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Abstract. We present results from IUE and optical spectra, optical 
photometry and circular polarimetry during high and low states of the 
highly luminous soft X-ray cataclysmic variable AR UMa that identifies 
the primary in this system as a white dwarf with a magnetic field of 230 
MG. The high magnetic field likely threads accretion blobs all the way 
from the secondary to below the surface of the white dwarf, resulting in a 
lack of polarised cyclotron emission and an extreme soft-X-ray luminosity 
during the high state. 

1. Introduction 

The cataclysmic variable AR UMa was first identified as the optical counterpart 
of an extremely variable, extremely soft Einstein source (Remillard et al. 1994). 
Their search through the Harvard plate files showed there were high and low 
states varying between 14 and 16.5 magnitude. They obtained optical spectra 
and I-band photometry during a low state, which revealed TiO bands from an 
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M6 dwarf (giving a distance of 88 pc) and an ellipsoidal variation from this 
dwarf which gave a binary orbital period of 1.932 hr. On the basis of these 
traits, they suggested that AR UMa was likely an AM Her type of system, in 
which a magnetic (10-70 MG field) white dwarf dominates the accretion flow 
and prevents the formation of an accretion disk (Cropper 1990). 

2. Observations 

Our observations encompassed IUE and optical spectra, as well as broad band 
photometry and circular polarimetry during the high state from April to Octo
ber 1995. This was followed by low state observations from November 1995 to 
March 1996 that included the above kinds of data as well as time-resolved spec-
tropolarimetry. The IUE data provided spectra in the short wavelength camera 
at low dispersion. The high state spectra were obtained with the 3.5m telescope 
at a resolution of 2A. The high state photometry was accomplished with a CCD 
on the 1.5m telescope at OAN de San Pedro Martir, while the polarimetry and 
spectropolarimetry during both states was accomplished with the 1.5 and 2.3m 
telescopes at Steward Observatory. 

3. Discussion 

The high state state optical spectra show strong optical emission lines, with the 
Hell 4686 emission stronger than H/3 and a continuum slope F\ oc A - 2 0 . The 
IUE spectrum also shows strong UV emission lines, with a weak UV continuum. 
The four nights of optical photometry folded on the orbital period reveal a 
modulated light curve reminiscent of magnetic systems like AM Her and EF Eri, 
which have one pole continuously in view (Cropper 1990). The most surprising 
aspect of the high state data is that only a very marginal circular polarization 
(V/I~0.4%) was detected. 

In contrast, the low state broad band polarization reveals a sinusoidal vari
ation from +2.2 to +4.3% during the orbital period. The optical spectra show 
narrow Balmer emission lines, with no Hell emission, and a steep (F\ oc A- 3 8) 
blue continuum. The emission line strengths decrease from Nov. 1995 to Jan. 
1996. The optical spectropolarimetry (Figure 1) reveals strongly polarized dips 
which resemble photospheric Zeeman lines from a magnetic white dwarf, but the 
features do not correspond to known patterns from hydrogen or helium. The 
IUE continuum at the low state is very similar in flux to the high state, but 
the emission lines have disappeared and the only evident feature is broad ab
sorption near 1300A, which is consistent with a Zeeman component of Lya in 
a dipole field of 230 MG (Figure 1). In these respects, AR UMa resembles the 
isolated magentic white dwarfs GD229, LB11146b and PG1031+234 (Schmidt 
et al. 1996a; Liebert et al. 1993; Schmidt et al. 1986). The radial velocity 
curve and near IR light curve constructed from the optical spectrapolarimetry 
in March 1996 show that the line emission at the low state originates from the 
irradiated secondary, while the circular polarization combined with the radial 
velocities reveals that the assumed dipole axis of the field pattern is oriented at 
90° to the line of centers. 
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Figure 1. The low state IUE spectrum compared with a photospheric 
model for Lya in a dipolar magnetic field of 230 MG (top); the circular 
polarization spectrum in March 1996 coadded over the orbit (middle); 
the optical spectra during the low state (bottom) with the unidentified 
polarized absorption features marked in the March spectrum. 
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4. Conclusions 

The previous difficulties in identifying high field AM Her stars can be better 
understood from the known properties of AR UMa. The pole-on orientation 
plus the large field strength resulting in the cyclotron fundamental occurring in 
the optical results in low polarization during high states of mass accretion. The 
strong magnetic field likely threads blobs all the way to the secondary, resulting 
in clumps of material burying deep into the white dwarf, producing the observed 
soft X-ray excess. The long times spent at low states result in selection effects 
against discovery. This means that the best way to find other high field systems 
is probably to look for soft X-ray objects during low states. Further details will 
be available in Schmidt et al. (1996b). 
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Discussion 

M. Livio: It will be interesting to attempt to determine the white dwarf mass. 
This could both have implications for the theoretical model and for comparison 
with field white dwarfs, where the high field white dwarfs seem perhaps to be 
on the massive side. 

P. Szkody: Yes, this will be an important point to pursue with further UV and 
optical time-resolved data. 
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