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What is the story of our 
Solar System?
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Small, rocky inner 
 planets without thick 

atmospheres

Large, massive planets with 
thick gaseous envelopes

System/spacings not to scale

Patterns in the Solar System 
can teach us about our origins



Flat, orderly architecture
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The planets orbit in the same 
direction as the Sun spins

System/spacings not to scale



Formation in a disk
ESO/L. Calçada



Snow lines
ESO/L. Calçada

Too hot for water 
 to be in ice form

Cold enough for 
water to be in ice form and build giant planet cores



Along the way, the discovery of 
exoplanets refined our origin story.
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atmospheres

Large, massive planets with 
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Patterns in the Solar System 
are not always followed
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Planets can migrate
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Planets can migrate
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The Solar System planets orbit in 
the same direction as the Sun spins

System/spacings not to scale
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Exoplanet orbits aren’t necessarily 
aligned with stellar spin
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Exoplanet orbits aren’t necessarily 
aligned with stellar spin
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Dynamical interactions between planets 
must be common

Ford et al. 2005, Trent Schindler, National Science Foundation
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We have a basic understanding 
of how we got here

but what will happen to the 
Solar System in the future?



What happens to planetary 
systems after the stars run 
out of hydrogen fuel and 
leave the main sequence? 
5.6+5.4%



Almost all of the planets we know today orbit 
stars that will become white dwarfs. 

As of Oct 1, 2020



In this talk: 
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1. What do we know about the fate of 
planetary systems around white dwarfs? 

2. What have we learned from studying two 
particularly interesting white dwarfs? 

3. What might we learn in the future?



The Sun Today
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The Sun Today

Image: NASA/SDO



The Sun in 7 billion years

As the sun runs out of hydrogen,  
it becomes a red giant 10 times 

its original size. 

Image: NASA/SDO



The Sun in 7 billion years

Just before it completely runs 
 out of hydrogen, it briefly expands to 

 almost 200 times its original size.
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The Sun in 7 billion years

It then collapses to about 20  
times its original size and begins 

burning helium in its core. 

Image: NASA/SDO



The Sun in 7 billion years

Image: NASA/SDO

The sun will then re-expand 
to more than 200 times its 

 original size as it runs out of helium.



The Sun in 7 Billion 
Years

After helium is exhausted, there 
is nothing else the sun can burn 

so it sheds its outer layers and the 
core begins contracting. 

Image: NASA/Walt Feimer



The Sun in 7 Billion 
Years

Image: NASA/Walt Feimer

After helium is exhausted, there 
is nothing else the sun can burn 

so it sheds its outer layers and the 
core begins contracting. 



White Dwarfs

Typically half the  
mass of the sun

300,000 times  
less massive 

Burnt-out Earth-sized cores of stars like 
 the Sun when they run out of nuclear fuel
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White Dwarfs

Typically half the  
mass of the sun

300,000 times  
less massive 

Burnt-out Earth-sized cores of stars like 
 the Sun when they run out of nuclear fuel



What happens to the 
planets during this 

process?



White Dwarf

Image: NASA/JPL



Planets orbiting farther than about 1 AU from their 
stars will survive post-main-sequence evolution

Luhman et al. 2011

White Dwarf 
WD 0806-661

Planetary Mass 
 Companion

Marsh et al. 2013

Eclipse timing variations for  
the WD binary NN Serpentis



Do planets ever come 
back close to the white 

dwarf after the red 
giant phase?



Yes: evidence is in white 
dwarf “metal pollution" 

Koester+ 1997

Hydrogen

Calcium



White Dwarfs have 
 strong gravity



White Dwarfs have 
 strong gravity

100 times smaller 
 than the Sun

 0.5 times 
the Sun

104 times stronger 
 than the Sun



Gravity causes heavy 
elements to sink down



White Dwarf Structure

Carbon/Oxygen and 
trace heavy elements 

Helium 
Hydrogen

Carbon/Oxygen and 
trace heavy elements 

Helium 

DA type: 
Hydrogen Envelope

DB type:  
Helium Envelope



White Dwarf Spectra 
should only have H and He

Barstow+ 2001

Hydrogen



White dwarfs with  
heavy element pollution

Koester+ 1997

Hydrogen

Calcium
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Figure 3. MMT spectrum (in black) and our best-fit model (red line). The strongest lines are indicated by tick marks. All the other numerous non-identified lines are
from iron. They have not been marked for clarity. In order to take into account uncertainties on the slope of the continuum due to extinction and flux calibration, small
linear and quadratic terms were also included in the fitting procedure.
(A color version of this figure is available in the online journal.)

