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Confirmed Planets Around White Dwarfs:�

0 



•  Update on a 10-year planet search using pulsating white dwarfs	

•  Good limits on a lack of >3 MJ companions between ~2-5 au ���

around seven white dwarfs 	


•  BUZZKILL No. 1: ���
Some white dwarfs have���
time-variable internal���
processes that can mimic���
planetary companions	

–  GD 66 is just one of ���

multiple white dwarfs���
to show this���
	


•  BUZZKILL No. 2: ���
Interpreting the 4-9 hr ���
signals in sdBs as reflection ���
off nearby planets requires���
serious reconsideration	


Outline: Observed Lack of Close, Post-AGB Planets�

Mark Garlick / HELAS	


•  Still no evidence for close-in (<1 au)���
post-AGB planets	




•  Searching for a light-travel-time wobble in the phase (arrival times) of a stable 
pulsating object	


How to Find Planets with the (O-C) Method�

Linear least-squares fit to a night’s light curve	
 Compare to phase from constant ephemeris	


The difference���
is the (O-C) for���
each observation 	




•  “Fortnightly fluctuations” (14.1-day) detected in the O-C diagram of the sdB���
CS 1246 were subsequently confirmed with radial velocity follow-up	


•  The companion is stellar (> 0.13 M¤); still, it confirms the method works	


O-C: Barlow et al. 2011 (MNRAS 414 3434)	

RV: Barlow et al. 2011 (ApJ 737 L2)	


4 Barlow et al.
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Figure 4. (Top) The O-C diagram for CS 1246. O-C values were computed using f1 and a linear ephemeris. The diagram is
dominated by a strong sinusoidal pattern with a period of 14.1 days overlaid on a parabola. (Middle) O-C points after removal of the
quadratic term and (Bottom) after removal of both the parabola and sine wave. The mean noise level in the pre-whitened diagram
is 0.75s.

shown in Figure 5. To quantify these structures, we per-
formed a simultaneous fit to the O-C values including both
parabolic and sinusoidal terms using the expression

O −C = ∆T +∆PE +
1
2
PṖE2 + A sin

!

2πE
Π

+ φ

"

. (2)

We used the IDL routine MPFIT (Markwardt 2009),
which employs the Levenberg-Marquardt method, to per-
form a non-linear least-squares fit of equation (2) to the
data. During this process, the points were weighted by
their phase error bars as determined from the least-squares
fits. Inspecting both equations (1) and (2), one finds that
the resulting values for ∆T and ∆P provide corrections
to our initial estimates for the reference time of maxi-
mum and period from which we derive a final pulsational
ephemeris for the times of maxima:

tmax = To + PE +
1
2
PṖE2 + A sin

!

2πE
Π

+ φ

"

. (3)

Table 1 displays the best-fit parameters for this ephemeris.
The parabolic component of the fit indicates a sec-

ular decrease in the pulsational period on the order of 1
ms every 1.7 yrs. We attribute this variation to structural
changes in CS 1246 as it evolves, as we discuss further
in §6. Removing this signal from the O-C data (Figure
4, middle panel) more clearly reveals the two-week phase
oscillation, which has a semi-amplitude of nearly 11s. We
point out that even the 2009 data, which are separated
from the 2010 points by more than five months, phase
well to this oscillation. We find no additional phase vari-
ations after removing the parabolic and sinusoidal terms

in either the O-C diagram (Figure 4, bottom panel) or its
FT (Figure 5, bottom panel). The mean noise level in the
FT of the pre-whitened O-C diagram is 0.75 s.

c⃝ 0000 RAS, MNRAS 000, 000–000

The Astrophysical Journal Letters, 737:L2 (5pp), 2011 August 10 Barlow, Dunlap, & Clemens
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Figure 2. Heliocentric radial velocities of CS 1246. (a) Top panel: RV measurements derived from Lorentzian+Gaussian fits to the H Balmer absorption-line profiles.
The dashed line marks the velocity curve inferred from the phase oscillation in the O−C diagram, under the assumption that it is caused by orbital reflex motion.
Note the agreement in the period, amplitude, and phase. The dotted line shows the best-fitting sine wave to the data, with all parameters left free. Bottom panel:
residuals after subtracting from the data the RV curve predicted by the O−C diagram. (b) Top panel: RV curve folded on the period predicted by the O−C diagram
(14.105 days), plotted twice for better visualization. The dashed and dotted lines show the O−C diagram prediction and the best-fit sine wave, respectively. Bottom
panel: residuals after subtracting from the data the RV curve predicted by the O−C diagram. The standard deviation is 4.7 km s−1.

steps until the solution converges. Further details on these meth-
ods are the following.

