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The nature of the close magnetic white dwarf + probable brown
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ABSTRACT

Optical time series photometry of the short period magnetiite dwarf+ probable
brown dwarf binary SDSSI21209.31 + 013627.7 reveals pulse-like variability in all bands
from ¢/ to v/, increasing towards bluer wavelengths and peaking .aThese modulations
are most likely due to a self-eclipsing accretion hot spotl@white dwarf, rotating into
view every 88.43 minutes. This period is commensurate vi¢ghHo radial velocity period
determined by Schmidt etlal. (2005)2f90 minutes, and consistent with the rotation period
of the accretor being equal to the binary orbital period. Wmbine our observations with
other recently reported results to provide an accurateraphis. We also detect the system
in X-rays with Swift and estimate the accretion ratesatl0~'3M yr—!. We suggest that
SDSSJ21209.31 4+ 013627.7 is most likely a magnetic cataclysmic variable in an extehde
state of very low accretion, similar to the well-studiedgrdtF Eri. Alternatively, the putative
brown dwarf is not filling its Roche Lobe and the system is ade¢d binary in which the
white dwarf is efficiently accreting from the wind of the sedary. However, it is unclear
whether an L dwarf wind is strong enough to provide the mesabaccretion rate. We sug-
gest further observations to distinguish between the Rbobe overflow and wind accretion
scenarios.
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1 INTRODUCTION currently unknown, but WD 0137349 is a close ® = 116 min-
utes), detached (non-interacting) binary. The L8 compamnist
have survived a phase of Common Envelope (CE) evolutiomduri
which the orbit decayed to near the current period.

There is no confirmed brown dwarf secondary in a cata-
clysmic variable (CV). Many are strongly suspected to conta
such very low mass companions, but the secondaries are diffi-
cult to certify [Littlefair, Dhillon & Martini2008). For exaple, the
claimed direct detection of the4/5 secondary in the magnetic
CV (polar) EF Eri (Howell & Ciardi 2001) has subsequently ee
called into question through evidence for IR cyclotron esicis
* Based on observations made with the Faulkes Telescope,Niettsaac (Harrison et all 2003). Recent radial velocity measuremeiito

Newton Telescope and tiwide Field Camerathe William Herschel Tele- support a sub-st_ellar mass for th.e secondary in EF Eri, @mo
scope andJLTRACAMhigh speed photometer, and tBevift space obser- the unknown white dwarf mass still allows for a stellar comipa
vatory. (Howell et all 2006).

Brown dwarf companions to white dwarfs are rare
(Farihi, Becklin & Zuckerméen| 2005). Proper motion surveys
and searches for infrared (IR) excesses have so far fougdiorle
confirmed examples: GD 165 (DAL4, IBecklin & Zuckerman
1988), GD1400 (DA-L6/7, IEarihi& Christopher | 2004,
Dobbie et al! 2005), and WD 013849 (DA+L8, IMaxted et al.
2006;|Burleigh et al. 2006). GD 165 is a widely separatedesyst
(120 AU) and the separation of the components in GD 1400 is
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SDSSJ21209.31 + 013627.7 (hereafter SDSS1212) was
identified byl Schmidt et al! (2005) from the Sloan Digitisdd/ S
Survey as @' ~ 18, Tug ~ 10,000 K, B ~ 13 MG magnetic DA
white dwarf. Optical spectra display the characteristierian split
Ha and H3 absorption lines and also a weak, narrow B563A
emission line, which is variable both in radial velocity affalx.
This emission line is interpreted as arising from the iraeti face
of a cool secondary star in a close orbit with the white dwalie
radial velocity variations show= 90 minute periodicity, which is
most likely the orbital period of the system. Despite a phuttric
measurement at 1.2 microns (J band), the cool secondary atas n
detected by Schmidt etlal. (2005), limiting its absolute miagle
to My > 13.4, equivalent to a brown dwarf of spectral type L5 or
later (e < 1700K).

The lack of evidence for ongoing accretion led Schmidt kst al.
(2005) to conclude that SDSS 1212 is most likely a detached bi
nary. As with WD 0137349, the cool companion would always
have been a brown dwarf and, therefore, must have survivee-a p
vious phase of CE evolution. In this picture, SDSS 1212 wdnald
a precursor of a magnetic CV (a pre-polar), and the first known
magnetic white dwarf with a cool secondary (Liebert ¢t aDF0
Alternatively,l Schmidt et all (20D5) suggested that SDSIR12 a
magnetic CV in an extended low state, similar to that expesd
by EF Eri between 1996 and early 2006.