Figure 4. Same as Figure 2, but for the red part of the spectrum. Note that due to second-order contamination longward of 5900 Å, a second-order polynomial fit has
been applied to the model spectrum continuum.
(A color version of this figure is available in the online journal.)

calculation (we used the well-known Kurucz line lists). We
calculated a posteriori a synthetic spectrum using the Vienna
Atomic Line Database (VALD) lists. Using these data helps to
partly reduce the discrepancies for a few iron lines (for example,
the depth of the Fe ii λ4173.46 is reduced by half) but does
not alter the abundance determinations for any elements on
average. Since our fit is based on numerous iron lines, these
few discrepant lines have a relatively weak weight on the iron
abundance determination and we present our final solution using
the Kurucz line list for consistency with the rest of our analysis.

We note that the assumption on the abundance of heavy
elements described above also predicts weak lines of sodium
(the Na D lines) that are blended with the He i λ5876 line. There
appears to be a feature in the red wing of the He i line that is
consistent with the expected lines strength but given the S/N of
our observations and the weakness of the presumable lines, we

shy away from claiming a detection. Two weak lines of Cr and
Ti are also barely predicted at a level comparable to the S/N
of our observations. Future observations with higher S/N and
higher resolution (as well as in other part of the electromagnetic
spectrum) should eventually confirm their presence.

Our final solution is presented in Table 1 while our best-
fit model spectra are shown in Figures 3 and 4. Uncertainties
obtained from the covariance matrix are unrealistically small.
These represent only internal errors and thus underestimate
the real uncertainties. We thus evaluate the uncertainties on
the model parameters by calculating a series of models with
various parameters near our optimal solution. The constraint
from fitting simultaneously the Mg i, Mg ii, and He i lines
dominates the errors on the effective temperature and surface
gravity, which we evaluate to be about 300 K and 0.2 dex,
respectively. The uncertainties on the element abundances must

Dufour+ 2010

White dwarfs with  
heavy element pollution



Dusty disk/metal 
connection

Jura+ 2007

a total of 2800 s of on-source integration. The data were processed
through the MIPS calibration pipeline, version 12.4, to create a
single combined and reduced image. Standard IRAF aperture
photometry was performed with a 600 radius (2.35 pixels) utilizing
appropriate sky annuli and aperture corrections as determined by
the MIPS instrument team and instrument support team.3 The
measurement yields a S/N of 4.3 and the total error is the in-
verse of the S/N summed in quadrature with the 10% absolute
calibration error of the 24 !m camera (MIPS Data Handbook,
ver. 3.2, 2006). The result is listed in Table 1. From previous
ground-based data (Becklin et al. 2005) and from inspection
of the Spitzer IRAC and MIPS images, contamination by other
sources of the fluxes we report for GD 362 does not appear to be
a problem.

Spectroscopy over the 5Y15 !m region of GD 362 was per-
formed with the Infrared Spectrograph (IRS; Houck et al. 2004)
on 2006 April 18. The instrument was operated in staring mode
at two positions, both along the Short-Low 1 module slit (spec-
tral range between 7.4 and 14.5 !m and spectral resolution k/!k
between 64 and 128) and along the Short-Low2module slit (spec-
tral range between 5.2 and 7.7 !m and spectral resolution k/!k
between 80 and 128), with 240 s exposures executed at each po-
sition, repeated twice for a total on-source time of 960 s in each
module. The data were processed through the IRS calibration
pipeline, version 14.0, to create reduced and combined exposures
at each nod position in each module. These combined nodded
frames were subtracted from one another to eliminate sky signal
and were processed with the data reduction program SPICE to
perform spectral extraction. The extracted spectra in each Short-
Low module were averaged to a single spectrum to increase the
S/N. The extractions were performed twice: first with the default
aperture function (8 pixels at 12 !m) in order to assess the proper
calibration level, which does not exist for custom (nondefault)
aperture extractions; and second with a smaller aperture function
(4 pixels at 12 !m), which yielded a higher S/N extraction. The
custom extraction was scaled appropriately to match the overall
level of the default extraction and all the orders were combined
(and averaged in regions of overlap, including the Short-Low 1
bonus section, which has a spectral range of 7.3Y8.7 !m). In our
data we clearly detect only silicate emission; higher S/N is re-
quired to determine whether other features are present. The spec-
trum and the associated errors are displayed in Figure 1.

