± 0.01 −1.5 ± 1.1
2014 April 30 – – −0.9 ± 0.9

Figure 3. Change in the strength of the Ca II triplet seen in the spectra
of SDSS J1617+1620 over the period 2006–2014 (Fig. 2). The equivalent
widths of the emission lines in each spectrum were calculated over the
wavelength range 8460–8700 Å. The strength of the emission line increases
by a factor ∼3 between the first and second observations, before dropping
down to zero by 2013. This represents a dramatic increase then loss of
emission from a gaseous disc around SDSS J1617+1620.

tigate the chemical diversity of extrasolar planetary systems (e.g.
Zuckerman et al. 2007; Klein et al. 2011; Gänsicke et al. 2012; Xu
et al. 2014). The relevant procedures and detailed physics have been
extensively described by Gänsicke et al. (2012) and Koester et al.
(2014), and we provide here only a brief summary.

A key assumption in the interpretation of the photospheric
metal abundances is a steady state between accretion and diffusion
(Koester 2009), in which case the diffusion flux is constant through-
out the atmosphere, and equal to the accretion rate from the debris
disc. The relativity low effective temperature of SDSS J1617+1620
implies that the diffusion of metals within the atmosphere of
should not be affected by radiative levitation (Chayer, Fontaine &
Wesemael 1995). While the temperature is sufficiently high that no
deep convection zone develops, some convection zones are present
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A variable gaseous disc at a white dwarf 1881

Figure 2. Normalized time series spectroscopy of SDSS J1617+1620
showing the change in strength of the Ca II 8600 Å emission line triplet
between 2006 and 2014. The telescope/instrument used to make the obser-
vation is indicated on the left above each spectrum, with the date of the
observation on the right. On earlier dates the lines clearly show the double-
peaked morphology characteristic of emission from a gaseous disc around
the white dwarf (Horne & Marsh 1986). However by the time that the UVES
spectrum was obtained in 2013 March the lines, and hence the gaseous disc,
had disappeared (Fig. 3).

rocky asteroid (Davidsson 1999), and the inner radius is near the
sublimation radius (von Hippel et al. 2007). Note that, whilst the
inner radius can be constrained by calculating the Doppler shift at
the full width zero intensity of the emission lines, the point with
represents the outer edge is somewhat more arbitrary. In this case,
we chose to measure the peak separation of the lines to provide a
lower limit.

Inspecting our WHT, Gemini, and VLT/X-shooter spectra, there
is a slight hint that the width of the Ca II lines decreases with time,
which would imply the inner radius of the gas disc moving further
out. However, the emission lines in the later observations are too
weak to make a firm conclusion.

6 AC C R E T I O N O F P L A N E TA RY M AT E R I A L

In addition to the Ca II 8600 Å emission line triplet, we detect pho-
tospheric absorption of Ca K 3934 Å and Mg II 4481 Å (Fig. 4).
The detection of metal pollution provides an opportunity to inves-

Table 2. Equivalent widths of the absorption and emission lines in the
times-series spectra of SDSS J1617+1620. Note the relative consistency
of the Ca K 3934 Å and Mg II 4481 Å absorption lines compared to the
hugely variable Ca II 8600 Å triplet. No measurement was made of the
absorption lines in four cases: the SDSS spectra are of insufficient quality
for an accurate measurement, and the Gemini and FORS observations did
not cover the corresponding wavelength range.

Equivalent width [Å]
Date Ca II 3934 Å Mg II 4481 Å Ca II 8600 Å Triplet
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2008 March 03 – – −16.1 ± 1.2
2009 February 17 0.20 ± 0.02 0.34 ± 0.02 −6.1 ± 1.0
2010 April 23 0.16 ± 0.03 0.36 ± 0.05 −4.2 ± 1.0
2010 June 10 – – −3.4 ± 0.8
2011 March 21 0.21 ± 0.01 0.30 ± 0.02 −3.3 ± 0.8
2011 May 31 0.20 ± 0.01 0.28 ± 0.01 −2.6 ± 0.8
2011 June 27 0.20 ± 0.01 0.26 ± 0.01 −2.8 ± 0.8
2013 May 05 0.23 ± 0.01 0.26 ± 0.01 −1.5 ± 1.1
2014 April 30 – – −0.9 ± 0.9

Figure 3. Change in the strength of the Ca II triplet seen in the spectra
of SDSS J1617+1620 over the period 2006–2014 (Fig. 2). The equivalent
widths of the emission lines in each spectrum were calculated over the
wavelength range 8460–8700 Å. The strength of the emission line increases
by a factor ∼3 between the first and second observations, before dropping
down to zero by 2013. This represents a dramatic increase then loss of
emission from a gaseous disc around SDSS J1617+1620.

tigate the chemical diversity of extrasolar planetary systems (e.g.
Zuckerman et al. 2007; Klein et al. 2011; Gänsicke et al. 2012; Xu
et al. 2014). The relevant procedures and detailed physics have been
extensively described by Gänsicke et al. (2012) and Koester et al.
(2014), and we provide here only a brief summary.

