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ABSTRACT

Spectroscopic observations of chromospheric transitions (Mg 11, Ha, and Ca 11 K) from two red giants (A31
and A59) in the globular cluster NGC 6572 were made with the Goddard High Resolution Spectrograph on
the Hubble Space Telescope and the coudé spectrograph of the 1.9 m telescope at the Mount Stromlo Obser-
vatory. These measurements give evidence for chromospheric activity and outward motions within the atmo-
spheres. The surface flux of the Mg 1 emission is comparable to that in disk population giants of similar
(B—V) color. The Mg 1 profiles are asymmetric, which is most likely caused by absorption in an expanding
stellar atmosphere and/or by possible interstellar features. Notches are found in the core of the Ha line of
A59, which are similar to those found in Cepheids. This suggests that shocks are present in the atmosphere of
A59 and indicates that hydrodynamic phenomena are influencing the level of chromospheric emission and
producing upper atmospheric motions which may lead to mass loss.

Subject headings: globular clusters: individual (NGC 6752) — shock waves — stars: chromospheres —
stars: giants — stars: mass loss — ultraviolet: stars

1. INTRODUCTION

The information provided by the chromospheric lines of red
giants in globular clusters is relevant to several fundamental
problems in stellar evolution. Strong chromospheric emission
from cool stars on the main sequence is believed to result from
magnetic dynamo activity, yet the presence of chromospheric
emission in the halo population of globular cluster red giants
(Dupree et al. 1990a) is puzzling because the magnetic dynamo
should be weak among such evolved old stars (Pasquini et al.
1991; Simon 1992). One goal of this study is to determine the
level of the chromospheric emission among such red giants,
and to search for spectroscopic evidence of the cause of the
associated chromospheric activity. For example, short time-
scale variability of the Ha emission in metal-deficient field
giants and a few globular cluster giants (Cacciari & Freeman
1983) suggests that these stars may be pulsating (Smith &
Dupree 1988) and that hydrodynamic processes are influencing
the properties of their chromospheres.

Profile asymmetry among chromospheric lines can reveal
mass motions, and in particular the presence of mass loss in a
stellar wind. Mass loss from red giants in globular clusters is
demanded by stellar evolution theory to explain the spread in
color of the horizontal branch stars (see, for instance, Vanden-
Berg 1988 and Iben 1991), and to match the maximum lumi-

! Based in part on observations with the NASA/ESA Hubble Space Tele-
scope obtained at the Space Telescope Science Institute, which is operated by
the Association of Universities for Research in Astronomy, Inc., under NASA
contract NAS5-26555.

2 Guest Observer, NASA/ESA Hubble Space Telescope.

nosity of stars at the tip of the asymptotic giant branch (see
Iben & Renzini 1983). Yet neither unambiguous spectroscopic
signatures of mass loss from individual cluster red giants
(excepting Mira-like variables, Frogel & Elias 1988), nor the
resulting interstellar material assumed to collect in the cluster,
have been detected (Roberts 1988; Faulkner & Smith 1991).

Profiles of chromospheric lines have the potential to reveal
the signature of a stellar wind and circumstellar material, and
several investigations utilizing this approach have been report-
ed in the literature. Red giants in globular clusters exhibit
rather low velocity shifts in the cores of the Ha or Na D lines
(cf. Peterson 1981; Bates, Catney, & Keenan 1990; Bates,
Kemp, & Montgomery 1993); these velocities are much less
than the stellar surface escape velocities which amount to ~ 60
km s~ !. Studies of metal-deficient field giants, which might be
taken as surrogate stars for globular cluster giants, also indi-
cate (slow) outflow as shown by asymmetries and line shifts in
the Ha, Ca 1, and Mg 1 lines (Smith, Dupree, & Churchill
1992; Smith & Dupree 1988; Dupree, Hartmann, & Smith
1990b). Most recently, the He 1 (410830) transition in one
metal-deficient field giant was observed (Dupree, Sasselov, &
Lester 1992) to show asymmetry associated with a fast wind,
with speeds sufficient to escape the star. This marks a clear
demonstration of true mass loss in an old thick-disk popu-
lation giant. It is not known whether such speeds are prevalent
among giants in globular clusters.