SDSS 1212 is clearly an important new binary requiring more
detailed study. Therefore, we obtained time series oppicalome-
try of the system to search for variability to: (a) betteradtine the
orbital period; (b) investigate the effects of irradiatiom the puta-
tive brown dwarf; (c) to search for a possible shatt § minute)
eclipse of the white dwarf, which would yield a radius for tuol
companion; and (d) to search for non-radial pulsationg;esthe
temperature of the white dwarf is close to the range occupied
the ZZ Ceti stars. Our surprising results prompted us to tieain
X-ray observations with thBwiftspace observatory, which provide
further insight into the nature of the system.

2 OBSERVATIONSAND DATA REDUCTION

2.1 Faulkes Telescope North and | saac Newton Telescope

Figure 1. Top: One hourV-band light curve of SDSS 1212 obtained with
the 2m robotic Faulkes Telescope North on 2006 January 3 G8738),
revealing variability at thexx 3% level. Bottom: Three hourr’ light
curve of SDSS 1212 obtained with the INT WFC on 2006 February 4
(MJD 53771). The time axes have been scaled to match for dasam
parison.
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SDSS1212 was remotely observed on 2006 January 3 through a Sloan”’ filter, with 60 second exposures. The readout

(MJID53738) for one hour with the 2m robotic Faulkes Tele-
scope North (FTN), located at the Haleakala Observatory on
Maui, Hawaii. The observations were made through a Be3sell
filter with 45 second exposures obtained approximately yever
2 minutes. The debiassed and flat-fielded data were dowrdoade
and differential aperture photometry was performed wittpeet

to three comparison stars in the6’ x 4.6 field of view, using

the Starlink software packagegHOTOM Once we had checked
the comparison stars for variability, they were added togreind
divided into the target to give the differential photometihe
resultant light curve is shown in Figure 1 (top). The targeféarly
variable at thex 3% level, consistent with thes 90 minute radial
velocity period reported by Schmidt ef al. (2005).

Although the FTN data revealed for the first time that
SDSS 1212 is photometrically variable, the data did not ctive
entire radial velocity period and were of relatively pooratity.
Therefore, two of us (MRB and SLC) obtained further time se-
ries photometry with th&Vide Field CamergWFC) on the 2.5m
Isaac Newton Telescope (INT) in La Palma on 2006 February 4
(MJD53771). The target was observed continuously for 3 our

speed meant that exposures were obtained ewery5 minutes.
The weather was clear and photometric throughout the olserv
tions, with seeing~ 1”. The data were reduced with the WFC
pipeline reduction software at the Cambridge Astronomgai-
vey Unit, Institute of Astronomy, Cambridge. Differentfiotom-
etry was performed in the same manner as the FTN data, althoug
four different non-variable comparison stars were utiliSehe light
curve is also shown in Figure 1 (bottom).

2.2 ULTRACAMon the William Her schel Telescope

SDSS 1212 was independently observed by three of us (TRM,
VSD, SPL) on the nights of 2006 March 11 and 12 (MJD 53805
& MJD 53806) using the multi-band high-speed CCD cantéka
TRACAM(Dhillon & Marsh|2001) mounted on the 4.2m William
Herschel Telescope (WHT) in La Palma. We observed simultane
ously ini’, g’ andu’ with exposure times of 10s (with only 25 milli-
seconds of dead time betweem each frame) for a total of 3.&hou
on the first night (during gaps in the main programme) and for
2 hours on the second night. The weather was clear througheut



SDSS 121209.31 4+ 013627.7 3

Figure 2. Simultaneous’, g’ andu’ light curves of SDSS 1212 obtained  Table 1. Journal ofSwiftobservations.
with ULTRACAMon the WHT on 2006 March 11 (MJD 53805). The orig-