A key assumption in the interpretation of the photospheric
metal abundances is a steady state between accretion and diffusion
(Koester 2009), in which case the diffusion flux is constant through-
out the atmosphere, and equal to the accretion rate from the debris
disc. The relativity low effective temperature of SDSS J1617+1620
implies that the diffusion of metals within the atmosphere of
should not be affected by radiative levitation (Chayer, Fontaine &
Wesemael 1995). While the temperature is sufficiently high that no
deep convection zone develops, some convection zones are present
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Variability
Variability of the gaseous disc at SDSS J1043+0855 5

Table 2. Metal polluted white dwarfs with circumstellar gas detected in emission (e) or absorption (a), and evidence for photometric or
spectroscopic variability (v). System parameters and accretion rates are given with errors where known. Values derived or updated in this
paper are set in italics. 1 Dufour et al. (2012), 2 Wilson et al. (2015), 3 Farihi et al. (2012), 4 Xu & Jura (2014), 5 Gänsicke et al. (2007),
6 Melis et al. (2010), 7 This paper, 8 Guo et al. (2015), 9 Gänsicke et al. (2006), 10 Gänsicke et al. (2012), 11 Koester et al. (2014), 12

Manser et al. (2016), 13 Koester et al. (2005), 14 Voss et al. (2007), 15 Melis et al. (2012), 16 Wilson et al. (2014), 17 Vennes & Kawka
(2013), 18 Koester & Wilken (2006), 19 Debes et al. (2012), 20 Vanderburg et al. (2015), 21 Xu et al. (2016).

Name Type log g Teff MWD τcool Ṁ Features ref
(g cm−2) (K) (M⊙) (Myr) (× 108 g s−1)

SDSS J0738+1835 DB 8.4 (0.2) 13950 (100) 0.841 (0.131) 477 (160) 1300 e 1
SDSS J0845+2257 DB 8.18 (0.20) 19780 (250) 0.73 (0.11) 122 (44) 160 e, v 2
SDSS J0959–0200 DA 8.06 (0.03) 13280 (20) 0.64 (0.02) 324 (17) 0.32 e, v 3, 4
SDSS J1043+0855 DA 8.124 (0.033) 17879 (195) 0.693 (0.020) 153 (10) (2.5 - 12) e, v 5, 6, 7
WD1144+0529 DA 7.74 (0.03) 23027 (219) 0.49 (0.03) 21.2 (1.9) - e 8
SDSS J1228+1040 DA 8.150 (0.089) 20713 (281) 0.705 (0.051) 100 (5) 5.6 e, a, v 6, 9, 10, 11, 12
HE1349–2305 DBA 8.133 18173 0.673 149.4 1.3 e 13, 14, 15
SDSS J1617+1620 DA 8.11 (0.08) 13520 (200) 0.68 (0.05) 350 (50) (6.4 - 7.8) e, v 16

PG0843+516 DA 7.902 (0.089) 22412 (304) 0.577 (0.047) 42 (4) 10.2 a 11
WD1054–226 DA 8.04 (0.03) 7903 (16) - 1255 (92) - a 17
WD1124–293 DA 8.1 9700 0.66 843 1.3 a 18, 19
WD1145+017 DB - 15900 (500) - 175 (75) 430 a, v 20, 21

Table 3. Diffusion timescales, τdiff , and average accretion fluxes, Ṁ , for the metals detected in the photosphere of SDSS J1043+0855.
Photospheric abundances by number are given with respect to hydrogen. a We infer a total accretion rate based on the mass fluxes
assuming a bulk Earth composition and the respective mass fractions for each element (from Allègre et al. 2001).

Element log [Z/H] τdiff [h] Ṁ [g s−1] Bulk Earth mass fraction [per cent] a Inferred total Ṁ [g s−1]

8 O < −4.00 65.0 < 2.0× 109 32.4 < 6.2× 109

12 Mg −5.15 (0.15) 26.5 4.0× 107 15.8 2.5× 108

14 Si −4.80 (0.15) 13.8 2.0× 108 17.1 1.2× 109

20 Ca −6.00 (0.20) 18.6 1.3× 107 1.6 8.0× 108

26 Fe < −4.70 11.1 < 6.3× 108 28.8 < 2.2× 109

Table 4. Equivalent width measurements of the Ca ii triplet in
SDSS J1043+0855. The errors given here are purely statistical.

Date Equivalent width [Å]

2003–04 -27 (3)
2007–02 -22 (1)
2009–02 -15 (1)
2010–04 -13 (1)
2011–01 -18 (1)
2011–05 -20 (1)
2012–01 -19 (1)

widths (subject to systematic uncertainties related to the
method used in continuum fitting, as well as the statistical
uncertainties given in Table 4) of the Ca ii emission lines in
SDSSJ1043+0855, which do not show any long term decay
of the equivalent width of the Ca ii triplet such as seen at
SDSSJ1617+1620. Only SDSSJ0738+1835 has displayed
no changes in the shape and strength of the Ca ii triplet
over a period of six years, although only three epochs are
available, with two of them spaced only a year apart.

Manser et al. (2016) showed that the variable Ca ii
triplet line profiles of SDSSJ1228+1040 could be interpreted
as the emission from a fixed intensity pattern that precesses
over a time scale of decades, possibly indicating a young de-
bris disc that still has eccentric orbits and has not fully circu-

larised. General relativistic precession will cause the debris
to precess with a radially dependent period, causing orbits
to cross one another and inducing collisions which produces
the observed gaseous component to the debris disc.