The Spitzer data show a strong silicate feature near 10!m, con-
sistent with the ground-based photometry presented by Becklin
et al. (2005). The profile of the silicate emission from GD 362
resembles the emission feature seen by Reach et al. (2005a) for
G29-38, and it is distinctly different from the profile of interstel-
lar silicates (Kemper et al. 2004) also shown in Figure 1. If the
dust around GD 362 has an asteroidal origin, its spectrummay re-

semble that of warm (T > 200 K) dust around main-sequence
stars (see Chen et al. 2006). BD +20 307 notably exhibits a strong
silicate feature fromgrains at a temperature near 650K (Song et al.
2005), and we see from Figure 1 that the spectra of GD 362 and
BD +20 307 agree fairly well, except that the blue wing of the fea-
ture is stronger in GD 362, which as described below can be un-
derstood if the grain temperature is near !1100 K.

3. PROPOSED MODEL

Becklin et al. (2005) found that their ground-based continuum
data from 1.2 to 11.3 !m for GD 362 could be moderately well
matched with a geometrically thin, flat, opaque disk whose total
thickness is much less than the diameter of the star and where the
dust temperature is a function only of the radial distance from the
star. The flux in theN 0 (11.3 !m) filter in theMICHELLE instru-
ment on the Gemini North telescope was substantially above the
prediction of the model disk. This discrepancy is now understood
as a result of the very strong silicate emission (see Fig. 1) entering
into theN 0 filter, which has a full width half-maximum of 2.4!m.
Without any temperature gradient vertical to the disk, this model
cannot, by itself, explain the strong silicate emission. Therefore,
we present a more sophisticated disk model.
We assume a passive disk with three regions so that at every

radius, the disk reradiates the flux incident upon it. A schematic
edge-on view of our model is shown in Figure 2. The inner region
has sufficient surface density that it is opaque at all wavelengths of
interest. Furthermore, thermal conductivity is sufficiently great in
this region that the disk is vertically isothermal. Further out, the
disk is still opaque but thermal conductivity is less important, and
there is a temperature gradient in the disk. The outer region of the
disk is thick enough to absorbmost of the incident radiation, but it
is optically thin in the infrared. This outermost portion of the disk
has relatively little mass, and therefore it can be warped. Our
model is somewhat artificial since the three regions are distinct,
and therefore it has unrealistic temperature jumps at the boundaries

TABLE 1

Spitzer Photometry of GD 362

Wavelength

(!m)

Flux

(mJy)

3.6..................................... 0.380 " 0.038

4.5..................................... 0.395 " 0.040

5.7..................................... 0.425 " 0.043

7.9..................................... 0.644 " 0.064

24...................................... 0.22 " 0.06

3 See http://ssc.spitzer.caltech.edu/mips/apercorr.

Fig. 1.—IRS spectrum of GD 362. The errors are shown as the dotted black
line; the feature near 14 !m is a detector/instrument artifact. For comparison, we
display the scaled profiles of interstellar silicates (Kemper et al. 2004) as a dashed
red line and the emission from BD +20 307 (Song et al. 2005) as a dashed blue
line.

JURA ET AL.1928 Vol. 133
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Figure 1. SEDs of HS 0047+1903, HE 0106−3253,HS 0307+0746, and Ton 345 fitted with DA and DB white dwarf models (Koester 2009b). Filled circles represent
the photometry (Melis et al. 2010; Farihi 2009; Abazajian et al. 2009; Skrutskie et al. 2006; Copenhagen University Observatory 2006; DENIS Consortium 2005;
Martin et al. 2005; C. S. Brinkworth et al. 2010, in preparation), while open circles are fluxes based on spectroscopically derived colors (Kilic et al. 2006), and hence
not independent measurements.

Figure 2. SEDs of GD 303, PG 1225−079, GD 190, and GD 205 fitted DB white dwarf models (Koester 2009b). Filled circles represent the photometry (Farihi 2009;
Abazajian et al. 2009; Landolt & Uomoto 2007; Skrutskie et al. 2006; DENIS Consortium 2005; Martin et al. 2005; McCook & Sion 1999). The apparent 2MASS
Ks-band excess at GD 190 is spurious.

Farihi+ 2010



Evidence for accreted 
planetary material?