inal 10s exposures have been binned to 90s per data pointy’Tdred v’ Obs. ID Start Time Start Time Exp.
datasets have been arbitrarily offset for clarity. The ditteodel consists (uT) (MJD) (sec.)
of parabolas plus three Gaussians; the fit toghéata yields a period of
88.43 minutes. 00030391001 2006-04-20 01:01:01  53845.0423727  794.4
00030391002 2006-04-23 01:41:00 53848.0701389  956.9
© o o o L 00030391003  2006-04-25 00:18:00 53850.0125000  794.3
- 00030391004 2006-04-27 21:14:00 53852.8847222  985.9
| i 00030391005 2006-04-30 10:27:01  53855.4354282  966.8
Wﬁ } fﬁ#\ , W 00030391006  2006-05-02 12:23:30 53857.5163194  531.8
w YL W ﬂww w%w ; M N // *wv i 00030391007 2006-05-04 16:56:01  53859.7055671  797.3
é‘ - T HHL } H WW* S - %W*%’W‘ 00030391009 2006-05-11 21:26:00 53866.8930556  810.5
o t i 00030391011 2006-05-16 13:52:01  53871.5777893  872.1
‘@ - ) » 00030391012 2006-05-18 04:18:01  53873.1791782 1237.5
g o - *\é/.www.w“‘«” ~_8___7 \70’\"%‘”‘*#—* 00030391013 2006-05-20 06:13:01  53875.2590394  2030.3
O
Z, L
- %‘*M'Mw\«,s%» ~ \1_ _ ,’é‘“““.,w A‘“fb.@—’ 3 DATA ANALYSISAND RESULTS
T N B R 3.1 Optical light curves
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Although the FTNV band data from 2006 January revealed the
MJD - 53800 (BTDB, day)

photometric variability of SDSS 1212, the pulse-like bebav is
not due to the variations in flux of the weakyemission line re-
observations, but the seeing which wad” on the first night, de- ~ ported by Schmidt et &l (2005). The INT WFC and WHLTRA-
teriorated t2 — 3" on the second night. The seeing combined with CAMmulti-band datasets (Figures 1, 2 & 3) reveal that the vériab

a bright Moon meant that the first night's data were supefibe ity is larger in the ultraviolet (UV) and blue compared to tieel,
data were reduced with tHeLTRACAMdata reduction pipeline  and that in all bands the light curve consists of a broad Gamiss
software. The reduced, normalized differential light @sfrom peak rising from an underlying steady continuum level. Thwrse
the first night are shown in Figure 2. Note that the 10s exmssur  Of the variability is most likely a hot spot on the surfacefw# vhite
have been binned to 90s in this plot. dwarf, which is self eclipsed every time the star rotatess Type

of variability is commonly observed in polars (€.0. Stockneh al.
1994 Gansicke, Beuermann & de Mariino 1995).
2.3 Swiftobservations To determine the rotation period of the white dwarf from this
) o _ _ hot spot, we fit thdULTRACAMg' band light curve from 2006
The primary suent!flc objective of thSWlftspace observatqry IS March with a model consisting of a parabola (allowing for geyp-
to detect and obtain follow-up multi-wavelength obsemasi of  era) trend during the observations, due to colour-deperneitinc-
Gamma-Ray Bursts (GRBs). In addition to a gamma ray detec- tjon effects) plus 3 Gaussians (2 for the second night), hie
tor (Burst Alert Telescope, BAT Gwiftcarries an X-ray telescope  onstrained to have the same width and height but are otserwi

(XRT) and an ultraviolet and optical telescope (UVOT). Digrpe- free. We then extended our model to include the 2006 February
riods when GRBs and their afterglows are not being obsethiede INT WFC data, and to include the very recently reported déta o
instruments can be used to observe other interesting astioal Koen & Maxtell [2006), who observed SDSS 1212 on several oc-

targets. Following our discovery of the unusual opticattigurves  cations in white light}” and R filters for a total 27 hours between
of SDSS 1212 (discussed in detail below), we requested anel we 2006 March 23 (MJID 53823) and 2006 April 26 (MJD 53851).

awarded such *fill-in” time withSwift to search for X-ray emis- The pulse times for all these observations are given in Table
sion. These observations were carried out in late 2006 Al _ All times are barycentric corrected. We find no ambiguity fie t
May (Table 1). SDSS 1212 was observed on 11 separate 0csasion cycle identifications, and from a linear fit to the pulse tinves
for ~ 1 ksec per observation. determine the following ephemeris:

MJD (BTDB) = Ty + PE = 53798.5953(2) + 0.0614081(7)E

2.3.1 Swift XRT data reduction ) . )
The zeropoinfl, was chosen to minimise the correlation coef-

The Swift XRT PC mode event lists were processed using the ficient between it and the peridd. The errors on the last two digits

standard XRT data reduction softwaxepipeline version 0.9.4, are given in parenthesis and dre uncertaintiesE is the number
within FTOOLS v6.0.3, screening for hot and flickering pixedad of cycles sincd}, . The rotation period a$8.428 +0.001 minutes
columns, and selecting event grades 0-12, giving a totaloomee compares favourably with th@3 + 2 minutes Hy radial velocity
exposure time 0f0.7 ksec. period estimated by Schmidt ef 4l (2D05), #8e+ 1 minutesk .-

An X-ray source is clearly detected@t close to the position band variability recently reported by Debes et lal. (2006@$pm-
of SDSS 1212, at2hr 12m 09.7s, +01d 36m 25.8s (J2000), with
an error radius 05.2” (90% containment), and has a mean X-ray
count rate oR.6 + 0.6 x 1077 cts" in the 0.3 — 10 keV range. 1 By extrapolating back to the 2006 January FTN observati@can use
We note that no X-ray source was detected at this positiohdn t  this ephemeris to verify that the peak in those data is atepBagycle
ROSATall sky survey. number—977).
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Table 2. Pulse times from model fits to the 2006 Mardh TRACAMob-
servations, the 2006 February INT observations and thenteesults of
Koen & Maxted (2006).

Dataset Cycle Time Uncertainty
(E) MJD (BTDB) 1o

INT/WFC r’ -446 53771.20735 0.00051
INT/WFC »’ -445 53771.26823 0.00052
WHT/ULTRACAMg’ 120 53805.96444 0.00032
WHT/ULTRACAMg’ 121 53806.02519 0.00051
WHT/ULTRACAMg’ 122 53806.08779 0.00041
WHT/ULTRACAMg’ 137 53807.00771 0.00103
Koen & Maxted 398 53823.0375 0.0025
Koen & Maxted 412 53823.8946 0.0025
Koen & Maxted 413 53823.9567 0.0025
Koen & Maxted 414 53824.0188 0.0025
Koen & Maxted 430 53825.0000 0.0025
Koen & Maxted 446 53825.9842 0.0025
Koen & Maxted 447 53826.0452 0.0025
Koen & Maxted 462 53826.9621 0.0025
Koen & Maxted 851 53850.8522 0.0025
Koen & Maxted 852 53850.9101 0.0025

ably due to cyclotron emission) and the similar 88.43 misute-
tical photometric period reported by Koen & Maxted (2008hcg
the Ho emission line originates on the secondary star, while the
photometric variability is due to a hot spot on the white dwae
conclude that the binary is synchronously rotating, attleathin
the large uncertainty on the spectroscopic period, and hast m
likely evolved to this state through magnetic locking.

We also fit the simultaneous, ¢’ and«’ band light curves
obtained byULTRACAMon 2006 March 11-12 (Figure 2) with the

same model to determine the pulse heights in each case. We find

the height of the pulse 8.6% + 0.1% ati’, 4.0% + 0.1% at ¢’,
and9.2% =+ 0.4% atw’. 2 The formal uncertainties on these fits
may underestimate the systematic uncertainties, paatiguati’.
Assuming the pulses originate solely from a hot spot on the
white dwarf, we can model theLTRACAMu' g’i’ light curves

of SDSS 1212 and estimate the temperature of the spot (Fig-

ure 3). We used the code described by Gansickel et al.|(198B) a
Gansicke et all (2006), and find the spot has a temperaiyse ~
14,000 K. The self-eclipse of the spot constrains its size, altioug
the inclination is somewhat of a guess; the large radialoigl@am-
plitude measured hy Schmidt et al. (2005) suggests it cdrenpéar-
ticularly low, and the system is not eclipsing so it cannohlagher
than= 75°. We estimate the fractional area of the spoti$% of
the white dwarf surface, in good agreement with the valuaado
in other systems (e.g. AM Her, Gansicke €i al. 2006). We e$so
timate the luminosity of the hot polar cap-atl.6 x 10?° erg s*.
While an eyeball fit of a nonmagnetic model spectrum to the
SDSS 1212 spectrum sugge$ts ~ 11,000 K, a fit to the lower
envelope of thdJLTRACAMIight curves giveslog ~ 9,500 K
(Table 3). For this temperature, and assuming a radi@sab® cm
for az 0.6M g white dwarf, the distance s 120 pc.
Schmidt et al.1(2005) report that thextemission line disap-
pears at one phase, and conclude that the system is likebedie

2 Note thatl Schmidt et hll (2005) give the magnitudes of SDIR i@
these bands a8 = 18.24 4+ 0.02, ¢ = 17.99 + 0.02 anduv’ =
18.43 £+ 0.03.