In this paper, we report the results of visible and ultraviolet
spectroscopy of two of the brightest red giants in the globular
cluster NGC 6752 to evaluate chromospheric flux levels and to
search for evidence of the presence of stellar winds. Because the
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interstellar reddening toward the cluster is extremely low,
NGC 6752 offers an attractive target for ultraviolet measure-
ments.

2. OBSERVATIONS AND DATA REDUCTION

The two target stars, A31 and A59 in NGC 6752 (Alcaino
1972), were observed in the chromospheric line of Mg 11 with
the Goddard High Resolution Spectrograph (GHRS) on the
Hubble Space Telescope (HST), and shortly thereafter in Ha
and the Ca 11 K line at the Mount Stromlo Observatory. The
physical characteristics of our target stars, together with refer-
ences to the sources of these data, are summarized in Table 1.
These stars were chosen for observations because they display
Ho emission wings in their spectra (Cacciari & Freeman 1983)
and Mg 11 emission had been detected in spectra taken with the
International Ultraviolet Explorer (IUE) at low resolution
(Dupree et al. 1990a). The positions of the stars used for point-
ing the HST were determined by scanning photographic plates
of the cluster, and placing the measured coordinates in the
reference frame of the HST Guide Star Catalog. The plate
scanning and astrometric reductions were carried out at the
Space Telescope Science Institute (STScI) using plates of NGC
6752 loaned from the Mount Stromlo Observatory archives.

2.1. The GHRS Spectra of Mg 1l

The target red giants are sufficiently faint at ultraviolet
wavelengths to make them demanding targets for the HST/
GHRS at moderate resolution. Fortunately, observations with
IUE in the low-dispersion mode, which required ~14 hr of
integration (Dupree et al. 1990a), enabled us to estimate the
expected flux levels for the GHRS measurements. Guest obser-
ver time on HST was awarded during cycle 1 for 9 hr of
spacecraft time. The observations were initiated beginning

TABLE 1
PARAMETERS OF TARGET STARS

Quantity A31 AS59 References
R.A.(2000.0) ........ 19°11™115282 19810™32:312 1
Decl. (2000.0)........ —59°59'53"89 —59°57'06"25 1
Voo 10.80 10.90 2
B—V . 1.60 1.59 2
EB—=V).cccvuvennn. 0.03 0.03 3
(V=R)g «evevennrn. 1.23 1.20 4
B e, 0.255 0.233
My. oo -238 =27
Toee (K)o 3915/3950 3926/4050 3,5
L (P —-3.52 -3.39 6
RRg) cooviviininnnn, 97.4 91.2
RV, (kms™1) .. .. —26.1 —184 1
Fopy:A2795° ... 6.1E—15 34E—15
Fop,:A2802° ......... 71E—15 40E—15
F:22795%........... 1.9E+4 13E+4
F,:22802°........... 22E+4 1.5E+4

2 Angular diameter in units of 10~3 arcsec; derived following Barnes,
Evans, & Moffett 1978, and assuming A, = 3.3E(B— V).

® Units of ergs cm ™2 s~ ! observed at Earth in Mg h and k emission cores.

¢ Units of ergs cm ™% s~ ! from stellar surface. F, = 1.702 x 10'7/¢2 F, has
been corrected for reddening where 4,4, = 6.1E(B—V); Seaton 1979.

REFERENCES:—(1) This work; (2) Cannon & Stobie 1973; (3) Frogel et al.
1983; (4) Based on the (V — R),—(V — K), relation given by Johnson 1966 and
(V —K), colors measured by Frogel et al. 1983; (5) Pilachowski, Sneden, &
Wallerstein 1983, (6) Frogel, Persson, & Cohen 1981.

1992 April 16, and extended over 47 hr.> Four hours of total
integration with the intermediate-resolution G270M grating
were planned for each target, and this amount was acquired
successfully.

