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ABSTRACT

We report the results of HST WFPC2 observations of the core of NGC 6752. We identify two candidate
cataclysmic variables (CVs) from their strong narrowband Ha emission, periodic variability, and, in one case, a
UV excess. We interpret the variability of these stars as being double-peaked, ellipsoidal light curves, in which
case the orbital periods are 5.1 and 3.7 hr. The CV candidates fall at the edge of the error circle of one of the

known X-ray sources in the cluster.

Subject headings: binaries: general — globular clusters: individual (NGC 6752) —
novae, cataclysmic variables — white dwarfs — X-rays: stars

1. INTRODUCTION

Large numbers of cataclysmic variables (CVs) should be
present in globular clusters. The same processes which pro-
duce the overabundance of accreting neutron stars in globular
clusters should produce large numbers of CVs as well (e.g.,
di Stefano & Rappaport 1994). Two nova explosions have
been observed in globular clusters (Shara & Drissen 1995 and
references therein), which implies a significant underlying
population of CVs. Finally, the large observed and inferred
populations of low-luminosity globular cluster X-ray sources
(LLGCXs) have often been identified as CVs (Hertz &
Grindlay 1983).

Optical identifications of this purported large population of
cluster CVs have been slow to materialize (Livio 1996). This is
largely because CVs are optically faint, and the large stellar
densities of globular clusters make them difficult targets,
particularly in the cores of dense clusters where they should be
most prevalent. However, recent work with the Hubble Space
Telescope has led to the identification of a number of CV
candidates (e.g., Paresce, De Marchi, & Ferraro 1992; Paresce
& De Marchi 1994; Shara & Drissen 1995). In particular, Cool
et al. (1995) identified three stars as candidate CVs on the
basis of strong narrowband Hea flux and UV excesses. Those
stars were found to be consistent with the locations of three
LLGCXs previously identified by Cool et al. (1993) using the
ROSAT high-resolution imager (HRI). Recently, spectroscopy
with the HST Faint Object Spectrograph has confirmed that
these stars have spectra similar to those of magnetic CVs
(Grindlay et al. 1995).

Here we report HST observations of the core of NGC
6752 similar to those carried out by Cool et al. (1995) which
resulted in the identifications of the candidates in NGC 6397.
We identify two candidate CVs. One of these stars may be

associated with one of the X-ray sources identified by Grindlay
& Cool (1996). Additional HST observations have identified
both candidates as periodic variable stars.

2. DATA AND ANALYSIS

We have obtained two sets of observations of the core of
NGC 6752 with the HST WFPC2 instrument. One set con-
sisted of images taken through the F439W (B), F675W (R),
and F656N (He) filters. The principal aim of this program was
to obtain candidates for CVs and optical counterparts of X-ray
sources in the manner described by Cool et al. (1995). The
other set was a series of over 300 exposures in the F555W (1)
and F814W (J) filters taken over a period of 20 hr when the
cluster was in the continuous viewing zone. Because of data
transmission limits, only data from the PC chip were recorded
in the V" and I observations. The principal aim of this program
was to search for short-term variability. Here we describe only
the results pertaining to the CV candidates discovered with the
B, R, and Ha data; a detailed discussion of the V" and I data
is given by Rubenstein & Bailyn (1996). Both sets of data were
obtained on 1994 August 18 and 19. The numbers and
exposure times of the images obtained in both programs are
listed in Table 1.

The strategy used to find CV candidates in the B, R, and Ha
data has been described by Cool et al. (1995). Essentially, we
searched for Ha bright objects on or bluer than the main
sequence. The deep images were combined using the “crre-
ject” algorithm in the IRAF data reduction package. The data
were then analyzed using our own implementation of the
“assisted aperture” photometry algorithm described by Yanny
et al. (1994). Briefly, we use the DAOPHOT-II/ALLSTAR
package (Stetson 1992) to create a point-spread function, and
then automatically perform aperture photometry on each star,
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TABLE 1
ExpOSURE LoG

Exposure
Filter (s) Number
F439W ... 70 1
F430W ..o 700 2
FOTSW ..o 18 1
FO675W oo, 180 2
FO56N ...t 120 1
FO56N.....cccoiiiiiiii. 1200 5
F555W oo, 2 18
F555W oo 26 117
F555W oo 80 27
F814W ..., 3 18
F8I4W ..., 50 108
F814W ..., 160 27

after having subtracted all near neighbors. The results are
shown in Figure 1, which is a color-color diagram in Ha — R
versus B — R. In Figure 1 2778 stars with R magnitudes
ranging from ~1.5 mag above the main-sequence turnoff to
~4.0 mag below the turnoff are shown.

