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ABSTRACT 
The He i A10830 absorption in the metal-deficient field giant star HD 6833, extends to at least —90 km s_1, 

a value that is comparable to, or exceeds the escape velocity from the photosphere of the star. This spectrum 
provides strong observational evidence for mass loss. Because this field giant is a surrogate for red giants in 
globular clusters, and a velocity of 90 km s_1 is larger than the central escape velocity from most globular 
clusters, this observation suggests that material lost from globular cluster stars may easily escape from the 
cluster, and thus resolve the dilemma of the missing interstellar medium in globular clusters. 
Subject headings: globular clusters: general — stars: chromospheres — stars: giant — 

stars: individual (HD 6833) — stars: mass loss — stars: Population II 

1. INTRODUCTION 
To reproduce the observed color magnitude diagram of 

globular clusters with stellar evolution codes, it has been neces- 
sary to assume that substantial amounts of mass are lost from 
stars ascending the red giant branch for the first time. Current- 
ly however, there is no direct observational detection of the 
mass-loss process. The emission wings in the Ha line of metal- 
poor giants (Cohen 1976; Cacciari & Freeman 1983; Smith & 
Dupree 1988) were thought to indicate circumstellar material. 
But this conclusion no longer seems acceptable because the 
emission can exhibit short-term variability, and calculations 
demonstrate that Ha emission wings can arise naturally in a 
static stellar chromosphere (Dupree, Hartmann, & Avrett 
1984). 

A consequence of mass loss would be the presence of inter- 
stellar material within globular clusters. Because of the general 
belief that red giants have slow winds (V » 10-20 km s-1), 
whose speeds are much less than the escape velocities from a 
cluster core (<80 km s“1, Webbink 1985), high-mass clusters 
would retain the material (Faulkner & Freeman 1977; Van- 
denBerg & Faulkner 1977), although it might escape from clus- 
ters with low mass. In the more massive clusters, the material is 
expected to build up and remain in the cluster until it is 
removed by ram pressure when the cluster passes through the 
Galactic plane. However, in spite of deep searches for inter- 
stellar matter using X-ray, optical, and radio techniques (see 
summaries in Roberts 1988; Faulkner & Smith 1991), no 
material has been detected, and upper limits frequently lie 
several orders of magnitude below the value of 102 to 103 M0 
postulated by theory. To resolve this awkward puzzle, Roberts 
(1988) has suggested that efficient steady-state cleaning mecha- 
nisms must be present. And Smith et al. (1990) have conjec- 
tured that a rapid massive wind occurs briefly, perhaps during 
the single helium shell flash of a red giant, providing the neces- 
sary energy to move material out of a cluster. They note that 

1 Visiting Astronomer, Canada-France-Hawaii Telescope, operated by the 
National Research Council of Canada, the Centre National de la Recherche 
Scientifique of France, and the University of Hawaii. 

spectroscopic signatures are not likely to be detected since 
these flashes happen infrequently. 

Metal-deficient field giants are similar to the red giants in 
globular clusters. The spatial distribution of the metal-poor 
red giants within the Galaxy, as well as their dynamical 
properties and metal deficiencies mimic those of the globular 
clusters (Carney 1988; Zinn 1988) even though the precise form 
of the metallicity distribution may differ (Laird et al. 1988). Our 
target star, HD 6833 [V = 6.75; {B— V)0 = 1.00] is classified 
as G9.5 III Fe-2 (Keenan & McNeil 1989), and represents one 
of the brightest members of the metal-deficient group (Bond 
1980), making it accessible to high resolution study in the infra- 
red, optical, and ultraviolet. The [Fe/H] ratio in HD 6833, has 
been variously evaluated as —0.75 (Luck 1991), —0.85 (Cayrel 
de Strobel 1966), —1.2 (Gratton & Ortolani 1984), and —1.6 
(Bond 1980). The metallicity and high radial velocity ( — 245 
km s~1, Roman 1955) of HD 6833 confirm that it is an old star 
(> 12 Gyr) that can be identified with the thick disk population 
(Luck 1991). Cayrel de Strobel (1966) explicitly remarked on its 
similarity to giants in M5. These characteristics suggest that 
HD 6833 makes a reasonable surrogate for red giants in globu- 
lar clusters—in particular, thick-disk clusters of moderate 
metal deficiency such as 47 Tue. 

The chromospheric He i (A10830; 2s 3S -► 2p 3P°) transition 
can indicate bulk mass motions in the atmospheres of lumi- 
nous cool stars. Because it is formed higher in the atmosphere 
of a low gravity star than Ha, and Ca n and Mg n emission 
cores, its profile can reveal the dynamics of the upper atmo- 
sphere where the wind begins to accelerate. The transition has 
been surveyed in a number of cool stars (Zirin 1976, 1982; 
O’Brien & Lambert 1986; Lambert 1987) and Cepheids 
(Sasselov & Lester 1990; Sasselov 1990). Previous spectro- 
graphic observations at 210830 were constrained only to 
bright stars due to technical reasons and include no Popu- 
lation II giants. This observation of HD 6833 is the only one 
we have obtained of a metal-poor giant. 

