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ABSTRACT

Context. Recent studies have detected multiple populations in globular clusters. The massive globular cluster ωCen hosts at least
three populations of different metallicity. The most metal-rich one is thought to show also an overabundance of He. These differences
should become visible in the structure, evolution, and pulsation of its stars.
Aims. We aim to study the effects of the different starting compositions of the three populations in ωCen on the most luminous red
giants in this cluster.
Methods. The long-periodic variability of evolved stars in ωCen opens a comparably easy access window to the structure and
composition of these objects. We made a detailed search for long-period variables (LPVs) in ωCen leading to the detection of
many new variables and period determinations for a significant number of them. Periods and luminosities were then compared with
the most recent pulsation models for these kinds of stars.
Results. Some of the LPVs belong to each of the main metallicity sub-groups of ωCen. Almost all detected variables with periods
are fundamental mode pulsators. For the metal-rich group, our comparison with pulsation models favours a high He abundance of
Y = 0.4.
Conclusions. Our study can be considered an independent piece of evidence supporting a high helium abundance among the metal-
rich stars in ωCen.

Key words. stars: AGB and post-AGB – stars: variables: general – globular clusters: individual: ω Centauri

1. Introduction

Highly evolved stars on the upper part of the red giant branch
(RGB) and the asymptotic giant branch (AGB) show a charac-
teristic variability with a large amplitude light change at periods
between approximately 30 to several hundred days. These stars
are known as long-period variables (LPVs). The periodic pattern
of variability is modified by variations in period length, multiple
periods, and phases of irregular behaviour. Studies of field stars
in the Magellanic Clouds (MCs) show that these pulsating stars
fall on at least five major parallel period-luminosity (PL) rela-
tions, each relation corresponding to a different dominant pulsa-
tion mode. For recent discussions of the PL relations of LPVs
we refer to Soszyński et al. (2013) and Wood (2015). Because
of the diverse masses and compositions of MC field stars, it is
difficult to understand exactly which modes occur at which lu-
minosity for a given mass and metallicity. One way around this
problem is to study red variables in clusters where all AGB stars
have similar ages and usually similar metallicities as well.

We have used this approach in several earlier studies. In
Lebzelter & Wood (2005), we investigated giant branch vari-
ables in the relatively metal-rich Galactic cluster 47 Tuc, show-
ing that a switch occurs from higher to lower order modes as
the stars increase in luminosity during their evolution on the gi-
ant branch. This finding was confirmed for the intermediate-age

� Tables 3 and 4 are only available at the CDS via anonymous ftp to
cdsarc.u-strasbg.fr (130.79.128.5) or via
http://cdsarc.u-strasbg.fr/viz-bin/qcat?J/A+A/585/A111

MC clusters NGC 1846 (Lebzelter & Wood 2007), NGC 1978,
and NGC 419 (Kamath et al. 2010). Furthermore, using pulsa-
tion theory, Lebzelter & Wood (2005) and Kamath et al. (2010)
showed that the red giants lost a substantial amount of mass
as they evolved up the giant branch. In our most recent study
(Lebzelter & Wood 2011) of the two clusters NGC 362 and
NGC 2808, we investigated the effect of an increased helium
abundance on the pulsation periods. Together with further stud-
ies on other clusters (Sahay et al. 2014a,b), we have collected an
extensive sample of well characterized LPVs of different chem-
ical composition. In total, the study of the PL diagrams in these
clusters has provided an independent indicator of mass loss on
the giant branch and potentially of He enrichment.