The pointing for our targets was carried out during dark
time with a blind acquisition using the Large Science Aperture
(LSA) followed by a LOCATE command. Because the GHRS
identifies targets based on ultraviolet flux and NGC 6752 has a
population of hot horizontal branch stars which might inad-
vertently fall in the aperture, our red giants were not acquired
with standard spiral search procedures. An ultraviolet map of
the aperture (16 x 16 pixel map) using the focus diodes was
taken during dark time to verify that our targets were indeed in
the aperture. The HST pointing placed the stars within 07375
of the center of the LSA ; maximum counts in the aperture map
were 44 (A31) and 45 (A59) for a 7 s integration period. Because
the 07375 offset within the LSA fortunately lay along the direc-
tion perpendicular to the dispersion (i.e. the y axis of the
aperture), there was essentially no impact on the resolution or
the wavlength scale of the resulting spectra. The data, pro-
cessed with the standard pipeline processing procedures by the
STScl, were delivered to the Center for Astrophysics with a
polynomial background removed and with a vacuum wave-
length calibration. We re-reduced the data using the pipeline
programs of STSDAS, removed a constant background (now
the usual procedure), and changed the wavelength scale to air.

The spectra were obtained in a standard mode of the GHRS
in which the total exposure time is divided into four equal
segments, each taken at a slightly different carousel setting so
as to minimize the fixed pattern noise on the detector (dubbed
an FP-SPLIT procedure). For our program, each of these seg-
ments was in turn composed of some 15 short subexposures,
~ 3.8 minutes in duration, intended to reduce the effects of the
spectrum drift resulting from the changing thermal and mag-
netic environment of HST. We could not use the customary
procedure of cross correlating the individual 3.8 minute sub-
exposures to remove the thermal drift and geomagnetically
induced image motion because the signal-to-noise ratio in the
individual subexposures is low. Instead, we obtained a time
line of the commands and data transmissions from HST
during execution of our program, and formed groups by selec-
ting subexposures made at the same carousel setting that were
sequential in time. These groups typically contained three to
five subexposures and were separated by occultations and
waits for target reacquisition. The typical separation between
groups was 45 minutes to 3 hr with a minimum time of 30
minutes. The flux-calibrated subexposures in each group were
averaged, and the resulting spectra for those groups which had
been acquired at the same carousel setting were cross corre-
lated with each other, aligned, and then averaged; the contri-
bution of each group spectrum was weighted by the number of
subexposures it contained. In this way, a spectrum was
obtained for each of the four carousel settings in the sequence.
These four spectra were then cross correlated to that for the
last carousel position, and the wavelength scale corresponding
to this last position was adopted. We hope to have minimized
thermal deviations by using the last wavelength scale, since the
telescope should have stabilized by the end of the observation.

3 The inefficient use of HST time can be attributed to two software prob-
lems: our request for a dark acquisition was misinterpreted as a request for
spectra to be accumulated during dark time; and the software failed to recog-
nize that our targets were in the continuous viewing zone of HST.
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A spectrum was then formed from all of the data obtained for
each star. A wavelength calibration exposure (SPY-BAL) was
taken automatically at the end of each target pointing; the
difference between the HST pipeline wavelength calibration
and our fit to the platinum arc from the exposure at each
target, was used to apply an offset of the standard wavelength
calibration. The offset amounted to —0.03 A (target A59) and
—0.08 A (target A31). Both of these offset values are compara-
ble to or less than the expected wavelength uncertainty of +1
full diode width or +0.09 A which equals +9 km s~ ! (Duncan
1992). The final spectra are shown in Figure 1. The signal-to-
noise ratio of these spectra is not sufficient to justify a decon-
volution procedure.

In 1993 March, after our data were reduced, the STScI
advised that in some cases the Doppler compensation pro-
cedure within the GHRS was applied incorrectly, leading to
corruption of data taken at velocity extrema of the HST with
respect to our targets. The maximum possible change between
exposures amounts to 15.2 km s~ !. The Mg 1 emission lines
are broad with typical base widths of ~ 150 km s !, so that the
maximum effects would be small as compared to the line base
width.

Software (obsum within STSDAS) provided by the STScI
demonstrated that 10% of our 4 minute exposures were
“definitely ” affected, with a maximum of 61 s per exposure
spent at a velocity extremum without proper Doppler com-
pensation. An additional 17% of the ~60 exposures on each
target was identified as “potentially affected.” However, this
latter number is most likely an overestimate because the
STSDAS software simply flagged time intervals during which
the spacecraft passed through velocity extrema, without verify-
ing that our exposures were actually underway. A large
number of such spurious intervals exist because our observing
program made inefficient use of HST time as discussed above.
Examination of individual 4 minute exposures to assess the
presence of the Doppler compensation error was inconclusive
because the signal-to-noise ratio in the individual exposures is
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too low to determine whether the wavelength is shifted or
whether broadening of the Mg 11 line profiles occurs due to the
time spent at uncorrected redshifts or blueshifts. If we omit all
of the potentially corrupt exposures, and co-add the remaining
spectra, the profiles that result show little difference from those
that incorporate all of the data. Thus we used all of the data in
our analysis.

