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ABSTRACT

We have undertaken a detailed near-IR spectroscopic asalf/®ight notable white
dwarfs, predominantly of southern declination. In eacleths spectrum failed to reveal com-
pelling evidence for the presence of a spatially unresgleedl, late-type companion. There-
fore, we have placed an approximate limit on the spectiad-tf a putative companionto each
degenerate. From these limits we conclude that if GD659,GB®H 71 or WD2359-434 pos-
sesses an unresolved companion then most probably it isslab nature (M< 0.072M).
Furthermore, any spatially unresolved late-type compatidrE J0457-280, RE J0623-374,
RE J0723-274 or RE J2214-491 most likely has:N.082M . These results imply that if
weak accretion from a nearby late-type companion is theecatithe unusual photospheric
composition observed in a number of these degeneratesttb@ompanions are of very low
mass, beyond the detection thresholds of this study. Fumitre, these results do not contra-
dict a previously noted deficit of very-low-mass stellar d#mown dwarf companions to main
sequence F,G,K and early-M type primaries{ 1000 AU).
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1 INTRODUCTION CVs during a period of no mass transfer (Howell & Ciardi 2001)
As relatively few of these close systems are known, wherogisc
ered they are intensively studied spectroscopically taiabthass
functions from the radial velocity curves (e.g. Vennes, rEtensen
& Polomski 1999).

In contrast, very few white dwarfs with late-M and cooler
companions of very-low stellar or substellar mass are kn(wva
Farihi et al. 2003). This is likely due, in part, to the spat&n-
ergy distribution of such systems being dominated at optieae-
lengths by the white dwarf, particularly if the degenerar $s
relatively hot (Eg > 10,000K). In these systems the compan-
ion instead may be revealed photometrically as an infraxedss
e.g. the white dwarf+ L4 dwarf pair GD165 (Becklin & Zuck-
erman 1988, Kirkpatrick et al. 1999) or through the detectid
features characteristic of a cool dwarf in a near-IR spettrin-
deed, Farihi & Christopher (2004) have recently announbedie-
tection from 2MASS photometry and K band IR spectroscopy of
an unresolved companion with spectral type L5.5 or latehto t
ZZ Ceti white dwarf GD1400. This likely represents the firet u
* Based on observations collected at the European Southeseraitory, ambiguous detection of a substellar companion to a whiterfdwa
Chile. ESO No. 072.D-0362 However, despite Makarov (2004) having recently claimedek-

t E-mail: pdd@star.le.ac.uk istence of a substellar companion with a mé$s + 0.02Mg, to

Examples of white dwarfs in binary systems with early-mid M
dwarf companions are plentiful. Many are resolved as common
proper motion pairs (e.g. Silvestri et al. 2001), while a bem

of unresolved systems have recently been identified throegin
infrared photometry (e.g Green, Ali & Napiwotzki 2000). Arfu
ther proportion are revealed in optical spectra either asexred
emission or through the detection of narrow emission coraptm

in the cores of the white dwarf’s HI Balmer absorption linesgg(
Thorstensen, Vennes & Shambrook 1994). This emission may ei
ther be intrinsic to an active cool companion (e.g. RE J46280,
Cooke et al. 1992, Sion et al. 1995), or be due to the irramati
of the atmosphere of the cool star facing the hot white dwarf,
particularly if the system components are close (e.g. Verae
Thorstensen 1994). The latter systems are of interest asune
come of common envelope (CE) evolution and/or as the precairs
of cataclysmic variable systems (pre-CVs). Some may evesicbe
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the nearest isolated white dwarf, van Maanen 2, on the bakiipo
parcos astrometric measurements, a subsequent attemiggdtyd
detect this brown dwarf, in adaptive optics images obtainetie

L band and archival mid-infrared ISO observations, has heen
successful. Therefore, his interpretation is now virtallled out
(Farihi, Becklin & MaclIntosh 2004). Further, although Wearhet

al. (2003) have recently identified 47 new unresolved whitard

+ red dwarf binaries from 2MASS photometry, they are unable to
claim any as bona fide very-low-mass stars or brown dwarfs.