As an extension of this study we selected the peculiar
Galactic globular cluster ωCen (NGC 5139). This massive
(D’Souza & Rix 2013) and well studied cluster became famous
as one of the first ones showing a widened giant branch due to
a wide spread in metallicity (e.g. Persson et al. 1980; Suntzeff
& Kraft 1996). This indicated a complex history of the clus-
ter, which is the product of either a merger event (Lee et al.
1999) or self-enrichment (Smith et al. 2000). Norris et al. (1997)
showed a relation between kinematics and metallicity of the stars
in ωCen without being able to solve the mystery of the origin of
the cluster’s multiple populations. Further studies (Bedin et al.
2004) have revealed a similar complexity on the subgiant branch
and the main sequence. Norris (2004) suggests that there is a
significant spread in the helium abundance among the various
populations identified on the basis of metallicity. Studies of the
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main sequence show a dominant population with a normal he-
lium abundance Y ≈ 0.25 and metallicity [Fe/H] ≈ −1.6 and a
smaller population with a high helium abundance Y ≈ 0.39 and
metallicity [Fe/H] ≈ −1.3 (Piotto et al. 2005; King et al. 2012).
A first direct evidence for a He enhancement in ωCen stars with
[Fe/H] > −1.8 has been provided by observations of the promi-
nent He I line near 1 μm by Dupree et al. (2011).

At least three different metallicity groups have been identi-
fied in ωCen, a metal-rich one, a group with intermediate metal-
licity, and a metal poor population, where the latter two might
show further substructure (Sollima et al. 2005; Gratton et al.
2011). The intermediate group includes the majority of the clus-
ter stars and is very centrally concentrated. About one third of
the stars belongs to the metal-poor group. The metal-rich group
seems to be the smallest group within ωCen.

The recent study by Villanova et al. (2014) distinguishes
five different groups on the subgiant branch. These authors pro-
pose that ωCen started with two populations, the high and the
low metallicity group, likely resulting from a merger event and
separated in age by several Gyr. Further evolution of each of
the two initial populations then led to the situation observed
today.

The interest in solving the mystery of ωCen’s complex his-
tory resulted in an extensive set of stellar parameter and abun-
dance determinations for red giants in this cluster. The most ex-
tensive abundance studies have been presented by Suntzeff &
Kraft (1996), Johnson & Pilachowski (2010), and Simpson &
Cottrell (2013). A large fraction of the cluster’s giants can thus
be easily attributed to one of the three main groups based on the
abundance pattern. In this paper we inspect the three groups in
the light of their variability behaviour. A particular interest is
seeing if pulsation properties can be used as an independent test
for a high He abundance in any of the three metallicity groups.

Due to its brightness and prominence, ω Cen has been the
target for various searches for variable stars in the past. However,
a conclusive study dedicated to the variables on the upper giant
branch is still missing. While various definitions for long-time
variability are found in the searches for variable stars in this clus-
ter, we will exclusively focus here on stars with periods exceed-
ing 25 d and colours identifying them as red stars.

One of the oldest searches for variables is the work by Martin
(1938) which includes also several red variables in the field
of this cluster, among them the large amplitude variable V2
which is, however, probably a field star (van Leeuwen et al.
2000). Several of these objects have been further studied by
Dickens et al. (1972), including velocity measurements to study
their cluster membership. van Leeuwen et al. (2000), from a
study of 100 plates obtained over several years, derived peri-
ods for 16 variables with periods longer than 25 d and gave
membership probabilities based on proper motion. A more re-
cent search, leading also to the detection of several candidates
for long-period variability, was done by Kaluzny et al. (2004).
In total, the Catalogue of Variable Stars in Galactic Globular
Clusters (Clement et al. 2001)1 lists 14 long-period variables
(classes SR and M), three of which are likely field stars. In addi-
tion, there are two stars listed as “L?” with unknown light curve
parameters which may be seen as candidates for long-period
variability (V394 and V396). The catalogue of Clement et al.
(2001) does not include five stars listed as slowly varying stars
by van Leeuwen et al. (2000): V53 and V162 have been reported
as non-variable by Dickens et al. (1972). V165 is classified as an

1 See updates to this catalogue at http://www.astro.utoronto.
ca/~cclement/read.html
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Fig. 1. V vs. V − I colour–magnitude diagram for stars in our observed
field of ω Cen, using our values of V and I. LPVs (from Table 1) are
marked by solid red squares. LPVs outside our observed field (from
Table 2) are shown as open squares, using V and I values from Bellini
et al. (2009).

