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ABSTRACT

Recent surveys confirm early results about a deficiency or even absence of CN-strong stars on the asymptotic giant branch (AGB)
of globular clusters (GCs), although with quite large cluster-to-cluster variations. In general, this is at odds with the distribution of
CN band strengths among first ascent red giant branch (RGB) stars. Norris et al. proposed that the lack of CN-strong stars in some
clusters is a consequence of a smaller mass of these stars that cannot evolve through the full AGB phase. In this short paper we found
that the relative frequency of AGB stars can change by a factor of two between diﬀerent clusters. We also find a very good correlation
between the minimum mass of stars along the horizontal branch (Gratton et al. 2010, A&A, 517, A81) and the relative frequency
of AGB stars, with a further dependence on metallicity. We conclude that indeed the stars with the smallest mass on the HB cannot
evolve through the full AGB phase, being AGB-manqué. These stars likely had large He and N content, and large O-depletion. We
then argue that there should not be AGB stars with extreme O depletion, and few of them with a moderate one.
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1. Introduction
Stars with very strong CN bands (CN-strong stars) are very
common along the red giant branch (RGB) of globular clusters
(GCs). It is then quite curious that most asymptotic giant branch
(AGB) stars in GCs have weak CN bands, a fact first discovered by Norris et al. (1981) in the case of NGC 6752 (see also
the review by Sneden et al. 2000). Similar results were obtained
from Na and Mg abundances for a large sample of giants in M 13
by Pilachowski et al. (1996): stars with high [Na/Fe], dominating the upper RGB, do not seem to be represented among the
AGB sample. Very recently, Campbell et al. (2010) reported initial results of a medium resolution survey of about
250 AGB stars over 9 GCs. These early results confirmed the
lack of CN-strong AGB stars in NGC 6752, while in other GCs
(like M 5: Smith & Norris 1993; and possibly like 47 Tuc: Mallia
1978; Campbell et al. 2006) a few CN-strong AGB stars are
present, although they are less frequent than among RGB stars.
The low incidence of CN-strong stars along the AGB is striking, since the presence of strong CN bands is usually assumed to
be evidence of more mixed material. However, a very interesting interpretation of this phenomenon was proposed by Norris
et al. (1981). According to this hypothesis, “when star formation
ceased in the cluster, there were two groups of stars having not
only the observed carbon and nitrogen properties, but also a difference in helium abundance, ΔY ∼ 0.05, in the sense that the
nitrogen strong group has enhanced helium. This diﬀerence in
helium leads to a mass diﬀerence of ∼0.07 M at the main sequence turn-oﬀ, which, together with our current knowledge of

