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ABSTRACT 

The cataclysmic variable X-ray binary 2A 0526—328 has a spectroscopic (orbital) period of 
0.228600 days, a photometric (rotation) period of 0.21631 days, and a beat (photometric) period of 
4.024 days. Radial velocity behavior is complex, suggesting orbital motions, a disk hot spot, and a 
spiraling gas stream. Emission line variations are large and not generally periodic. The system is 
discussed in terms of a nonsynchronously rotating white dwarf of the DQ Her type. The system 
presents several unique phenomena for this type of binary. 

Subject headings: stars: dwarf novae — stars: individual — X-rays: binaries 

material before fully disentangling the three periodic 
clocks in the system. Even so, it is clear that more needs 
to be done before we can fully interpret the behavior of 
this remarkable object. 

II. OBSERVATIONS AND MEASUREMENTS 

The spectrographic data are listed in Table 1. All 
exposures were made on baked IIIa-J emulsion at 47 A 
mm~1 with at least a 1 mm wide trail. The time resolu- 
tion is ~10 minutes or ~0.03 of the orbit. The data 
were obtained on three observing runs with the Ritchey- 
Chrétien spectrograph on the Cerro Tololo Inter- 
American Observatory (CTIO) 4 m telescope in 1979 
December (J. R. T.) and 1980 February and November 
(A. P. C. and J. B. H.). Many of the 1980 November 
spectrograms were 2 mm wide single-trailed to look for 
rapid spectrum changes. These were measured in two 
strips for radial velocity. The results are recorded in 
Table 1 as two separate observations. 

Radial velocities were measured for the main (base) 
part of all emission profiles as well as for the line peaks. 
In general, the peak and base velocities were not the 
same, and, at some phases, two peaks are seen with a 
separation of some 600 km s-1. Table 1 gives mean 
values from the Balmer lines H/3-H8, He i XX4471, 
4026, 4387, 4920, 5015 lines, and the peak of He n 
X4686. Measures of the weaker or more blended features 
are too scattered to be of interest in this paper. Occa- 

I. INTRODUCTION 

The weak, high galactic latitude X-ray source 2A 
0526—328 was identified with a blue emission line object 
by Charles, Thorstensen, and Bowyer (1978) and Charles 
et ai (1979), and further discussed by Schwartz et al 
(1979). The spectrum is that of a cataclysmic variable, 
which shows highly variable line strengths from night to 
night. While the spectrum is similar to the highly mag- 
netic AM Her stars, the lack of strong polarization 
seems to rule out fields of more than a few X106 g. 

Extensive optical photometry has been reported by 
Motch (1981), who initially reported the discovery 
(Motch 1979) of a —5.2 hour periodicity in the star. His 
full report confirms this period but includes complica- 
tions, such as a phase range in the light curve maximum, 
and a 4 day modulation of the entire light curve, with an 
amplitude similar to that of the 5.2 hour one. 

The radial velocities were found to vary on time scales 
of a few hours by Watts, Greenhill, and Thomas (1980). 
Various attempts to find a spectroscopic period and 
orbit have been reported (van Paradijs, van den Heuvel, 
and Verbunt 1980; Hill 1980) which have not agreed 
with the photometric values. Our own initial data met 
with similar drawbacks. As a result, we have had to 
accumulate a formidable amount of spectroscopic 
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sional absorption features were seen near the He i 
ÄA4026, 4471 lines. These are given in Table 1 also. 

During observations a record was kept of the ex- 
posure meter count rate. On any one night it was often 
possible to trace the general shape of the 5.18 hour light 
curve in this way. Night-to-night changes were less 
certain because of possible seeing and transparency vari- 
ations, but it was also possible to estimate the 4 day 
photometric modulation as well. On two of the nights in 
1980 November, B photometry was done by M. Tiller 
on the CTIO 1.5 m telescope which was valuable in 
verifying our exposure meter photometry and establish- 
ing the 4 day phasing. 

All the 1979 December and 1980 February spectra 
and a sample of the 1980 November spectra were con- 
verted to rectified intensity tracings. Line profiles were 
measured on all of these, and subsets of them were 
added to look for spectroscopic changes related to the 
three periods in the system. 

Figure 1 shows some representative tracings. The 
spectrum resembles that of DQ Her in the Unes present 
(Hutchings, Cowley, and Cramp ton 1979), although the 
C ii and C m in 0526—33 are relatively weaker. We note 
the presence of emission at AX4070, 4175 also seen in 
DQ Her, AM Her, and 0311—22, but not in SS Cyg or 
EX Hya. Large changes occur in line equivalent widths, 
but relative intensity changes are more subtle. We dis- 
cuss these later, after establishing the periodicities pre- 
sent in the system. 