The Mg 1 profiles (Fig. 1) are exceptionally asymmetric,
indicating substantial absorption of the chromospheric emis-
sion on the short-wavelength side of the lines. The observed
emissions have a width of 1.5 to 2.0 A at the base of the line
profile. Because the projection of the LSA (2 x 2 arcsec square)
on the spectrum amounts to eight diodes (the scale is 0725 per
diode) corresponding to ~0.7 A, we are confident that the
spherical aberration of the HST is not responsible for the line
asymmetry.

The flux observed in each emission line was derived by
fitting a local continuum (to compensate for the residual
background) and integrating the emission spectrum directly.
The absolute calibration is provided by the STScl and is
expected to have an accuracy of +10% (Soderblom 1993). The
values of these fluxes are listed in Table 1, as are several other
derived properties of these stars.

Previous observations of the Mg 11 emission in these giants
were made (Dupree et al. 1990a) using the low-dispersion mode
of IUE in which the doublet was not resolved. The contribu-
tion of the local continuum could not be separated from the
Mg 11 emission feature, hence lower and upper limits to the line
flux were obtained that correspond to the removal or inclusion
of a local continuum, respectively. For A31, the total GHRS
fluxes for the doublet emission agree well with the observed
fluxes derived from IUE low-dispersion spectra (Dupree et al.
1990a), lying between the lower and upper limits. However, the
GHRS flux appears lower for A59, by a factor of 2.5, than the
minimum estimated flux from the IUE spectrum. Consider-
ation of the expected error limits on the fluxes measured with
IUE (30%) and GHRS (10%) does not account for the differ-
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F1G. 1.—The GHRS spectra of the Mg 11 doublet [12795.523, 12802.698 (air)] in two red giants, A31 and A59 in the globular cluster NGC 6752. The vacuum
wavelength scale obtained from the GHRS has been converted to air, and by our measured heliocentric photospheric velocity for each star. Thus the plotted
wavelength scale is given in the photospheric rest frame of each star. The vertical dashed lines mark the position of the expected central wavelength of the Mg doublet

lines. The spectra are binned by 4 pixels (x0.1 A).
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ence between the two observations of AS59, indicating that the
difference is real, and that the Mg 1 flux of A59 has varied
between 1987 and 1992.

2.2. The Optical Spectra

The coudé spectrograph on the 1.9 m telescope at Mount
Stromlo and Siding Spring Observatories (MSSSO) was used
to obtain Ha and Ca 11 K spectra of our targets on the nights of
1992 May 5-9. The 32 inch (81 cm) focal length spectrograph
camera was employed with a 600 line grating operating in
fourth order for the K line and third order for Ha. The project-
ed slit width equaled two detector pixels (2 x 15 um) or 076 on
the sky. The detector used was the MSSSO photon-counting
array with a blue-sensitive S20 cathode (Rodgers et al. 1988).
Exposures amounted to 20,000 s for the Ca K line and 3000 s
for Ha. Wavelength calibration was achieved via thorium/
argon arc lamp exposures. Reductions of the data were made
at MSSSO using the NOAO/IRAF package.

The radial velocities of A31 and A59 were measured from
the coudé spectra based on the observed wavelengths of photo-
spheric metal lines near 16440. The calibration of the thorium/
argon comparison arc exposures resulted in a mean residual
error of 0.008 A averaged over the length of the spectra, and we
estimate that the absolute values of the photospheric velocities
are correct to +3 km s~! while the velocity of the chromo-
spheric features, the Ca 11 K and Ha lines, relative to the photo-
spheric lines are equally well established. The photospheric
velocities are given in Table 1. The Ha and Ca n K spectra
shown in Figure 2 are placed on a heliocentric velocity scale.

