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ABSTRACT

We present a spectroscopic study of two polar systems, V834 Cen and MR Ser observed with IUE (International Ultra-
violet Explorer) obtained during the period 1982-1991 and 1982-1987 for both systems respectively, to diagnose the
ultraviolet fluxes of C IV 1550 A and He II 1640 A emission lines originating in the accretion stream during different
orbital phases. Two spectra for both systems showing the variations in line fluxes at different orbital phases in high and
intermediate states are presented. We concentrated on calculating the line fluxes of C IV & He II emission lines. Our
results show that there is spectral variability for the line fluxes at different times, similar to that for optical spectrum of
V834 Cen [1] and similar to that for the light curves of MR Ser [2]. We attribute this spectral variability to the varia-
tions of mass accretion rate [3]. Also we found that the line fluxes of both CIV and He II for V834 Cen are greater than
the line fluxes of MR Ser.
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1. Introduction

Polars are interacting binary stars. The primary is a white
dwarf with a magnetic field of the order of a few tens of
MegaGauss. The secondary is a lower Main-Sequence
red dwarf which fills its Roche Lobe. It loses gas at the
inner Lagrangian point and this falls towards the primary
in a stream. The gas in the stream is ionized by collisions
and X-rays from the accretion region on the primary, so
at some point in the stream’s trajectory the magnetic en-
ergy density of the primary’s field is sufficient to divert
the stream from its free fall trajectory and force it to fol-
low the field lines. Accretion, therefore, occurs over a
small area near one or both of the magnetic poles of the
white dwarf. Material in the stream is travelling at
roughly the escape velocity of the white dwarf when it
approaches the surface of the white dwarf, so a strong
shock forms in the accretion flow close to the surface.
Being interacting red dwarf-white dwarf pairs, polars are
a class of Cataclysmic variable (CV). For a review of
cataclysmic variables and polars, see [4-7].

V834 Cen is a well—studied polar with an orbital pe-
riod P,,;, = 101.5 minutes and the high- (V' = 14) and low-
(V' = 17) luminosity states typical of this class of binaries.
The magnetic nature of the white dwarf is demonstrated
directly by the linear and circular polarization present in
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its high states [3,8,9] and the Zeeman absorption features
and cyclotron emission features present in its low states
[10-13], from which a magnetic field strength of 23 MG
is inferred.

Reference [14] find d = 77 pc, based on a detection of
the secondary in a near-IR spectrum; reference [15] find
M,q =054 - 0.64 M, based on fits of a Ginga X-ray
spectrum; reference [16] finds M, = 0.64 - 0.68 MQ,
based on fits of an RXTE X-ray spectrum; and [1] use
phase-resolved optical spectra to determine M,,; = 0.66
M, . Reference [17] advocates i =450 +9 0, £ =250 + 50,
and w = 400 = 50, based on values compiled from the
literature.

Reference [18] observed P Cygni-like profiles in the
emission lines of CIV 1550 A and He II 1640 A in an
International Ultraviolet Explorer (IUE) spectrum of
V834 Cen. They suggested that such profiles might be
due to a magnetically confined outflowing wind in the
system. They obtained a blackbody temperature from
their IUE spectra of about 25,500 K when the system was
in an intermediate state.

Reference [19] made three later IUE observations of
V834 Cen. In two of these observations, the system was
in a high—luminosity state, whilst in the other it was
observed in its low state. Their spectra showed no evi-
dence of P Cygni profiles in the lines in either state.
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During the star’s low state the observed ultraviolet con-
tinuum flux distribution was found to be consistent with
the blackbody emission expected from a white dwarf
with a temperature of about 26,500 K. They found that, a
residual steep component was present below 2000 A.
This residual component, they suggested, could be ex-
plained in terms of a heated region, probably associated
with the dominant accreting polar cap.

Reference [20] showed dips in the low-energy X-ray
flux occurring over a short phase interval which includes
the time of optical minimum. They also observed a hard
medium—energy spectral component, the light curve of
which peaks after the time of optical minimum.