While the evolution of the emission from
SDSSJ1043+0855 appears to be remarkably similar to
SDSSJ1228+1040 and SDSSJ0845+2257, the data have a
lower signal to noise and have fewer epochs, and thus, while
it is likely that the same physical mechanism is responsible
for the evolution of the line profiles observed in all three
systems, regular spectroscopic monitoring of all gas discs
is necessary to develop a more detailed understanding of
the dynamical processes present in planetary debris discs
around white dwarfs.

Variability of debris discs is not only limited to the Ca ii
triplet line profile. The dusty disc around SDSSJ0959–0200
was observed to significantly decrease in infrared flux by
Xu & Jura (2014), who propose two mechanisms by which
the disc could be depleted; a recent planetesimal impact on
the disc, or instability near the inner edge. We suggest an
additional scenario of a vertically extended cloud of dust,
generated from an asteroid colliding with a pre-existing disc
(Jura 2008). Such an optically thin cloud would temporarily
add to the infrared emission of the optically thick disc, but
the overall infrared emission from the system would decrease
as the dust cloud settled into the disc.

In Table 2 we also include four additional systems

MNRAS 000, 1–11 (20XX)
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Table 2. Metal polluted white dwarfs with circumstellar gas detected in emission (e) or absorption (a), and evidence for photometric or
spectroscopic variability (v). System parameters and accretion rates are given with errors where known. Values derived or updated in this
paper are set in italics. 1 Dufour et al. (2012), 2 Wilson et al. (2015), 3 Farihi et al. (2012), 4 Xu & Jura (2014), 5 Gänsicke et al. (2007),
6 Melis et al. (2010), 7 This paper, 8 Guo et al. (2015), 9 Gänsicke et al. (2006), 10 Gänsicke et al. (2012), 11 Koester et al. (2014), 12

Manser et al. (2016), 13 Koester et al. (2005), 14 Voss et al. (2007), 15 Melis et al. (2012), 16 Wilson et al. (2014), 17 Vennes & Kawka
(2013), 18 Koester & Wilken (2006), 19 Debes et al. (2012), 20 Vanderburg et al. (2015), 21 Xu et al. (2016).

Name Type log g Teff MWD τcool Ṁ Features ref
(g cm−2) (K) (M⊙) (Myr) (× 108 g s−1)

SDSS J0738+1835 DB 8.4 (0.2) 13950 (100) 0.841 (0.131) 477 (160) 1300 e 1
SDSS J0845+2257 DB 8.18 (0.20) 19780 (250) 0.73 (0.11) 122 (44) 160 e, v 2
SDSS J0959–0200 DA 8.06 (0.03) 13280 (20) 0.64 (0.02) 324 (17) 0.32 e, v 3, 4
SDSS J1043+0855 DA 8.124 (0.033) 17879 (195) 0.693 (0.020) 153 (10) (2.5 - 12) e, v 5, 6, 7
WD1144+0529 DA 7.74 (0.03) 23027 (219) 0.49 (0.03) 21.2 (1.9) - e 8
SDSS J1228+1040 DA 8.150 (0.089) 20713 (281) 0.705 (0.051) 100 (5) 5.6 e, a, v 6, 9, 10, 11, 12
HE1349–2305 DBA 8.133 18173 0.673 149.4 1.3 e 13, 14, 15
SDSS J1617+1620 DA 8.11 (0.08) 13520 (200) 0.68 (0.05) 350 (50) (6.4 - 7.8) e, v 16

PG0843+516 DA 7.902 (0.089) 22412 (304) 0.577 (0.047) 42 (4) 10.2 a 11
WD1054–226 DA 8.04 (0.03) 7903 (16) - 1255 (92) - a 17
WD1124–293 DA 8.1 9700 0.66 843 1.3 a 18, 19
WD1145+017 DB - 15900 (500) - 175 (75) 430 a, v 20, 21

Table 3. Diffusion timescales, τdiff , and average accretion fluxes, Ṁ , for the metals detected in the photosphere of SDSS J1043+0855.
Photospheric abundances by number are given with respect to hydrogen. a We infer a total accretion rate based on the mass fluxes
assuming a bulk Earth composition and the respective mass fractions for each element (from Allègre et al. 2001).

Element log [Z/H] τdiff [h] Ṁ [g s−1] Bulk Earth mass fraction [per cent] a Inferred total Ṁ [g s−1]

8 O < −4.00 65.0 < 2.0× 109 32.4 < 6.2× 109

12 Mg −5.15 (0.15) 26.5 4.0× 107 15.8 2.5× 108

14 Si −4.80 (0.15) 13.8 2.0× 108 17.1 1.2× 109

20 Ca −6.00 (0.20) 18.6 1.3× 107 1.6 8.0× 108

26 Fe < −4.70 11.1 < 6.3× 108 28.8 < 2.2× 109

Table 4. Equivalent width measurements of the Ca ii triplet in
SDSS J1043+0855. The errors given here are purely statistical.

Date Equivalent width [Å]

2003–04 -27 (3)
2007–02 -22 (1)
2009–02 -15 (1)
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2011–01 -18 (1)
2011–05 -20 (1)
2012–01 -19 (1)

widths (subject to systematic uncertainties related to the
method used in continuum fitting, as well as the statistical
uncertainties given in Table 4) of the Ca ii emission lines in
SDSSJ1043+0855, which do not show any long term decay
of the equivalent width of the Ca ii triplet such as seen at
SDSSJ1617+1620. Only SDSSJ0738+1835 has displayed
no changes in the shape and strength of the Ca ii triplet
over a period of six years, although only three epochs are
available, with two of them spaced only a year apart.