1. Lorentzian+Gaussian Fits to H Balmer Lines. Using the
MPFIT routine in IDL Markwardt (2009), which employs
the Levenberg–Marquardt method, we first fit the sum of
a Gaussian and Lorentzian to the individual H Balmer
line profiles in the mean spectrum. Fixing the shapes of
the profiles to those fit in the mean spectrum, we then
fit the Balmer line profiles in the individual spectra and
used the best-fit centroid values to compute velocities. The
mean velocity of each master spectrum was calculated from
the weighted average of the Balmer line velocities. We
created an improved template by de-shifting the individual
spectra using the previous RV results and repeated the
process until the solution converged. Balmer lines beyond
H9 were ignored since the low S/N in this part of the
spectrum resulted in inconsistent fits. We estimated the
velocity error in each master spectrum using the standard
deviation of the individual line-profile measurements. If
a night contained more than one master spectrum, we
averaged the resulting measurements. To check the zero
point, we also measured the RV of the velocity standard
HR 3383. As our measurement agreed with the published

value to within the errors, we did not apply any offsets to
our measured velocities for CS 1246.

2. Cross-correlation. Following a procedure similar to Saffer
et al. (2001), we used the fxcor routine in IRAF, which
uses the technique of Tonry & Davis (1979), to compute
the velocity shift of each master spectrum. All spectra
were combined into a template that was cross-correlated
against the individual, unshifted spectra. An improved
template was then created by de-shifting the individual
spectra using the previous cross-correlation results, and
the process was repeated until the solution converged. We
converted the relative velocities to absolute velocities by
cross-correlating the template with the spectrum of our
observed RV standard, HR 3383. Errors were taken from the
output of the fxcor task in IRAF. If a night contained more
than one master spectrum, we averaged the resulting RV
measurements.

After determining the velocities, we used the IRAF task rvcor-
rect to calculate the heliocentric corrections at our observing
epochs and applied these corrections to our measurements. Re-
sults are shown in the Appendix.

RV curves produced using both methods display sim-
ilar variations. Figure 2(a) presents the curve from the

3

(O-C) diagram of the 371.7 s pulsation:	
 RV observations:	


The (O-C) Method Can Find Post-AGB Companions�



•  Monitor from McDonald 
Observatory the pulse arrival 
times of hot DAVs (pulsating 
hydrogen-atmosphere WDs)	


•  Pulsation periods 100-500 s	

–  Secular period change from 

cooling is expected to be slow���
(< 10-15 s s-1, or <1 µs yr-1)	


GD 244, a typical 12,060 K DAV in our sample	


Fourier transform���
of GD 244	


Using Stable Pulsating White Dwarfs as Clocks�

203.0 s is most���
stable pulsation	




•  We are nearing sensitivity to a 
Saturn-mass planet at 5 au around 
this 0.61 M¤ WD	


•  The 203.0 s pulsation is basically 
unchanged over 10 years	


(O-C) diagram	


Periodogram of (O-C) diagram	


Using Stable Pulsating White Dwarfs as Clocks�

Window	




•  We have seen the cooling evolution of a ~12,500 K  WD, G117-B15A, by 
watching its 215.2 s pulsation mode for nearly 40 years!	


G117-B15A: An Extremely Stable Optical Clock �

Kepler et al. 2012 (ASP Conf. Proc., 426, 322)	


dP/dt = (4.19 ± 0.73) x 10-15 s s-1	




•  We can remove the secular trend from cooling and look for any external 
periodic modulation	


•  We can exclude >1 MJ planets���
between ~1-14 au around���
this 0.60 M¤ WD	


•  Note that we are sensitive to���
10 MJ planets from ~ 0.1-15 au!	