Figure 3. Model fits to the (from top to bottomULTRACAMw'g’i’
light curves to derive the parameters of the hot spot, asrithesc by
Gansicke et all (1908) and Gansicke etial. (2006). Thenpeters are given
in Table 3.
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Table 3. Hot spot parameters derived from model fits to ETRACAM
u’g’i light curves, for a white dwarf of radiu& x 108 cm.

Parameter Value
Twon 9,500 K
Distance 120 pc
Tspot 14,000 K
Spot opening angle 50°
Colatitude of spot 75°

at high inclination. However, we find no evidence for eclgpsEhe
white dwarf also lies near the edge of the ZZ Ceti instabaityp
for (non-magnetic) H-rich degenerates, but we see no ndiadra
pulsations in our optical photometry. This suggests itgikemature
is most likely below the lower edge of the instability strggsum-
ing that the boundaries are the same for magnetic and nonetiag
white dwarfs.

We also note thal (Koen & Maxteld 20006) believed that they
had found a secondary pulse between the maxima in the optical
light curves, possibly caused by a second pole. Althougtetise
some slight evidence for such features in Figures 1 & 2, ota da
are inadequate to support such a claim.

3.2 SwiftXRT observations

The XRT count rate is too low to detect any X-ray variabilitythe
orbital period, but sufficient to construct an X-ray spegtr(Fig-
ure 4).

For the spectral extraction, we specified a 20 pixel radius ci
cular aperture centred on the X-ray position. For the bamkup,
we chose an annular region of inner radius 30 pixels, out#itsa
50 pixels, centred on the same position. Source and baakdrou
spectra were extracted from the cleaned event lists Usapgcll



Figure4. Swift XRT X-ray spectrum of SDSS 1212. The fit is for the single
temperature thermal plasma model described in the text.
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using the appropriate ancilliary response files and resporeri-

ces as defined in the latest release of $hwéft CALDB (version

24). Due to the small number of source counts, the XRT spectru
was grouped to a minimum of 5 counts per bin and model fits were
minimised using Cash statistics (C-stat).

We attempted a number of model fits to the extracted spec-
trum; an absorbed blackbody, an absorbed bremsstrahluhgran
absorbed one temperature thermal plasma ME&AL model in
Xspeg. Since the X-ray count rate and signal/noise are low, we
initially fixed the Hydrogen (H) column density in each modeh
number of values betweeai'® atoms cnm? and10%° atoms cnv2.

This is a reasonable assumption for the distance and Galatti
itude and longitude of SDSS 1212 (Parésce 1984 Frisch & York
19838).

The blackbody fit gives a temperatut@&ss = 0.36 keV for
Nu = 10*® atoms cm ? (C-stat= 4.1 for 4 degrees of freedom),
andkTsp = 0.35 keV for Ng = 10?° atoms cm? (C-stat= 4.6).

The unabsorbed flux for these modelsi® x 10~ ergecm 2 s *
(betweerD.3 — 10 keV in all these calculations).

Perhaps a more physically plausible model is a
bremsstrahlung spectrum, again with excess Hydrogen col-
umn density. Free-free (bremsstrahlung) radiation is ebgoke
to dominate the cooling of the gas in the post-shock region
where accreting gas impacts the white dwarf atmosphereaFor
fixed column densityNg = 10'® atoms cnm?, the temperature
kTs: = 1.64 keV (C-stat= 4.6 for 4 degrees of freedom). The
fit improves slightly as the H column density increases. let,fa
if the H column density is included as a free parameter in the fi
we find that the best fit bremsstrahlung model has a temperatur
kTs: = 0.92 keV, andNyg = 2 x 10%! atoms cm? (C-stat= 3.7
for 3 degrees of freedom). For this model the absorbed and
unabsorbed flux i8.9 x 107'* and2.0 x 10~ ** erg cnT? s7*.