RR Lyr star in Clement et al. (2001) while van Leeuwen et al.
(2000) give a period of 86.8 d. Finally, LEID 37110 (P = 68 d)
and LEID 39105 (P = 71.5 d) are mentioned only as candi-
dates in the catalogue (LEID is the Leiden number used by
van Leeuwen et al. 2000).

2. Observations and data analysis

We obtained time series photometry of the red giants in ω
Cen using the 2.0 m Faulkes Telescope South (Siding Spring
Observatory), which is part of the Las Cumbres Observatory
Global Telescope Network (Brown et al. 2013). Our time series
covers almost two years starting in January 2011. The sampling
rate varied over the year between three times per week to two
times per month. This sampling ensured appropriate coverage
for periods between 30 and 300 days. Observations were done in
service mode. In total we were able to get 62 frames of sufficient
quality in two filters, Bessell V and I. The images were taken
with the Spectral Camera which gives a 10.5× 10.5 arcmin field
of view centred at the cluster centre with 0.3 arcsec pixels (dou-
ble binned). Integration times were set to 30 s in V and 6 s in I.
This allowed to us to study stars down to about V = 15.5 mag
which corresponds to the lower brightness end of the horizontal
branch. Photometric calibration was done using a set of standard
stars in the field of RU 147 (Landolt 1992). In Fig. 1 we present
a colour-magnitude diagram derived from our observations with
the horizontal branch, the RGB, and the AGB clearly visible.

As in previous studies of this series, we used the image sub-
traction code ISIS 2.2 (Alard 2000) to search for variable stars in
our V band time series. For a more detailed description we refer
to Lebzelter & Wood (2005). Since we could not solve prob-
lems with applying ISIS 2.2. to the I band data, we decided to
do PSF fitting photometry frame by frame using a code writ-
ten by Ch. Alard and described in Schuller et al. (2003). For the
V band, from consecutive nights we estimate a typical measure-
ment error of ±0.01 magnitudes for LPVs. The uncertainty in I
is slightly larger. Therefore, we defined our detection threshold
for variability at a minimum amplitude of 0.05 mag in V . We se-
lected only those variables that varied on time scales of 25 d or
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Table 1. LPVs observed in ω Cen.

Star LEID RA (2000) Dec (2000) P Plit K J − K V V − I ΔV [Fe/H] [Fe/H] Memb.
(d) (d) (mag) (mag) (mag) (mag) (mag) SC JP (%)

V6 33062 13:26:30.2 –47:24:28 154 110a 7.07 1.20 12.39 2.63 2.5 –1.4 – 100
V42 44262 13:26:46.4 –47:29:30 147 149a,b,c 7.42 1.23 12.95 2.45 3.5 –1.4 – 100
V129 44420 13:27:05.3 –47:29:06 60, 518 6.83 1.23 12.95 3.17 1.2 –1.1 – 4
V138 49123 13:26:35.4 –47:31:48 74 78b,c 7.91 0.87 11.60 1.80 0.6 –1.8 –1.96 100
V152 44277 13:26:47.7 –47:29:29 99 114b 7.50 1.04 11.86 2.03 0.7 –1.8 –1.37 100

124c

V292 50259 13:27:08.0 –47:31:49 – 98b 7.86 1.01 11.82 1.79 0.1 –1.7 –1.45 100
39105 13:26:25.0 –47:27:06 – 72b 7.82 1.09 12.36 2.13 0.3 – –d 100
37110 13:26:34.1 –47:26:21 71 68b 8.36 0.99 11.99 1.61 0.7 – –0.79 100