Nevertheless, the detection of white dwarf + very-low mass
stellar or brown dwarf binaries is an important issue. In s@p-
parently isolated white dwarfs, there exist puzzling healement
abundance anomalies which appear to imply some externetesou
of accretion. This is because the timescales for the gtavita set-
tling of heavy elements are very short compared to the whiterd
cooling time (e.g Dupuis et al. 1993). Unless this high-Zemiat is
accreted from very dense interstellar clouds, there must same
unseen source associated with the white dwarf itself. Famex
ple, high levels of refractory elements such as Mg, Al, Si éad
are observed in the photosphere of EG 102 yet the residemee ti
for these on the white dwarf surface is only 3 days (Holberal et
1997). Further, unexpectedly large abundances of Ca, Mdrand
are observed in the atmosphere of the massive cool hydragfen r
white dwarf GD362. Gianninas, Dufour & Bergeron (2004) argu
that it is unlikely the origin of these metals is accretionntérstel-
lar material. Indeed, Zuckerman et al. (2003) have recerited
the high frequency of DAZ stars which are part of known binary
systems and have suggested that wind driven mass loss fm th
red dwarf companion may be responsible for a proportion ef th
observed DAZ stars.

Additionally, observations of such systems can be of use in
placing limits on the fraction of normal stars with very-lonass
stellar or substellar companions @t$ 1000 AU, when part of a
statistically robust campaign. This range of separatioafipar-
ticular interest as current radial velocity and coronopiapmag-
ing surveys may indicate a discrepancy between the browmfdwa
companion fraction at small separatian & 1000 AU; 1 £+ 1%;
McCarthy & Zuckerman 2004, Marcy and Butler, 2000) and large
radii (@ > 1000 AU; 10 — 30%; Gizis et al. 2001), although the va-
lidity of this latter result is still debated. Indeed, maglef binary
evolution which include a population of zero-age main segeer
substellar pairs predict the existence of a population @fatgsmic
variables with orbital periodss 2.5hrs and which contain brown
dwarf secondaries (e.g Politano 2004). Despite a small surmb
candidates for such systems having been found, e.g. How@la&
rdi (2000) believe they have directly detected via infraspec-
troscopy substellar secondaries in LL And and EF Eri, alhbeve
the observed CV period minimum-( 75mins) and evolutionary
models suggest it more likely that the secondaries in thesterss
have evolved through mass loss to become substellar asexpfms
them being born brown dwarfs.

We have recently instigated an observational programme to
obtain near-IR spectroscopy of notable DA white dwarfs tine a
of which is to search for very-low-mass (mid-late-M, L andspo
sibly T dwarf) companions which may explain e.g. peculiasiin
their measured photospheric compositions or in their oleseen-
ergy distributions. The presence of low-mass companionslea
revealed through a subtle excess in continuum emissioreabay
expected from the white dwarf alone, as well as through gibeor
signatures typical to cool dwarfs such as Nal, KI angOH Our
targets are predominantly hot objects#£Tz 30000K) which have
been studied extensively at EUV, FUV, UV and optical wavgtba

but for which with no detailed examination at near-IR wanglis
has been published. More specifically we have concentratetho
jects with no robust detection of a companion in existingadats
but 1) with unexplained abundance anomalies, 2) with sicpuitfi
residuals between their observed Balmer lines and synthet-
files or narrow HI Balmer emission lines, 3) which show radial
velocity variations or 4) well known white dwarf standarttere
we report the results based on our observations conductbadhve
NTT for a small collection of such degenerates with pred@mily
southern declinations.

2 NEAR-IR SPECTRSCOPY
2.1 Observations

Low resolution near-IR spectra were obtained for a number of
white dwarfs with predominantly southern declinationsngsihe
ESO New Technology Telescope (NTT) and the Son-of-lsaac
(SOFI) infrared instrument on 2003/12/09 and 2003/12/H& Jky
conditions at the La Silla site were good on both nights wéthisg
typically in the range 0.6"-1.0” with some small patches wfis
cloud confined to the region of sky close to the southern bariz
SOFI operates at the Naysmyth A focus of the NTT and includes a
Rockwell Hg:Cd:Te Hawaii detector with 1024x1024 1,81% pix-

els. In the low resolution spectroscopic modgd\ ~ 950 with

the 0.6” slit), as used for this work, coverage of the wavgiken
ranged).95—1.64um and1.53—2.52um is provided by the “blue”
and the “red” grism respectively. The observations werettatten
using the standard technique of nodding our point sourgetsar
back and forth along the spectrograph slit in an ABBA pattern
The individual on target exposure times were chosen to ertbat
while the data were background limited, the sky was sampked f
quently and the total counts in each pixel were comfortahithiw

the linear regime of the detectg€ (10000 ADU). To minimise de-
tector overheads we used the double correlated read modé ghi
well suited to these low resolution spectroscopic obsamat The
total integration times used for each white dwarf with theebhnd

the red grism are shown in Talflk 1. To facilitate the remofi&tle
luric features from the target spectra and to provide anaqimate

flux calibration, a standard star was observed either imatelgi
before or after each science integration. These were diyrefio-

sen to lie within~ 0.1 airmasses of each white dwarf. In addition,
regular exposures of the xenon lamp were obtained to pehmit t
reliable wavelength calibration of the spectra.

