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Abstract.  We identified a new strongly metal polluted white dwarf, and report the
determination of hydrogen and traces of O, Na, Mg, Si, Ca, Ti, Cr, and Fe in a helium-
dominated atmosphere. The four most common rock-forming elements, i.e. O, Mg, Si,
and Fe embody almost entirely the 10** g of metals that are mixed in the convection
zone. Oxygen is the most abundant of these four elements and we estimate that about
50-60% of it is in excess with respect to the amount expected from the accretion of
mineral oxides. We suggest that the parent body that of the planetary debris detected
in this white dwarf was composed by 28-48% water. We also note that a handful of
other known debris-polluted white dwarfs, like GD 61, GD 16, and GD 362 may be the
actively accreting examples of a larger number of stars that previously accreted water-
rich debris. We speculate that the hydrogen content of DBA and DZ white dwarfs could
have a similar origin.

1. Introduction

White dwarfs displaying traces of heavy elements in their atmosphere must have ac-
creted from an external source. The diffusion of elements heavier than hydrogen or
helium, depending on the T and logg, takes place within 10* to 107 yr in cool
(Teg < 20000) helium-rich atmospheres (Koester 2009). Observational evidence for
large amounts of metals in white dwarf atmospheres (Jura & Young 2014), and the dis-
covery of circumstellar dusty and gaseous discs (Zuckerman & Becklin 1987; Génsicke
et al. 2006) are now commonly interpreted as due to disruption of extra-solar asteroids
or planetesimals that subsequently accreted onto the white dwarf (Debes & Sigurdsson
2002; Jura 2003).
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2. Spectral Analysis

We observed SDSS J1242+5226 (hereafter SDSS J1242) with the Intermediate disper-
sion Spectrograph and Imaging System (ISIS) at the 4.2-m William Hershel Telescope
(WHT). The spectrum covers 3170-8800 A and displays intense hydrogen and helium
lines, in addition to other spectral features of O, Na, Mg, Si, Ca, Ti, Cr, and Fe (Fig. 1).

We analysed the spectrum with ad hoc model atmospheres described by Koester
(2010). It is well reproduced by a T.g = 13 000 K synthetic atmosphere (Fig. 1), where
we fixed log g = 8.0 as a measurement of the surfact gravity in this temperature range
is notoriously unreliable. The hydrogen abundance is [H/He]= —3.68 + 0.10.
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Figure 1.  WHT/ISIS spectrum (grey) and best-fitting model atmosphere (red).

2.1. Metals

With an the effective temperature of 13 000 K, this helium-dominated atmosphere has
a deep convection zone, log M.y, /Mwp ~ —5.4. Considering the abundances from our
spectral analysis, we estimate that at least 10?* g of metals are mixed in the convection
zone of SDSS J1242, almost entirely in the form of O, Mg, Si, and Fe. Comparing the
relative abundances of Mg, Si, and Fe, the latter seems to be underabundant in compar-
ison with chondritic/achondritic rocks (Fig. 2), suggesting that the body accreted onto
SDSS J1242 probably underwent differentiation (see e.g. Farihi et al. 2011).

2.2. Oxygen

Oxygen is the most abundant of the four rock-forming elements detected in SDSS J1242,
making of this star an outlier in Fig. 3, along with GD 61 (Farihi et al. 2013) that is sus-
pected to currently accrete water-rich debris. Zuckerman et al. (2007) determined only
upper limits on the oxygen content of GD 362, but this star is mainly suggested to have
accreted water-rich debris due to the presence of large amounts of photospheric hydro-
gen (see below).

If we take into consideration all the possible combinations between oxygen and
metals, it appears that the parent body that underwent tidal disruption and was accreted
by SDSS J1242 carried up to 50-70% more oxygen than what is needed for metals to
form oxides (Fig. 4). We suggest that about 38 + 10% of mass of the accreted body was
made either of ice or hydrated minerals.
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Figure 2.  Relative mass-fraction of Fe, Mg, and Si in meteorites (Nittler et al.
2004) and bulk Earth (McDonough 2001). SDSS J1242 is represented by a red star,
while GD 362 and GD 61 are the large square and circle respectively.
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Figure 3.  Relative mass-fraction of O, Mg, and Si. Symbols as in Fig. 2.
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Figure 4.  Fraction of oxygen in metal oxides for SDSS J1242, considering it to
be observed either during an early phase of accretion or in the steady-state. Traces
oxides include: Na,0O, Al,O3, CaO, TiO,, Cr,03.
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Figure 5. Hydrogen mass mixed in the convection zone of white dwarfs with
helium-dominated atmospheres.

2.3. Hydrogen

The photospheric hydrogen abundance in SDSS J1242 implies a mass of My ~ 10** g,
which is uniformly mixed within the convection zone. Comparing our result to other
measures of hydrogen in helium-rich white dwarfs from the literature (Fig. 5), we notice
that SDSS J1242 holds about one order of magnitude more hydrogen than other white
dwarfs within the same range of temperatures. It also displays more hydrogen than the
solar system asteroid Ceres, assuming that is composed to 25% by ice (Michalak 2000;
McCord & Sotin 2005). A handful of other metal-polluted white dwarfs show similar
hydrogen-excesses: GD 16, GD 362. While no oxygen-abundances are confirmed for
these two stars, the detection of dusty discs demonstrates that they are currently ac-
creting planetary debris, which suggests that the hydrogen-excess is likely related to
their evolved planetary systems. On the other hand, SDSS J1242 does not display near-
infrared excess, but it might still be currently accreting from an attenuated debris disc
(Farihi et al. 2010).

We speculate that the apparent broad correlation between T.g (= age) and at-
mospheric hydrogen content, seen in Fig. 5, could be explained as the relic hydrogen
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originating from past water-rich accretion events. The hydrogen could be either carried
by comets (see e.g. Veras et al. 2014) or water-rich asteroids and planetesimals (in this
case also large quantities of heavy metals are accreted too). Given that both the diffu-
sion time scales of metals and the life times of debris discs are always short compared
to the cooling ages of these stars, it is unlikely to observe them during a phase of active
accretion. However, hydrogen from such accretion episodes will gradually accumulate.
One example of a star currently accreting water-rich debris is GD61 (Farihi et al. 2013),
however, once this accretion episode ends, GD61 will appear as a inconspicuous DBA.

3. Summary and Conclusions

SDSS J1242 is a new heavily metal-polluted white dwarf. We detected abundant hydro-
gen and traces of eight metals in its helium-dominated atmosphere. O, Mg, Si, and Fe
are the major components of the planetary debris accreted by this star, with oxygen be-
ing the most abundant. From the balance between oxygen and metals, we estimate that
up to 38 + 10% of the mass of the disrupted parent body was made of ice or hydrated
oxides. We hypothesise that accretion of water-rich minor bodies (comets or asteroids)
could considerably contribute to the large masses of hydrogen that are detected in many
white dwarfs with helium-rich atmospheres.
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