LW1 43096 13:26:25.1 –47:28:50 – 7.58 0.89 11.67 1.83 0.3 – –1.88 99
LW2 43099 13:26:25.6 –47:28:48 – 7.55 1.02 11.76 1.87 0.2 – –1.47 100
LW3 46092 13:26:26.0 –47:30:14 58 8.13 0.99 11.87 1.69 0.1 – –1.45 100
LW4 48120 13:26:33.0 –47:31:00 – 7.67 1.00 11.74 1.89 0.1 – –1.61 100
LW5 39165 13:26:36.0 –47:26:54 43 8.41 0.79 11.78 1.64 0.4 – –1.97 100
LW6 47186 13:26:40.9 –47:30:37 – 8.04 1.05 11.96 1.78 0.1 – –1.23 100
LW7 52111 13:26:41.0 –47:32:50 56 8.33 1.03 12.36 1.81 0.3 – –1.12 75
LW8 47199 13:26:42.6 –47:30:42 – 7.96 0.92 11.61 1.71 0.1 – –1.68 100
LW9 38149 13:26:43.1 –47:26:39 – 8.21 0.98 11.90 1.70 0.2 – –1.27 100
LW10 45232 13:26:43.6 –47:29:38 – 7.71 0.89 11.53 1.78 0.4 – –1.91 100
LW11 43241 13:26:44.3 –47:29:05 71 7.97 0.84 11.65 1.64 0.5 – –1.91 99
LW12 38168 13:26:45.8 –47:26:44 – 8.14 1.06 11.87 1.63 0.3 – –1.29 100
LW13 46248 13:26:48.4 –47:30:10 – 7.98 0.83 11.84 1.71 0.1 – –1.87 100
LW14 34134 13:26:48.8 –47:24:43 – 8.14 0.87 11.69 1.68 0.1 – –1.69 100
LW15 39284 13:26:53.2 –47:27:00 – 8.17 0.87 11.78 1.67 0.1 – –1.76 100
LW16 50193 13:26:53.5 –47:31:58 – 8.33 0.69 12.04 1.63 0.2 – –1.19 100
LW17 43351 13:26:55.0 –47:28:46 75 8.22 0.98 11.79 1.58 0.6 –1.5 –0.98 100
LW18 47307 13:26:56.6 –47:30:40 – 8.01 0.91 11.66 1.67 0.2 – –1.77 100
LW19 48281 13:26:58.0 –47:31:06 – 8.59 0.84 12.07 1.63 0.1 – –1.78 100
LW20 41380 13:26:59.7 –47:28:07 38 8.06 0.99 12.05 1.71 0.4 – –1.23 100
LW21 48305 13:27:02.4 –47:31:02 – 7.96 1.06 11.98 1.81 0.1 – –1.13 100
LW22 34175 13:27:03.7 –47:24:38 191 8.69 0.85 12.09 1.57 0.2 –1.7 –1.56 100
LW23 41411 13:27:04.7 –47:28:04 – 8.48 0.97 12.01 1.57 0.3 –1.9 – 88
LW24 35216 13:27:06.5 –47:25:23 – 8.07 0.89 11.66 1.71 0.1 –1.8 –1.82 100
LW25 44449 13:27:11.9 –47:29:18 261 8.27 0.94 12.07 1.67 0.2 –1.6 –1.37 100
LW26 45454 13:27:12.1 –47:29:45 48, 222 8.05 0.90 11.82 1.69 0.3 –1.6 –1.78 100

Notes. V numbers and coordinates are from Clement et al. (2001). LEID number and membership probability are from van Leeuwen et al. (2000).
K and J − K magnitudes are from 2MASS (Skrutskie et al. 2006). Periods: (a) Clement et al. (2001); (b) van Leeuwen et al. (2000); (c) Martin
(1938). [Fe/H]: SC Simpson & Cottrell (2013); JP Johnson & Pilachowski (2010); (d) Norris & Da Costa (1995) give [Fe/H] = −0.85 .

more. Period searches on the extracted light curves were done
using the Fourier analysis code Period04 (Lenz & Breger 2005).
Typically, periods derived from V band data were found in ex-
cellent agreement with periods from I band data. As a conse-
quence of this and considering our sampling rate, we estimate a
period uncertainty of less than 5% during the time span of the
observations.