2.2 Datareduction

To reduce the data we have applied standard techniquessgfing
ware routines in the STARLINK packages KAPPA and FIGARO.
In brief, a bad pixel mask was constructed by merging a list of
anomolously valued pixels clipped from dark frames with aeye

map of bad array elements obtained from the ESO SOFI web-
pages- This was applied to all the data. The science, standard star
and arc lamp spectral images were flat fielded with a nornaalise
response map appropriate to either the blue or the red getup.s
Subsequently, difference pairs were assembled from trencei
and standard star images and any significant remaining st ba
ground removed by subtracting linear functions, fitted mgpatial
direction, from the data. The spectra of the white dwarfs ted

L www.ls.eso.org/lasilla/sciops/ntt/sofi/index.html
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Table 1. Summary details of the white dwarfs studied in this work|uding near-IR magnitudes for each star obtained from thé& 38l All-Sky Point
Source Catalogue. The exposure times used for the acqgnisitithe JH and HK near-IR spectra with the NTT and SOF| are lated.

Identity Name RA Dec J H K texp (S€CS)
J2000.0 JH HK
WDO0050-332 GD659 005317.43 -325956.514.00+0.03 14.174+0.05 14.32+£0.08 720 2400
WDO0346-011 GD50 034850.20 -005831.214.754+0.03 14.86£0.04 15.12+0.14 1080 2880
WDO0455-282 RE J0457-280 04 57 13.9 -280754 14.68 £0.03 14.854+0.07 14.72+£0.11 1080 2880
WD0549+158 GD71 055227.62 +155313.313.73 £0.03 13.90+0.04 14.1240.07 720 1920
WD0621-376 RE J0623-374 06 23 12.2 -374129 12.85+0.03 12.964+0.02 13.09 £ 0.03 360 960
WD0721-276 RE J0723-274 07 2319.8 -27 4717 15.30+0.07 15.374+0.14 15.36+£0.21 1080 2880
WD2211-495 RE J2214-491 22141191 -491927.312.44+0.03 12.614+0.03 12.64 £ 0.03 360 960
WD2359-434 LHS 1005 0002 10.75 -430955.612.60+0.03 12.43+0.02 12.45+0.02 480 1440
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Figure 1.a. Near-IR spectroscopy (solid grey lines) and 2MASS JHK@ietry (filled circles) of the white dwarfs WD0050-332 and¥0846-011 in the top
and bottom panels respectively. Pure-H non-LTE synthelitendwarf spectra of appropriate effective temperatuigfase gravity and normalisation (solid
black lines) and hybrid white dwarf + late-type dwarf modelgresenting our estimated limits on the spectral type tsftime spatially unresolved companions
(dotted black line: top, WD+L6 and bottom, WD+T5) are ovetfgld. In the top plot we have labelled the more prominentevthivarf HI Paschen and telluric

water vapour line features present in these datasets.

standard stars were then extracted and assigned the wgtreten
lution derived from the relevant arc spectrum. Any featiméainsic

to the energy distributions of the standard stars were iifiechtoy
reference to a near-IR spectral atlas of fundamental MKdstats
(Wallace et al. 2000, Meyer et al. 1998, Wallace & Hinkle 1997
and were removed by linearly interpolating over them. Thecsp
trum of each white dwarf was then co-aligned with the spectofi
its standard star by cross-correlating the telluric fegyresent in

the data. The science spectra were divided by the standausjsic-
tra and multiplied by a blackbody with the standard star, Taking
into account the differences in exposure times. Finalky flix lev-

els were scaled to (1) achieve the best possible agreemsvedie
the blue and the red spectrum of each white dwarf in the guerla
region betweerl.53 — 1.64um and (2) obtain the best possible
agreement between the spectral data and the J, H arghito-
metric fluxes for each object derived from the 2MASS All Skyt®a
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Figure 1. b. top: WD0455-282 (WD+L3), bottom: WD0549+158 (WD+L6) 1slols as in Figure la.

Table 2. Summary of the additional physical parameters for eachenhitarf used in this work. For all objects excluding WD2352+4nd WD0721-
276, effective temperatures, surface gravities and visizgnitudes have been taken from the work of Marsh et al. (188 distances estimated using
the evolutionary models of Wood (1995). While estimateshefeffective temperature and surface gravity of WD0721-@&6also based on the work
of Marsh et al. (1997) the visual magnitude has been obtdioad Wolff et al. (1999). The physical parameters we adopViiD2359-434 have been
provided by R. Napiwotzki; the distance of WD2359-434 haarbeerived from parallax measurements.