Two stars, labeled 1 and 2 in Figure 1 and the finding chart
given as Figure 2, immediately stand out. We have carefully
inspected the images of these stars, and they are normal in all
frames of all three colors—no cosmic rays, bad pixels, or
nearby bright stars appear to have affected them. In contrast,
the unusual colors of a third candidate (not shown in Fig. 1)
proved on inspection to be an artifact of the overlap of the star
and the diffraction pattern of a nearby giant. We have
searched prerepair F220W FOC data for these stars. Star 2 lies
too close to a nearby subgiant for accurate magnitudes to be
obtained. However, star 1 shows an m,,, — R color which
indicates a substantial UV excess (see Fig. 4 in Cool et al. 1995
for comparison to the sources in NGC 6397).

Table 2 summarizes the colors and magnitudes of the two
candidates. We have converted the optical broadband colors
to the Johnson system, following the prescription of Holtzman
et al. (1995). However, we note that accurate aperture correc-
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Fi1G. 1.—B — R vs. Ha — R color-color diagram of stars found in the PC
image of the core of NGC 6752. The CV candidates are indicated.
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FiG. 2—Portion of F675W PC image of the center of NGC 6752. The image
covers 26" X 26'. CV candidate 1 is marked by the left arrow, and candidate 2
by the right arrow. Error circle at left of the image is for ROSAT source A
(Grindlay & Cool 1996), while the more central error circle is for source B.

tions were difficult to obtain in this very crowded field. We
therefore expect systematic calibration errors of up to 0.2 mag.
Both sources vary on timescales of a few hours, as noted
below. The B, R, and m,,, magnitude, which were taken over
a relatively short amount of time, may therefore deviate from
the mean by as much as 0.2 mag. The I and V' magnitudes,
however, reflect averages over many images taken over a 20 hr

TABLE 2

CV CANDIDATES

Parameter Star 1 Star 2
R.A. (J2000) ..... 19810™51527  19"10™51:18
Decl. (J2000)..... —59°58'53" —59°58'49"
BY 21.0 21.5
| 20.55 20.89
) 19.9 20.8
P 19.29 19.70
Ha —R......... -0.7 -15
mpyy) — R* ....... 0.9 s
MyS 7.31 7.65

* Given the short duration of the B and R obser-
vations, and the known variability of the sources,
these values may deviate from the mean by as much
as 0.2 mag, in addition to calibration errors of similar
size, and photometric errors of ~0.1 mag.

Y These are mean values over the medium-length
exposures listed in Table 1. The principal sources of
error are calibrations to the Johnson system (esti-
mated at ~0.2 mag); the relative magnitudes are
accurate to ~0.02 mag.

¢ Distance and reddening from Peterson 1993.
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FIG. 3.—V — I color-magnitude diagram of NGC 6752, with CV candidates
marked.

period, so they should represent a true mean magnitude for
1994 August 18 and 19.

A similar procedure was applied to the three fields observed
with the B, R, and He filters and the wide-field (WF) chips.
While these fields do not cover the cluster center, they fall
within the central few core radii, and therefore might be
expected to contain relatively massive objects like CVs. No
compelling candidates were discovered. However, the WF
data were less sensitive to CVs than the PC data, because of
the increased crowding caused by the larger pixel scale. We
quantified this effect in two ways. First, we reanalyzed the PC
images after performing 2 X 2 block summing to simulate the
resolution of the WF. Second, we added artificial CVs to the
WEF images. Both methods indicated that the PC is sensitive to
CVs about 1.5 mag fainter than can be detected in the WF
data. We find that we would recover a CV like candidate 1 in
the WF images about 70% of the time, but that we would
detect a CV as faint as candidate 2 S 10% of the time.

The V and I data were analyzed in the following manner
(see Rubenstein & Bailyn 1996 for more details). After
preparing a summed image, the FIND routine from Stetson’s
(1987) DAOPHOT?2 package was applied to produce a pre-
liminary star list. Sources with shape parameters which dif-
fered significantly from those of point sources were deleted
from this list, as were sources located within the ~14% of the
image dominated by saturated stars and their diffraction
patterns. Then, an implementation of the assisted aperture
algorithm (the Stellar Photometry System [SPS]) kindly pro-
vided by K. Janes and J. Heasley was applied to the star list,
producing a master list of 3927 stars. The positions of the stars
in the master list were then shifted to match each of the
individual V" and I frames. We then ran SPS on each individual
frame using the master list as input. The recentroiding proce-
dure was turned off for this stage, forcing the positions of the
stars to remain fixed. The output was reassembled into a time
series for each star in the master list. By taking the average
magnitudes for those stars which could be detected in the
individual frames, the ¥ — I color-magnitude diagram of
2421 stars shown in Figure 3 was assembled. Since these
observations were obtained over a period of 20 hr with
interleaved V' and I exposures, effects due to short-term
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FiG. 4—Folded time series for the CV candidates. Each time series is
comprised of over 100 individual points. We also show the means and standard
deviations of the points in 15 equal-sized phase bins. The top two panels show
I and V light curves for candidate 1, folded on a period of 5.1 hr; the bottom
two panels show I and V light curves for candidate 2, folded on a period of 3.7
hr.