3. Results

3.1. Variables

We detected 26 new long-period variables and confirmed the
variability of eight previously known variables. All variables
measured by our monitoring are listed in Table 1. In Table 2 we
summarize the information about the previously-known LPVs
in ωCen (see Sect. 1) that are outside our field of observation.
For the new detections we used the same naming scheme as in
Lebzelter & Wood (2005). Since many variables showed signif-
icant irregularities or multiperiodicity in their light curves, the

time span covered by our monitoring turned out to be too short
to determine a clear periodicity for them. We have given only
the well-determined periods in Table 1. The V magnitudes and
V − I colours are mean values derived from our light curve data.
ΔV is defined as the maximum peak-to-peak amplitude observed
(rounded to the tenth of a magnitude). This amplitude includes
variability due to the long secondary periods notable in some
of our stars (e.g. LW16). The V light curves of all variables for
which a period could be determined are presented in Fig. 2 to-
gether with the fit to the light curves. The V light curves of
the stars for which no period could be determined are shown
in Fig. 3. The epoch photometry in the V-band has been made
available at the CDS2.

2 Table 3 at the CDS includes the data for the stars shown in Fig. 2,
and Table 4 the ones presented in Fig. 3. The first column of each table
gives the Julian Date and the following columns give the V photometry
for the variables in the same order as shown in the figures – see the
ReadMe file at the CDS.
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Table 2. Data for LPVs in ω Cen outside our field of observation.

Variable LEID RA (2000) Dec (2000) P K J − K [Fe/H] [Fe/H] Memb.
(d) (mag) (mag) SC JP (%)

V17 35250 13:27:37.8 –47:25:17 51a 7.59 1.18 –1.1 – 100
65b

60c

V53 59024 13:25:58.8 –47:36:09 84a 8.14 0.97 –1.5 –0.82 98
87b

V148 41455 13:27:15.9 –47:27:54 92a 7.90 0.95 –1.6 –1.22 100
90b

V161 47153 13:26:36.9 –47:30:50 41a 8.14 0.99 –2.0 –1.14 98
V162 52035 13:26:07.7 –47:32:54 72a 8.13 0.90 –1.8 –1.46 100
V164 25065 13:27:01.2 –47:20:41 37:d 8.18 1.05 –1.3 –1.11 100
V293 55071 13:26:34.9 –47:34:11 94a 8.19 1.05 – –0.75 100
V391 61085 13:27:10.5 –47:37:00 60:d 8.08 1.01 – –1.26 100

Notes. V numbers and coordinates are from Clement et al. (2001). LEID number and membership probability are from van Leeuwen et al. (2000).
K and J − K magnitudes are from 2MASS (Skrutskie et al. 2006). Periods: (a) van Leeuwen et al. (2000); (b) Martin (1938); (c) Clement et al.
(2001); (d) Kaluzny et al. (2004). [Fe/H]: SC Simpson & Cottrell (2013); JP Johnson & Pilachowski (2010).
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Fig. 2. V light curves of the LPVs in Table 1 for which a period could be determined. The lines show the fits to the light curves. Note that V129 is
not a member of the cluster.
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Fig. 3. V light curves of the LPVs in Table 1 for which a period could not be determined.

For five stars we can do a comparison of our period deter-
mination with the values given in the literature: There is an ex-
cellent agreement for V42, V138, and LEID 37110. For V152,
our period is about 13% shorter than the value determined by
van Leeuwen et al. (2000). The period given by Martin (1938)
is 124 d. This might indicate that V152 is changing its pulsation
period, maybe due to an evolutionary effect. The difference seen
for V6 is quite large (154 d now, 110 d previously). However, the
fit to our data is very convincing and does not allow for a period
of 110 d. Testing our period of 154 d on the Kaluzny et al. (2004)
light curve gave an acceptable fit as well. Therefore, we think
that 154 d is the correct period for V6. Finally, we mention the
star V129. According to the proper motion study of van Leeuwen
et al. (2000), this star does not belong toωCen. Its colour, period
and brightness make a classification as a foreground LPV very

likely. Interestingly, the star shows also a long secondary period
of approximately 470 d.