3. DISCUSSION

The chromospheric transitions can indicate mass flow in the
atmospheres of stars, as well as the level of radiative losses that
relates to the energy balance. We address each of these pheno-
mena and also consider the presence of interstellar absorption
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through the low-latitude galactic halo which may modify the
ultraviolet Mg 11 line profiles.

3.1. The Optical Spectra: Ho and Ca 11 (K)

The Ha and Ca 11 K profiles are typical of those found in the
spectra of other relatively bright (M, < — 1.7) metal-deficient
red giants both in globular clusters and in the field (see, for
examples, the spectra of these lines shown in the papers of
Cohen 1976; Peterson 1982; Smith & Dupree 1988; Smith et
al. 1992). The Ca 11 K emission reversal is prominent and sym-
metric in both stars implying that little mass motion is present
in the region of the atmosphere in which this feature forms at
the time of the observations. The radial velocity of the reversal
at the center of the emission features is —1 and —3 km s ™!
relative to the photospheric lines for A31 and A59, respectively.
These spectra give little indication of interstellar calcium along
the line of sight. The stellar radial velocities are negative, and
interstellar Ca 11 might contribute to a weakening of the long-
wavelength side of the emission, but it is not strong if it is
present at all, in view of the symmetry of the emission. The
noise in our spectra does not allow interstellar features to be
ruled out, however. The Ca 1 profile in A31 resembles our
spectrum taken in 1986 (Dupree et al. 1990a), but the AS59
profile had a strong long-wavelength emission wing in 1986 as
compared to the 1992 profile.

The Ha profiles shown in Figure 2 are similar to our 1986
spectra in terms of their emission wings, although the present
spectra show a modest strengthening of the long-wavelength
emission in comparison to the short-wavelength emission. This
is not surprising since the emission strength in A31 has been
found to vary on a timescale of ~3 weeks (Cacciari & Freeman
1983). The velocities of the Ha absorption cores relative to the
photosphere correspond to —7.5 and —4 km s~ ! for A31 and
AS59, respectively, values typical of metal-deficient field giants
for stars of similar luminosity (Smith & Dupree 1988).
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F1G. 2—Echelle spectra of the Ha (16562.82) and Ca 11 K line (43933.66) profiles in A31 and AS9 obtained at the 1.9 m telescope of Mount Stromlo Observatory.
The dashed vertical line denotes the expected position of the stellar photospheric line centers. Note the signature of atmospheric expansion in the Ha core as
indicated by the core asymmetry and shift to shorter wavelengths. The two features in the Ha core of AS9 (at —7.5 and + 15 km s~ relative to the photosphere) are
believed to indicate shock waves in the atmosphere since they resemble those observed and calculated in Cepheids. The Ca 11 K core reversals (K ;) display modest

velocity shifts: —1to —3kms™!.
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Most significant may be the doubling of the Ha absorption
core in the spectrum of A59. The two features in the core lie at
—17.5and + 15 km s~ ! with respect to the stellar photospheric
velocity as defined by metal lines. Similar features occur in the
Hu profiles at some phases of the classical Cepheids, / Carinae
(Rodgers & Bell 1968), T Mon and X Cyg (Wallerstein 1972,
1983) and the Population II Cepheid x Pav (Wallerstein et al.
1992), although the separation between the two core features is
more substantial (~60 km s ') for the Cepheids than is found
here (22.5 km s~ !). Early models of Cepheid atmospheres
(Karp 1975) indicated the occurrence of line-splitting, and the
more recent time-dependent codes with full radiative transfer
considerations predict Ha profiles with cores that are split
(Sasselov 1993), similar to our observations. In addition, the
chromosphere of A59 varies in its structure as shown by the
1987 spectra which displayed outflow in the Ca 1 K line and a
stronger Mg 11 emission flux than in the 1992 spectra. We take
these measurements and the associated theoretical calculations
as additional evidence for pulsation in the atmospheres of
metal-poor red giants like A59.

The optical spectra suggest that differential outward mass
flow is present in the chromospheres of A31 and AS9; the lower
expansion velocity of the Ca 1 K reversal and the symmetry of
the K, lines as compared to the higher expansion velocities
found for the Ha core are consistent with steady state models
of metal-deficient red giants with expanding atmospheres, since
the calcium emission (K,) is formed below the level of the Ha
absorption core (Dupree, Hartmann, & Avrett 1984).

