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Abstract.  Heavy elements are observed in the atmospheres of many DABnd
white dwarfs, and their presence is attributed to the aiceref matter coming from de-
bris disks. Several authors have deduced accretion ratestifre observed abundances,
taking into account the mixing induced by the convectiveemand the gravitational
settling. The obtained values ardfdrent for DA and DB white dwarfs. Here we show
that an important process was forgotten in all these contiputa thermohaline mix-
ing, induced by the inverse-gradient built during the accretion process. Taking this
mixing into account leads to an increase of the derived &iocreates, specially for DA
white dwarfs, and modifies the conclusions.

1. Introduction: heavy elements accretion onto white dwarfs

An increasing number of DA and DB white dwarfs observed wigitZr show in-
frared excess due to circumstellar disks (Farihi (2011)&X1ura (2012); Girven et al.
(2012);/ Brinkworth et al. (2012)). In the mean time, higlsalkation spectroscopy re-
veals the presence of heavy elements in the spectra of mate/dwarfs (reclassified as
DAZ and DBZ) with dfective temperatures below 25000 |K (Zuckerman et al. (2007);
Klein et al. (2010b), Klein et al. (2010a); Vennes etlal. @QZuckerman et al. (2011);
Dufour et al.|(2012)). This was unexpected in such starsusecheavy elements rapidly
diffuse in the deep layers as a result of the very short gravittgettling time scales.
The radiative accelerations which can balance gravity apgat some heavy elements
in hot white dwarfs/(Vauclair et al. (1979); Chayer et al.94%9 is no longer operating

in such cooler white dwarfs. These observations supporidiee that heavy elements
are presently being accreted from circumstellar debriksdis'he tidal disruption of
asteroid-like bodies may be the source of the disk matedblijng the white dwarf
atmospheres (Jura (2003)). The determination of the almoedaof the heavy elements
present in white dwarfs atmospheres may lead to an evatuafithe accretion rates,
with the help of stellar models. It is then possible to detaerthe mass and compo-
sition of the body whose disruption is at the origin of thelgtibn. Up to now, such
estimates have been obtained with the assumption that thetimg material is mixed
into the outer convective zone andtdses at its bottom due to gravitational settling.
The derived accretion ratesfidir by several orders of magnitude between DAZ and
DBZ (Farihi et al. (2012)), which is licult to understand and does not seem to have
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any physical meaning. Here we show that these derived @mtrettes are not cor-
rect, because a fundamental physical process has beertéorgo all these previous
studies: thermohaline convection due to the accretiondad inversg:-gradient. As a
consequence, the mixed zone is much deeper than the classigactive zone, and the
accretion rates are larger than those presently deternledhow here an example of
computations of thisféect for a DA white dwarf. Due to the initial value, larger for
helium than for hydrogen, and to thefdirent internal structure, thermohaline mixing
is less dicient in DB than in DA white dwarfs, for the same amount of ated matter.
This will be discussed in a forthcoming paper. We expect thiatmay reconcile the
accretion rates needed to account for the observations @fd DBZ white dwarfs.

2. Thermohaline convection in stars

Thermohaline convection, well known in oceanography, i& necognized as a major
mixing process which occurs in stars in the presence of arseu-gradient associated
with a stable temperature gradient, so that the medium askevwsdynamically stable.
If a blob begins to move down, the heat exchange with its smdimgs occurs more
rapidly than the particle exchange so that the blob goes lingiathereby triggering
the instability (see Vauclair (2004), Vauclair & Thead®12), and references therein).

Various situations may lead to thermohaline convectiontétiag interiors. One
of them is the accretion of heavy matter onto the star, whiely be due to planetary
material (Vauclair((2004), Garaud (2011), Théado & Vaud2012)) or to an evolved
companion in a binary system (e.g. Stafieliet al. (2007), Thompson et al. (2008)).
Thermohaline convection develops if:

I<Rp <

e

(1)

(@)

andr is the inverse Lewis number, equal to the ratio of the partiiffusivity to the
thermal ditfusivity. HereV,q andV are the usual temperature gradients &pdstands
fordinu/dInP.