G117-B15A: An Extremely Stable Optical Clock �

Periodogram of (O-C) residuals:	


Window	


Effect on (O-C) ���
of 1 MJ planet	




Current Exclusion Limits Around 12 White Dwarfs�

0 5 10 15 (au) 

G117-B15A	


R548	


WD 0111	


GD 244	


WD 2214	


WD 0018	


WD 1355	


WD 0214	


WD 0913	


WD 1015	


WD 1354	


WD 1724	


M J S 

Present-day���
Solar System	


Future Solar System, ���
Including Solar Mass Loss, ���
Where Sun: 0.55 M¤ WD	


•  We can generally exclude giant planets for some range around all 12 DAVs	

•  Early results:  We can exclude >3 MJ planets between ~2-5 au for 7 DAVs, 

and between ~4-5 au for all 12 DAVs	

•  Shown below are the >3 MJ exclusion limits for our planet search sample:	


M J S 



Current Exclusion Limits Around White Dwarfs�
•  A 1 MJ planet is not expected inside roughly 10-13 AU for a WD which 

descends from a 2 M¤ progenitor	

The Astrophysical Journal, 761:121 (13pp), 2012 December 20 Mustill & Villaver

Figure 3. As Figure 1 but for a 2 M⊙ star.
(A color version of this figure is available in the online journal.)

axis as the moriturus ultimus. The orbit of the moriturus ultimus
is at several AU and is larger for the more massive stars and
more massive planets. These radii are plotted in Figure 7 as
black lines.

For the Jovian planets, tidal decay can be significant, since
tidal forces are strong for massive planets. Around lower-mass
stars, tidal forces can pull in planets that have initial orbits
far larger than the maximum stellar radius. This is not the
case, however, for highest-mass star (5 M⊙), where the different
pattern of stellar radius evolution and mass loss, and smaller
planet:star mass ratio, means that some planets which begin
interior to the maximum stellar radius will be moved beyond it
by mass loss before this radius is attained, and be thus saved
from entering the stellar envelope.

For the terrestrial planets, tidal forces are very weak, and the
evolution is dominated by the expansion due to mass loss. This is
in all cases sufficient to push some planets that begin interior to
the maximum stellar radius out to safety. This is particularly
noticeable for the 5 M⊙ progenitor, which expands to over

Figure 4. As Figure 1 but for a 2.5 M⊙ star.
(A color version of this figure is available in the online journal.)

5 AU, planets beyond 2.8 AU however being safe. The entry
of these planets into the stellar envelope typically occurs when
the stellar radius suddenly swells to engulf them.

Neptune-mass planets, as shown in Figure 7, display behavior
intermediate between Jovian and terrestrial planets, as is to be
expected. The semimajor axis of the moriturus ultimus for each
star is slightly larger than for the terrestrial planet, and in all
cases save the 1 M⊙ star it lies within the maximum stellar
radius.

4.2. Inclusion of Orbital Eccentricity

We now turn to consider the effects of moderate planetary
eccentricities on the evolution of the planets’ orbits around

5

“Foretellings of Ragnarök”	

Mustill & Villaver 2012 (ApJ 761 121)	


5 WD with 
8-10 years 
monitoring:	

~2-5 au limits	


2 WD with 30+ 
years monitoring:	

~1-14 au limits	


1 MJ Engulfed	


1 MJ Survive	


Orbital 
expansion from 
mass loss	




•  GD 66 showed early evidence for a periodic change in its 302.8 s mode	

•  Consistent with a ~2 MJ sin i planet in a 4.5-year orbit	


•  We have a prediction:  What happens when we add more data?!	


The Cautionary Tale of ‘GD 66b’�

pulsars, these objects are the most stable astrophysical clocks
known.

Measurements of Ṗ require data sets of between 10 and 30 yr,
but the investment in time yields a suitable scientific reward.
Measurement of Ṗ provides a rare opportunity to directly test
models of structure and composition of the core of a star (Kepler
et al. 2005), constrain the current rate of change of the gravita-
tional constant (Benvenuto et al. 2004), as well as provide useful
constraints on the mass of the hypothesized axion or other super-
symmetric particles (Isern et al. 1992;Córsico et al. 2001;Bischoff-
Kim et al. 2007).