MR Ser is a well-studied polar with an orbital period
P,, = 113.56 minutes [21]. Reference [1] by using the
method of [22] and a slightly revised S vs. (V-K)—rela-
tion based on more recent observations of single late type
M-dwarfs [23,24] determined the distance to MR Ser to d
=139+ 13 pe. [21,25-27] find M,y ~ 0.62 - 0.67 M with
an inclination of i = 45 + 50.

The magnetic nature of the white dwarf is demon-
strated by Zeeman features seen against the bright cyclo-
tron background in its high accretion states and the Zee-
man absorption lines and cyclotron emission lines pre-
sent in its low accretion states [21] from which a mag-
netic field strength of ~25 MG is inferred. K-band spec-
troscopy shows a M8 V secondary with normal carbon
abundances [28]. Reference [25] obtained a temperature
of the white dwarf to be 14,200 K based on the unambi-
guous signature of the white dwarf in the FUV.

References [29,30] studied MR Ser in the UV by using
IUE observations, they found that, MR Ser has a steeper
UV distribution, with a possibility for a hot Rayleigh-
Jeans component at wavelengths less than 1600 A. Also
they found that, during intermediate states of MR Ser,
there is signature of decreased line emission and nar-
rower line widths as compared to the high states.

Spectral observations and data reductions are pre-
sented in Section 2. The results and the discussions are
presented in Section 3 and its implications concerning
the spectral behavior of both V834 Cen and MR Ser sys-
tems and the reasons behind this variability. In Section 4,
a comparison between V834 Cen and MR Ser is made.
Finally, concluding remarks about this work are pre-
sented in Section 5.

2. Observations and Data Reductions: IUE
SWP Low Resolution Spectra of V834
Cen and MR Ser in High State

The IUE low resolution short wavelength spectra have
been retrieved from the INES (IUE Newly Extracted
Spectra) system through its principle centre at

http://ines.vilspa.esa.es. A Full description of the INES
system for low resolution data is given in [31,32]. IUE
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archive contains 20 observations for V834 Cen and 9
observations for MR Ser between high and intermediate
states. In the absence of an accretion disk, the high and
low states of polars are likely to be consequences of
changes in the mass-transfer rate in the system. It has
been argued that the high/low states of polars are related
to the atmospheric magnetic activity of the mass-donor
star. In the star spot model [33], a low state is caused by
a temporary cessation of mass transfer, due to a magnetic
spot on surface of the Roche-lobe filling mass-donor star
traversing the inner Lagrange (L1) point [34].

All spectra were taken in the low resolution mode of
IUE and through the large aperture, leading to a spectral
resolution of ~6 A [35]. We found that there are 18 ob-
servations in high and intermediate states for V834 Cen,
and 9 observations in high and intermediate states for
MR Ser (Table 1). The data were analyzed by the MI-
DAS software. We referenced the spectra to the orbital
phase of the V834 Cen using the ephemeris of [21], and
of MR Ser using the ephemeris of [21].

The spectra were inspected individually in the 1150 -
1950 A region to identify and reject noisy and overex-
posed or underexposed data. The most suitable emission
lines for flux measurements are C IV 1550 A and He II
1640 A. Representative examples of emission lines are
given in Figures 1-4, showing the variations of line
fluxes and line widths at different times. These lines arise
from the accretion stream.

3. Results and Discussions

3.1. Method of Calculating the Line Fluxes of
C 1V & He Il Emission Lines

Our method of calculating the integrated fluxes of emis-
sion lines depends on using Gaussian function as follows:
It is based on fitting the observed portions of the emis-
sion line wings with a Gaussian function. We used the
integrate/line command in the ESO/MIDAS suite to in-
teractively determine the continuum level and integrate
the flux of the emission lines above this continuum. For
the calculations of line fluxes, we calculated the inte-
grated fluxes for these emission lines (erg cm s ™).

3.2. Spectral Behavior of C IV & He II Emission
Lines for V 834 Cen

The C IV emission line at 1550 A is resonance, high ex-
citation emission line, while He II emission line at 1640 A

Table 1. IUE data sets for V834 Cen and MR Ser.