The best fit to the data is given by the single-temperatune the
mal plasma model. We findT = 1.9 keV (C-stat 0.94 for
4 degrees of freedom), and the fit is very insensitive to the as
sumed H column density. In particular, this model matches th
flux at 1.1 keV, which is under-predicted in the blackbody and
bremsstrahlung models. This model fit is shown in Figure 4 Th
unabsorbed flux given by the single-temperature thermainma
model is1.2 x 10~ ergcm 2 571,

Using the unabsorbed flux from the best-fit single-tempegatu
thermal plasma model, and assuming a distand@pc, we then
estimate the X-ray luminositf, = 2 x 10?° erg s°*. Assuming

SDSS 121209.31 4+ 013627.7 5

this X-ray luminosity is entirely due to accretion, we catiraate
the accretion rate from:

GMwp M
_ ] 1
s 1)

Assuming a canonical mass for the white dwaffiyp =
0.6Mg, Rwp 8 x 10® cm and & 120 pc, we obtain an
accretion rate oM ~ 3 x 10~'*Mg yr~'. For a distance of
145 pc (Schmidt et dl. 2005)., = 3 x 10*° erg s* andM ~
5x 107 "Mg yr=t.

Given the X-ray accretion rate estimated here, and the opti-
cal/UV luminosity estimated in Section 3.1, the total atiorerate
for SDSS 121M o1 &~ 107 Mg yr 1.

Ly

4 DISCUSSION

Multi-band optical photometry of the magnetic white dwagf
probable brown dwarf close binary SDSS 1212 reveals a hdt spo
on the surface of the white dwarf, which rotates into viewrgve
88.4 minutes. This is in addition to the weak, narrow, and-var
able (in radial velocity and strength)dHemission line observed by
Schmidt et al.1(2005) in optical spectra, which most likefises
from the warm irradiated face of the probable brown dwarf sec
ondary. If the system is synchronously rotating, then thétalrpe-
riod is the same as the 88.43 minute rotation period of theewhi
dwarf.

The large hot spot on the white dwarf is directly linked to mag
netically funneled accretion. A likely hypothesis for theating of
the white dwarf surface in this spot is irradiation with atcbn
radiation and/or thermal bremsstrahluhg (Gansicke| d19815), al-
though remnant heat from a previous high state (Gansichk et
2006), or heating by direct accretion can not be excludets iy
pothesis is confirmed by the detection of the system in X:rAys
~ 10, 000 K white dwarf photosphere does not have any emission
in this waveband. These results strongly suggest that SRES 1
is in fact a magnetic CV in a low accretion state, in which the
brown dwarf secondary fills its Roche Lobe during periods®f a
tive accretion. We note that although_Schmidt étlal. (20Q0%5)-c
cluded that SDSS 1212 was in their view more likely a detached
binary, they also suggested that it could be a low accretiapo-
lar. The optical light curves presented here are similandsé seen
in other polars in low states, e.g. EF Eri (Harrison et al.320€ur-
ther strengthening the polar identification.

The comparison with EF Eri is appropriate for a number of
reasons. That system was first identified as an active X-raxceo
in 1978 and appeared in a high state every time it was observed
either in the optical or X-rays until it almost entirely sefied off
in 1996. It only re-appeared as an actively accreting CVyearl
2006. This decade-long low state shows that polars canegftlgi
hide from discovery. Beuermann el al. (2000) modelled theabp
low state spectrum of EF Eri entirely in terms of emissiomfro
the white dwarf with a temperatufEg = 9,500 K at a distance
of ~ 130 pc. Based on the non-detection of TiO absorption bands
in the I-band, the authors suggested the spectral type afaher
star to be later than L1. Howell & Ciardi (2001) later sugegest
they had directly detected the secondary in a near-IR spactiut
Harrison et al. [(2003) showed that, for EF Eri at least, dyolo
emission due to low level accretion spoils the chances ofecti
detection in this waveband.