Identity Name Ta(K) logg \% D(pc) Refs
WD0050-332 GD659 34684 7.89 13.37£0.02 57 1
WDO0346-011 GD50 42373 9.00 14.04 +0.02 33 1
WD0455-282 RE J0457-280 58080 7.90 13.951 £0.009 104 1
WDO0549+158 GD71 32008 7.70 13.032 £0.009 51 1
WD0621-376 RE J0623-374 62280 7.2212.089 £0.001 82 1
WDO0721-276 RE J0723-274 37120 7.7514.52 + 0.1 113 1,2
WD2211-495 RE J2214-491 65600 7.42 11.708 £0.009 60 1
WD2359-434 LHS 1005 8660 8.56 13.05+0.02 7.8 3

1. Marsh et al. (1997)
2. Wolff et al. (1999)
3. Aznor Cuadrado et al. (2004)

Release Point Source Catalogue magnitudes (Skrutskiel&xa8) 3 ANALYSIS OF THE DATA
where zero magnitude fluxes were taken from Zombeck (1990).
The reduced spectra and 2MASS fluxes are shown in Figures 1a-d 3 1 Model white dwarf spectra

For each object in our collection we have generated a pure-
H synthetic white dwarf spectrum at the effective tempera-
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Figure 1. c. top: WD0621-376 (WD+M?9), bottom: WD0721-276 (WD+L4) 1slgols as in Figure la.

ture and surface gravity given in Tabl 2. We have used
the latest versions of the plane-parallel, hydrostatioy-lozal
thermodynamic equilibrium (non-LTE) atmosphere and spec-
tral synthesis codes TLUSTY (v200; Hubeny 1988, Hubeny
& Lanz 1995) and SYNSPEC (v48; Hubeny, I. and Lanz, T.
2001, ftp:/tlusty.gsfc.nasa.gov/synsplib/synspec). calculations
included a full treatment of line blanketing and used a stét#ne-

art model H atom incorporating the 8 lowest energy levelsarel
superlevel extending from n=9 to n=80, where the dissalutib
the high lying levels was treated by means of the occupatioh-p
ability formalism of Hummer & Mihalas (1988), generalisedl t
the non-LTE situation by Hubeny, Hummer & Lanz (1994). Dur-
ing the calculation of the model structure the lines of thenan
and Balmer series were treated by means of an approximate Sta
profile (Hubeny et al. 1994) but in the spectral synthesip e
tailed profiles for these and the Paschen and Brackett liregs w
calculated from the Stark broadening tables of Lemke (19Bf¢
synthetic spectral fluxes have been normalised to the V rhaimi

of the relevant white dwarf (Tab[d 2) and convolved with a &au
sian to match the resolution of the SOFI spectra. These axersh
overplotted on the observed data in Figures 1a-d. It is waoting
here that in the effective temperature regime spanned by afos
these white dwarfs, the colours V-K, J-H and H-K are ratheakve
functions of T (e.g Bergeron, Wesemael & Beauchamp 1995).

3.2 Searching for cool companions

We have examined in turn each of the plots, Figures la-d, top
and bottom, for significant differences in the overall shapkevel
between the observed and synthetic fluxes which can be eonsis
tent with the presence of a cool companion. Additionally,hage
searched for specific features in each spectrum typical ekt
ergy distributions of M, L or T dwarfs e.g. K1 and Na | absorp-
tion at 1.25:m and 2.2@xm respectively, Ck or CO at 1.zm and
2.3um respectively and HO centred on 1.15, 1.4 and L®&. When

no convincing evidence for such has been found, we haveaidste
added empirical models for low mass stellar or substellg@atb to

the white dwarf synthetic spectrum and compared these cempo
ites to the IR data to obtain approximate limits on the spétype

of putative cool companions. The empirical models have lceaen
structed using the near-IR spectra of M, L and T dwarfs ptesen
by McLean et al. (2003). In brief, the data have been obtaivigd

the NIRSPEC instrument on the Keck Telescope, cover theerang
0.95 — 2.31um with a resolution of\/§\ ~ 2000 and have been
flux calibrated using J, H andKphotometric fluxes derived from
the 2MASS magnitudes as described by McLean et al. (2001). To
extend these data out t4um, our effective red limit, we have
appended to them sections of CGS4 spectra of late-type slobsf
tained by Leggett et al. (2001) and Geballe et al. (2002). &tcm

the resolutions of the NIRSPEC and SOFI spectra we have con-
volved the former with a Gaussian. The smaller differenceego-
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Figure 1. d. top: WD2211-495 (WD+M?9), bottom: WD2359-434 (LTE WD+T83ymbols as in Figure 1a. Note in the bottom plot the featatgiutable
to a putative T8 companion are comparable in size to the tdFeaslines, which are clearly detected and match closelynibeel predictions.

lution between the SOFI and CGS4 daidd\ ~ 600 — 900) has
been neglected.

