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Astrophysical Context 
 

1) Planets around white dwarfs (WD’s) have yet to be found through the more standard methods: radial 

velocity, transits, imaging, or dP/dt measurements. 

 

2) Yet, evidence has been mounting over the last ~15 years that planets around white dwarfs are probably 

quite common (UCLA, Penn State, U. Warwick).  

     - Many cooler, older WD’s show atmospheres polluted by heavy metals. 

     - Such “polluted” WD’s often are surrounded by dusty disks (IR signature; John Debes’ talk) 

     - Given the very high efficiency of element sedimentation in WD’s, particularly in cooler objects (no  

        residual winds, negligible radiative levitation), these WD’s should show *pure* H or He atmospheres. 

     - The heavy elements can only be extrinsic to these stars. 

     - Accretion from the ISM has been ruled out. 

Optical spectra of “normal”, relatively cool WD’s, one DA (pure H-

atmosphere) with Teff = 12,510 K and log g = 8.03 , and one DB 

(pure He-atmosphere) with Teff = 21,660 K and log g = 8.16. 

Pure H Pure He 

Part of the optical spectrum of a 13,950 K DBZ WD; its 

atmosphere is dominated by He, but polluted by 14 

types of metals. 



Astrophysical Context (cont’d) 
 

3)    New paradigm (and see Ben Zuckerman’s talk): 

     - Asteroid orbits are perturbed by unseen planets; some fall onto the WD. 

     - This rocky material is tidally disrupted and form initially a debris disk around the host WD comparable  

        in size to Saturn’s rings. 

     - The disk material ultimately sublimates and gas falls onto the WD. Physical models of the accretion 

        mechanism are available (Roman Rafikov). 

     - Typical lifetimes for the disks are in the range 104-106 yr, and typical expected accretion rates fall in the 

        range 108-1011 g/s.  

     - Due to different settling timescales for each element, the “instantaneous” chemical composition in the 

        atmosphere of the host WD -- which can be determined accurately through detailed model atmosphere 

        analyses -- is not that of the primordial material. 

     - The challenge of the WD modelers has been precisely to decipher the observed abundances of the 

        polluting elements into the original chemical composition of the planetary debris. 

     - The potential for using WD’s as “laboratories” for determining the *bulk chemical composition* of 

        planetesimals, asteroids, or comets is immense!  

 

 

 

 

 

 

 



The potential of the method: the case of J0738+1835 
 

1) J0738+1835 is a log g = 8.40, Teff = 13,950 K, He-atmosphere WD surrounded 

by a dusty disk and showing heavy metal pollution in its atmosphere. A detailed 

spectroscopic analysis has revealed the presence of 14 heavy elements, 

characteristics of rocky planetesimals. 

 

2) In this illustrative simulation, a static model of a pure He-atmosphere WD is 

used as a background in which accreting heavy elements diffuse. There is no 

feedback between diffusion and the structure of the model. The model has the 

same atmospheric parameters as J0738+1835, and is further characterized by a 

rather deep CZ extending from above the photosphere (log q = -14.47) down to  

a depth of log q = - 6.34.  

 

3) A simplistic accretion model is used: accretion is uniform in time and proceeds 

at a rate of 3 × 1010 g/s. The episode lasts exactly 106 yr. The accreted material 

is assumed to be made of the 14 elements in exactly bulk Earth composition, an 

hypothesis that may be verified (and adjusted as needed) a posteriori.  

      

     Estimates of the accretion timescale and of the actual effective accretion rate 

     onto J0738+1835  are derived. 

 

  

 

 







Toward more realistic simulations of accretion episodes 

 
1) Full coupling between evolution and diffusion-accretion is taken into account 

(i.e., feedback effects on the stellar structure are considered). 

 

2) The effects of thermohaline convection (Deal et al. 2013) and of overshooting 

(Tremblay et al. 2014) are also included. 
 

Some preliminary results: 
 

The initial reference evolutionary model has a pure He atmosphere, and is characterized by a 

total mass of 0.6 Mʘ, log g = 7.989, Teff = 24,960 K. It has an outer CZ extending from above 

the photosphere (log q = -15.75) down to a depth of log q = -11.47.  

 

A simplistic accretion model is again used: accretion is uniform in time and proceeds at a rate 

of 3 × 1010 g/s. The episode lasts exactly 106 yr. Only C and O are considered as extrinsic 

elements, each contributing half  (by mass fraction) of the accreting material.  

 

Four cases are considered: 

                         --- S: settling  

                         --- ST: settling + thermohaline convection 

                         --- SO: settling + overshooting 

          --- SOT: settling + overshooting + thermohaline convection  

 

 

 





Some remarks about microscopic diffusion and its competing mechanisms 

Microscopic diffusion: tends to separate chemical species (can never be turned off!) 

1) 1st term in square brackets: concentration gradient = ordinary diffusion, heavier element may go upward or downward 

2) 2nd (electric field) + 3rd term (pressure gradient) = gravitational settling, heavier element always goes downward 

3) 4th term (temperature gradient) = thermal diffusion, heavier element always goes downward in WD envelopes 

4) 5th term = selective radiative levitation, levitating element goes always upward 

 

In cooler WD’s  (Teff < 20,000 K for H-atmosphere stars and Teff < 30,000 K for He-atmosphere stars), radiative levitation 

becomes negligible because the UV flux available becomes too small to support levitating ions. Also, the concentration 

gradient term remains relatively small, meaning that the dominant effect, by far, is the combination of gravitational 

settling and thermal diffusion (referred to globally as “settling” or “sedimentation”) which work in the same direction: 

heavy atoms sink into the star, while the lightest ones float on top. (Schatzman 1958)   

 

Macroscopic mixing processes: tend to homogenize the stellar material 
1) Ordinary convection (important in cool WD’s) 

2) Thermohaline convection (important in WD’s in presence of accretion of heavy stuff) 

3) Overshooting (important in all WD’s with CZ’s; recent 3D hydro simulations) 

4) Internal turbulence (unknown origin in WD’s; neglected) 

Macroscopic velocity fields: tend to homogenize the stellar material 

1) Stellar winds (nonexistent in cool, accreting WD’s) 

2) Fast rotation (WD’s do not rotate practically speaking) 