The detection of a heated polar cap on SDSS 1212 lends strong
support to the polar scenario. The first evidence for a redlbti
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large moderately heated spot on white dwarfs in polars was de
rived bylHeise & Verbuni (1988) for the prototype system AMHe
culis on the basis ofUE ultra-violet spectra. This hot spot has
been quantitatively modelled by Gansicke etlal. (1995¢ims of a
heated cap near the magnetic pole of the white dwarf. Thenlosni

ity of the polar cap in AM Her could be explained either by liregt
through ongoing accretion, or as a remnant from deep |azhlis
heating of the envelope during a previous high state. Thé bes
documented evidence for a heated spot on AM Her during the low
state is based ddST/ FUSEdata (Gansicke et Al. 2006). Evidence
for heated polar caps has been found in low state obsersatibn
many systems: V834 Cen shows a strong modulation in the d-ban
(Eerrario et all 1992), DP Leo in the UY/(Stockman el al._1994)
Spectroscopic signatures of heated polar caps have beed fou
V1043 Cen (RX J313.2 — 3259, IGansicke et al.2000), and in
V834 Cen, MR Ser, and BL HylL(Araujo-Betancor ellal. 2005).

From modelling the observed UV cyclotron emission of the
high-field polar AR UMa in low statel, Gansicke el al. (200%) d
rived an accretion rate ofl &~ 2 x 10""*Mg yr~'. For the same
system, Szkody et all_(1999) determined a low state X-rayi-lum
nosity of~ 2 x 10% erg s''. These measurements are compara-
ble to our estimates of the X-ray luminosity and accretide &t
SDSS 1212, supporting the low state, magnetic CV scenario.

Debes et all(2006) recently detected cyclotron emissitimein
K band, also indicating that the white dwarf is accreting male
from its very low mass companion. By comparing their ephésner
with our optical ephemeris, we note that the cyclotron huswor
incident with the optical peak, as expected if the emisssoinam
the same spot. While it is unclear whether cyclotron emissige-
sponsible for all the near-IR excess reported by Debes (2G06),
they use théf and K s band minimum fluxes to place an upper limit
of L7 on the secondary spectral type.

The 88.43 minutes orbital period, well outside the CV mini-
mum period of 80-82 minutes, combined with the evidence for a
very low mass secondary, and the cool temperature of theewhit
dwarf primary, suggests that SDSS 1212 could be a candidate f
a period bouncer, i.e. a CV that has evolved through and be-
yond the period minimum. These highly evolved binaries aee p
dicted by population models to be the most abundant spe€ies o
CVs (Kalh11998), but have so far been elusive despite intensi
searches. Patterson, Thorstensen & Kemp (2005) presei@ned
for a number of such systems among non-magnetic dwarf novae.
In this scenario, the probable brown dwarf secondary may hav
evolved to that state through mass loss, and could plaubdorg
originally evolved through the CE phase as a higher mass s&ain
guence M dwarf.

An alternative possibility is that the secondary does nbt fil
its Roche Lobe, and accretion is occuring via efficient cagptf
almost all of the stellar wind_(Li. Wu & Wickramasinghe 1994)
Schmidt et al. [(2005) discuss the evolutionary status ofl@x
accretion rateNl < 107 '*M, yr=') binaries with cool Tog <
14, 000K) magnetic B ~ 60MG) white dwarf primaries, termed
Low Accretion Rate Polars (LARPs) hy_Schwope et al. (2002).
The first, HS 1023-3900, was discovered by Reimers etlal. (1999).
These binary periods are all 2.5 hr, and.Schmidt et all (2005)
suggest that the secondaries are too late in spectral tyftheir
Roche Lobes. If they are not in contact, these binaries caroire
sidered as post-CE, pre-polar systems. Such binaries soeoél
interest because the accretion of the stellar wind by theaqmn
could lead to diminution of the wind-driven angular momentu
loss which usually drives the period evolution of these eyst
However, all of the claimed pre-polar binaries were disceste

through optical cyclotron emission features, which lie lie iR

for SDSS 1212. All the claimed pre-polars are also faint ina)s

(Lx < 10%° erg s, ISzkody et dl. 2004), and none contain a sub-

stellar secondary. If SDSS 1212 is a wind-accreting predptihen

it would be the first to be discovered without optical cyabottines.
The wind accretion scenario requires a strong brown dwarf

wind. [Webbink & Wickramasinghel (2005) suggest that coronal

M dwarf X-ray luminosities~ 10%° erg s'! can drive several

107 ¥Me yr—! of material, which is then siphoned over and ac-

creted by the magnetic white dwarf in LARPs. Yourig (.1 Gyr)