. . Period Number of

System Dispersion  Aperture (minute) TUE spectra
V834 Cen Low Large 101.5 18
MR Ser Low Large 113.5 9
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Figure 1. IUE spectrum of V834 Cen in high state at phase
0.58
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Figure 2. IUE spectrum of V834 Cen in intermediate state
at phase 0.46.
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Figure 3. IUE spectrum of MR Ser in high state at phase
0.04.
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Figure 4. IUE spectrum of MR Ser in intermediate state at
phase 0.39.

is recombination line. In the low state the ultraviolet
spectrum of V834 Cen can be interpreted as the emission
from a hot white dwarf with T = 26,500 K, and the R and
I magnitudes can be accounted for by a Roche lobe fill-
ing secondary of spectral type between M3 V and M8 V
at a distance between 50 and 200 pc. In the high state, the
UV continuum is described by a power law F,ad “ with
a = 1.9, while the optical and Infrared magnitudes lie
above the extrapolation of this power low [19].

The continuum flux distribution rises steeply at short
wavelength and shows the effects of interstellar extinc-
tion. Best fit parameters for a blackbody spectrum are T
=25,500 + 2300 K [18].

There are complex phase-dependent emission line pro-
files, which are clearly resolved into at least four com-
ponents. A narrow spectral feature is interpreted as being
produced in a region close to the secondary. The relative
phasing, velocity amplitudes and widths of the remaining
spectral components indicate that they are formed in
parts of the accretion stream closer to the white dwarf
and imply considerable structure within the accretion
column [36].

There are changes in the accretion geometry caused by
an increase in the mass accretion rate and/or the clumpi-
ness of the flow. The EUVE spectra are well described
by either a blackbody or a pure H stellar atmosphere ab-
sorbed by a neutral hydrogen column density [3].

Figures 5 and 6 represent the behavior of line fluxes
with orbital phases for C IV & He II emission lines. The
line fluxes are vary at different orbital phases between
high, intermediate and low values, the reasons for this
behavior are as follows:

The C IV & He II emission lines are expected to be
formed in the accretion stream, where the mass accretion
rate is variable [3] leading to variations of both density
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Figure 5. Spectral behavior of C IV line flux with orbital
phase. The 1 oerror bars are shown on each data point.
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Figure 6. Spectral behavior of He II line flux with orbital
phase. The 1 o error bars are shown on each data point.

and temperature, this in turn affect the values of fluxes of
C IV & He 11 emission lines. Figures 5 and 6 reveal that
there are high values of fluxes around orbital phases 0,
0.10, 0.60, and 0.90, intermediate values at around or-
bital phases 0.30 and 0.70, and low values at around or-
bital phases 0.40, and 0.8, similar to the variations of
optical spectra for this system [21]. The errors for meas-
ured line fluxes is in the range of 1 o. The uncertainty in
the values of line fluxes was determined using the pro-
cedures outlined by [37,38].

3.3. Spectral Behavior of C IV & He II Emission
Lines for MR Ser

The C IV resonance emission line at 1550 A and He II
recombination line at 1640 A for MR Ser behave ap-
proximately as the C IV & He II for V834 Cen. Figures
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7 and 8 represent the behavior of line fluxes with phase
for C IV & He II of MR Ser. In the low state the ultra-
violet emission lines are approximately absent [1] while
in the intermediate and high states the ultraviolet emis-
sion lines are appear and originating in the accretion
stream [12,28,33].

The spectral variations of line fluxes of C IV & He II
emission lines of MR Ser in Figures 7 and 8 are variable
at different phases between high, intermediate, and low
values, the reasons are similar to that interpreted for the
spectral behavior of C IV & He II emission lines of V834
Cen, depending on the variations of density and tem-
perature of accretion stream as a result of changing the
rate of mass loss from the secondary star to the white
dwarf. The errors for measured line fluxes are in the
range of 1 o. The uncertainty in the values of line fluxes
was determined using the procedures outlined by [6,16].
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Figure 7. Spectral behavior of C IV line flux with orbital
phase. The 1 oerror bars are shown on each data point.
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Figure 8. Spectral behavior of He II line flux with orbital
phase. The 1 oerror bars are shown on each data point.
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4. Comparison between the Spectral
Behavior of V834 Cen and MR Ser in
Intermediate and High States

Figures 5 and 6 describe the spectral behavior of V834
Cen in the form of relations between line fluxes with
orbital phase for C IV & He II emission lines, and their
corresponding Figures 7 and 8 for MR Ser. We found
the following:

1) The spectral behavior of C IV & He II emission
lines for both V834 Cen and MR Ser in the form of rela-
tions between line fluxes with orbital phases is approxi-
mately the same, showing high values of line fluxes at
some orbital phases, intermediate values at another or-
bital phases and low values at another orbital phases.