3.2. Additional data for the LPVs in ωCen

In this section we discuss additional data available in the liter-
ature for the LPVs in ωCen, starting with membership infor-
mation. The most extensive search for ωCen cluster members
is probably the one by van Leeuwen et al. (2000). They used
two sets of photographic plates from the 1930s and the 1970s
to measure proper motions for stars down to 16th photographic
magnitude. The resulting membership probability is listed in col-
umn 13 of Table 1. As noted previously, V129 is likely a non-
member but all other variables detected in our survey have a
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high membership probability based on proper motion. In the
case of ωCen, stellar radial velocity is also an excellent indi-
cator of membership since the cluster’s velocity is very high
at ∼233 km s−1, e.g. Sollima et al. (2009). In the extensive stud-
ies of Reijns et al. (2006) and van Loon et al. (2007) we find
velocity measurements for 24 of the stars listed in Table 1, all
in agreement with the cluster velocity except the non-member
V129. Among them are LW7 and LW23 which show a slightly
lower membership probability from the proper motion study, but
they can safely be assumed to be cluster members based on their
radial velocities. The membership of V42, doubted in Clement
et al. (2001, see Table 2), seems to be confirmed both by proper
motion and velocity measurements by Dickens et al. (1972) and
van Loon et al. (2007). The latter paper also provides support for
the membership of V6, V17, V53, V162, and V164. For the vari-
ables V186, V293, and V391 from Table2, the velocity measure-
ments of Reijns et al. (2006) support their cluster membership.

Metallicity measurements are available for a large sample
of ωCen stars including all the variables listed in Table 1. We
focused on two of the more recent literature sources, namely
the papers by Johnson & Pilachowski (2010) and Simpson &
Cottrell (2013) in order to get metallicity estimates for the vari-
ables. Their findings are given in Cols. 12 and 11 of Table 1,
respectively. For the ωCen LPVs outside our field of obser-
vations, we give the [Fe/H] values from these two surveys in
Table 2.

Simpson & Cottrell (2013) based their [Fe/H] measurements
on spectra from van Loon et al. (2007) with a resolution of
R = 1600. They give a typical uncertainty of ±0.2 dex. The
[Fe/H] values presented by Johnson & Pilachowski (2010) were
derived from R = 18 000 spectra, and these authors give a max-
imum error of ±0.2 dex. While a comparison of the two metal-
licity measurements for our target stars reveals some differences
between the two studies, there is an agreement within the er-
ror bars in most cases (Table 1). Since the work by Johnson
& Pilachowski (2010) includes a larger fraction of our LPVs
and since their study is based on spectra with the higher spec-
tral resolution, we have used their metallicity values preferen-
tially in our later analysis and we use the Simpson & Cottrell
(2013) values only in cases where we have no measurements
from Johnson & Pilachowski (2010) (LEID 39105 does not have
a metallicity measurements from either Johnson & Pilachowski
(2010) or Simpson & Cottrell (2013) so we use the [Fe/H] value
from Norris & Da Costa (1995) for this star). Inspection of the
[Fe/H] values in Tables 1 and 2 reveals that our LPVs include
representatives of the three main metallicity groups detected in
this cluster (see Sect. 1).

4. The ωCen LPVs in the (Ks, J – Ks) diagram

Although a large number of studies exist on the various parts
of ωCen’s colour–magnitude diagram, little is known about the
LPV population at the tip of the giant branch. In Fig. 4 we plot
a Ks vs. (J −Ks) diagram based on 2MASS data (Skrutskie et al.
2006) for stars on the upper part of the giant branch. The points
indicating each of the known LPVs are coloured according to the
range of [Fe/H] to which they belong. For each non-variable star,
when a metallicity estimate exists in Suntzeff & Kraft (1996), it
is used to colour its point in the plot. We note that the [Fe/H] es-
timates of Johnson & Pilachowski (2010) and Suntzeff & Kraft
(1996) agree quite well on average for non-variable red giants,
with [Fe/H](Johnson & Pilachowski 2010)−[Fe/H] (Suntzeff &
Kraft 1996) = 0.076 ± 0.155.

