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FIRST SPITZER SPACE TELESCOPE OBSERVATIONS OF MAGNETIC CATACLYSMIC VARIABLES:
EVIDENCE OF EXCESS EMISSION AT 3-8 um
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ABSTRACT

We present the first observations of magnetic cataclysmic variables using the Spiizer Space Telescope. We
used the Infrared Array Camera to obtain photometry of the Polars EF Eri, GG Leo, V347 Pav, and RX
J0154.0—5947 at 3.6, 4.5, 5.8, and 8.0 pm, respectively. In all of our targets, we detect excess mid-infrared
emission over that expected from the component stars alone. We explore the origin of this IR excess by examining
bremsstrahlung, cyclotron emission, circumbinary dust, and L/T brown dwarf secondary stars. Bremsstrahlung
and cyclotron emission appear unlikely to be significant contributors to the observed fluxes. At present, the most
likely candidate for the excess emission is dust that is probably located in a circumbinary disk with an inner
temperature near 800 K. However, a simple dust disk plus any reasonable low-mass or brown dwarf-like secondary
star is unable to fully explain the observed flux densities in the 3-8 pm region.

Subject headings: stars: individual (EF Eridani, GG Leonis, V347 Pavonis, RX J0154.0—5947) —

stars: low-mass, brown dwarfs

1. INTRODUCTION

Cataclysmic variables (CVs) are interacting binary stars con-
taining a white dwarf (WD) primary and a low-mass secondary
(Warner 1995). CVs that contain a highly magnetic WD, with
surface fields ranging from 10 to 250 MG, are called Polars.
In a Polar, accreted material flows along magnetic field lines,
does not form a viscous disk, and accretes directly onto the
WD at/near its magnetic pole(s). Polars are well known to stop
and (re)start their mass transfer, causing changes of ~2-3 (or
more) optical magnitudes at apparently random intervals. Dur-
ing low states, the accretion flux disappears, and the two com-
ponent stars can often be cleanly observed. For the past few
decades, theoretical models of CV evolution (Kolb 1993; How-
ell et al. 2001) have predicted that the very shortest orbital
period systems should contain low-mass, brown dwarf-like
secondary stars. More recently, near-IR (JHK) observations of
the shortest period CVs (e.g., Harrison et al. 2003; Howell et
al. 2004) have provided us with evidence that they likely do
contain secondaries similar to L or T dwarfs.

We have accomplished an initial survey of four Polars (EF
Eridani, GG Leonis, V347 Pavonis, and RX J0154.0—5947)
using the Infrared Array Camera (IRAC) on the Spitzer Space
Telescope. We specifically chose ultrashort-period Polars
(B, < 90 minutes) to facilitate studying the brown dwarf-like
secondary stars predicted to be present. We found that all four
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of the Polars show emission in the 3-8 pm region in excess
of that produced solely by the WD plus an M or L dwarf. In
this Letter, we briefly discuss our observations and possible
sources of this excess emission. The best explanation is cool
circumbinary dust that would likely dynamically settle into a
disk and/or possibly a T dwarf-like secondary star.

2. SPITZER INFRARED ARRAY CAMERA OBSERVATIONS

IRAC is a four-channel camera that obtains nearly simulta-
neous images at 3.6, 4.5, 5.8, and 8.0 pm (see Fazio et al. 2004).
For our Polars, we obtained 30 s images using the Gaussian five-
point dither pattern. The dithered images were combined and
flux-calibrated with the S12 Spitzer pipeline. Details of our data
reduction and error analysis procedures will be presented in C.
Brinkworth et al. (2006, in preparation). Figure 1 shows the
spectral energy distributions (SEDs) for our Polars, comprised
of our IRAC data (Table 1) and nonsimultaneous Two Micron
All Sky Survey (2MASS) JHK , photometry. We have classified
the Polars based on the overall appearance of their JHK, SEDs.
EF Eri was known to be in a low accretion state during its
2MASS observation (Harrison et al. 2004), and we infer that
V347 Pav was also, based on its similar SED. We suspect that
GG Leo and RX J0154 were both in high accretion states during
their 2MASS observations, because of the falling Rayleigh-Jeans
(RJ) tail of accretion flux that dominates their JHK, SEDs. We
note that the 2MASS bands are sensitive to the mass accretion
state of the system (high states show a falling RJ tail, and low
states probably begin to reveal the secondary star), while the
IRAC bands are red enough to be essentially unaffected by these
changes.