The fluxes of the empirical models have been scaled to a level
appropriate to a location at d=10pc using the 2MASS J magni-
tude of each late-type object and the polynomial fits of Datel.e
(2002) and Tinney et al. (2003) to thejMersus spectral type for
M6-M9 and LO-T8 field dwarfs/brown dwarfs respectively. Seb
quently, these fluxes have been re-calibrated to be consistth
the distance of each white dwarf as derived from measuredd* ma
nitude and effective temperature and theoretical Bhd radius
from evolutionary models of pure-C core white dwarfs with He
and H layer masses ab~?M¢, and10~*M, respectively (Wood
1995). Further, in setting limits on companion spectraktytne
fluxes of the empirical models have been reduced by a factor 1.
corresponding to the rms dispersion in the Wrsus spectral type
relationship of Tinney et al. (2003). Starting with T8 we &aro-
gressively added earlier spectral types to the synthetitevdwarf
spectrum, until it could be concluded with reasonable castahat
the presence of a companion of that effective temperatuyecaiter
would have been obvious from our data, given the S/N. Prapaga
the typical errors in V, Tg and log g, we find that the uncertainties
in the estimated white dwarf distances due to measuremesser
are of the order 5-6% and have little impact on the limits we se
on companion spectral type. We note also that the systeratic
rors which may be present in the effective temperatures we ha

adopted for the hotter white dwarfs in our study (0%), arising
due to the LTE nature (as opposed to non-LTE) of the models use
by Marsh et al. (1997) and their neglect of metal line blaimiggt
are in such a way that the limits we place err on the side oferens
vatism, at least for these white dwarfs.

To perform some means of assessment of our spectroscopic
calibration and modelling we have recently obtained, usimg
same telescope and instrument setup, a HK spectrum of thig new
identified DA WD+dL binary GD1400 (Farihi & Christopher
2004). These authors have concluded that the 2MASS phatpmet
of this system is most consistent with a companion specfzd t
of L6. Following a similar procedure to that outlined abousing
2MASS H and Kk photometry to calibrate the NTT data and adopt-
ing the parameters for the white dwarf given in Farihi & Ctuois
pher (2004), we have compared various combinations of stioth
white dwarf spectrum + low-mass stellar or substellar moaléhe
observed data. We find that the best match to the data is gabvid
by a WD+L7 model (see Figure 2) in satisfying agreement with
Farihi & Christopher’s estimated spectral type given theautain-
ties in their deconvolved near-IR photometry. The excelierel of
agreement between the shapes of the composite model and-the o
served spectrum (better than 10% where S/N allows) sughast t
our data reduction and calibration procedures are reaoraiiust
and supports our use of the NIRSPEC datasets as low mass stell
and substellar templates.
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Figure 2. Near-IR spectroscopy (solid grey line) and 2MASS H and K phrtry (filled circles) of the white dwarf GD1400. A pure-HEBynthetic white
dwarf spectrum of appropriate effective temperature aserfgravity and normalisation (solid black line) and a hylwhite dwarf + late-type dwarf model
representing our best estimate of the spectral type of tagedly unresolved companion (dotted black line - LTE WD?Ylare overplotted.

Table 2. Limiting spectral types, temperatures and masses of caupeaions to the white dwarfs in our collection.
The approximate effective temperature of an object of thisckal type, as estimated from the polynomial relation
detailed in Table 4 of Golimowski et al. (2004), is also shofrthermore, we provide rough upper limits on the masses
as a function of age of putative cool companions, by compaifiese effective temperatures to the predictions of the
evolutionary models of Baraffe et al. (2003).