Fig. 4. Ks vs. J − Ks colour–magnitude diagram of stars on the upper
giant branch of ω Cen. Known LPVs from Tables 1 and 2 are marked
by large circles while smaller points are stars in a box of side 500 arcsec
centred on the cluster and corresponding approximately to the field we
monitored for LPVs. For the LPVs, values of [Fe/H] from Tables 1 and 2
were used to colour the circles according to the key shown on the figure.
For stars not known to be variable, when an estimate of [Fe/H] existed
from Suntzeff & Kraft (1996), this metallicity was used to colour the
smaller circle.

There is a general increase in (J − Ks) with increasing
metallicity in Fig. 4, as expected from evolutionary tracks.
The one very deviant point is LW23 (the purple point at
(J − Ks) = 0.97 and Ks = 8.48) for which Simpson & Cottrell
(2013) give [Fe/H] = −1.9, slightly below the metallicity limit of
[Fe/H] = −1.8 for the red points. In fact, van Loon et al. (2007)
give [Fe/H] = −1.75 for this star, which would make it a red
point.

The most common stars on the luminous part of the giant
branch above Ks = 10 have −1.8 < [Fe/H] < −1.4. We note that
the range−1.8< [Fe/H]< −1.4 corresponds to the most common
population of ωCen stars in general, and these stars form the red
part of the main sequence below the turnoff. The next most com-
mon abundance group on the giant branch has [Fe/H] > −1.4
which corresponds to the stars belonging to the blue compo-
nent of the main sequence. The main sequence position in the
HR–diagram of this latter group of stars can only be explained
by a very high helium abundance of Y ≈ 0.39 (e.g. King et al.
2012). The stars on the giant branch having [Fe/H] > −1.4 might
also be expected to have a very high helium abundance.

5. Modelling the period–luminosity diagram

Figure 5 shows the (log Teff, log L) and (log P, log L) diagrams
for stars in ωCen. The 2MASS J − Ks and Ks values for each
star were used to compute log Teff and log L. We adopted a mean
reddening to ωCen of E(B − V) = 0.11 (Calamida et al. 2005),
the interstellar extinction law of Cardelli et al. (1989) and a true
distance modulus of 13.7 (Del Principe et al. 2006). The trans-
formations and bolometric corrections given in Houdashelt et al.
(2000a,b) were then used to convert the de-reddened J − Ks and
Ks to log Teff and log L.
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Fig. 5. (log Teff , log L) and (log P, log L) diagrams for stars in ωCen (points) along with model fits to the diagrams (lines). The point colours are as
in Fig. 4 and the abundances used to compute the model lines are shown in the panels at each vertical level. Solid lines are for stars on the RGB
and dotted lines are for stars on the AGB. Note that models with abundances given in the bottom panels do not reach the AGB. In the right panels,
lines corresponding to the radial fundamental and first-overtone modes are shown.

Pulsation models designed to match the observations were
computed with the code described in Wood (2015) using a
mixing-length of 1.6 pressure scale heights. Metal abundances
of Z = 0.00025, 0.0005 and 0.001 were used to approximately
match the three observed metallicity groups [Fe/H] < −1.8,
−1.8 < [Fe/H] < −1.4 and [Fe/H] > −1.4. Models were made
with a helium mass fraction of Y = 0.25 for each of the three
metal abundances and at the high metal abundance they were
also made with a high helium abundance of Y = 0.40. Opacities