Manser et al. (2016) showed that the variable Ca ii
triplet line profiles of SDSSJ1228+1040 could be interpreted
as the emission from a fixed intensity pattern that precesses
over a time scale of decades, possibly indicating a young de-
bris disc that still has eccentric orbits and has not fully circu-

larised. General relativistic precession will cause the debris
to precess with a radially dependent period, causing orbits
to cross one another and inducing collisions which produces
the observed gaseous component to the debris disc.

While the evolution of the emission from
SDSSJ1043+0855 appears to be remarkably similar to
SDSSJ1228+1040 and SDSSJ0845+2257, the data have a
lower signal to noise and have fewer epochs, and thus, while
it is likely that the same physical mechanism is responsible
for the evolution of the line profiles observed in all three
systems, regular spectroscopic monitoring of all gas discs
is necessary to develop a more detailed understanding of
the dynamical processes present in planetary debris discs
around white dwarfs.

Variability of debris discs is not only limited to the Ca ii
triplet line profile. The dusty disc around SDSSJ0959–0200
was observed to significantly decrease in infrared flux by
Xu & Jura (2014), who propose two mechanisms by which
the disc could be depleted; a recent planetesimal impact on
the disc, or instability near the inner edge. We suggest an
additional scenario of a vertically extended cloud of dust,
generated from an asteroid colliding with a pre-existing disc
(Jura 2008). Such an optically thin cloud would temporarily
add to the infrared emission of the optically thick disc, but
the overall infrared emission from the system would decrease
as the dust cloud settled into the disc.

In Table 2 we also include four additional systems
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Table 2. Metal polluted white dwarfs with circumstellar gas detected in emission (e) or absorption (a), and evidence for photometric or
spectroscopic variability (v). System parameters and accretion rates are given with errors where known. Values derived or updated in this
paper are set in italics. 1 Dufour et al. (2012), 2 Wilson et al. (2015), 3 Farihi et al. (2012), 4 Xu & Jura (2014), 5 Gänsicke et al. (2007),
6 Melis et al. (2010), 7 This paper, 8 Guo et al. (2015), 9 Gänsicke et al. (2006), 10 Gänsicke et al. (2012), 11 Koester et al. (2014), 12

Manser et al. (2016), 13 Koester et al. (2005), 14 Voss et al. (2007), 15 Melis et al. (2012), 16 Wilson et al. (2014), 17 Vennes & Kawka
(2013), 18 Koester & Wilken (2006), 19 Debes et al. (2012), 20 Vanderburg et al. (2015), 21 Xu et al. (2016).
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WD1054–226 DA 8.04 (0.03) 7903 (16) - 1255 (92) - a 17
WD1124–293 DA 8.1 9700 0.66 843 1.3 a 18, 19
WD1145+017 DB - 15900 (500) - 175 (75) 430 a, v 20, 21

Table 3. Diffusion timescales, τdiff , and average accretion fluxes, Ṁ , for the metals detected in the photosphere of SDSS J1043+0855.
Photospheric abundances by number are given with respect to hydrogen. a We infer a total accretion rate based on the mass fluxes
assuming a bulk Earth composition and the respective mass fractions for each element (from Allègre et al. 2001).

Element log [Z/H] τdiff [h] Ṁ [g s−1] Bulk Earth mass fraction [per cent] a Inferred total Ṁ [g s−1]

8 O < −4.00 65.0 < 2.0× 109 32.4 < 6.2× 109

12 Mg −5.15 (0.15) 26.5 4.0× 107 15.8 2.5× 108

14 Si −4.80 (0.15) 13.8 2.0× 108 17.1 1.2× 109

20 Ca −6.00 (0.20) 18.6 1.3× 107 1.6 8.0× 108

26 Fe < −4.70 11.1 < 6.3× 108 28.8 < 2.2× 109

Table 4. Equivalent width measurements of the Ca ii triplet in
SDSS J1043+0855. The errors given here are purely statistical.

Date Equivalent width [Å]

2003–04 -27 (3)
2007–02 -22 (1)
2009–02 -15 (1)
2010–04 -13 (1)
2011–01 -18 (1)
2011–05 -20 (1)
2012–01 -19 (1)

widths (subject to systematic uncertainties related to the
method used in continuum fitting, as well as the statistical
uncertainties given in Table 4) of the Ca ii emission lines in
SDSSJ1043+0855, which do not show any long term decay
of the equivalent width of the Ca ii triplet such as seen at
SDSSJ1617+1620. Only SDSSJ0738+1835 has displayed
no changes in the shape and strength of the Ca ii triplet
over a period of six years, although only three epochs are
available, with two of them spaced only a year apart.

Manser et al. (2016) showed that the variable Ca ii
triplet line profiles of SDSSJ1228+1040 could be interpreted
as the emission from a fixed intensity pattern that precesses
over a time scale of decades, possibly indicating a young de-
bris disc that still has eccentric orbits and has not fully circu-

larised. General relativistic precession will cause the debris
to precess with a radially dependent period, causing orbits
to cross one another and inducing collisions which produces
the observed gaseous component to the debris disc.