3. SOURCE OF THE EXCESS 3-8 pm EMISSION

Our Spitzer observations show that all four Polars present a
similar, relatively flat SED in the IRAC region. The 3-8 um
emission does not fall off to the red as it would if the source
was a hot blackbody or the stellar RJ tail of an M or L star.
We now examine some possibilities for its origin.
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Fic. 1.—Spitzer IRAC photometric observations at 3.6, 4.5, 5.8, and
8.0 pm and 2MASS JHK, photometry for the Polars EF Eri and V347 Pav
(top) and GG Leo and RX J0154.0—5947 (bortom).

3.1. Cyclotron Emission

The high magnetic fields in Polars can produce cyclotron
emission in the UV-near-IR spectral regions as accreted ma-
terial is ionized and as the free electrons spiral along field lines
(Warner 1995). At times, cyclotron cooling can become the
dominant cooling mechanism (Cropper 1990), and its blue
spectrum consists of large hump features ~1000 A wide that
can increase the local continuum by up to 1 mag. A thorough
review of model cyclotron spectra is given in Wickramasinghe
& Ferrario (2000, hereafter WF2000). The spectral intensity
and shape, as well as any harmonic structures (humps), are
dependent on the magnetic field strength, the electron temper-
ature and density, and the viewing angle. Cyclotron spectra are
characterized by a long-wavelength RJ tail and a slowly rising,
power-law blue continuum modulated by harmonic hump fea-
tures. The peak of this pseudoblackbody spectrum moves blue-
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ward as the magnetic field strength increases (e.g., Fig. 32 in
WEF2000).

Fields of 14-30 MG, as found in our target Polars (Warner
1995), produce power-law continua and observable humps in
the optical-near-IR spectral region, with optically thick RJ tails
at longer wavelengths. If we (incorrectly) attribute all the K-
band flux in EF Eri to the RJ tail of cyclotron emission, then
we would expect the IRAC observations to produce flux den-
sities of =114, 58, and 38 uJy at 4, 6, and 8 pm, respectively.
This is not consistent with our observations. In order for the
cyclotron spectrum alone to produce a relatively flat SED in
the 3-8 pm region, the IRAC observations would have to sam-
ple the power-law portion (plus humps). This would require
magnetic field strengths of only a few megagauss, which may
be found in Polars at large distances from the WD (B oc r™3).
Fields of 1-2 MG occur at about 2-3 WD radii in our Polars,
assuming conservation of magnetic flux density. At the same
viewing geometry and opacity, the emission volume in this low
field region will be larger than at the accretion pole by a factor
(r/Ryp)’, but the electron temperature and material density will
be lower.

The ratio of overall speciral intensity from the low field
region (I,) compared to the pole region (I;) is proportional to

I/, < (B./By)(FiRyp) N, T.e” "™ 2 0,07

(see eq. [53] in WF2000), where N, ~ 10" cm™ and T, ~ 5 keV,
typical low-state values at the magnetic pole on the WD surface.
If we assign all the 3.6 pJy flux in EF Eri (711 ply) to cyclotron
emission from the main field, then weak field cyclotron radiation
would produce a flat SED of only ~50 pJy across the IRAC bands.
This is much fainter than our Spitzer data but is in agreement with
recent limits set by nondetection of cyclotron emission in Spitzer
observations of intermediate Polars (Johnson et al. 2005), which
are believed to have WD surface fields of a few megagauss. Thus,
it seems that any cyclotron emission present in the IRAC bands
would provide only a small addition to the observed flux, possibly
as a low-level RJ tail, and cannot, in itself, account for the observed
shape or level of the 3-8 pm SED in our Polars.

3.2. Bremsstrahlung

Bremsstrahlung, or free-free emission, produces a flat SED
and can be the dominant continuum source at radio wavelengths
or in high-temperature environments. The total energy (in ergs)
radiated per cm® s™' for a pure-hydrogen environment is given
by '

Eq = 14 x 1077N?T*%(g),

where (g), the Gaunt factor, is near 1 (Spitzer 1978). Brems-

TABLE 1
2MASS AND Sprrzer IRAC FLUXES
Fruxes (uly)

PoLAR 1.2 pm 1.6 pm 22um 36pm 45pm S58pum 8.0 um
EFEri .......... 208(47) 553(70)  474(77) T7T10(22) 722(23) 660(74) 702(53)
V347 Pav ....... 527(57) 633(86) 676(92) 870(23) 633(22) 602(74) 570(48)
GG Leo o 1575(66) 1272(82) 933(88) 252(71) 170(59) 190(33) 174(32)
RX J0154° ...... 640(52) 557(57) 581(80) 144(43) 97(58) 57(43) 91(55)

*RX J0154 is our faintest target in the IRAC bands; however, it was clearly detected in each
IRAC channel. Our formal 1 ¢ errors for this star, as listed in the table, are probably best taken as

lower limits.