Zuckerman+ 2007

lines or, almost always, both. Iron lines occurmost commonly; we
identify 232 in Fe i and 47 in Fe ii. Singly ionized titaniumwas the
second most prominent with 89 lines identified. Elemental abun-
dances were determined by comparison of measured EWs with
our calculated synthetic spectra. As is well known, the increase of
EW with abundance, the ‘‘curve of growth,’’ can be divided into
three parts: the linear regime, where the EW depends only on the
oscillator strength of the transition and linearly on the element
abundance, the ‘‘flat’’ part, where the EWis almost constant, even
with increasing abundance, and the ‘‘square-root’’ part, where the
EWincreaseswith the square root of abundance, oscillator strength,
and damping constant. Since the latter is often poorly known, for
high-precision abundances the linear regime is the preferred choice.
Unfortunately, even with our excellent HIRES spectra, we are not
sufficiently sensitive to detect weak lines (a few milliangstroms) in
the linear regime. Thus, we analyzed lines in the square-root re-
gime (>100 m8), notwithstanding damping constant uncer-
tainties. Table 2 abundances are presented relative to H because
H, not He, is the dominant opacity source, and also for ease of
comparison with solar abundance ratios.

For each detected element the observed lines were compared
with those calculated from our synthetic spectra. Varying the ele-
mental abundances inputted into the synthetic spectra and com-
paring the predicted EWs with those of multiple lines observed
from a given element enabled estimation of the abundance errors
(see below). The one exception is silicon, for which we use only
one line, at 39068, but it is clean and strong, so the Si abundance
error can be calculated reasonably. The synthetic spectral analysis
made use of the Vienna Atomic Line Database.

The errors of the abundances were estimated as follows. First
we considered the scatter of abundances from fitting individual
lines, and calculated an error of the mean from these. In a second
step we added the uncertainty from fitting different ionization
stages of one element; this was relevant only for Fe, Cr, Ca, and
Mg. For those elements with very few and weak lines we have
added an estimated contribution for the measurement error of the
EW. There is a slight remaining problem with the ionization bal-
ance, which seems to be systematic—it is present for Fe i/Fe ii,

Ni i/Ni ii, Cr i /Cr ii, andMg i/Mg ii—always in the sense that the
ionic lines are predicted to be too strong. ForMg the discrepancy
is 0.2 dex, and for the three others<0.1 dex. These discrepancies
disappear for a model with TeA ¼ 10; 240 K.
No lines fromC, N, or Owere detected. The upper limits to the

abundances given in Table 2 were obtained from the HIRES
spectrum from upper limits to the EW for N at 8860 8 and for
O at 7772, 7774, and 7775 8. For C the abundance upper limit
was derived from the NIRSPEC spectrum from a transition at
10691 8.

The measured (heliocentric) radial velocity of GD 362, includ-
ing its gravitational redshift, is 49:3 " 1:0 km s#1. With log g ¼
8:24 and a white dwarf mass of 0.73 M$ (x 3), the gravitational
redshift is 43.3 km s#1.

3. DISCUSSION

As may be seen, the abundance ratio to hydrogen of most of
the elements in Table 2 is similar to the solar value. What might
this signify? Because hydrogen never gravitationally settles out
of a white dwarf’s photosphere, the unknown portion of atmo-
spheric hydrogen in GD 362 that accreted from the interstellar
medium (Koester & Wilken 2006) must have accumulated over
the entire 109 yr cooling age of the white dwarf. In contrast, the
atmospheric dwell time of Table 2 elements (other than helium)
is about 100,000 yr (Paquette et al. 1986). Thus, if H and the
heavy elements were accreted together from the interstellar me-
dium over a very long period of time, then by now most of the
heavy elements would have been removed from the photosphere.
Thus, unless most of the accretion of hydrogen from the inter-
stellar medium has occurred during the past 100,000 yr (even
though the star is not now near any interstellar cloud), the obser-
vational result that the abundance ratios of most of the Table 2 ele-
ments to hydrogen are approximately solar must be coincidental.
A combination of interstellar accretion to explain the hydrogen

and circumstellar accretion to account for heavy elements appears
to be the best model to explain the enormous range of calcium to
hydrogen abundance ratios found in helium-rich white dwarfs
(Sion et al. 1990a). In addition, for the occasional DA that begins

Fig. 3.—Elemental abundances by number relative to silicon. The GD 362 data
are from Table 2, and those for Earth, Moon, andMars are from Lodders & Fegley
(1998).