While the evolution of the emission from
SDSSJ1043+0855 appears to be remarkably similar to
SDSSJ1228+1040 and SDSSJ0845+2257, the data have a
lower signal to noise and have fewer epochs, and thus, while
it is likely that the same physical mechanism is responsible
for the evolution of the line profiles observed in all three
systems, regular spectroscopic monitoring of all gas discs
is necessary to develop a more detailed understanding of
the dynamical processes present in planetary debris discs
around white dwarfs.

Variability of debris discs is not only limited to the Ca ii
triplet line profile. The dusty disc around SDSSJ0959–0200
was observed to significantly decrease in infrared flux by
Xu & Jura (2014), who propose two mechanisms by which
the disc could be depleted; a recent planetesimal impact on
the disc, or instability near the inner edge. We suggest an
additional scenario of a vertically extended cloud of dust,
generated from an asteroid colliding with a pre-existing disc
(Jura 2008). Such an optically thin cloud would temporarily
add to the infrared emission of the optically thick disc, but
the overall infrared emission from the system would decrease
as the dust cloud settled into the disc.

In Table 2 we also include four additional systems
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Table 2. Metal polluted white dwarfs with circumstellar gas detected in emission (e) or absorption (a), and evidence for photometric or
spectroscopic variability (v). System parameters and accretion rates are given with errors where known. Values derived or updated in this
paper are set in italics. 1 Dufour et al. (2012), 2 Wilson et al. (2015), 3 Farihi et al. (2012), 4 Xu & Jura (2014), 5 Gänsicke et al. (2007),
6 Melis et al. (2010), 7 This paper, 8 Guo et al. (2015), 9 Gänsicke et al. (2006), 10 Gänsicke et al. (2012), 11 Koester et al. (2014), 12

Manser et al. (2016), 13 Koester et al. (2005), 14 Voss et al. (2007), 15 Melis et al. (2012), 16 Wilson et al. (2014), 17 Vennes & Kawka
(2013), 18 Koester & Wilken (2006), 19 Debes et al. (2012), 20 Vanderburg et al. (2015), 21 Xu et al. (2016).
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SDSS J1228+1040 DA 8.150 (0.089) 20713 (281) 0.705 (0.051) 100 (5) 5.6 e, a, v 6, 9, 10, 11, 12
HE1349–2305 DBA 8.133 18173 0.673 149.4 1.3 e 13, 14, 15
SDSS J1617+1620 DA 8.11 (0.08) 13520 (200) 0.68 (0.05) 350 (50) (6.4 - 7.8) e, v 16

PG0843+516 DA 7.902 (0.089) 22412 (304) 0.577 (0.047) 42 (4) 10.2 a 11
WD1054–226 DA 8.04 (0.03) 7903 (16) - 1255 (92) - a 17
WD1124–293 DA 8.1 9700 0.66 843 1.3 a 18, 19
WD1145+017 DB - 15900 (500) - 175 (75) 430 a, v 20, 21

Table 3. Diffusion timescales, τdiff , and average accretion fluxes, Ṁ , for the metals detected in the photosphere of SDSS J1043+0855.
Photospheric abundances by number are given with respect to hydrogen. a We infer a total accretion rate based on the mass fluxes
assuming a bulk Earth composition and the respective mass fractions for each element (from Allègre et al. 2001).

Element log [Z/H] τdiff [h] Ṁ [g s−1] Bulk Earth mass fraction [per cent] a Inferred total Ṁ [g s−1]

8 O < −4.00 65.0 < 2.0× 109 32.4 < 6.2× 109

12 Mg −5.15 (0.15) 26.5 4.0× 107 15.8 2.5× 108

14 Si −4.80 (0.15) 13.8 2.0× 108 17.1 1.2× 109

20 Ca −6.00 (0.20) 18.6 1.3× 107 1.6 8.0× 108

26 Fe < −4.70 11.1 < 6.3× 108 28.8 < 2.2× 109

Table 4. Equivalent width measurements of the Ca ii triplet in
SDSS J1043+0855. The errors given here are purely statistical.

Date Equivalent width [Å]

2003–04 -27 (3)
2007–02 -22 (1)
2009–02 -15 (1)
2010–04 -13 (1)
2011–01 -18 (1)
2011–05 -20 (1)
2012–01 -19 (1)

widths (subject to systematic uncertainties related to the
method used in continuum fitting, as well as the statistical
uncertainties given in Table 4) of the Ca ii emission lines in
SDSSJ1043+0855, which do not show any long term decay
of the equivalent width of the Ca ii triplet such as seen at
SDSSJ1617+1620. Only SDSSJ0738+1835 has displayed
no changes in the shape and strength of the Ca ii triplet
over a period of six years, although only three epochs are
available, with two of them spaced only a year apart.

Manser et al. (2016) showed that the variable Ca ii
triplet line profiles of SDSSJ1228+1040 could be interpreted
as the emission from a fixed intensity pattern that precesses
over a time scale of decades, possibly indicating a young de-
bris disc that still has eccentric orbits and has not fully circu-

larised. General relativistic precession will cause the debris
to precess with a radially dependent period, causing orbits
to cross one another and inducing collisions which produces
the observed gaseous component to the debris disc.

While the evolution of the emission from
SDSSJ1043+0855 appears to be remarkably similar to
SDSSJ1228+1040 and SDSSJ0845+2257, the data have a
lower signal to noise and have fewer epochs, and thus, while
it is likely that the same physical mechanism is responsible
for the evolution of the line profiles observed in all three
systems, regular spectroscopic monitoring of all gas discs
is necessary to develop a more detailed understanding of
the dynamical processes present in planetary debris discs
around white dwarfs.