brown dwarfs, which have spectral types M5-M9, have been de-

tected in X-rays with luminositied., ~ 107 erg s' (Stelzer

2004;| Preibisch et al. 2005). However, no L dwarf has been de-

tected in X-rays, limiting their quiescent X-ray lumindsg to

L. < 10% erg s (Stelzer et 2l 2006). This large suppression

in X-ray luminosity between young and old brown dwarfs is al-

most certainly due to the transition to a largely neutral atm

spherel(Stelzer etldl. 2006). It is likely that the rotatiamipd of

the brown dwarf in SDSS 1212 is the same as the orbital period,

i.e. 88.4 minutes. Field brown dwarfs typically rotate wyéri-

ods of order2 — 20 hours (Bailer-Jons 2004). Thus, the brown

dwarf in SDSS 1212 might have been spun up by a factor 10 dur-

ing and after the CE phase. Adopting the rotation-activétation

for field dwarfs allows us to place upper limits on the likely X

ray flux, assuming the activity is not saturated. A spin upaatdr

10 gives a two orders of magnitude increase in X-ray lumigosi

(Pizzalato et &l. 2003). The largest X-ray flux we might thepest

from the companion id, < 10%° erg s, too small by a factor

~ 10* to drive the material being accreted by the white dwarf.

For similar reasons we are not persuaded that the X-ray flux
detected bySwiftis due to intrinsic activity on the brown dwarf.
Even if the L-dwarf was an unlikely source of at least some of
the X-ray emission seen t8wift the detection of cyclotron emis-
sion in the near-IR by _Debes el dl. (2D006) proves that accrasi
taking place. However, Rottler etial. (2002) point out thret Ho
emission from the K dwarf in the pre-CV binary V471 Tau dis-
appeared between 1985 and 1992. Therefore, it cannot beodue t
irradiation. They also point out that the temperatures efitnite
dwarfs in many pre-CV binaries do not seem high enough to ac-
count for irradiation-induced & emission. A combination of irra-
diation and chromospheric activity may be needed to accfmunt
the Ho emission lines from the secondaries in these systems. The
Terr ~ 10,000K white dwarf in SDSS 1212 may also not be hot
enough to produce theddemission seen by Schmidt ef al. (2005)
through irradiation, and the L dwarf may be intrinsicallyiee (but
not necessarily a detectable X-ray source). Indeed, Hatal.
(2006) claim that the radial velocity variablexHemission line ob-
served from the putative sub-stellar companion in EF Eriis tb
intrinsic activity rather than irradiation.

Despite the Sloan Digitised Sky Survey more than doubling
the numbers of known white dwarfs with detached cool com-
panions|(Silvestri et al. 2006) and the numbers of magnetitew
dwarfs (e.g.Vanlandingham etiial. 2D05), Liebert et al. FJO®ted
that there was zero overlap between these two samples. trasgn
an estimate®5% of accreting CVs have a magnetic white dwarf
primary [Wickramasinghe & Ferrafio 2000). If SDSS 1212 iDa p
lar in a low state, then the lack of magnetic white dwarfs in de
tached binaries remairis. Liebert et al. (2005) discuss ebauimf
explanations, and suggest that the presence of the conmpand
the likely large mass and small radius of the magnetic whitaré
(relative to nonmagnetic degenerate dwarfs) may providelecs
tion effect against the discovery of such binary systems.

~
~
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More observations are needed before the nature of SDSS 1212 Gansicke B. T., Beuermann K., de Martino D., 1995, A&A, 303,

can be fully confirmed. Detailed modelling of the magnetiaterh
dwarf’s optical spectrum will better determine its temppere, sur-
face gravity, mass, radius, field strength and configuratiahcool-
ing age. Further optical spectroscopy is necessary torohthetter
radial velocity curve and place the spectroscopy and phetigm
onto a single ephemeris. Near- and mid- IR spectroscopylewitl
to a detailed model of the cyclotron emission and may helgto r
veal the spectral type of the secondary. A direct detectiothe
brown dwarf would also allow investigation of the effectsroédi-
ation. Finally, UV light curves may help to distinguish beem the
low-state polar and wind accretion models, since diffeagatetion
spot geometries might be expected in each case. R&&hEX
observations of EF Eri reveal a large-amplitude modulaitiotine
far- and near-UV, which_Szkody etlal. (2006) attempted to fibw
a white dwarf plus heated polar cap. While their simplistiodel
using blackbodies rather than model atmopsheres remasons-in
clusive, itis clear that UV observations of SDSS 1212 haeepitr
tential to constrain the hot spot temperature and geometry.
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