2. OBSERVATIONS 
The Fourier transform spectrometer (FTS) at the Canada- 

France-Hawaii Telescope (Maillard & Michel 1982) was used 
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Fig. 1.—Spectrum of HD 6833 in the region of the He i A10830 transition. 

The continuum was fit by least-squares techniques. The position and extent of 
the He i feature are indicated. 

on the night of 1991 October 31 to obtain spectra of HD 6833. 
These spectra were centered near 1.1 /mi and cover a band of 
300 Â as defined by a custom-made filter. The spectral 
resolution (A/ÁA) of 18,500 corresponds to 17 km s-1. The 
spectrum of HD 6833 shown in Figure 1 is a co-addition of 
four FTS scans obtained over 20 minutes and has a signal-to- 
noise ratio of about 36. The He i feature is clearly visible near 
A10830, and suggests that a P Cygni type profile is present. 
Spectra of a Bootis and a Aquarii shown in Figure 2 were 
obtained in 1990 July and 1991 June, respectively, using the 
same instrumental setup at higher resolution. Telluric contami- 
nation in the 10818 to 10840 À spectral range is insignificant; 
the comprehensive list of Breckenridge & Hall (1973) was used 
for identification of telluric lines. 

We find a profile of the He i line in HD 6833 which is similar 
to the profiles already known for a Boo and a Aqr (see also 
O’Brien & Lambert 1979, 1986). The spectra of the latter two 
stars (which have very high signal-to-noise ratios) show emis- 
sion profiles of the He i line with extended short-wavelength 
absorption. This description characterizes the He i profile of 
HD 6833 as well. (The He i ¿10830 transition is a triplet com- 
posed of two unresolvable components at ¿10830.30, and an 
insignificant weak component at ¿10829.08.) 

The He i absorption is shallow, reaching about 10% of the 
continuum, but the short wavelength side of the line is 
extended at least to the narrow photospheric Si i absorption, 
and most likely to shorter wavelengths beyond.2 To make a 
conservative estimate of the extent of the absorption wing, we 
take the velocity difference corresponding to the laboratory 
wavelength difference: ¿HeI — ¿sn = —90 km s-1. Thus HD 
6833 has bulk outward motions of the chromosphere amount- 
ing to 90 km s-1. 

2 In fact, our study of this profile in many cool giants suggests that the He i 
line in HD 6833 may have a P Cygni profile with broad emission and a short 
wavelength extension to «200 km s_1, but the minimum value of 90 km s"1 

suffices for this discussion. 

3. DISCUSSION 

The presence of He i in a red giant is not surprising; Zirin 
(1982) pointed out that G and K giants (through K3) exhibit 
He I. This feature indicates the atmosphere contains material 
at chromospheric temperatures («10,000 K), and other 
chromospheric indicators such as Mg n and Ca n have also 
been detected in HD 6833. Inspection of chromospheric line 
profiles from HD 6833 lends some supporting, but not defini- 
tive, evidence for the presence of a fast wind. Long exposures 
(«8 hr) of the Mg n doublet with IUE show asymmetric pro- 
files interpreted as expansion of the Mg n-forming region. An 
absorption feature might exist about 70 km s “1 shortward of 
the ¿2795 transition (Dupree, Hartmann, & Smith 1990), but a 
subsequent 14 hr exposure is inconclusive. The Ca n X-line 
profile (Dupree & Whitney 1991) has a notch at —52 km s-1, 
but it cannot be confidently distinguished from the noise in the 
Reticon detector. Two previous observations (Cayrel de 
Strobel 1966; Smith & Dupree 1988) of the Ha profile show 
symmetric absorption without emission wings. A spectrum of 
Ha obtained on 1991 November 16 at the Oak Ridge Observa- 
tory is similar to the earlier profiles. The unchanging Ha 
profile, spanning « 25 years, suggests minimal global variabil- 
ity of the atmosphere. The lack of emission wings above the 
continuum and a symmetric core is consistent with other 
metal-poor giants of similar luminosity. 