horizontal branch morphology, provides an explanation of both
the gap on the horizontal branch and the lack of CN-strong stars
on the AGB. (The high helium, high CN group does not ascend
the giant branch for a second time)”. This possible explanation
was supported by models of HB stars (see e.g. Sweigart & Gross
1976; Greggio & Renzini 1990; Lee et al. 1994).
Thirty years later, we now know that multiple generations,
diﬀering in Na, O, and likely also He abundances, exist in virtually all GCs (Carretta et al. 2009a). In a separate paper (Gratton
et al. 2010) we discussed the connection of the multiple generation scenarios with the morphology of the HB. Following the
arguments made by Ventura et al. (2001), we interpret the extension of the horizontal branch (HB) to low masses observed
in several GCs as the eﬀect of enhanced He abundances (which
combine with diﬀerences in ages and possibly other parameters
to explain the so-called second parameter issue), exactly as proposed by Norris et al. (although with a diﬀerent scenario for the
formation of GCs: see Carretta et al. 2010).
Within this framework, we should then expect that there is a
close relation between the extension of the HB (as represented
e.g. by the minimum mass along the HB: see Gratton et al. 2010)
and the frequency of AGB stars (as given by the ratio between
the number of stars along the AGB and those on the RGB: see
discussion in Sneden et al. 2000). While M13 indeed seems to
have a low frequency of AGB stars (Caputo et al. 1978; Buzzoni
et al. 1983), a comprehensive picture is missing. In this research
note, we evaluate this correlation from current data (Sect. 2), and
briefly discuss its implications (Sect. 3). Conclusions are drawn
in Sect. 4.
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2. The correlation between the minimum mass
on the HB and the frequency of AGB stars
We evaluated the frequency of AGB stars in a number of
GCs from the high quality photometric data sets considered by
Gratton et al. (2010). These consist of two databases: the results of the HST snapshot survey by Piotto et al. (2002), and
the ground-based survey of GCs by Rosenberg et al. (2000a,b).
With respect to the analysis of HB stars presented in Gratton
et al. (2010) we have two additional problems.
First, AGB stars are an order of magnitude less numerous
than RGB and HB stars. Hence, only those GCs with large populations of RGB stars have a numerous enough population of
AGB stars. In practice, for HST data we limited ourselves only
to those GCs that have >100 RGB stars, where the definition of
RGB stars is here those stars more luminous than V(HB) +1 (see
Gratton et al. 2010). For the ground-based data (where contamination by field stars is larger) we used an even more restrictive
criterion of >200 RGB stars. The values of the magnitude of the
HB V(HB) were taken from Harris (1996).
Second, separation of AGB stars from RGB stars is very
diﬃcult in those clusters where there is significant diﬀerential
reddening. This is usually the case for highly reddened clusters.
Hence, we limited ourselves to those GCs having a reddening
E(B − V) ≤ 0.25.
The total of GCs satisfying these two criteria is 26, covering a wide range in metallicity and extension of the HB. Low
luminosity clusters are however absent from our sample, simply
because they do not have enough stars.
In each GC, we first subtracted the field stars, following the
same procedure described in Gratton et al. (2010). Then we separated AGB stars from those on the HB assuming that only stars
with V < V(HB) − 0.5 could be on the AGB, and then separated
AGB stars from RGB stars by their colours being bluer than a
dividing straight line, whose inclination is a function of metallicity, and horizontal position was guided by eye. Stars much bluer
(more than 0.3 mag) than this dividing line were assumed to be
field object, not properly subtracted by our procedure. We acknowledge that this procedure neglects a few bright AGB stars –
which are anyway very diﬃcult to be separated from the brightest RGB stars. However, there are very few such stars in each
GCs, so that the impact of this error in our discussion is very
small (actually, much smaller than our error bars). On the other
hand, uncertainties in the separation of AGB and RGB stars contribute to the errors. In the case of HST photometry, which is
more accurate, on average we change our estimates of the ratio
between the number of AGB and RGB stars by ±0.011 if we shift
the colour of the separating line by ±0.02 mag. Since groundbased data are less accurate, we expect larger errors. Figure 1
illustrates a couple of examples of application of this procedure.
Table 1 gives the list of the GCs, their metallicity from
Carretta et al. (2009b); the absolute magnitude MV and the reddening E(B − V) from Harris (1996); the minimum mass along
the HB Mmin and the number of RGB stars n(RGB) from Gratton
et al. (2010); the number of AGB stars n(AGB), and the ratio
fAGB between the number of AGB and RGB stars, with the error
given by Poisson statistics. For NGC 2419, we adopted a value
of Mmin = 0.51 M , which is consistent with its extreme BHB
(Ripepi et al. 2007), below the limiting magnitude of the Piotto
et al. (2002) photometry.
Figure 2 displays the run of fAGB with Mmin for both HST and
ground-based data. As expected, in both cases there is a clear
correlation between these two quantities. Considering only the
HST data, the linear correlation coeﬃcient is r = 0.75 (22 GCs),
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Fig. 1. Separation of AGB stars (filled squares) and other stars (small
empty squares) in the HST colour magnitude diagrams of NGC 2808
(upper panel) and NGC 362 (lower panel).