Variability of debris discs is not only limited to the Ca ii
triplet line profile. The dusty disc around SDSSJ0959–0200
was observed to significantly decrease in infrared flux by
Xu & Jura (2014), who propose two mechanisms by which
the disc could be depleted; a recent planetesimal impact on
the disc, or instability near the inner edge. We suggest an
additional scenario of a vertically extended cloud of dust,
generated from an asteroid colliding with a pre-existing disc
(Jura 2008). Such an optically thin cloud would temporarily
add to the infrared emission of the optically thick disc, but
the overall infrared emission from the system would decrease
as the dust cloud settled into the disc.

In Table 2 we also include four additional systems
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Figure 2. Gas disk emission lines in the MagE (left) and X-shooter (right) spectra of HE 1349−2305. The MagE data have been smoothed with a 5 pixel boxcar—the
low signal-to-noise ratio likely prevents detection of the weaker emission hump evident in the X-shooter data. The vertical dotted lines mark the estimated wavelength
position of the white dwarf systemic motion (see Section 3). Wavelengths in these figures are corrected to the heliocentric reference frame and are presented in vacuum
for the MagE spectrum and air for the X-shooter spectrum.

Table 2
Atmospheric Pollution of Gas Disk-hosting White Dwarfs

Star [H/He]a [O/H(e)] [Mg/H(e)] [Si/H(e)] [Ca/H(e)] [Fe/H(e)] Ṁacc,Mg
b Ref.

(Logarithmic Abundances by Number) (108 g s−1)

HE 1349−2305 −4.9 ± 0.2 < −5.6 −6.5 ± 0.2 −7.0 ± 0.2 −7.4 ± 0.2 < −5.9 1.3 1,2,3
SDSS J0738 −5.73 ± 0.17 −3.81 ± 0.19 −4.68 ± 0.07 −4.90 ± 0.16 −6.23 ± 0.15 −4.98 ± 0.09 146.4 4,5
SDSS J0959 − − −5.2 − −7.0 − 0.32 6
Ton 345 < −4.5 − −5.2 ± 0.2 −5.1 ± 0.2 −6.9 ± 0.2 − 18.3 7
SDSS J1043 − − −4.94 ± 0.24 − − − 0.73 8
SDSS J1228 − − −4.58 ± 0.06 − −5.76 ± 0.08 − 2.2 9,10

Notes.
a Hydrogen pollution for helium-dominated atmosphere (DB) white dwarfs. A “−” in this column indicates that the star has a hydrogen-dominated
atmosphere (DA) and that each elemental abundance listed is relative to hydrogen by number. In other columns a “−” indicates that no measurement
exists in the literature.
bṀacc,Mg = Menv,Mg/τdiff,Mg, where Menv,Mg is the mass of magnesium in each star’s envelope and τdiff,Mg is the diffusion constant for magnesium
(see Koester 2009). For helium-dominated atmosphere white dwarfs this quantity is averaged over the ∼105 yr settling times.
References. (1) Koester et al. 2005; (2) Voss et al. 2007; (3) This work; (4) Dufour et al. 2010; (5) Dufour et al. 2012; (6) Farihi et al. 2011b;
(7) Gänsicke et al. 2008a; (8) Gänsicke et al. 2007; (9) Gänsicke et al. 2006; (10) Gänsicke et al. 2008b.

Table 3
HE 1349−2305 Emission Line Measurements

Transition Equivalent Widtha vmax sin ib Full Widthb Total Line Fluxc

(Å) (km s−1) (km s−1) (10−15 erg cm−2 s−1)

MagE—2011 March 19

Ca ii λ8498 1.4 ± 0.3 −190 ± 140/+410 ± 110 600 ± 180 0.30
Ca ii λ8542 2.1 ± 0.3 −160 ± 140/+510 ± 140 670 ± 200 0.45
Ca ii λ8662 1.7 ± 0.4 −220 ± 140/+400 ± 70 620 ± 160 0.37

X-shooter—average of 2011 May 26 and 28

Ca ii λ8498 1.9 ± 0.2 −780 ± 110/+380 ± 35 1160 ± 120 0.41
Ca ii λ8542 1.7 ± 0.2 −710 ± 70/+450 ± 70 1160 ± 100 0.37
Ca ii λ8662 1.6 ± 0.3 −740 ± 110/+400 ± 70 1140 ± 130 0.35

Notes.
a Equivalent widths are not corrected for line absorption.
b The two different values reported for vmax sin i correspond to the maximum velocity gas seen in the blue and
red wings of the double-peaked emission features, respectively. The blue wing is measured at the continuum
blueward of the line while the red wing is measured at the continuum redward of the line. Full velocity width of
the emission feature is the velocity extent from the blue to the red wings.
c These values are computed by multiplying the reported emission line equivalent width measurements by the
stellar continuum flux (as deduced from the SpeX spectrum) at the emission line location.
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0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