III. THE THREE PERIODS 

Motch (1981) reported finding a basic photometric 
period of 0.21627 ±0.00007 days and a longer modula- 

tion of the entire light curve with a period of 3.95±0.15 
days. These variations are clearly present in all our data, 
principally from the exposure meter counts recorded for 
each exposure. The spectroscopic (radial velocity) period 
is different from the photometric; different Unes have 
different velocity amplitudes, means, and phasing; and 
sharp line peaks march through the cyclic velocity curves, 
also with their own phasing (see Fig. 2). It was, there- 
fore, more difficult than usual to determine the unique 
velocity period (or indeed that one exists). The spectro- 
scopic period compatible with the photometric period 
and which gives the best fit to the data (including values 
from 1979 February by Watts, Greenhill, and Thomas 
1980) is 0.228600 ± 0.000005 days. By this we mean that 
the 4 day period is the beat period of the photometric 
and spectroscopic, within the given error limits. It was 
possible to revise the photometric period, by timing 
maxima during the 1980 November run, to give 0.21631 
±0.00001 days. This in turn yields a beat period of 
4.024±0.003 days. Other possible spectroscopic periods, 
which fit the data marginally less well, are not compati- 
ble with this beat relationship. 

Independently, times of 4 day maximum can be 
estimated from Motch’s and our data which yield 4.024 
±0.004 days. The exact meshing of these periods over 
nearly 2 years of observations indicates that they are 
fundamental clocks in the system and the basic key to 
understanding its nature. 

These figures are compatible with all known data on 
the system. The 24 hour alias of 0.2286 days is 0.186 
days, which presumably accounts for the report by Hill 
(1980). Our data definitely exclude this period. 

The ephemerides of the three periodicities are given in 
Table 2. Note that the T0 for the spectroscopic data 

TABLE 2 
Periodicities in 2A 0526—328 

T0 Period 
Data JD 2,44... (days) Remarks 

Short light curve ... 4,171.46(1) 0.21631 (1) r0 is mean Ught max. 
Radial velocity .... 4,227.631 (2) 0.228600 (5) r0 is Balmer base max. vel. 
Long light curve ... 4,191.5 (3) 4.024 (4) T0 is light max. 

Note.—Numbers in parentheses are uncertainties in units of least significant figure. 

TABLE 3 
Orbital Solutions3 

V0_ K 
Emission Lines iVb km s 1 km s 1 <i>0 o0 

He il \4686 peak ... 59 46±15 276±19 0.285± 0.020 102 
H mean  73 49±6 116±8 (0) 47 
He I base  41 91±7 103±10 0.966±0.020 43 

aP=0.228600 days; r0 =2,444,558.631. 
b Number of data points. 
cStandard deviation in km s~1 per data point per degree of freedom. 
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Fig. 2.—Radial velocities in 2A 0526—328 on 0.2286 day 
period. Curves are best-fit sine functions to data. Size of points 
indicates weight. Peak and base components can be identified in 
Fig. 1. 

refers to the Balmer line velocity maximum. The best- 
fitting orbital parameters to the principal velocity curves 
are given in Table 3 and illustrated in Figure 2. Noncir- 
cular solutions did not yield a significantly better fit, 
and the values of e and w were not significantly defined. 

The spectroscopic period was found to be the same, 
within the quoted error limits, independently in all three 
data sets, and the value 0.228600 was adopted for all. 
The Balmer line parameters were derived, including 
values read from the published velocity curves of Watts, 
Greenhill, and Thomas (1980). 

IV. VELOCITY VARIATIONS AND ORBIT 

The scatter in measured velocities is large and mostly 
attributable to the considerable night-to-night changes 
in the emission Une profiles and intensities. The cycUc 
nature of the velocities is therefore blurred by significant 
changes which do not relate to the 0.2286 day clock in 
the system. Nevertheless, the long-term stabihty of the 
behavior shown in Figure 2 (covering nearly 3000 cycles) 
strongly suggests that it reflects the orbital motion of the 
binary. The Unes of different ionization and excitation 
appear to arise in different places in the system, as can 
be seen from the values in Table 3 and Figure 2. The 
Balmer and He i Unes also have sharp peaks which 
march across the profile in about 1.5 cycles, covering 
more than 800 km s-1 and separated by ~600 km s-1. 
This is suggestive of matter spiraUng away from the 
system, but its appearance as a sharp emission feature 
seems to demand either a geometry which occults most 
of the spiral at any moment or a discrete ejection event 
every orbital cycle. 