ID Name SpT  Tg(K) 1Gyr(Me) 5Gyr(Me)  10Gyr(Mp)
WD0050-332 GD659 L6 1600 0.052 0.071 0.072
WDO0346-011  GD50 T5 1200 0.037 0.063 0.069
WD0455-282 RE J0457-280 L3 1950 0.065 0.074 0.075
WDO0549+158 GD71 L6 1600 0.052 0.071 0.072
WD0621-376 RE J0623-374 M9 2400 0.081 0.082 0.082
WD0721-276  RE J0723-274 L4 1800 0.060 0.073 0.073
WD2211-495 RE J2214-491 M9 2400 0.081 0.082 0.082
WD2359-434  LHS 1005 T8 750 0.020 0.039 0.048

4 RESULTS AND DISCUSSION

4.1 Do we detect unresolved late-type companions to these
white dwarfs ?

Green, Ali & Napiwotzki (2000) searched J and K band photome-
try of 47 extreme-ultraviolet selected degenerates, difasm the
catalogues of the EUVE All-Sky and ROSAT Wide Field Cam-
era surveys, for 8o excess in both bands with respect to the pre-
dictions of white dwarf models. This led to the identificatiof
10 marginally resolved or unresolved white dwarf + dM system
half of which were not previously suspected of being contposi
in nature. A more recent analysis of several hundred whitarfbwv
drawn from the McCook & Sion (1999) catalogue and present in
the 2MASS Second Incremental Point Source Catalogue, has re
vealed, on the basis of their location in the J-H, H-K coloaleur
diagram, 95 candidate white dwarf + red dwarf binaries, 47 of
which were previously unknown (Wachter et al. 2003). We note
that GD50 and RE J0457-280 were included in both these photo-
metric surveys and GD659 in the Wachter et al. (2003) study bu
none of the three were flagged as a likely unresolved whitefdwa
red dwarf composite.

Nevertheless, the present spectroscopic investigationals

to probe to cooler spectral types and hence slightly lowesses.
For example, by demanding 3w flux excess at J in addition to
K, Green, Ali & Napiwotzki (2000) effectively limit their sech

to companions with types earlier than late-M. Furthermaging
synthetic 2MASS colours generated from a number of whiterflwa
and composite white dwarf + red dwarf models we have examined
the location in the J-H, H-K colour-colour diagram of varsaztom-
binations and find that for white dwarfs with effective temgiares
and surface gravities comparable to GD659 and GD71, twoeof th
cooler objects in our collection, the Wachter et al. methaulii
fail to unearth companions later thasM9. The limit is even ear-
lier for the hottest white dwarfs studied here (with simibatarger
radii). However, a detailed examination of Figures la-g@, 4od
bottom, reveals no convincing evidence for the presencespba
tially unresolved cool companion to any of the eight targéthe
present study. Therefore, following the method outlinethpre-
vious section, we have placed the approximate limits givehar-
ble[@ on the spectral type of a putative companion to eachewhit
dwarf. Subsequently, we have used these limits to consthan
mass of each putative companion.
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4.2 Limiting masses to putative late-type companions

Although the cooling age of each white dwarf can be estimated
from theoretical evolutionary models (e.g Wood 1995), wa'do
know with any certainty the mass and hence lifetime of their p
genitors. Therefore, we are unwilling to assign an age tgtite-
tive associate of any of our white dwarfs (ie. progenitoetlihe +
wd cooling time). As the effective temperatures of very-loass
stars and substellar objects remain a function of both makage

at times of the order gigayears, when using our spectra-tiyp-

its to constrain masses, we instead assume a range of agelybro
encompassing likely values. We have used the polynomiakfit d
tailed in Table 4 of Golimowski et al. (2004) to assign approx
imate effective temperatures to the spectral type limimashin
Tablel2. Subsequently, we refer to the low mass stellarfslids
evolutionary models for solar metallicity of Baraffe et ¢€2003),
using cubic splines to interpolate between their pointgstimate
corresponding masses at ages 1Gyr, 5Gyrs and 10Gyrs as shown
Tablel2. Clearly, even for an age comparable to that of thacHal
disk our results argue strongly against the presence of paoion
with Mz 0.082M, to any of the degenerates in our collection. In-
deed, population synthesis models indicate that most séttvite
dwarfs are likely to be the progeny of local disk F stars (&znor
Cuadrado et al. 2004, Schroder, Pauli & Napiwotzki 2004)ths
lifetime of a F star is~ 5Gyrs (e.g de Loore & Doom 1992), and
the time it takes a DA white dwarf of canonical mass (0c6Mo
cool to 12000K is~ 0.5Gyrs years, the majority of these objects
likely formed less than 6Gyrs ago.