N
or
m
al
is
ed

F
lu
x

2012-01 SDSS

2011-05 X-Shooter

2011-01 X-Shooter

2010-04 WHT

2009-02 WHT

2007-02 WHT

2003-04 SDSS



25 - 50 %Metal pollution Koester et. al. 2014  

Detected Remnant Planetary System statistics



Metal pollution Koester et. al. 2014  

Dusty disc Farihi et al. 2009; Rocchetto et al. 2015 

25 - 50 %

1 - 3 %

Detected Remnant Planetary System statistics



Gaseous component

25 - 50 %

1 - 3 %

??? %

Metal pollution Koester et. al. 2014  

Dusty disc Farihi et al. 2009; Rocchetto et al. 2015 

Detected Remnant Planetary System statistics



The sample
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Figure 2. Colour–colour diagrams illustrating the location of the 27 639 DR7 spectroscopic objects that we used as training sample for our selection method.
DA white dwarfs, non-DA white dwarfs, NLHS and quasars are shown as blue, yellow, red and green dots, respectively. The colour cuts that define our initial
broad selection from Table 2 are overlaid as red lines. Objects outside this selection were not classified and are therefore plotted as grey dots.

within a broad region selected in the (u − g, g − r), (g − r, r −
i) and (r − i, i − z) colour–colour planes (Fig. 2, Table 2). The
shape and extension of these colour cuts were defined such that
they included all of the objects which had been classified as either
spectroscopically confirmed white dwarfs or as photometric white
dwarf candidates by Girven et al. (2011). At this stage we were
aiming to be as complete as possible and no real effort was made to
avoid contamination.

In developing our selection method, we relied on visual classifi-
cation of our initial spectroscopic sample and on proper motions.
Sloan objects fainter than g ∼ 19 often have noisy spectra and miss-
ing or unreliable proper motions. For this reason we decided to limit
ourselves to bright sources (g ≤ 19).

This first sample included 28 213 objects which we classified ac-
cording to spectral appearance. For the development of the selection
method we only needed to classify these objects in three broad cate-
gories: ‘white dwarfs’, ‘non-white dwarfs’ and ‘unreliable’ [where
the signal-to-noise ratio (S/N) was too low for classification]. How-
ever, we decided that a more detailed classification could help to
diagnose biases during the development of the selection method
and provide useful statistics. Therefore we subdivided the ‘white
dwarfs’ into 10 types (DA, DB, DC, magnetic white dwarfs, . . .;
see Table 3) and the ‘non-white dwarfs’ into ‘quasi-stellar ob-
jects (QSOs)’ and a second category ‘narrow-line hydrogen stars’
(NLHS, a mixed bag of stars with low-gravity hydrogen-dominated
atmospheres, including subdwarfs, extreme horizontal branch stars
and A/B-type star). The NLHS sample may include a very small
number of extremely low mass (ELM; Brown et al. 2012; Gianninas
et al. 2014; Hermes et al. 2014) white dwarfs. However, we cor-
rectly identified all but one known ELM white dwarfs in our training
sample (see Section 7.2 for a detailed discussion). The results of
our classification are summarized in Table 3.

After discarding 36 objects with ‘unreliable’ spectra, we cal-
culated reduced proper motions (RPMs) for all the objects in the
sample,

H = g + 5 log µ + 5, (1)

with the Sloan g magnitude and the proper motion µ in arcsec yr−1.
538 objects (of which 265 white dwarfs) did not have proper mo-
tions, reducing the size of our initial sample to 27 639 (Table 1).
These 27 639 spectroscopically confirmed white dwarfs and con-

Table 2. Equations describing the colour and magni-
tude constraints used to select primary sources in the
SDSS footprint.

Colour Constraint

(u − g) ≤ 3.917 × (g − r) + 2.344
(u − g) ≤ 0.098 × (g − r) + 0.721
(u − g) ≥ 1.299 × (g − r) − 0.079
(g − r) ≤ 0.450
(g − r) ≥ 2.191 × (r − i) − 0.638
(r − i) ≤ − 0.452 × (i − z) + 0.282
g ≤ 19
Type = 6

Table 3. Classification of the 28 213 objects with avail-
able spectra and with g ≤ 19 selected from DR7.

Class Number of objects

DA 5271
DB 497
DAB/DBA 95
DAO 49
DC 404
DZ 111
DQ 120
Magnetic white dwarf 134
white dwarf+MS 197
CV 94
NLHS 1454
QSO 19 739
Unreliable 36
Unclassified 12

taminants with calculated RPM were the training sample on which
we developed our selection method. RPM can be used as a proxy
for absolute magnitude for a given transverse velocity and, with ac-
curate photometry and astrometry, colour–RPM diagrams can show
a very clean separation between main-sequence stars, subdwarfs,
white dwarfs and quasars.

The training sample was used to trace the loci occupied by white
dwarfs and contaminants in RPM–colour space and to explore the
separation between the two types of objects achieved using different
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Table 1. Log of WHT/ISIS observations searching for Ca ii
triplet emission at white dwarfs with a debris disc. We also list
white dwarfs with a confirmed debris disc, but no observation of
the Ca ii triplet region.