2) The line fluxes of C IV & He II emission lines of
V834 Cen are slightly greater than the line fluxes of C IV
& He II emission lines of MR Ser as appeared in Figures
5 and 7 and Tables 2 and 3.

It is known that the characteristics of the white dwarf
will determine to a large extent the physics involved in
the accretion process, thereby the form of the emitted
spectrum and the accretion process will modify the white
dwarf characteristics, the accreted matter will enrich the
white dwarf with heavy elements. The difference in mass
between the two white dwarfs for two systems is small,
while the distance to V834 Cen is smaller than the dis-
tance to MR Ser, this interpreting the small difference of
line fluxes between two systems.

5. Conclusions

We have presented low-resolution spectral observations
of the two AM Herculis binaries V834 Cen and MR Ser
during intermediate and high accretion states. These ob-
servations show emission lines originating in the accre-
tion stream. Our analysis of the phase dependent emis-
sion lines suggests that is changing with phase between
intermediate and high accretion states. We found the fol-
lowing results:

1) Only in intermediate and high accretion states of
V834 Cen and MR Ser, do spectral emission lines in the
accretion stream appear.

2) There is spectral variability in the form of relations
between line fluxes with orbital phase of V834 Cen and
MR Ser at different times as a result of changing the
mass accretion rate.

3) The spectral behavior of C IV & He II emission
lines for both V834 Cen and MR Ser is approximately
the same, showing high values of the line fluxes at some
orbital phases, intermediate values at other orbital phases,
and low values at other orbital phases.

4) The line fluxes of V834 Cen is slightly greater than
the line fluxes of MR Ser.
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Table 2. Line fluxes of C IV & He II of V834 Cen in units of
(erg cm 257,

Image ID Line flux Line flux Orbital
of CIV of He I phase
SWP15943 3.46E-013 2.10E-013 0.74
SWP19269 3.67E-013 1.38E-013 0.33
SWP19270 3.93E-013 1.12E-013 0.46
SWP19818 6.09E-013 1.37E-013 0.50
SWP19819 7.83E-013 4.27E-013 0.15
SWP22066 1.65E-012 7.46E-013 0.06
SWP22067 1.65E-012 6.46E-013 0.58
SWP22068 8.82E—013 1.21E-013 0.29
SWP22069 1.70E-012 5.98E-013 0.94
SWP22070 1.33E-012 5.98E-013 0.54
SWP22071 1.24E-012 5.85E-013 0.16
SWP22072 1.44E-012 7.51E-013 0.90
SWP22073 1.27E-012 431E-013 0.49
SWP22570 4.14E-013 2.03E-013 0.26
SWP22571 7.24E-013 2.86E-013 0.35
SWP27857 8.45E-013 1.32E-013 0.68
SWP27858 6.27E-013 2.20E-013 0.28
SWP40570 1.58E-013 5.13E-014 0.43

Table 3. Line fluxes of C IV & He II of MR Ser in units of
(erg cm 257,

Image ID Line flux Line flux Orbital
of CIV of He II phase
SWP17238 1.04E-012 4.80E-013 0.04
SWP17677 3.70E-013 1.06E-013 0.39
SWP17714 7.56E—-013 2.51E-013 0.17
SWP19366 4.38E-013 1.10E-013 0.83
SWP19367 1.03E-012 4.90E-013 0.97
SWP19368 1.02E-012 4.93E-013 0.69
SWP19369 7.90E-013 2.83E-013 0.54
SWP20182 4.18E-013 1.44E-013 0.34
SWP30312 3.72E-013 8.24E-014 0.32
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