The He n A4686 Une has a sharp peak which appears 
to execute a cycUc motion. It is possible, however, that 
our measures refer to a cycUc motion of lower ampU- 
tude, plus a marching peak similar to the H and He i 
Unes (see Fig. 2, top panel). There is a broader base to 
this Une, whose velocity cannot be studied properly 
because it is blended with C m and N m on one side 
and He i on the other. In general, the distinction be- 
tween peak and base is clear (see Fig. 1), but perhaps 
10% of the measures are uncertain in this distinction 
because of profile changes. 

The phase shift between He n and the other feature is 
quite marked and significant, even if we admit the 
uncertainty in the He n behavior discussed above. The 
difference between H and He i is less certain in phase, 
but appears to be real in F0. Since there are clearly 
mass-motions in the system, the best estimate of orbital 
motion of the accreting object would be the lowest 
measured ampUtude. Adopting AT of 103 km s“1 yields a 
mass function of 0.026 M0. Since the system is not 
ecUpsing, z<~65°. At 60°, the mass-losing star is then 
less than 0.5 M0 (for a 1.4 M0 white dwarf). If MWD = 
0.5 Mg, Mms~0.3 Mg. At the Mms values are 
about doubled. These are reasonable values for the 
masses in such a system. 

The phase shift and higher velocity ampUtude of He n 
are consistent with its origin in a hot spot in an accre- 
tion disk, if the H velocities are orbital. 
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Measures were also made of the Ca u K velocities, 
but these are so scattered (because of variable profile 
shape and intensity) that no pattern can be discerned. 
There is a clumping of velocities coincident with the H 
and He i peak velocities at 100 km s_1, <i>Spec~75. 

V. LINE INTENSITIES 

Before attempting a general discussion, it is instruc- 
tive to examine the line intensity variations. As noted by 
Schwartz etal (1979), these are large. We have plotted 
peak intensities and equivalent widths against phase in 
all 3 periods for all species of lines. In almost all cases, 
there is no significant phase correlation at all. Therefore, 
we show only (Table 4) the range of measured quantities 
in our data. In general, all strong lines vary in intensity 
in a highly correlated way, so it appears that the Une 
emission (or continuum) varies irregularly over a factor 
of 4 or more. The time scales of these changes appear to 
be days or longer. The absence of a correlation between 
<|>phot and line equivalent width implies that continuum 
and line emission intensities are closely linked over short 
time scales. 

There are some quantities that vary in a phase-locked 
fashion. The principal one is the Ca n K line, which is 
stronger by a factor of more than 2, peaking at <i>spec —0.8 
(see Fig. 3). The He n X4686 emission has a probable 
correlation with <j>phoi (Fig. 3), which suggests that it is 
least coupled to the continuum intensity of all emission 
lines, and again supports its origin in a removed site, 
such as a hot spot. He n \4471 shows a marginal 
correlation with either <J>spec or </>phot, the distribution 
among the data points making either one possible. Either 
X4471 is low in <í>phot 0.5-0.9 or it is low in <#>spec 0.2-0.5. 

It is of interest that the Ca n emission peaks when the 
mass-losing star is at superior conjunction (assuming the 
H emission orbit to be correct), suggesting an origin on 
or near the (heated) mass-losing face of that star. 

We attempted to estimate the intensities of the 
Balmer emission peaks as a fraction of the base, to study 
the peak intensity changes with phase. These are shown 
in Figure 3. It is notable that the peak is strong in <i>spec 

0.75-0.85, and briefly near </>spec 0.44. The peak appears 
at high positive velocity, weakly at — <f>spec 0.8, is strong 

TABLE 4 
Emission Line Characteristics3 

Peak 
Line EW (À) (% continuum) 

Hß  4-21 25-110 
Hy   3-15 20-80 
He il X4686 ... 1.5-10 5-60 
He 1X4471   0.5-3.5 5-20 
Ca ii K  0-3.1 0-25 

3 Minimum and maximum values given. 

Fig. 3.—Phase-related line changes in 2A 0526—328. No other 
changes were found on any of the three periods. In the lower 
panel, the open symbols denote the redward peak when two peaks 
were present. Note that only one peak is identified in the phase 
range 0.25-0.75 (see Fig. 2). 

in phases 0.0-0.2, and then is relatively weak, except for 
the phase 0.44 event, until it has a negative velocity at 
phase 0.8 again. It is very weak thereafter until <i>—0.2, 
when it becomes moderately strong before disappearing. 
These results are somewhat subjective because of the 
blending in all cases and the extreme variability of all 
Unes at all times. However, they seem relevant in decid- 
ing the origin of this pecuhar emission. 

VI. DISCUSSION 

We propose that the basic phenomenon giving rise to 
the multiple periodicity is a nonsynchronized rotation of 
a moderately magnetic white dwarf of the DQ Her type. 
The photometric variation is the rotation of the white 
dwarf, and the spectroscopic period is the orbit. The 
white dwarf then rotates once within the binary system 
in 4.024 days. The actual light variation is driven by a 
beam (the accretion column onto the white dwarf), and 
the 4 day modulation is the changing illumination of the 
beam as it sweeps around the binary system. This puts 
2A 0526—328 at the extreme end of the DQ Her stars, 
the next slowest rotation being EX Hya with a 67 
minute period. 