Fig. 4.—Elemental abundances by number relative to silicon. The GD 362 data
are from Table 2, the solar and CI chondrite abundances are from Lodders (2003),
and the 81P/Wild 2 data are from Flynn et al. (2006).

ZUCKERMAN ET AL.874 Vol. 671



Ancient Planetary Systems 
can become unstable
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On close passages, objects 
can be disrupted



Disrupted material then forms a disk 
and accretes onto the white dwarf



But how does this process 
take place?

• Is accretion episodic or steady-state?  

• What are the characteristics of the debris? Is it 
pure dust, or are there larger bodies?  

• What is the size of the dust particle? 

• Are the accreted objects differentiated (core/
mantle)?



Planets with orbits aligned with our 
line of sight transit their stars and 
cause the star’s brightness to dim. 

Animation: NOVA
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Kepler Space Telescope
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0.95 meter diameter 
105 square degree FOV 
30 minute cadence



Planet candidate transiting 
white dwarf WD 1145+017

4.5 hour period Vanderburg+ 2016a
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Ground-based  
follow-up data
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Disintegrating Planets

Sanchis-Ojeda+ 2015

KIC 12557548 KOI 2700

K2-22

Rappaport+ 2014



Disintegrating Planets

Rappaport+ 2014
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Solid-body transit
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Transit Depth Variations
KIC 12557548

Rappaport+ 2012

The Astrophysical Journal, 752:1 (13pp), 2012 June 10 Rappaport et al.

(a)

(b) (c)

Figure 2. Light curves for KIC 12557548 spanning the Q2–Q6 data sets, as well as for 40-day and 15-day segments of the Q2 data. The intrinsic Poisson fluctuations
per ∼30 minute Kepler sample are ∼0.03%.

0.65356 days (15.5854 hr) and then subtracting the convolved
flux curve from the pre-convolution light curve. This processing
should largely preserve the actual source behavior on orbital and
suborbital timescales.14

Figure 2 shows the highly variable nature of the occultations
which, in fact, have depths that render them easily seen over
most of the 460 day interval, but for the first ∼22 days of Q2
are very small or even not noticeable. We have also checked the
Q1 data and, indeed, the occultations are not apparent during
the first 10 days as well as the final 10 days of that quarter. As
seen in panel (c) of Figure 2, the individual occultations vary
strongly from one cycle to the next. The variable occultations
persist, with a similar range in depths, throughout the following
438 days of Q2 through Q6 data.

When the data are folded about the 15.685 hr period, the
results, shown in Figure 3, further illustrate how the occultation

14 We also used the PyKE software to process the data. See
http://keplergo.arc.nasa.gov/ContributedSoftwarePyKEP.shtml.

depths vary. The largest depth is ∼1.3%, while some of the
points near the middle of the occultation are depressed by no
more than ∼0.15%. On the other hand, it is clear that aside from a
few individual data points within the occultation interval, almost
all show a minimum depression in the intensity by ∼0.1%. Thus,
even when the occultations are not noticeable, there still may be
a small effect.

When the folded data are binned (see Figure 3(b)), one can
see that the average depth at the heart of the occultation is only
∼0.6% or about half the maximum depth. There is evidence
(at the ∼5σ level) for a small peak in the flux of amplitude
∼3 × 10−4 at phases up to ∼30◦ before the occultation ingress.
There is also a very significant depression or deficit in the
expected flux over a similar range of phases just after egress.
We will discuss these features briefly in Section 4.7.

The full width of the occultation, with the exception of these
small features, is 0.1 of the orbital cycle. This corresponds to
∼1.5 hr in duration or just three Kepler long-cadence integration
times. If this duration is interpreted simply as indicating the
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WD 1145+017 is a metal-
rich WD with a disk

Vanderburg+ 2015b



We are watching the disruption 
 of a minor planet in real time. 

Image: Mark A. Garlick



Additional Stable Periods in K2- 
multiple bodies?

Harmonic-summed Lomb-Scargle Periodogram
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Periods are stable for months-years 
— implies massive bodies/fragments

A
B

D

C



Observations of WD 1145+017  
six months later

Rapid evolution: 10x increase in 
transit activity

Gaensicke+ 2016



Large changes in transit 
depth/dust production

Episodic accretion, not steady state?

Image: Bruce Gary



Multiple transits spread throughout 
the orbit
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Rappaport et al. 2016  
(including Vanderburg)



One large asteroid 
releasing fragments?