which is significant at a very high level of confidence. GCs with
extended blue HBs (like NGC 2808) have roughly half the relative frequency of AGB stars of those with short HBs. This confirms the earliest finding for M 13 by Caputo et al. (1978) and
Buzzoni et al. (1983), which is now shown to be a general property. The correlation seems to break at large values of Mmin .
This might be due to a combination of two eﬀects: first, in our
approach we neglected the most luminous AGB stars, a phase
that can be reached only by the evolution of the most massive
HB stars in GCs; and second, the lifetime on the AGB of the
most massive stars in GCs might be only weakly dependent on
the mass of the star on the HB, perhaps because the mass loss
rate is very large for the most luminous stars.
As noticed by the referee, while the correlation is indeed
good, there seems to be a significant spread in fAGB values at
a given Mmin . This spread is correlated with cluster metallicity
(see Fig. 2): in fact, the correlation between [Fe/H] values and
residuals around the best fit line is r = 0.52 (22 GCs), which is
significant at better than 1%.
The correlation between the frequency of AGB stars and
metallicity should not come as a surprise. In fact, Frogel & Elias
(1988) found that the maximum luminosity of stars along the
AGB is a function of metallicity (see their Fig. 1). This agrees
with a scenario where the evolution of small mass stars along the
AGB is limited by the first thermal pulse, which occurs at lower
luminosities (and masses) for metal-poor stars (Renzini & Fusi
Pecci 1988). However, the correlation with metallicity is fairly
independent from that on Mmin , which is stronger. This correlation merits then a separate discussion.

3. Discussion
We first notice that the ratio fAGB ∼ 0.1 we obtain for those GCs
rich in AGB stars agrees with expectations based on lifetimes
of the corresponding evolutionary phases. These are 14 Myr for
a 0.6 M AGB stars, and 140 Myr for the time required for a
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Table 1. Counts of AGB stars.
NGC

[Fe/H]

Mv

104
362
1261
1851
1904
2419
2808
5024
5634
5694
5824
5904
6093
6205
6229
6584
6637
6681
6723
6864
7078
7089

–0.76
–1.16
–1.35
–1.22
–1.57
–2.12
–1.15
–1.99
–1.88
–1.86
–1.85
–1.29
–1.75
–1.54
–1.43
–1.49
–0.70
–1.51
–1.12
–1.16
–2.26
–1.62

–9.42
–8.41
–7.81
–8.33
–7.86
–9.58
–9.39
–8.70
–7.69
–7.81
–8.84
–8.81
–8.23
–8.70
–8.05
–7.68
–7.64
–7.11
–7.84
–8.55
–9.17
–9.02

104
1261
2808
5272
5904
6205
6341
6541
6779
7078

–0.76
–1.35
–1.15
–1.57
–1.29
–1.54
–2.28
–1.83
–1.94
–2.26

–9.42
–7.81
–9.39
–8.93
–8.81
–8.70
–8.20
–8.37
–7.38
–9.17

E(B − V)

Mmin
NRGB
HST
0.04
0.629
529
0.03
0.602
365
0.01
0.593
217
0.02
0.579
430
0.01
0.538
198
0.11
0.510
739
0.22
0.501 1042
0.02
0.638
327
0.05
0.606
201
0.09
0.605
312
0.13
0.569
780
0.03
0.573
240
0.18
0.523
402
0.02
0.501
294
0.01
0.554
394
0.10
0.624
128
0.16
0.617
188
0.07
0.543
117
0.05
0.558
120
0.16
0.565
600
0.10
0.566
472
0.06
0.511
262
Ground-based
0.04
0.629
282
0.01
0.593
320
0.22
0.501 1123
0.01
0.604
455
0.03
0.573
325
0.02
0.501
322
0.02
0.620
271
0.14
0.532
216
0.20
0.585
259
0.10
0.566
799

Fig. 2. Run of the fAGB = n(AGB)/n(RGB) ratio with the minimum
mass along the HB Mmin (see Gratton et al. 2010) for both HST (upper
panel) and ground-based data (lower panel). Filled squares are for GCs
with [Fe/H] > −1.7, open squares for GCs with [Fe/H] < −1.7.

NAGB

fAGB

52
42
23
40
15
41
59
34
18
23
69
23
27
19
31
12
19
9
10
65
28
20

0.098 ± 0.014
0.115 ± 0.019
0.106 ± 0.023
0.093 ± 0.015
0.076 ± 0.020
0.056 ± 0.009
0.057 ± 0.008
0.104 ± 0.019
0.090 ± 0.022
0.074 ± 0.016
0.088 ± 0.011
0.096 ± 0.021
0.067 ± 0.013
0.065 ± 0.015
0.079 ± 0.015
0.094 ± 0.028
0.101 ± 0.024
0.077 ± 0.027
0.083 ± 0.027
0.108 ± 0.014
0.059 ± 0.012
0.076 ± 0.018