3.2. The Ultraviolet Mg 11 Lines

The stellar surface fluxes of the Mg 11 lines as derived from
the spectra are comparable to those of giant and supergiant
stars of Population I (see Fig. 3). In spite of substantial metal
deficiencies in the globular cluster stars, the radiative losses
from the Mg 11 lines do not reflect lower values that would
result if they were simply scaled by the magnesium abundance.

6.5
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The observed surface fluxes are corrected for the ultraviolet
extinction corresponding to E(B—V) = 0.03, but the values
may still underestimate the true surface flux due to possible
absorption from interstellar Mg 11. These observations confirm
the strong chromospheric emissions in the oldest evolved stars
in our Galaxy, and reinforce the conclusion that magnetic
chromospheric activity is not the principal contributor to these
line strengths. Among red giants in an old stellar population,
the magnetic dynamo would not function efficiently, if at all.
The progenitor main-sequence stars, i.e., subdwarfs, represent
the oldest dwarfs in the Galaxy, and according to the Skuma-
nich (1972) relation (see also Simon, Herbig, & Boesgaard
1985), or considering their lowered rotation rates (Simon 1990),
their dynamos and chromospheric activity might be expected
to be relatively weak by comparison with Population I dwarfs.
In addition, fluxes in chromospheric emission lines are
observed to drop markedly in association with the evolution of
a former dwarf into the subgiant region of the H-R diagram
(Simon & Drake 1989).

The interpretation of the Mg 11 line profiles is not straight-
forward. A differentially expanding chromosphere would
produce an asymmetric profile as is observed. In fact, the shape
of the Mg 11 line profiles in our targets is very similar to that of
the nearby, slightly metal-deficient giant, « Boo (see Fig. 4).
However, A31 is intrinsically more luminous and cooler than «
Boo [(B—V), = +1.3; M, = —0.04]. Thus A31 should have
a much wider emission profile as judged by correlations based
on the Wilson-Bappu effect (Weiler & Oegerle 1979). If the Mg
1 profiles are assumed to have the same extent to short wave-
lengths as toward long wavelengths, they should reach to
—125 or —150 km s~ !, and in that case the predicted M, ~
—3 (Weiler & Oegerle 1979) is in good agreement with the
magnitudes determined from the distance modulus to the
cluster (see Table 1). The possibility of a metallicity dependence
on the absolute magnitude calibration has been addressed for
only one metal-deficient star (Dupree et al. 1990b), and for that
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F1G. 3—The stellar surface flux in Mg 11 of the giants in NGC 6752 as compared to other luminous stars. A tabulation of the comparison stars and their fluxes is

contained in Dupree et al. (1990b).
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F1G. 4—The Mg 11 doublet in A31 as compared to an IUE spectrum (LWR
4435) of a« Boo obtained from the NSSDC. Although o Boo is less luminous
and hotter than A31, and 10 pc distant (so the interstellar absorption is
minimal), the similarity between the two profiles is striking. The signal-to-noise
ratio in the wings of A31 is not high enough to identify possible narrow
absorption features or weak emission.

object the Wilson-Bappu relation appeared to be satisfied pro-
vided that the appearance of the Mg 11 profile was modified by
opacity in a stellar wind. The narrow profiles in A31 could be
used to argue that the mass loss in this globular cluster giant is
substantially higher than in « Boo, so that part of the short-
wavelength side of the Mg 11 profile in A31 is absorbed by the
stellar wind.

To assess the impact of interstellar Mg 1 absorption upon
the observed profile, we summarize the characteristics of the
interstellar medium in the direction of NGC 6752.