If a planet is in orbit around a star, the star’s distance from the
Sun will change periodically as it orbits the center of mass of the
planetary system. If the star is a stable pulsator like a hDAV, this
will cause a periodic change in the observed arrival time of the
otherwise stable pulsations compared to that expected based on

the assumption of a constant period. The change in arrival time, ! ,
is given by

! ¼
apmp sin i

M"c
; ð1Þ

where ap is the semimajor orbital axis of the planet, mp is the
planet mass, M" is the mass of the WD, c is the speed of light,
and i is the inclination of the orbit to the line of sight. In common
with astrometric methods, the sensitivity increases with the orbital
separation, making long-period planets easier to detect given data
sets with sufficiently long baselines.
In 2003 we commenced a pilot survey of a small number of

DAVs in the hope of detecting the signal of a companion planet.
We present here a progress report of the first 3Y4 yr of observa-
tions on 12 objects, as well as presenting limits around three more
objects based partly on archival data stretching as far back as
1970. For one object we find a signal consistent with a planetary

TABLE 1

Modes Used to Construct O%C Diagrams

Star

Period

(s)

Amplitude

(%)

T0
(BJD) Ṗ

G117%B15A ........................................................ 215.1973888(12) 1.9 2,442,397.9194943(28) %1.07(49) ; 10%13

G185%32.............................................................. 370.2203552(55) 0.1 2,453,589.6557652(39) %0.5(1.0) ; 10%13

G238%53.............................................................. 122.1733598(38) 0.2 2,453,168.6334567(35) %5.7(2.4) ; 10%13

GD 244 ................................................................ 202.9735113(40) 0.4 2,452,884.8712580(31) 0.2(2.8) ; 10%13

GD 66 .................................................................. 302.7652959(21) 1.2 2,452,938.8846146(28) 1.347(95) ; 10%12

R548..................................................................... 212.76842927(51) 0.4 2,446,679.833986 1.2(4.0) ; 10%15

SDSS J001836.11+003151.1 ............................... 257.777859(13) 0.6 2,452,962.6358455(41) 9.4(9.2) ; 10%13

SDSS J011100.63+001807.2 ............................... 292.9445269(90) 1.9 2,452,963.7174455(44) 3.87(43) ; 10%12

SDSS J021406.78%082318.4 .............................. 262.277793(11) 0.6 2,452,941.7929412(37) %1.5(7.5) ; 10%13

SDSS J091312.74+403628.8............................... 172.605159(15) 0.3 2,453,024.8275265(47) 9.6(9.8) ; 10%13

SDSS J101548.01+030648.4............................... 254.9184503(56) 0.7 2,453,065.6152116(41) 7.2(3.6) ; 10%13

SDSS J135459.88+010819.3............................... 198.3077098(14) 0.6 2,452,665.9507137(33) %5.3(7.8) ; 10%14

SDSS J135531.03+545404.5............................... 323.9518703(69) 2.2 2,453,082.8582407(39) 1.39(47) ; 10%12

SDSS J172428.42+583539.0............................... 335.536871(14) 0.6 2,453,139.8477241(37) 1.23(85) ; 10%12

SDSS J221458.37%002511.7 .............................. 195.1406388(64) 0.4 2,452,821.8513218(35) 6.2(3.6) ; 10%13

SDSS J221458.37%002511.7 .............................. 255.1524057(30) 1.3 2,452,821.8521749(35) 1.7(2.1) ; 10%13

Notes.—The value T0 is the time of the arbitrarily defined zeroth pulse and is given in units of barycentric-corrected Julian day. Data onR548 come from
Mukadam et al. (2003), who do not provide a value for uncertainty in T0. Except for GD 66, we do not claim statistical significance for the measurement of
Ṗ for any star.

Fig. 1.—Sample FT of GD 66 from a single 6 hr run. The larger amplitude
modes are labeled with their periods. The peaks at 271 and 198 s are composed of
triplets of closely spaced modes separated by approximately 6.4 "Hz that are not
resolved in this FT.