The escape velocity from HD 6833 is evaluated by taking the 
mass of the red giant as 0.8 M0, and the radius as 30 to 

^ i ^^^—i—i—^—JL—^—, , ^^^^^ , , ^ 
10810.0 10820.0 10830.0 10840.0 10850.0 

Wavelength (Â) 
Fig. 2.—He i spectra of HD 6833 (G9 III), Alpha Boo (K1 III), and Alpha 

Aqr (G2 lb) showing the extended shallow absorption produced by the 
A10830.3 transition. The spectra have been coaligned on the photospheric Si i 
(Mult. 5) at (10827.09 Â) and placed on a laboratory wavelength scale. Because 
the radial velocities of the stars differ by «240 km s-1, the terrestrial water 
vapor lines do not coincide. He i absorption in HD 6833 may extend to shorter 
wavelengths than the Si i photospheric line. The He absorption is stronger in 
HD 6833 than in a Boo; the weakness of the Si transition in HD 6833 is 
consistent with a lower metal abundance than in a Boo. Emission is clearly 
present in both a Boo and a Aqr. To avoid confusion, only a small number of 
the features that we have identified are labeled in the figure. 
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45 R0.3 Then t;esc = 620(M/R)1/2 = 80 to 100 km s“1, at the 
surface. When the material is located above the photosphere, 
where the helium line is formed, the escape velocities should be 
decreased by « 10%. At either value, the observed minimum 
extent of the He i line (90 km s-1) is comparable to the escape 
velocity from the star, and exceeds the central escape velocity 
evaluated by Webbink (1985) for several hundred globular 
clusters. Thus, the fast wind provides a straightforward expla- 
nation for the lack of interstellar material in globular clusters. 

The He i A10830 transition is especially suited as an indica- 
tor of mass motions in the atmospheres of cool stars with 
chromospheres for at least three independent reasons: (1) the 
He i line is a pure chromospheric feature, with no photo- 
spheric, circumstellar, or interstellar contamination; (2) it is 
formed higher than Ha, and Ca n and Mg n emission cores in 
the atmosphere of a low-gravity star; and (3) in such atmo- 
spheres, the source function of the 210830 line couples weakly 
to local conditions, and absorption in the line is more efficient 
than emission from recombination, providing high sensitivity 
to bulk gas motions. Thus, the He i 210830 transition rep- 
resents a wind diagnostic in the chromosphere that is prefer- 
able to the Ca n and Mg n resonance lines which have 
collisionally dominated source functions. The latter emission 
profiles are more likely to be affected by dynamic transients 
(like shocks) and make the determination of the wind speed in 
the atmosphere more difficult and time dependent. Circumstel- 
lar absorption features in Mg n and Ca n can indicate the 
terminal velocity of a wind but these signatures occur away 
from the emission core, and so require exceptionally high- 
quality spectra to be detected against a weak continuum. 

On the other hand, a single spectrum at He 1210830 can give 
a reliable wind estimate. The formation of the helium spectrum 
in cool stars is complex and has been well understood only 
recently (Sasselov 1990; Avrett & Loeser 1992; Dupree, 
Whitney, & Avrett 1992). Most of the complexity however 
concerns the mechanisms for populating the He triplet levels, 
while the points discussed above are less model dependent. 
Figure 3 shows the results of non-LTE calculations for the 
atmosphere of HD 6833. The contribution function for He i, 
210830, peaks in a region of the atmosphere that is higher than 
the formation level of Ha, Ca n, and Mg n cores. Here we 
define (see Magain 1986) the contribution function, CF, to the 
specific intensity as 

^ 2.303 k o Í t:v\ 
CF(log10 t) = t0 — 5V exp - — , 

ß \ VJ 
where t0 is the optical depth at a reference wavelength 20, k is 
the absorption coefficient, Sv is the source function at fre- 
quency v, and n = cos 0. As appropriate, we use the CF to the 
line depression for which r is defined in terms of k = Kt 
+ KCSJIC. The initial atmosphere model was Model 2 from 
Dupree et al. (1984) with abundances modified to correspond 
to those determined by Luck (1991) for this star. The model 
atom for helium has 15 levels and contains both stages of 

3 Infrared colors and luminosities (Frogel, Persson, & Cohen 1983) suggest 
that Teff « 4400 K for HD 6833 when compared with globular cluster giants of 
similar colors and comparable metallicities; this leads to R* = 30 to 45 RQ. 
Most abundance analyses (Cayrel de Strobel 1966; Gratton & Ortolan! 1984) 
yield spectroscopic gravities in agreement with the radii derived from infrared 
observations. These values are consistent with Luck’s recent study (1991) 
which assumes upper and lower limits to the surface gravity (log # = 2.16 or 
0.88), and consequently radii between 12 and 75 RQ. 