Veras+ 2016

Disruption of a differentiated asteroid 
seems to match transit behavior



Simultaneous Multi-wavelength 
Transits show the same transit depth

Xu et al. 2018  
(including Vanderburg)

Particles larger than ~1 micron



Is WD 1145+017 unusual or 
typical? 

Can we use WD 1145-like objects to 
make general inferences about white 

dwarf planet accretion?  



Transiting Exoplanet Survey Satellite (TESS)

24 degrees

96
 d

eg
re

es

Four 0.105 meter diameter cameras 
2304 square degree FOV 
10 minute cadence for the whole sky 
2 minute or 20s for selected targets 

Image: NASA



TESS detects transits of a white dwarf

Vanderburg et al. 2020



TESS detects transits of a white dwarf
~7 minute transit duration  
consistent with WD host

Vanderburg et al. 2020



Ground-based observations reveal a  
Jupiter-sized companion, and no asymmetry.  

An intact planet? 

Vanderburg et al. 2020



What is the object’s mass?

Image: J Pinfield

Giant Planet Brown Dwarf Low-mass Star

Mass: ≈0.25-13 MJupiter

Radius: ≈1 RJupiter

Mass: ≈13-80 MJupiter

Radius: ≈1 RJupiter

Mass: ≳80 MJupiter

Radius: ≈1 RJupiter

Image: NASAImage: NASA



Animation: ESO

Usually, we determine masses by 
measuring the Doppler shift of the 
star due to the orbiting companion



The white dwarf is old (≈6 Gyr), cold 
(4700 K), and has no spectral lines, so 
Doppler measurements are impossible.

Vanderburg et al. 2020



Instead, constrain mass with Spitzer: same transit depth 
in optical/IR data implies mass less than 11.7 MJ.(95% 

confidence)

Vanderburg et al. 2020

So, this is very likely a giant planet orbiting close 
to a white dwarf star. We call it WD 1856 b.



The system to scale



The system to scale



The system to scale



WD 1856 b must have originally orbited 
outside about 1 AU and migrated inwards



How could the planet migrate? 
Common Envelope Evolution

Planet

Giant star

Giant core 
 (will become 
 white dwarf)

Passy et al. (2012). 



How could the planet migrate? 
Common Envelope Evolution

Passy et al. (2012). 



Does WD 1856 b have enough 
mass to eject the envelope?
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WD binaries



High-eccentricity Migration



High-eccentricity Migration



High-eccentricity Migration



High-eccentricity Migration



Like how tennis balls don’t bounce as high 
each successive time, the planet doesn’t 

return to same semimajor axis and circularizes

https://gfycat.com/ko/vaguelimpingbuzzard



How does the planet get 
such high eccentricity?

Planet/Planet  
scattering Kozai-Lidov effect



Lots of ideas from the 
community so far



The system to scale



The system to scale

the Habitable Zone, where  
liquid water could exist on a 

planet’s surface

If WD 1856 b could survive the journey close to 
its star, maybe a smaller (rocky) planet could too.



Transmission spectroscopy

Animation: NASA



Atmospheric Biosignatures

Image: LUVOIR Team



The same sized planet causes a larger 
signal on a smaller star

Image: NASA/SDO

Small Stars are optimal



White dwarfs take this to 
an extreme

Image: Jack Madden



Biosignature gases could be 
readily detectable with JWST

25 transits - nominal 25 hour program, but only 3 
hours of observations 

Kaltenegger et al. 2020 (including Vanderburg)



Biosignature gases could be 
readily detectable with JWST

Kaltenegger et al. 2020 (including Vanderburg)



A shortcut to detecting biosignatures?

Gaia identifies  
white dwarfs

TESS finds  
transiting planets

JWST studies the  
atmospheres



The disintegrating material around WD 1145+017 has provided new 
insights into how white dwarfs disrupt and accrete asteroids and 

minor planets. 

The giant planet candidate around WD 1856+534 demonstrates 
large planets can migrate close to white dwarfs and survive the 

process. 

If Earth-sized planets can migrate in a similar way close to white 
dwarfs, they could end up orbiting in the white dwarf’s habitable 

zone, and plausibly support a second generation of life. If we find 
such a planet, we could study its atmosphere in detail with JWST.

Transiting planets and material around 
white dwarfs can teach us about post-
main-sequence planetary evolution. 
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Vanderburg et al. 2020
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