3.3. The Line of Sight toward NGC 6752

Our targets were chosen for HST observations because they
are relatively bright for globular cluster stars, and lic in a
cluster with low reddening at I =336°5 and b = —25%.
However, the interstellar resonance lines of Mg 1 can be
strong. Even low values of E(B— V) < 0.05 can be associated
with equivalent widths of 0.6 to 0.7 A in the Mg 1 doublet
(deBoer et al. 1986); higher values can produce saturation in
Mg 11 over 1.1 A (120 km s~ !; cf. Sembach, Savage, & Massa
1991). Values of E(B—V) for NGC 6752 range from 0.0 (Da
Costa, Armandroff, & Norris 1992; Zinn 1980), 0.03 (Harris &
Racine 1979), 0.04 (Cannon 1974), and 0.05 (Cannon & Stobie
1973). The distance modulus (m — M), = 13.20 (Harris &
Racine 1979) which, for E(B— V) = 0.03, gives a distance of 4.2
kpc from the Sun and 1.8 kpc below the plane of the Galaxy. If
the asymmetry in the Mg 11 lines were attributed completely to
interstellar medium absorption, the inferred disk and halo
material would be distributed in velocity from Vg = —120 to
+41 km s~ ! toward A31, with a similar large spread (Vig =
—65to +70km s~ ') toward A59.4

There are three potential sources of interstellar absorption
features:

i. A survey of H 1 emission (Colomb, Poppel, & Heiles 1980)

“ In the direction of NGC 6752, the relation between the velocity reduced to
the local standard of rest and the heliocentric velocity is given by Vi gz = Ve

—0.13 km s ', assuming a solar speed of +16.5 km s~! in the direction
(epoch 1950.0) I = 53°, b = 25° (Mihalas & Binney 1981).
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shows faint wisps of emission near Vg =0 km s™! toward
NGC 6752 in photographic representation, but no features
outside of these velocities. There are no high-resolution spec-
troscopic studies of interstellar absorption features, nor any
high-velocity clouds toward the cluster (Wakker & van
Woerden 1991).

ii. A very local interstellar component (Crutcher 1982), if
present in the direction of NGC 6752, would appear in the
spectrum at Vg = —14.5 km s~ . Judging from Mg 11 profiles
of nearby giants (Molaro, Vladilo, & Beckman 1986), such
absorption would not obscure the short-wavelength wing of
our line profiles.

iii. The velocity of the rotating Galactic disk material in the
direction of NGC 6752 can be evaluated using disk rotation
curves (Clemens 1985) for a solar galactocentric distance of 8.5
kpc, a solar neighborhood circular motion around the Galactic
center of 220 km s~ !, and the assumption of corotation. The
velocities become progressively more negative and reach
Visk ® —50 km s~ ! at the 4.2 kpc distance of the cluster
(Sembach 1993).

The positions of the three potential absorbers in the direc-
tion of NGC 6752 are shown in Figure 5 with respect to the
stellar Mg 11 line profiles. The uncertainty in the zero point of
the GHRS wavelength scale corresponds to +9 km s !
(Duncan 1992), an amount insufficient to change the relative
positions significantly. If interstellar Mg 11 were sufficiently
abundant, it could be responsible for some of the observed line
asymmetries. However, it does not appear likely that all of the
absorption is attributable to interstellar Mg 1 because the
observed profile shows neither the wing shape nor the optical
depth found in interstellar line profiles. In A31, detectable
stellar flux extends from V g = —75 to + 50 km s~ !, the posi-
tive value being associated with the peaks of the emission.
Emission at negative velocities is not as extensive in the spec-
trum of A59, yet ranges from —10 to +75 km s ! at its peak.
Observed spectra of interstellar Mg 1 lines are optically thick
in the cores and can absorb all flux over considerable velocity
ranges. Moreover, the wings of the Mg 11 lines are typically
sharp, falling from the continuum level to zero in the line core
over ~50 km s~! (cf. Sembach et al. 1991; Danly et al. 1992).
Both of these considerations suggest that the asymmetry in the
Mg 11 profiles is not typical of a pure interstellar Mg 11 absorp-
tion profile.

3.4. The Stellar Mass-Loss Rate

If the interstellar Mg component was minimal, then the
Mg u line asymmetries would result from a stellar wind that
has a terminal velocity of ~150 km s~ !. Such a speed exceeds
both the stellar photospheric escape velocity (55 km s~ ') and
the escape velocity from the cluster core (23 km s, Webbink
1981). The presence of a fast wind would resolve the long-
standing puzzle of the apparent lack of interstellar material in
globular clusters (cf. Roberts 1988 ; Smith et al. 1990).