34
47
44
54
33
22
26
17
16
59

0.121 ± 0.022
0.147 ± 0.023
0.039 ± 0.006
0.119 ± 0.017
0.102 ± 0.019
0.068 ± 0.015
0.096 ± 0.020
0.079 ± 0.020
0.062 ± 0.016
0.074 ± 0.010

moderately metal-poor (Z = 10−3 ) star of 0.8 M to climb the
RGB from 1 magnitude below the HB level, up to the tip of the
RGB (see Bertelli et al. 2009). On the other hand, the obvious
interpretation of the correlation between n(AGB)/n(RGB) and
Mmin is that small mass HB stars either do not reach the AGB,
or leave it much earlier than the more massive ones.
To give further insight into this issue, we consider the following rough argument. Using the core mass-luminosity relation (Paczynski 1971; Marigo 2000) and stellar models (Bertelli
2009), we can estimate that the core mass of a GC star when
it reaches the AGB is about 0.49 M , and it is about 0.50 M
when it reaches the luminosity similar to that of the tip of the
RGB (about log L/L ∼ 3), which is roughly the maximum observed luminosity for stars in GCs (actually, this luminosity depends on metallicity; see previous section). According to models, the mass of the envelope of a 0.6 M AGB stars with a
luminosity of log L/L ∼ 3 is ∼0.05 M . Let us then assume
that a star leaves the AGB when the mass of the envelope is that
large1 . Hence an HB star with a mass <0.54 M will not even
start the AGB. The same models indicate that a star of 0.8 M
and Z = 10−3 takes about 29 Myr to climb the RGB from the
luminosity of the base of the AGB up to the tip of the RGB,
while a 0.6 M AGB star takes about 14 Myr to run the corresponding track along the AGB. According to Gratton et al.
(2010), a typical RGB star loses some 0.2 M before reaching
1
The criterion considered by Renzini & Fusi Pecci (1988) is slightly
diﬀerent, being 0.04 M the mass between the two burning shells.
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the HB (see also Renzini & Fusi Pecci 1988); most of this
loss is in the late phases of the RGB. Assuming that RGB and
AGB stars have a similar mass loss rate, we may then expect that
a GC star may lose some 0.1 M while climbing the AGB. Then,
the minimum HB mass required to reach the tip of the AGB is
about 0.65 M , which is indeed the typical mass of HB stars (see
Fig. 10 of Gratton et al. 2010). (This is actually a sanity check,
showing that our reasoning is consistent with the data we have).
According to this picture, small mass HB stars (M < 0.54 M )
do not begin the AGB. These objects are the AGB-manqué stars
(Greggio & Renzini 1990); they have been found in several clusters (see e.g. the case of NGC 2808: Castellani et al. 2006). The
others leave the AGB at diﬀerent luminosities, and only those
with masses M > 0.65 M may get as luminous as the tip of
the RGB. We could then expect that the frequency of AGB stars
depends on the distribution of masses along the HB.
We note that if the mass of an RGB star is smaller than
that required for the He-core flash (about 0.50 M : Castellani
& Castellani 1993), the star will leave the RGB before reaching its tip. Such stars, usually called RGB-manqué, will become He-white dwarfs; however, they will likely have a late
He-flash, after which they will move to the blue hook of the
HB, and later once for all to the C–O white dwarf cooling sequence, without becoming an AGB star (Castellani & Castellani
1993; D’Cruz et al. 2000; Brown et al. 2000; Moehler et al.
2004). These small mass RGB stars might either be in mass
transfer binaries, or normal single stars with a suitable combination of helium abundance, age, and metal abundance. For
instance, using data and equations considered in Gratton et al.
(2010), single stars in NGC 2808 (or in M 13) with roughly
Y > 0.35 (Y > 0.335) should be RGB-manqué, those with
0.33 < Y < 0.35 (0.31 < Y < 0.335) should become AGBmanqué, while those with Y < 0.33 (Y < 0.31) might successfully start their evolution along the AGB. Only those AGB stars
with Y ∼ 0.25 will reach a luminosity similar to the tip of the
RGB. However, most of the mass loss by RGB stars occurs just
in the latest phases of the RGB. Castellani & Castellani (1993),
considered the Reimers (1975) mass loss law with diﬀerent values of the eﬃciency parameter η. The values of η they considered
were quite large. The smallest ones, with η = 0.5 yields an average mass loss of 0.2 M along the RGB of a metal-poor GC like
M 15, somewhat larger than required to explain its HB (Gratton
et al. 2010). In such a model, half of the mass is lost in the last