4.3 Overall relevance of results and significance to individal
objects

Considering the typical distances of the white dwarfs is giudy

(~ 60pc), the atmospheric conditions at the time the data were ac-
quired and the width of the instrument slit, the spectroscoature

of our observations renders our study most sensitive to aoiops

at aS60AU from our degenerate primaries. It is probable that the
manner in which we have selected our targets, as descritf&eicin
tion 1, has biased our work against systems containing ceaifd
earlier than mid-M spectral type. The presence of such stansd
most likely have been detected as excess red continuum apthe
cal spectrum (e.g. Vennes & Thorstensen 1994) of thesevediat
well studied white dwarfs. Hence this work is, in effect, situwe

to secondaries of mid-M type and later, which in terms of mass
is M~ 0.15 — 0.08My (Kirkpatrick, Henry & McCarthy 1991;
Baraffe et al. 2003). The spectral types of the 10 cool congpsn
unearthed from the EUV selected sample of white dwarfs watie e
mated to range from-M3.5-M6.5 (M~ 0.3 — 0.1Mg; Green, Ali

& Napiwotzki 2000; Kirkpatrick, Henry & McCarthy 1991). Ne-
glecting that poorer seeing and a slightly more distantevtivvarf
sample probably resulted in their photometric study hawome
additional sensitivity to companions at wider separatiinse as-
sume a mass function for the secondary stars of AN ! (e.g.
Reid & Gizis 1997), on the basis of the Green, Ali & Napiwotzki
result, we can estimate, albeit rather crudely, that we trfiglve
expected to detect late-type companions-td in 6 of the white
dwarfs in the present collection.

Although the small number of white dwarfs in our study has
likely contributed significantly to our failure to detect até-type
secondary, it has become apparent from the results of eetait
dial velocity surveys that there is a deficiency of very-lovass
stellar and substellar companions to F,G and K type mainesexp

stars at separations less tharb AU (q(M2/M1) < 0.2; e.g Halb-
wachs et al. 2003, Marcy & Butler 2000). Recent coronogmphi
near-IR imaging of more than 250 nearby, yourig §00Myrs)
G,K and M dwarf main sequence stars indicates that this “brow
dwarf desert”, as it has become known, extends out tH00 AU
(McCarthy & Zuckerman 2004). While it could be argued thaiyve
low-mass stellar and substellar companions lying withieva AU

of a white dwarf’s progenitor would be obliterated duringare
mon envelope phase of post main-sequence evolution, bavary
lution models indicate that unless the transfer of energynfthe
companions orbit to the stellar envelope is extremely icieffit,

a significant proportion of very-low-mass secondaries stilivive
this phase (Politano 2004). Furthermore, our study is teasd
companions lying well beyond the typical radius of the eogelof

an AGB star {& 1 — 2AU, Schenker, 2004, private comm.), even
allowing for the change in separation which likely occursrasss

is lost from the white dwarf progenitor. It therefore seeraaipible
that our search overlaps with the top end of the the brown fdwar
desert in terms of mass and that this may also have had a earin
on the outcome of our search. We note that Farihi et al. (2003)
who are conducting a proper motion survey of white dwarfetas
on IR imaging, find very few late-M type and cooler companjons
albeit at relatively wide separation (hundreds of AU). Despur
rather small and disparate collection of targets, it seeindd say
that the present results don’t contradict previous findireggrd-
ing very-low-mass companions to main sequence stars arté whi
dwarfs ie. we have not unearthed a previously unrecogniepd-p
lation of late-M and L type companions to these DA white dwarf

These results also have implications for our objects atdin in
vidual level, since several are known to exhibit anomolretheir
photospheric abundance patterns (e.g. GD659) or hydrdgen |
profiles (e.g. WD2359-438):

GD659: This white dwarf displays an EUV energy distribu-
tion consistent with a near pure-H photosphere (e.g Barstaal.
1997), despite the presence in the atmosphere of C, N and'&i as
vealed by STIS and IUE spectroscopy (e.g. Barstow et al. 003
However, detailed inspection of the NV line profiles suggesat
this element is not homogeneosly distributed in depth,
bulk confined to higher, lower pressure layers of the phdtesp
(Barstow et al. 2003a). According to these authors this Higgree
of stratification is not predicted by radiative levitatidrebry. Using
our near-IR spectroscopy we are able to rule out that these-ab
dance anomalies arise from ongoing accretion of mateigah fan
unseen companion of spectral type L6 or earlier. Referinth¢o
10Gyr model of Baraffe et al. (2003) we find that this amounts
to the exclusion of a (spatially unresolved) stellar coniparto
GD659.