Fig. 2.—The O%C diagram of the 302 s mode of GD 66. The solid line is a
sinusoidal fit to the data.

MULLALLY ET AL.574 Vol. 676
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Mullally et al. 2008 (ApJ 676 573)	




•  Nearly doubling the coverage, we still see periodic modulation in the (O-C)	

•  The period was refined slightly with further observations	

•  The trend would correspond to a 1.1 MJ sin i planet at 2.2 AU (4.1 yr)	


•  But we were also able to measure the phase of the highest peak at 271.7 s…	


The Cautionary Tale of ‘GD 66b’�

f2 



•  Using multiple nights of data we can resolve this “triplet” and monitor the 
phase (rotation causes a series of closely spaced frequencies of variability)	


•  This mode also shows a 4.0-yr modulation consistent in (O-C) amplitude 
with a 1.2 MJ planet!	


•  So why is this a cautionary tale?!	


The Cautionary Tale of ‘GD 66b’�

f1 



•  Complication:  The best-fit modulation for f1 and f2 are nearly π out of phase!	

•  An external companion would modulate all modes identically	

•  This is a show-stopper for the planetary hypothesis, but it is telling us 

something very interesting about the physics of pulsations in this white dwarf	

•  Non-cooling timescales also seen in WD 0111+0018 (Hermes et al. 2013,  ApJ 766 42)	


The Cautionary Tale of ‘GD 66b’�



•  Same effect seen in a DBV ���
(He-atmosphere): EC 20058-5234	


•  Both the 204.6 s (top) and the 
256.9 s (bottom) modes have 
underlying 12.9-year periodic 
modulation	

–  As with GD 66, the changes 

are nearly π out of phase with 
one another!	


•  This cannot be an external effect	

•  Some non-secular timescale in 

pulsating white dwarfs, perhaps 
nonlinear resonant coupling? 
(Buchler et al. 1995, A&A 296 405)	


	


EC 20058-5234: An Analogue to GD 66 �
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Fig. 2.— O − C of pulsation frequency D. The dashed lines are located at 0, P , and −P .

The blue line is the best model fit for Π = 12.9yrs. The red lines indicate the boundaries

of the one sigma likelihood prediction of the model not including the 1994 data. Note that

a first order polynomial has been removed from the data.
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Fig. 3.— O − C of pulsation frequency E. The dashed lines are located at 0, P , and −P .

The blue line is the best model fit for Π = 12.9yrs. The red lines indicate the boundaries

of the one sigma likelihood prediction of the model not including the 1994 data. Note that

a first order polynomial has been removed from the data.

Dalessio et al. 2013 (ApJ 765 5)	


204.6 s mode	


256.9 s mode	




•  KIC 8626021 is a DBV 
in Kepler mission	


•  Monitored for 2+ 
years at extremely 
high (92%) duty cycle	


•  One pulsation mode 
in the star strongly 
modulated at a 240- 
(and 733-d) timescale	


Kepler  Offers Us a Revolutionary View �
Phase	
 Amplitude	




•  KIC 8626021 is a DBV 
in Kepler mission	


•  Monitored for 2+ 
years at extremely 
high (92%) duty cycle	


•  One pulsation mode 
in the star strongly 
modulated at a 240- 
(and 733-d) timescale	


•  BUT: Another mode���
in this DBV is 
extremely stable, 
essentially consistent 
with no change over 
the same baseline!	


Kepler  Offers Us a Revolutionary View �

dP/dt ≈ 2.8 x 10-12 s/s	


Phase	
 Amplitude	


Phase	
 Amplitude	




•  External companions 
induce an identical signal 
on all modes	


•  See recent work using 
A-stars (δ Scuti stars) in 
the Kepler field	


•  At right is KIC 9651065:���
  M1 = 1.7 ± 0.17 M¤ ���
  M2 = 0.26 ± 0.02 M¤ ���
  Porb = 272.70 day���
  e = 0.468 ± 0.025	


•  300+ companions to 
Kepler δ Scuti stars! 
(Murphy et al. 2014, in prep.)	