at low temperatures were generated for each abundance using
the online code of Marigo & Aringer (2009) and at high temper-
atures using the online OPAL codes (Iglesias & Rogers 1996).
Scaled solar mixtures were used in all opacity tables. Masses of
the models were computed assuming an age for ωCen of 12 Gyr
and a Reimers mass loss law (Reimers 1975) with multiplica-
tive factor η = 0.33. The stellar evolution calculations of Bertelli
et al. (2008) were used to estimate the mass at low luminosities
on the RGB for an age of 12 Gyr, as well as to estimate the rate
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of evolution up the RGB and AGB, and to give the core mass
during evolution. For the models with Y = 0.25, the mass of
stars at low luminosities on the RGB is close to 0.8 M� while
for the models with Y = 0.40 this mass is close to 0.65 M�. For
the latter models, mass loss on the RGB and a relatively large
core mass means that the stars do not ascend the AGB after core
helium burning.

The observational points in the HR-diagram (left panels of
Fig. 5) show a decrease in Teff with increased metallicity, as also
seen in Fig. 4. The model tracks for each abundance fit the cor-
responding observational points quite well, although at the high-
est luminosities the (purple) track for the lowest metallicity lies
on the cool edge of the observational points. Note that for both
Z = 0.00025 and 0.0005, one of the variables lies above the
RGB tip for that metallicity suggesting that the most luminous
variable lies on the AGB. For Z = 0.001, one of the variables
lies above the tip of the RGB track for Y = 0.40. Since for
Y = 0.40 there is no AGB, we conclude that this luminous vari-
able must have a lower helium abundance since the evolutionary
track for Y = 0.25 and Z = 0.001 can explain the most lumi-
nous variable as either an RGB or AGB star. This star shows
that not all the stars belonging to the metal-rich population in
ωCen are He-enhanced. This result is consistent with the study
of RR Lyrae variables in ωCen by Marconi et al. (2011) which
suggested that the He-enhanced population in the cluster cannot
be larger than 20% of the horizontal branch population.

The observed periods of the LPVs in ωCen are shown in
the right panels of Fig. 5, with colour coding according to the
observed metallicity. All the variables with periods in Tables 1
and 2 are plotted (except the likely non-member V129). Where
periods are available from multiple sources, we use our own pe-
riod as the first preference and the period from van Leeuwen
et al. (2000) otherwise. The two variables V164 and V391 are
omitted due to their very uncertain periods.

The model fundamental mode periods seem to fit the ob-
served periods quite well at each metallicity. There appears to be
only one variable with a determined period which is consistent
with first-overtone pulsation: this is the shortest period variable
(LW20) in the most metal-rich group with [Fe/H] > −1.4.

For the variables with [Fe/H]> −1.4, models were made with
helium mass fractions of both Y = 0.25 and Y = 0.4. Increasing
the helium abundance shifts the PL relation for LPVs to longer
periods and the Y = 0.4 relation clearly fits the observations bet-
ter than the Y = 0.25 relation. This suggests at least some of the
metal-rich stars in ωCen are indeed helium rich, as suggested by
main-sequence isochrones. The longest period LPVs at a given
luminosity are the most likely to be He-enhanced.

6. Summary and conclusions

We have monitored the globular cluster ωCen over
nearly 600 days with the aim of finding long-period vari-
ables and determining their periods of pulsation. We detected
26 new long-period variables, determined periods for nine
of them, confirmed the variability of eight previously known
variables and derived new periods for six of the previously
known variables. Some of the LPVs belong to each of the
main metallicity sub-groups of ωCen viz. [Fe/H] < −1.8,
−1.8 < [Fe/H] < −1.4 and [Fe/H] > −1.4. We made pulsation
models for variables with abundances appropriate for each of
the metallicity sub-groups. The model PL relations for radial
fundamental mode pulsation fit the observed PL relations quite

well for each abundance sub-group. Only one star among those
for which periods have been determined is a likely first-overtone
pulsator. For the metal-rich group, the PL relation for stars with
a high He abundance of Y = 0.4 is a better fit to the observations
than the PL relation for stars with a normal helium abundance of
Y = 0.25. This result can be considered an independent piece of
evidence supporting a high helium abundance among the metal-
rich stars in ωCen.
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