Thermohaline convection must clearly occur at the bottoithefouter convective
zone in accreting white dwarfs. This process strongly meslithe downward mixing of
the accreted matter and must be taken into account for deiegrthe accretion rates.
Here we present preliminary results obtained for the coatpmrt of thermohaline time
scales in a DA white dwarf model, with parameters represieataf the star G29-38:
M, /My=0.59, My /M,=5x10"10, Mye/M,=2.5x1072, L/Ly= 0.0026,Tess= 11100 K
as derived from asteroseismology (Romero et al. (2012))es@&hesults can already
lead to the conclusion that théfect is very important for DAZ and may increase the
derived accretion rate by several orders of magnitude
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3. Consequencesfor accreting white dwarfs

The accretiopmixing process described in section 2 is expected to occwwhite
dwarfs in the same way as in accreting main sequence starsn WBA or DB white
dwarf accretes heavy matter from a debris disk, the sameaseasmlescribed In Vauclair
(2004) occur successively. The new chemical elements axedhin the convective
zone, but they do not stay inside this zone because of thed&udinverseu-gradient.
First dynamical convection occurs below the Schwarzschilde, as predicted by the
“Ledoux criterion”, until theRy ratio becomes equal to one. Then thermohaline con-
vection begins, and the accreted matter is diluted far bét@rdynamical convective
zone.

For the considered DA model, we have computed the gravitaltidifusion time
scale for calcium, in the same way as in Théado ket al. (2@0@)the thermohaline con-
vection time scale, computed with the Vauclair & Théadalf2hermohaline mixing
codficient, as a function of the external mass, between the botfiotine convective
zone and the H-He transition zone. The thermohaline timk ssacomputed as the
time needed for the accreted matter to reach the considayed. | We find that the
thermohaline time scale is several orders of magnitudelsnthlan the gravitational
diffusion time scale, as expected. The values below the comeexrine may be as low
as a few minutes for the thermohaline time scales, comparafetv years for the @u-
sion time scale. At the bottom of the hydrogen zone they beocdoser, of the order of
one year for thermohaline, ten years foffdsion. This means that the accreted matter
is rapidly mixed in all the hydrogen layer. Thermohaline imixis completely stopped
at the transition region, because of fhancrease induced by the increasing amount of
helium.

These preliminary computations prove that the accretitesraceded to account
for the heavy element abundance observations are much thegegenerally assumed.
Reaching a preseptvalue of 0.5005 as observed in G29-38 would need an original
value as large as 0.532. This is probably too large to coore$po a single accretion
episode. Time dependent computations with several smadleretion episodes are
needed to go further. This is a work in progress.

4, Conclusion

We have shown that the accretion of heavy elements onto whitefs induces a ther-
mohaline instability due to the created invejsgradient. The accreted material is
mixed down in a much deeper part of the star than the usualigidered convective
zone. In our preliminary study of thidfect in a representative DAZ model close to
(G29-38, the accreted heavy elements are diluted in a frasdtimass of the star 20
larger than the mass of the convective zone. It follows thatetion rates should be 30
larger to produce the observed abundances of heavy elemémsdtects of thermo-
haline instabilities in DAZ with larger hydrogen mass fians and in DBZ are under
study. We expect the thermohaline convection to be Ifssient in DB than in DA
white dwarfs due to the fferent initialu value and the dierent internal structure. In
any case, we demonstrate that this special convection gsdees to be taken into ac-
count in all computations of the accretion rates neededdowat for the observations.
It will reduce and may even suppress th&eatiences in the accretion rates needed to
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account for the observations of DAZ and DBZ stars. This wdlldresented in a forth-
coming paper.
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