External Companions Affect All Modes Identically�

Murphy et al. 2014 (MNRAS 441 2515)	


(O-C) diagrams	


periodogram of���
(O-C) diagram	


periodogram of weighted���
mean of (O-C) diagrams	




•  Two long-period signals observed in KIC 05807616 (a Kepler pulsating sdB) 
have been ascribed to reflection off nearby (5.76- and 8.23-hr) planets	


•  g-mode pulsations, as standing���
waves, must be reflected off surface:���
acoustic cutoff frequency for���
g-modes estimated to be 4.5 hr ���
for this sdB	


Revisiting the Claim of 5-8 hr Post-AGB Planets�

Charpinet et al. 2011 (Nature 480 496)	


Phase-folded at 5.76-hr signal	


Phase-folded at 8.23-hr signal	


FT: first 14 months���
of Kepler data	




•  Using all 2.5 yr of Kepler data: Signals incoherent in frequency and amplitude	

•  This strongly complicates the interpretation of reflection from planets	


Revisiting the Claim of 5-8 hr Post-AGB Planets�

Jurek Krzesinski 2014 (in prep.)	


5.76-hr signal	
8.23-hr signal	




•  KIC 10553698A: Pulsating sdB in a 3.4-day orbit with a ~0.6 M¤ white dwarf 
with a 5σ significant signal at 46.84 µHz (5.93 hr)	


•  The dynamics just don’t allow for a planet to survive inside this binary	

•  Several cases of low-frequency signals (4 – 9 hr) in pulsating Kepler sdBs	

•  Evidence of something interesting, but probably not post-AGB planets	


At Least Three Kepler  sdBs Show These Signals�

AA/2014/23611
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Fig. 3. FT of the full Kepler dataset of KIC 10553698. The ordinate axis has been truncated at 300 ppm to show sufficient details, even if there are
some peaks in the FT that exceed this value. The 5-σ level is indicated by a continuous line.

dances. This pattern fits in the typical abundance pattern of sdB
stars (see e.g. Geier 2013).

3. Photometry and frequency analysis
KIC 10553698 has a magnitude in the Kepler photometric pass-
band of Kp= 15.134 and colours g − r= –0.395 and g − i= –
0.6942. It also appears in the 2mass catalogue as 2MASS
J19530839+4743002 with J = 15.45(5), H = 15.54(9) but is be-
low the detection limit in Ks. Its close proximity to several fainter
stars makes the Kepler photometry suffer from contamination
that varies slightly from quarter to quarter, depending on the po-
sitioning of the instrument’s 4"-sized pixels. Figure 1 shows a
150"-sized section of an ALFOSC target acquisition frame with
the corresponding section of a Kepler full-frame image. For the
frequency analysis, we used the optimally extracted lightcurves
provided by the MAST3. These were detrended using low-order
2 The Kepler Input Catalog does not provide errors on the magnitudes
3 The Mikulski Archive for Space Telescopes is hosted by the Space
Telescope Science Institute (STScI) at http://archive.stsci.edu/.

Table 3. NLTE atmospheric parameters for the fit shown in Fig. 2, with
respect to the solar abundances from Grevesse & Sauval (1998) pro-
vided for comparison.

Parameter Value +1σ −1σ ×Solar Unit

Teff 27750 130 70 K
log g 5.452 0.020 0.008 dex
log n(He)/n(H) –2.74 0.03 0.11 0.018 dex
log n(C)/n(H) –6.1> 0.001 dex
log n(N)/n(H) –4.45 0.13 0.23 0.427 dex
log n(O)/n(H) –4.63 0.31 0.18 0.035 dex
log n(Si)/n(H) –5.65 0.24 0.46 0.063 dex
log n(Fe)/n(H) –4.30 0.36 0.05 1.580 dex

Fig. 4. Top: the 855.6 d Kepler lightcurve folded on the orbital period
and binned into 50 bins. Bottom: radial velocity measurements folded
on the same ephemeris as the lightcurve. (Red triangles: WHT; blue
circles: NOT; black squares: KPNO)

polynomials for each continuous lightcurve segment, removing
only trends on month-long timescales. We experimented with
using the pixel data in order to retain more flux from the target,
but no significant improvement was achieved, so all the data pre-
sented here are based on the standard extraction provided by the
archive pipeline.