Predictions are difficult to make from such a model, 
since it contains many unknown parameters. It is likely 
that X-radiation is beamed from or modulated by the 
white dwarf rotation, so that it should show the 5.18 
hour period. The expected existence and size of a disk 
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(or ring) are not obvious. With near synchronism there 
is likely to be only a thin large ring, with matter spiral- 
ing into the center from it. However, although the 
marching peak behavior suggests a spiral, it is clearly 
phase-locked to the orbit and presumably dynamic rather 
than magnetic in nature. Since the sphtting of the lines 
is caused by the marching peak, we cannot regard this as 
evidence on the existence or nature of a disk. The 
considerable width of the profiles (—3000 km s_1 at 
times), however, does suggest a ring or disk of consider- 
able geometrical extent. 

If the Une broadening is Keplerian, it corresponds, at 
i~60°, to the surface velocity for a 0.3 M0 white dwarf, 
the velocity at 4 ÄWD for 0.7 M0, or at 25 ÄWD for 1.3 
Af0. However, since the WD radius varies strongly with 
mass, these inner radii are all less than 1010 cm and are 
therefore small with respect to the probable size (~ 1011 

cm) of the binary. 
The absence of clear 4 day spectroscopic phenomena 

is disappointing. It appears to be masked by the large 
irregular changes which may relate to a variability in the 
disk (or ring). One might propose that the 4 day photo- 
metric variation is caused by a heating effect on the red 
star by the beam. This might tie in with the oscillation 
of the 5.2 hour photometric maximum on the 4 day 
period by a moving hot spot related to a heating mod- 

Charles, P. A., Thorstensen, J. R., and Bowyer, S. 1978,1AU Cire., 
No. 3296. 

Charles, P. A., Thorstensen, J. R., Bowyer, S., and Middleditch, J. 
1979, Ap. J. {Letters), 231, L131. 

Hill, P. W. 1980, lAUCirc., No. 3492. 
Hutchings, J. B., Cowley, A. P., and Crampton, D. 1979, Ap. J., 

232,500. 

ulated mass flow. We have suggested that He ii is 
connected with a hot spot. Solutions of its velocity 
curves from data binned near the extremes of the 4 day 
variation, however, show no significant phase shift (A<¡> 
=0.024±0.022) or velocity amplitude shift (Aä = 35± 
34) between them. There is a startling difference in F0: 
73±15 at 4 day maximum, and — 2±24 at minimum. 
The Balmer Unes show no difference in any parameter. 

A 4 day heating modulation should also give rise to 
color changes and Une intensity changes, particularly in 
Ca ii which is (orbital) phase sensitive. No such evi- 
dence is found. We are thus driven to consider effects 
within the disk or ring, such as variable illumination by 
an obliquely rotating beam attached to the white dwarf. 

For the present, we are reluctant to suggest a firm 
model for the system. Additional photometry and X-ray 
data will undoubtedly define the system more closely. 
We commend our findings to the attention of observers 
and theoreticians. 

We wish to thank C. Motch for information and 
discussions on the photometry, M. Liller for photomet- 
ric observations, and W. Fisher for work on the spectro- 
photometry. 
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Note added in proof.—F. A. C. and J. R. T. took three more spectra during 1980 December and 1981 January using 
the same equipment as above. These were reduced for radial velocity using the Berkeley Astronomy Department PDS 
microdensitometer and an interactive computer program. Since this is different reduction equipment, some systematic 
differences are likely. The dates of the spectra together with the mean velocities of the centroids of Hß, Hy, and Hô 
were: JD 2,444,603.588, -21 km s-1; JD 2,444,604.584, +202 km s“1; and JD 2,444,605.569, +70 km s"1. At these 
times the radial velocity ephemeris above predicts —43, +162, and +34 km s“1, respectively, which agrees well given 
the sizable random and systematic errors likely to be present in the intercomparison of the data. 

P. A. Charles: Department of Astrophysics, University of Oxford, South Parks Road, Oxford, OX1 3RQ England 

A. P. Cowley: Astronomy Department, University of Michigan, 1053 Dennison Building, Ann Arbor, MI 48109 

D. Crampton and J. B. Hutchings: Dominion Astrophysical Observatory, 5071 West Saanich Road, Victoria, B. C, 
V8X4M6 Canada 

J. R. Thorstensen: Department of Physics and Astronomy, Dartmouth College, Hanover, NH 03755 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 


	Record in ADS