variability should be canceled out, which is not the case in the
quoted B, R, and my,, magnitudes. A detailed analysis of this
color-magnitude diagram is given by Rubenstein & Bailyn
(1996). An analysis of the time-series data is in preparation:
here we note only that no large-amplitude variables
(=0.4 mag) were found. This indicates that, like M80 (Shara &
Drissen 1995), NGC 6752 does not contain bright nova-like
variables.

An analysis of the time-series data of the CV candidates
demonstrated that they are low-amplitude periodic variables.
The Stellingwerf variance statistic test (Stellingwerf 1978)
indicated periodic variability on a timescale of ~2.5 hr for star
1 and ~1.8 hr for star 2. To test the significance of the periodic
signal, we randomly reassigned magnitudes to times of obser-
vations, and recalculated the Stellingwerf statistic. In 1000
trials for each source, no case was found which produced a
periodic signal as strong as the one actually observed. Folded,
binned light curves are shown in Figure 4. The amplitude and
brightness of these variables are consistent with their nonde-
tection in the prerepair HST data of Cool (1993) and Shara et
al. (1995).

3. DISCUSSION

The ROSAT HRI image of NGC 6752 shows two principal
components, both within 10” of the cluster center (Cool 1993;
Grindlay & Cool 1996). As shown in Figure 2, stars 1 and 2 fall
at the edge of the error circle of the X-ray source identified as
“B” by Grindlay & Cool (1996). The dominant error in the
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large ROSAT error circles comes from errors in the absolute
pointing of the satellite. Even if these errors are greater than
we estimate (which is unlikely, given that a source near the
edge of the HRI field of view coincides with the position of a
bright SAO star to within 3"), the relative positions of the two
sources should be accurate to ~2". Since the ROSAT sources
are separated by 14” and the CVs are separated by 5", the two
CVs cannot both be counterparts of the two brightest
LLGCXs, in contrast to the situation in NGC 6397. It is
therefore likely that at least one of the LLGCXs has a
counterpart fainter than M,, >> 7, although it is also possible
that a brighter counterpart is situated within =071 of a
brighter star or in the diffraction spikes of a saturated giant.

The location of star 1 on the main sequence in V' — I is not
typical for a CV. The star is well isolated from its neighbors, so
there seems to be no reason to doubt the reality of the Ha and
UV excess which identify this star as a CV candidate. The red
colors of the counterpart may indicate that there is a signifi-
cant contribution from a low-mass secondary to the optical
emission from the source. If this is the case, the variability
might be due to ellipsoidal variations of the Roche lobe filling
secondary, as is seen in some field CVs (e.g., Berriman et al.
1983). The relatively red V' — I color of candidate 2 suggests
that it too may display ellipsoidal variability.

Ellipsoidal variations produce two maxima and minima per
orbit, so the orbital periods suggested by the above hypothesis
are 5.1 hr and 3.7 hr, respectively. The geometry of the systems
are self-consistent in that the Roche lobes are similar in size to
a main-sequence star of ~0.3-0.5 M, (Green, Demarque, &

King 1987). If the variability were caused by an eclipse of the
accretion disk, the orbital periods would be half what we
suggest. But in this case the secondaries would be too small
and faint to contribute significantly to the optical emission,
and the observed red colors would require an anomalously
cool accretion disk.

Table 2 shows that the Ha — R and m,,, — R colors and
absolute IV magnitude of candidate 1 are similar to those of the
candidates in NGC 6397 (Cool et al. 1995), which were
subsequently shown by Grindlay et al. (1995) to have CV-like
spectra. However, at least one of the CV candidates is not
coincident with the ROSAT sources identified by Grindlay &
Cool (1996). Optical counterparts of the X-ray sources as faint
or fainter than our candidate CVs would result in f,/f;,, ratios
higher than those observed in NGC 6397. Therefore, it is not
certain that the new sources reported here are similar to those
in NGC 6397. Clearly spectroscopy of the kind obtained by
Grindlay et al. (1995) for the candidates in NGC 6397 is
required for a fuller understanding of the sources reported
here.
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