3.1. The orbital signal

In the Fourier transform (FT) shown in Fig. 3, the first signifi-
cant peak is found at 3.41678µHz, which corresponds to a pe-
riod of 3.38743 d. Since the span of the Kepler dataset is 855.6 d,
the frequency resolution is 0.014µHz, which coincidentally cor-
responds to a precision in period of 0.014 d. Thus, assuming a
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Fig. 3. FT of the full Kepler dataset of KIC 10553698. The ordinate axis has been truncated at 300 ppm to show sufficient details, even if there are
some peaks in the FT that exceed this value. The 5-σ level is indicated by a continuous line.

dances. This pattern fits in the typical abundance pattern of sdB
stars (see e.g. Geier 2013).

3. Photometry and frequency analysis
KIC 10553698 has a magnitude in the Kepler photometric pass-
band of Kp= 15.134 and colours g − r= –0.395 and g − i= –
0.6942. It also appears in the 2mass catalogue as 2MASS
J19530839+4743002 with J = 15.45(5), H = 15.54(9) but is be-
low the detection limit in Ks. Its close proximity to several fainter
stars makes the Kepler photometry suffer from contamination
that varies slightly from quarter to quarter, depending on the po-
sitioning of the instrument’s 4"-sized pixels. Figure 1 shows a
150"-sized section of an ALFOSC target acquisition frame with
the corresponding section of a Kepler full-frame image. For the
frequency analysis, we used the optimally extracted lightcurves
provided by the MAST3. These were detrended using low-order
2 The Kepler Input Catalog does not provide errors on the magnitudes
3 The Mikulski Archive for Space Telescopes is hosted by the Space
Telescope Science Institute (STScI) at http://archive.stsci.edu/.

Table 3. NLTE atmospheric parameters for the fit shown in Fig. 2, with
respect to the solar abundances from Grevesse & Sauval (1998) pro-
vided for comparison.

Parameter Value +1σ −1σ ×Solar Unit

Teff 27750 130 70 K
log g 5.452 0.020 0.008 dex
log n(He)/n(H) –2.74 0.03 0.11 0.018 dex
log n(C)/n(H) –6.1> 0.001 dex
log n(N)/n(H) –4.45 0.13 0.23 0.427 dex
log n(O)/n(H) –4.63 0.31 0.18 0.035 dex
log n(Si)/n(H) –5.65 0.24 0.46 0.063 dex
log n(Fe)/n(H) –4.30 0.36 0.05 1.580 dex

Fig. 4. Top: the 855.6 d Kepler lightcurve folded on the orbital period
and binned into 50 bins. Bottom: radial velocity measurements folded
on the same ephemeris as the lightcurve. (Red triangles: WHT; blue
circles: NOT; black squares: KPNO)

polynomials for each continuous lightcurve segment, removing
only trends on month-long timescales. We experimented with
using the pixel data in order to retain more flux from the target,
but no significant improvement was achieved, so all the data pre-
sented here are based on the standard extraction provided by the
archive pipeline.

3.1. The orbital signal

In the Fourier transform (FT) shown in Fig. 3, the first signifi-
cant peak is found at 3.41678µHz, which corresponds to a pe-
riod of 3.38743 d. Since the span of the Kepler dataset is 855.6 d,
the frequency resolution is 0.014µHz, which coincidentally cor-
responds to a precision in period of 0.014 d. Thus, assuming a
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•  On the whole, we expect close planets get engulfed on the red-giant branch	

•  Good limits on a lack of giant planets around ~0.6 M¤ white dwarfs:���
	
 	
- Sensitive to >3 MJ planets from ~ 2-5 au around 7 white dwarfs���
	
 	
- For 2 white dwarfs we are sensitive to >1 MJ planets from ~1-14 au	


•  Be mindful when using pulsating stars (white dwarfs in particular) to search 
for unseen companions:  External companions affect all modes identically!	


•  Strong evidence that 4-9 hr signals in pulsating sdBs are not from planets	


Conclusions: Still No Close-In Post-AGB Planets?�
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