The mass-loss rate indicated by these profiles can be esti-
mated if they are produced by a stellar wind. The Sobolev
optical depth for a linear velocity law in a rapidly expanding
atmosphere is (Castor 1970):

ne?
e

Ts

Ao [Ny R
mc |4 ’

where the stellar radius, R, is taken as the characteristic length,
Ao is the wavelength at line center, Ny, is the Mg density, and
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F1G. 5—The h(A2802) and k(A2795) lines of Mg 11in A31 and AS59 superposed on a velocity scale referenced to the local standard of rest (LSR). The vertical broken
lines mark the stellar photospheric velocity. Sources of possible interstellar Mg 11 absorption in the direction of NGC 6752 (I = 336.5° and b = —25.6°) are indicated
by arrows: the expected velocity of the local interstellar material (L) as determined by Crutcher (1982); the velocity of hydrogen observed in emission (H 1) by
Coulomb et al. (1980); and the maximum velocity extent for the rotation of the galactic disk (Disk) in the direction of, and at the distance (4.2 kpc) of NGC 6752.

V is the wind velocity. Substituting for Ny, into the mass-loss
rate, M = 4nR*Ny py, V, where Ny, = Ny A4, we find

. R v ooV
~0.7 x107°
M ~07 x "(1001{@)(150 km s—1>

A -1 4

X (1.5 x 10-6) Moyr =,
where V, R, and A are each expressed in units of appropriate
value. The radius of the stars is 100 Ry (Frogel, Persson, &
Cohen 1983), and the velocity of the wind amounts to 150 km
s™1, as determined from the velocity extent of the long-
wavelength wing. The value of [Mg/H] has been determined
for three red giants in NGC 6752 to be —1.27 +0.10
(Gratton, Quarta, & Ortolani 1986), which corresponds to
A =15 x107° for (Ny/Ny)o = 3.02 x 10~°. For an opti-
cal depth 7, ~ 1, a mass loss on the order of 107° My yr~!
would produce the observed profile asymmetry This value
is commensurate with the rate suggested from studies of
color-magnitude diagrams and stellar evolution calculations
(Rood 1973), namely a mass loss of 0.2 M, during a time of
~2 x 108 yr.

4. CONCLUSIONS

Strong chromospheric emission is present in both of the red
giants A31 and A59 in the globular cluster NGC 6752, and
GHRS spectra confirm the flux level of Mg 11 emission mea-
sured previously from IUE low-resolution spectra of A31 and
suggest that chromospheric variations occur in A59. Asym-
metric line profiles of the Mg 11 and Hu lines indicate that the
atmospheres of both stars are expanding, and a spectroscopic
signature of shock waves, namely a splitting of the Ha core, is
apparent in A59. These measurements indicate that hydrody-
namic phenomena are important in the region from which the
emission originates.

The radial velocities of the cores of the optical lines range
from —1to —8 km s~ !. These values are less than the escape
velocity from the stellar photosphere [V, = 620(M,/R,)'?
km s~ '], where M and R are in solar units. The escape velocity
amounts to 55 km s~ ! for a red giant (M, =08 My; R, =

100 Rg). Even if the optical line cores are formed in the
extended chromosphere which might be 2 stellar radii above
the photosphere, the stellar escape velocity is smaller by a
factor of 0.6 (32 km s 1), but its value would still exceed the
velocities that we observe for these cores.

The escape velocity from the center of NGC 6752 has a value
of ~24km s™' (Madore 1980; Webbink 1981). Our targets lie
away from the center of the cluster, so that the cluster escape
velocity is less. For these stars, material lost from the star in a
fast wind would be likely to escape from the cluster.

In contrast with the optical lines, the Mg 1 line profiles
indicate outward flowing material and could show the pres-
ence of velocities substantially higher than the cluster escape
velocity. Because the lines are anomalously asymmetric, it
seems likely that the asymmetry results in part from an
expanding wind in the red giant star. The rate of mass loss,
estimated at ~107° Mg yr™?, agrees with theoretical expec-
tations. However, the present uncertainty in the interstellar
Mg 1 absorption profile leaves the wind terminal velocity
unknown until an interstellar line profile can be obtained. The
optimum way to define the absorption profile is by observing
the interstellar spectrum of Mg 11 against a hot continuum
source, such as a horizontal branch star in NGC 6752.
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