GD50: The EUVE spectrum of this white dwarf reveals the
presence of photospheric helium at an abundance of log(e/H
—3.6. This cannot be explained in terms of radiative levitatiog-t
ory, which predicts log(He/H} —8.0 for an object of GD50’s ef-
fective temperature and surface gravity (Vennes et al. 1996
alternative source for this helium is material being acténto the
atmosphere from an unseen low mass companion. Howevere¥enn
et al. set a limit of M7-M8 on the spectral type of any such obje
on the basis of | band photometry. Using our near-IR specbms
we are now able to push this limit to spectral type T5, whichieo
sponds to a mass of 69M ., at an age of 10Gyrs. Thus it seems
increasingly likely that presence of helium in GD50 is in owvay
related to its unusually large mass €M1.23 + 0.05Mq; Marsh
et al. 1997), and its possible formation via a stellar me(geg.
Guerrero, Garcia-Berro & Isern 2004).



RE J0457-280:The IUE spectrum of this white dwarf reveals
the presence of C,N and O in the photosphere. However, thp ste
drop in the EUV flux shortward of 2%0indicate that Fe (and per-
haps Ni too) is also likely present in significant quantitiSsir-
prisingly, Barstow et al. (2003b) find a much larger discregya
between the Lyman and Balmer derived effective temperatere
terminations, compared to that observed for other DAs oflaim
effective temperature and surface gravity. Despite the S9Ad-

Ks colour hinting at the presence of a cool companion this is not
confirmed by our near-IR spectroscopy. Instead we rule ounan
resolved associate of spectral type L3 or earlier, cormedipg to
Mz 0.075M¢ at 10Gyrs (Baraffe et al. 2003).

GD71: The EUV energy distribution of GD71 is consistent
with a near pure-H atmosphere (e.g Barstow et al. 1997). ©he ¢
added IUE echelle spectrum provides no convincing evidéoce
the presence of photospheric metals (Holberg, Barstow & Sio
1998). Furthermore, the radial velocity of this white dwsinbws
no significant variability (Maxted, Marsh & Moran 2000). Tu
we have no compelling reason to suspect the existence ofya ver
low-mass companion. However, on the basis of our near-IR-spe
troscopy we are now able to exclude a (spatially unresolstsdlar
companion to GD71.

RE J2214-490:Enhancements in the C,0, Fe and Ni abun-
dances in this star with respect to G191-B2B (Barstow e{}32),
once again raise the possibility of ongoing accretion framua-
seen companion. However, from the near-IR spectroscopyawe ¢
rule out an unresolved companion of spectral type M9 or exarli
corresponding to M 0.082M at 10Gyrs (Baraffe et al. 2003).
Alternatively, increased equilibrium abundances of thedsenents
may simply result from the stars slightly larger effectiesnper-
ature and marginally lower surface gravity in comparisorthwi
G191-B2B (e.g Schuh et al. 2002).

WD2359-434: This white dwarf is relatively coolT.sq =
8660 K) and has a high mas$.05M; Aznar Cuadrado et al.
2004). Koester et al. (1998) reported a very shallow ancomaktc
profile and speculated that a magnetic field might be resplmsi
Aznar Cuadrado et al. (2004) indeed detected a weak madimdic
of 3.1kG during their spectropolarimetric survey of brigtitite
dwarfs. However, in order to explain the observed profilehaf t
Ha core, one has to invoke a magnetic field with a maximum field
strength of>50kG. Although it cannot be completely ruled out
that both observations can be explained by a peculiar angleam
magnetic field structure, other explanations have to beoeaglas
well.

Due to the low temperature and the small radius of
WD 2359-434 we can set quite stringent upper limits on a cool
companion. We derived a limiting spectral type of T8 corcesp
ing to 0.05M, for an age of 10 Gyr, i.e. a stellar companion can be
ruled out. Warm circumstellar dust causing an infrared sxeeas
detected in the ZZ Ceti star G29-38 (Tokunaga, Becklin & Zuck
erman 1990). No sign of such an infrared excess is presenirin o
spectrum of WD2359434, which limits the amount of circumstel-
lar dust which could be present close to the white dwarf.

5 CONCLUSIONS

Our detailed near-IR spectroscopic study of a collectiomright
predominantly southern hemisphere DA white dwarfs hasdétib
reveal the presence of any late-type companions. Insteathawe
placed approximate limits on the spectral-types of putatom-
panions. These constraints allow us to rule out spatialtgswived
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low-mass stellar associates to GD659,GD50,GD71 and WD2359
434 and companions with M 0.082M¢ to any of the remaining
stars in the collection. These results argue against oggmiare-
tion of material from low mass companions as the source of the
abundance anomalies seen in a number of these stars. Fuotieer
they can be viewed as consistent with the previously regaitep
below ¢~ 0.1 — 0.2 in the mass ratio distribution of binaries with
main sequence F,G,K and M type primaries as determined from
detailed radial velocity studies.
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