0.4 Myr, that is <1% of the time spent at luminosities brighter
than MV (HB) + 1, while the star is climbing the last 0.7 mag (in
bolometric magnitude) on the RGB. Other mass loss laws give
an even stronger dependence on luminosity (see the discussion
in Catelan 2009), and hence concentration of the mass loss in the
later phases of the RGB. As a consequence, even the most Herich stars are expected to make most of the evolution along the
RGB. While there should be a deficiency of He-rich stars very
close to the tip of the RGB, it will be very diﬃcult to establish
this eﬀect due to the small numbers involved. As a consequence,
we should not expect any significant eﬀect on the number counts
on the RGB, while of course there are large consequences on the
later evolutionary phases.
We may better evaluate the impact of our result by considering two GCs with similar metallicity, but very diﬀerent
HB morphology. A similar pair may be provided by NGC 362
and NGC 2808. The first cluster has a quite short HB, with a
minimum mass of 0.60 M , and a median one of 0.68 M . In
such a cluster, most stars will climb up through the whole AGB,
and should then have a large value of fAGB . Indeed we get fAGB =
0.115 ± 0.019, among the highest we found. We then expect
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that the distribution of stars along the Na–O and other anticorrelations to be similar for AGB and RGB stars (a prediction
that could be tested with appropriate observations). On the other
hand, in the case of NGC 2808 the distribution of stars along the
HB is trimodal: about 20% of the stars are extreme BHB stars,
with masses well below the minimum of 0.54 M required to
start evolution along the AGB; about 40% of the stars are quite
massive (∼0.68 M ), and similarly to the bulk of the stars of
NGC 362 they may evolve through the AGB up to a luminosity
similar to that of the tip of the RGB; finally, another 40% of the
stars have a mass of about 0.61 M , which should allow them to
start their evolution along the AGB, which is however terminated
before reaching the luminosity of the tip of the RGB. Assuming
that these stars are able to be on the AGB half the time of the
more massive ones, we may expect that NGC 2808 has a value
of fAGB which is about 60% that of NGC 362. The value we obtain is actually a bit lower, about 50 ± 11% using HST data, and
even lower using the ground-based data. This suggests that the
progeny of HB stars of intermediate mass of NGC 2808 are able
to remain on the AGB for less than half of the typical lifetime of
AGB stars. In this case, we then expect that the distribution of
AGB stars along the various anti-correlations (C–N, Na–O, Mg–
Al) be very diﬀerent from that found for RGB stars, because we
expect that extreme BHB stars are connected with the extremely
O-depleted stars, the BHB stars with the moderately O-poor, and
the RHB with the O-rich stars. If this picture is correct, we predict that there should be no extremely O-depleted stars, about
a third or less of moderately O-depleted, and a vast majority of
O-rich stars along the AGB of NGC 2808.

4. Conclusions
We derived the relative frequency of AGB stars, given by the
ratio of stars counted on the AGB and RGB, in 26 GCs. The
clusters were selected to have extensive and uniform high quality
data and small reddening. We found a good correlation between
the ratio of AGB to RGB stars fAGB = n(AGB)/n(RGB) and
the minimum mass of stars along the HB Mmin , with a further
dependence on metallicity. This agrees with the expectation that
the less massive HB stars (M < 0.54 M ) do not even begin
their AGB phase. For the remaining HB stars, the extension of
the AGB lifetime is a function of their mass and metallicity.
Since the mass of the HB stars is expected to be correlated
with their chemical composition (see Gratton et al. 2010), we
then expect that most He-rich (Na-rich and O-poor) stars in GCs
do not reach the AGB. He-poor (Na-poor, O-rich) stars may have
an extended evolution on the AGB, up to the luminosity of the tip
of the RGB. The stars having an intermediate composition begin
their AGB, but terminate their AGB evolution before reaching
such bright luminosities.
As first suggested by Norris et al. (1981), this explains well
the distribution of AGB stars along the C–N anticorrelation,
which is clearly diﬀerent from that observed for RGB stars (see
also Campbell et al. 2010).
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