WD Alternate name Date Exposure
time [s]

0146+187 GD16 2011 - 12 - 07 4500
0300–013 GD40 2011 - 12 - 07 6600
0307+077 HS 0307+0746 2011 - 12 - 06 4500
0408–041 GD56 2011 - 12 - 07 4200
0435+410 GD61 2011 - 12 - 07 2700
0843+516 PG0843+517 2011 - 12 - 06 3600
1015+161 PG1015+161 2011 - 12 - 08 3000
1116+026 GD133 2011 - 12 - 07 2700
1150–153 EC11507–1519 2011 - 12 - 07 3600
1457–086 PG1457–086 2010 - 07 - 24 2700
2132+096 HS 2132+0941 2016 - 10 - 29 1800
2326+049 G29-38 2016 - 10 - 29 1800
2328+107 PG2328+108 2016 - 10 - 29 1800

Unobserved

0106–328 HE0106–3253 - -
0110–565 HE0110–5630 - -
- EC 05365–4749 - -
1455+298 G166-58 - -
1541+650 PG1541+651 - -
2221–165 HE2221–1630 - -

2.3 GTC observations of the Caii triplet

Boris, ITP team

3 SEARCHING FOR GAS DISCS IN SDSS

The SDSS has been taking multi-band photometry and
multi-fibre spectroscopy since 2000, using a 2.5m telescope
located at the Apache Point Observatory in New Mex-
ico (Gunn et al. 2006). Our sample of white dwarfs comes
from the Gentile Fusillo et al. (2015) list of published white
dwarfs brighter than g! 19 from the 7th, 9th, and 10th data
release of SDSS (Abazajian et al. 2009; Ahn et al. 2012,
2014). We select 8391 single white dwarfs from this list, as
well as 706 single white dwarfs from the 11th,12th, and 13th
data releases of the SDSS (Alam et al. 2015), using the same
method for a total of 9097 systems. Figure 1 shows the se-
lection of single white dwarfs, with types labelled by colour.

With this sample, we searched for gaseous components
of debris discs in SDSS by inspecting the normalised Ca ii
triplet region by eye to identify any excess emission.

We initially attempted to expedited this method by cal-
culating the equivalent width (EW), selecting systems with
an EW that was atleast 3 σ less than zero. However, this
method did not select SDSSJ1144+0529 as a Ca ii triplet
emitter and as a result we examined every spectrum for
completeness. SDSSJ0845+2257 is shown in Figure 2 with
the normalised Ca ii triplet inset as an example spectrum
used to identify Ca ii triplet emission.
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Figure 1. u–g, g–r magnitude plot of the magnitude/colour
limited sample with the main types of white dwarfs labelled
by colour. The six white dwarfs with a gaseous component to
their debris disc in the sample obtained from Gentile Fusillo et al.
(2015) are shown in black. SDSS J0959–0200 has no SDSS spec-
troscopy but is plotted for reference along with WD1145+017.
The final gas disc host, HE1349–2305 is not presented here as it
does not have available SDSS filter photometry.

3.1 Statistics from gas discs

From our search of white dwarfs within the
Gentile Fusillo et al. (2015) magnitude and colour lim-
ited sample, we find no new gaseous disc hosts in SDSS,
resulting in a total of six systems out of 9097. Using
Bayes’ theorem we calculate the probability, P(f |n, t), of
determining an occurrence rate, f , of a gaseous component
to a debris disc, given n detections out of t systems, and
find that 0.07± 0.03

0.02 per cent of white dwarfs host a debris
disc with an observable gaseous component. Given that
1-3 per cent of white dwarfs host a dusty disc (Farihi et al.
2009; Rocchetto et al. 2015) we can therefore estimate that
2 - 7 per cent of dusty discs should host a gaseous compo-
nent. This frequency is different to the currently observed
ratio of eight gaseous components to 39 total debris discs,
leading to an incorrectly high ∼ 20 per cent of debris discs
with an observable gaseous component. This discrepancy is
due to the difference in the number of systems that have
been inspected for Ca ii and infrared excess.

Apart from SDSSJ1617+1620, all gaseous components
to debris discs with long term monitoring show similar mor-
phological variations, which would suggest that they share
a common generation mechanism What do the GTC ob-

servations show? (Wilson et al. 2014, 2015; Manser et al.
2016a,b). While it is expected that all debris discs host a
gaseous component that allows accretion of material onto
the white dwarf (Rafikov 2011; Metzger et al. 2012), we only
observe a small fraction of systems with Ca ii emission. The

variability seen at most of the gaseous disc systems,

in conjunction with their rarity would suggest they

MNRAS 000, 1–4 (20XX)
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0.5

1.0

1.5

2.0

2.5

3.0

N
or
m

F
lu
x

Ca ii triplet

Frequency of observable 
gaseous debris discs at 
white dwarfs



Gaseous component

25 - 50 %

1 - 3 %

0.07 %

Metal pollution Koester et. al. 2014  

Dusty disc Farihi et al. 2009; Rocchetto et al. 2015 

Detected Remnant Planetary System statistics



Gaseous component

25 - 50 %

1 - 3 %

0.07 %

Metal pollution Koester et. al. 2014  

Dusty disc Farihi et al. 2009; Rocchetto et al. 2015 

Debris discs with a gaseous 
component 2 - 10 %

Detected Remnant Planetary System statistics



• SDSS J1228+1040 is well studied, but still many unanswered questions. 

• An observable gaseous component appears to be linked with variability 

• Determined the frequency of a gaseous component to a debris disc at a 
white dwarf.

Summary



Thanks for listening!

Summary
• SDSS J1228+1040 is well studied, but still many unanswered questions. 

• An observable gaseous component appears to be linked with variability 

• Determined the frequency of a gaseous component to a debris disc at a 
white dwarf.
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