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Irradiated brown dwarfs
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Abstract. We have observed the post common envelope binary WD0137-349 in the near
infrared J, H and K bands and have determined that the photometry varies on the system
period (116 min). The amplitude of the variability increases with increasing wavelength,
indicating that the brown dwarf in the system is likely being irradiated by its 16500 K white
dwarf companion. The effect of the (primarily) UV irradiation on the brown dwarf atmo-
sphere is unknown, but it is possible that stratospheric hazes are formed. It is also possible
that the brown dwarf (an L-T transition object) itself is variable due to patchy cloud cover.
Both these scenarios are discussed, and suggestions for further study are made.
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1. Introduction

There has long been a known dearth of brown
dwarf companions to solar-type stars with or-
bital periods <5 years (equivalent to orbital
separations <3 AU) when compared with lower
mass planetary companions or more massive
stellar companions (Grether & ILineweaver
2006). For instance the WASP and Corot sur-
veys observed tens of thousands of bright stars
(V~15) and only discovered 2 transiting brown
dwarfs: WASP-30b (Anderson et al.| 2011])
and Corot-15B (Bouchy et al.[[2011), com-
pared to over 50 planets. This scarcity of ob-
jects is known as the brown dwarf desert, and
may in fact, extend to much larger separations
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(Metchev & Hillenbrand|2006)). The reason for
the lack of brown dwarf companions at these
separations is unknown, but it is likely related
to the formation mechanisms involved.

In these systems the main sequence star
is bright and there is low contrast between
the star and the brown dwarf. An alternative
is to search for these binaries in their highly
evolved form: white dwarf - brown dwarf bina-
ries. However, detached brown dwarf and very
low-mass stellar companions to white dwarfs
are rare; the fraction of L-type secondaries to
white dwarfs is just 0.4+0.3% (Steele et al.
2011)). Proper motion surveys and searches for
IR excesses have so far found only a handful
of confirmed examples (Becklin & Zuckerman
1998}, [Farihi & Christopher| 2004; [Maxted et
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al. 2006 [Steele et al.l2007, 2009; Burleigh et
al. 2011 |Day-Jones et al.[[2011} [Debes et al.
20115 |Casewell et al.|2012; |Steele et al.[2013),
none of which have a reliably determined
age independent of the white dwarf parame-
ters. Only in 4 systems, WDO0137-349B (LS8,
0.053 My, Py,=116 min; Maxted et al.l2006),
NLTT5306 (L4-L7, 0.056 My, Pon=101.88
min; [Steele et al.| 2013), WDO0837+185
(>T8, ~30 My, Pop=4.2hrs; [Casewell et al.
2012) and GD1400B (L6-L7, 0.07-0.08 Mo,
Pov=9.98 hrs; |[Farithi & Christopher| 2004;
Burleigh et al.2011)) is the brown dwarf known
to have survived a phase of common envelope
evolution. This phase of binary star evolution
involves the brown dwarf being engulfed by,
and immersed in, the expanding atmosphere of
the white dwarf progenitor as it evolves away
from the main sequence (see e.g. [Davis et al.
2012).

These systems are very close, and likely
tidally locked. In two systems, WD0837+185
and in NLTT5306 we see evidence of sinu-
soidal modulations on the orbital period in the
optical V band for WD0837+185 (Casewell
et al.l2012) and in the I band for NLTT5306
(Steele et al.ll2013)).

2. Observations

To further investigate the effects of irradiation
on the brown dwarf WD0137-349B, we ob-
tained a near-infrared K-band lightcurve with
IRIS2 on the AAT in service time July 2006,
covering the entire 2 hour orbital period.
Unfortunately, the observing conditions were
poor, with seeing between 3-4 arcseconds.
None-the-less, the data appeared to show vari-
ability at a level of over +/-10%. This degree
of modulation was unexpected.

We repeated the observations on the night
of 19 July 2007 and data were obtained with
IRIS2 at J, H and K, across two successive bi-
nary orbits (ie for a total of four hours) by cy-
cling repeatedly through the three filters with
10s exposures and a 5 point jitter pattern. In
this manner, a data point was obtained in each
waveband every 2-3 minutes. The seeing was
2" and the S/N per image was ~40. The data
were reduced using the STARLINK OrRAC-DR IRIS2
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pipeline which dark corrected, flat fielded and
mosaiced the jittered images. Photometry was
performed using the STARLINK AUTOPHOTOM rou-
tine using an 8 pixel aperture and differential
magnitudes were measured with respect to 3
non-variable stars of similar brightness in the
field of view. We folded the data in each wave-
band onto the ephemeris which was derived
from 70 radial velocity measurements made
over 2 years with UVES on the VLT (Casewell
et al., in prep.). The radial velocity ephemeris
leads the data by 0.25 of a phase as is ex-
pected. The resultant light curves are shown in
Figure 1l