Fig. 3.—Contribution functions for He i (A10830) and other chromospheric 
features computed with a semi-empirical plane parallel atmospheric model of 
HD 6833 with multilevel, non-LTE radiative transfer, and an expanding veloc- 
ity field. The height is measured from the photosphere. Note that the He i line 
is formed at a level higher than the Mg n fc-line core (fc2), the Ca n central 
reversal (K3), the Ha core, and the Ca n emission {K2). For a star of 40 Æ0, the 
contribution functions are centered near 1.17 R*. 

ionization. The non-LTE solutions for H, Ca n, Mg n, and He 
are performed consecutively. To match the profiles of all lines, 
including the He i 210830 transition, a rapid acceleration of 
the atmosphere is needed, at least to »100 km s_1. The 
detailed model will be published elsewhere. 

Such a chromospheric velocity profle is also demanded by 
the He i lines in the G2 supergiant, a Aqr (Dupree 1991; 
Dupree et al. 1992) where »150 km s-1 is reached within 
1.5 R*. All of the detailed radiative transfer calculations show 
that the 210830 absorption arises in the chromosphere, and 
that its extent gives a direct measure of the velocity profile in 
the atmosphere. This conclusion appears inescapable given the 
high densities found in the chromosphere as compared to 
regions more distant from the stellar surface. An emission 
feature in the He i line profile signals the presence of an 
extended atmosphere—not unexpected when low-gravity stars 
are considered. 

We have no evidence for the behavior of the velocity beyond 
the region of formation of the He i line. There may be contin- 
ued acceleration beyond the critical point, or modest deceler- 
ation could follow at large distances similar to our models for 
the hybrid supergiant a Aqr (Dupree et al. 1992). Line profiles 
of transition region lines (formed at T > 50,000 K) could give 
indications of the velocity field; and circumstellar features, 
indicative of the terminal velocity, would be apparent in a 
high-quality Mg n line profile and perhaps Ca n, provided that 
the wind is sufficiently cool. 

Fast winds in luminous stars may be more common than 
generally believed. The He 1210830 absorption extends to high 
velocities in a number of cool giants and supergiants (O’Brien 
& Lambert 1986, Lambert 1987, Sasselov 1990). Hybrid giants 
and supergiants that are well studied (Hartmann, Dupree, & 
Raymond 1981; Hartmann et al. 1985; Reimers 1982; Judge, 
Jordan, & Rowan-Robinson 1987) frequently show absorption 
troughs extending shortwards of the Mg n emission by several 
hundred km s ~1—velocities comparable to the escape velocity 
from the star. Models suggest this absorption arises from 
recombining ions several stellar radii distant. Many of these 
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objects have wide, ultraviolet transition region lines that may 
be formed in an expanding atmosphere (Hartmann et al. 1981). 
The metal-deficient field giant HDE 232078 has variable Ha 
absorption, that once extended 60 km s~1 shortward of the line 
core (Smith & Dupree 1988). 

This rapid mass outflow does not appear to be associated 
with a catastrophic event—such as a helium shell flash—or 
even an anomalous phase in the evolution of HD 6833, and we 
can only assume that such mass outflow is a fairly continuous 
process. The mass-loss rate needs to be evaluated through cal- 
culation of an atmosphere that is self-consistent with the set of 
observed line profiles. Because of the higher velocities that are 
detected here, the mass-loss rate could exceed the value of 
«2 x 10"9 Mq yr-1, an upper limit derived (Dupree et al. 
1984) from Ha profiles of other metal-poor giant stars. An 
order of magnitude estimate based on the Mg n asymmetry in 
HD 6833 led to 5 x 10-11 M© yr-1 (Dupree et al 1990). A 
much larger mass-loss rate, leading to «0.2 M© during the red 
giant phase, is required to match the amount required for hori- 
zontal branch morphology. 

In summary, a fast wind has been detected in the metal-poor 
giant HD 6833 by studying the profile of the He i 210830 

transition which is formed higher in the atmosphere than the 
Ha core, and Ca n and Mg n emission cores. Because the speed 
of the outflow is comparable to the escape velocity from the 
photosphere of the star, this spectrum represents a true stellar 
wind, and not simply a flow of material. Red giants in globular 
clusters are similar to HD 6833; thus the stellar wind could 
provide the mass loss assumed for stellar evolution calcu- 
lations but not observed previously. A wind with velocity 
« 100 km s 1, could escape the star, and also escape from 
a globular cluster; this finding provides a natural explanation 
for the lack of detected interstellar material within globular 
clusters. 

We greatly appreciate the help of J.-P. Maillard in acquiring 
these spectra, R. Kurucz in calculating synthetic spectra for 
line identifications, and D. Zucker in preparing the figures. 
R. Stefanik and J. Zajac of the Oak Ridge Observatory kindly 
obtained the Ha spectrum on short notice. Observations at the 
CFHT were supported by a travel grant from the National 
Research Council of Canada. This research has made use of the 
Simbad data base, operated at CDS, Strasbourg, France. 
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