3. Discussion

These data show variability which is in phase
in all three near-infrared filters across the
binary orbit. The peak-to peak values are:
6.4+0.4% at J, 15.7+0.9% at H, and increasing
to 29.5+1.2% at K. There are clearly differ-
ences between the day and night hemispheres
of the brown dwarf, causing this variability. As
with hot Jupiters, we expect the brown dwarf to
be synchronously rotating and perpetually dis-
playing one hemisphere to the 16,500 K white
dwarf. In Burleigh et al.| (2006) we made a
crude estimate of the temperature difference
between the two hemispheres by comparing
the maximum and minimum fluxes. In Figure
we have plotted these alongside models
for the white dwarf + substellar companions
from a spectral type of LO to T2. At mini-
mum in the K band, the flux is consistent with
an L8 brown dwarf. At maximum, the data
favour an earlier, L6 classification. The differ-
ence in temperature between these two spectral
types is 200-300 K (Golimowski et al.|[2004).
Therefore, the dayside seems to be heated to
a temperature around 1600-1700K, and the
nightside is a cooler 1300-1400 K.

Burleigh et al| (2006) determined that
the GNIRS spectra of WD0137-349 is best
matched with a white dwarf + L8 brown dwarf
composite model, suggesting that it was ob-
tained when the night hemisphere was facing
us. The ephemeris derived from the radial ve-
locity measurements of the white dwarf also
confirm this. We note that for ages >1Gyr ,
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Fig. 1. J (boxes; solid line), H(circles; dotted line) and K;(triangles; dashed line) lightcurves of WD0137-
349B observed with IRIS2. These data have been folded onto the ephemeris of the system, offset by 0.25
of a phase. The best fit sine curves are shown by the solid, dotted and dashed lines.

an L8 spectral type and a temperature of 1300-
1400 K is entirely consistent with the measured
mass of the brown dwarf, as predicted by evo-
lutionary models.

As the variability increases as we progress
from J through to Kj, this suggests that in each
waveband we are probing different heights or
chemical species in the atmosphere. Cloud
particles increase in size as we move deeper
within the cloudy atmosphere, and photons are
scattered from the cloud at greater depths with
longer wavelength (Marley et al.|1999).

Marley et al.| (1999) suggest that planets
and brown dwarfs should be most reflective in
the optical, and dark in the near-IR, if their at-
mospheres are clear. For cloudy objects, how-
ever, they are more reflective in the IR possi-
bly due to hazes in the upper atmosphere. They
also note that incident UV radiation (as in the
case where a brown dwarf is being irradiated
by a white dwarf) will drive photochemical re-
actions that can produce stratospheric hazes.
These hazes, however, have the greatest effect
at Teg < 1000K (Zahnle et al.l2009), cooler
than WD0137-349B.

While it is likely that the variability is be-
ing caused by the effects of irradiation, we can-
not discount the fact that some brown dwarfs
on the L-T transition are variable due to patchy
cloud cover (Radigan et al|2012; Burgasser et
al. 2002; [Ackerman & Marley|[2001). Indeed
the object 2MASS21392676+0220226 shows
60% peak-to-peak variability in the J band,
and variability that ranges between 17% and
60% in the J and K band. In this case, it seems
that the variability is, indeed, variable. The ob-
served variability of WD0137-349B is in phase
across the J, H and K bands which suggests
that a patchy atmosphere is unlikely, although
more data obtained over multiple orbits is re-
quired before we can determine if the variabil-
ity evolves.

4. Conclusions

We have shown that the brown dwarf
WDO0137-349B is being irradiated by its
16 500 K white dwarf companion which is seen
as variability in the near-IR that increases in
amplitude with wavelength. As the two compo-
nents are likely tidally locked, this irradiation
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Fig.2. J, H and K, magnitudes at maximum and minimum brightness superimposed onto the GNIRS
spectrum of WDO0137-349AB (grey line) presented in (Burleigh et al.|[2006) as well as a synthetic white
dwarf spectrum of WDO0137-349 combined with a L6, and L8 and a T2 dwarf (black lines fro highest to
lowest flux). The bottom line is the synthetic white dwarf spectrum

is resulting in a hotter “dayside” and cooler
“nightside” on the brown dwarf. The tempera-
ture difference between the two hemispheres is
200-300K, and the irradiated side, may show
some sort of photochemical haze.

Obtaining lightcurves for entire orbits in
both the near- and mid-IR would greatly in-
crease our understanding of the system. In the
mid-IR particularly, on Jupiter regions of low
condensate opacity are seen as bright hot spots
at Sum. (Gelino & Marley|(2000) predicted that
this mechanism could lead to variability as
high as 20%. It would also be useful to ob-
tain data over multiple orbits to determine if
the variability is variable, which would indi-
cate a non-homogeneous cloud structure.
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