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ABSTRACT 
This paper addresses a number of problems connected with the evolution of low-mass (M < 0.8 M0) and 

very low mass (M > 0.07 M0) stars having metal contents much smaller than the solar metal content, and 
which are consequently relevant to the understanding of halo and globular cluster low-mass stars. Two main 
chemical compositions bracketing the Population II regime are considered: helium and metal contents 
7 = 0.23, Z = 10~4 (Cox and Stewart opacities) and Y = 0.25, Z = 10“3 (Alexander, Johnson, and Rypma 
opacities). For these compositions, the hydrogen burning minimum mass (HBMM) is evaluated. As found 
by D’Antona and Mazzitelli for Population I, it is confirmed that the atmospheric opacities are the main 
factor influencing the minimum main-sequence luminosity. In fact, the results show Mmin = 0.11 M0 and 
log (L/L0) = -2.93 (Mv = 13.5) for Z = 10“4, and Mmin = 0.09 M0, log (L/L0) = -4.13 for Z = 10“3. As 
molecular opacities are considered only for the latter chemical composition, the difference between these 
minimum luminosities must be ascribed not only to the difference in Z, but also to the choice of different 
opacity sets, and in some ways well represents the uncertainties arising due to the lack of good opacities at 
low Teff. 

Particular care is given to the understanding of the mass luminosity relation. Population II luminosity func- 
tions (LFs) are constructed and applied to the interpretation of globular cluster main-sequence LFs. In partic- 
ular, the low-luminosity end of the main sequence for globular clusters is also predicted. 
Subject headings: clusters: globular — luminosity function — opacities — stars: evolution — 

stars: interiors — stars: Population II 

I. INTRODUCTION 
In Paper I (D’Antona and Mazzitelli 1985) the evolution of 

Population I masses 0.8 > M/M e > 0.04 has been presented, 
giving particular attention to the influence of atmospheric opa- 
cities in predicting the hydrogen-burning minimum mass 
(HBMM) and the minimum main-sequence luminosity 
(MMSL). Consideration of molecular and grain opacities 
(Alexander, Johnson, and Rypma 1983) in fact resulted in a 
great reduction of the MMSL [log (L/L0) = —4.35] with 
respect to previous computations. Furthermore, at even 
dimmer luminosities, there appeared to be long-lived struc- 
tures, down to M = 0.06 M0, in which nuclear burning and 
cooling were concomitant sources of energy output for a time 
comparable to the disk lifetime. 

In Paper I, apart from stressing the large uncertainties inher- 
ent in the models, due to our poor understanding of grain 
opacities and to our still incomplete knowledge of the role of 
H20 in molecular opacities, we predicted that the reduction of 
atmospheric opacities, as is the case when considering Popu- 
lation II stars, would have resulted in much larger MMSL. 
Consequently, it seemed worthwhile to compute the Popu- 
lation II main-sequence limit by adopting the same input 
physics as in Paper I, in order to provide the first theoretical 
grounds from which to predict what we must expect from 
Hubble Space Telescope observations of the lower end of the 
main sequence in the nearby globular clusters (GCs). 

Furthermore, in view of the recent determination of lumin- 
osity functions (LFs) for the main sequences of several GCs 
(McClure et al. 1986), the computations have been extended up 
to M = 0.75-0.8 Mq , in order to provide the mass luminosity 
(ML) relations necessary to derive LFs which could be com- 
pared with the observations. 

As will be shown in § II, there are basic problems in the 
construction of Population II very low mass star structures. As 
a result of lowering the metal content, and thus lowering the 
main donors of opacity, very large densities at the photosphere 
are obtained. Consequently, the opacities, which until now 
necessarily have been constructed by inadequate formulations 
of the equation of state, are inadequate. For these reasons, and 
considering the present study as an exploratory one, only two 
representative sets of Population II chemical compositions 
have been considered, adopting extreme assumptions for their 
corresponding opacities. Some additional models have been 
computed for different chemical compositions, in particular 
lower main-sequence models for zero-metal structures. The 
results are shown and discussed in §§ lia and lib. 

Section lie deals with the consideration and interpretation 
of the shape of the ML relation up to 0.80 M0 for the two main 
sets of chemical compositions. In order to compare our models 
with the observations, we have to adopt bolometric correc- 
tions, discussed in § III, which are particularly uncertain at low 
luminosities. Section III also deals with the LFs constructed 
adopting several mass functions (MFs). In particular three fea- 
tures of the LF are stressed : 

1. There is no gap at Mv = 1 corresponding to the so called 
“Widen” gap (Widen 1974) which is present in the field-star 
LF (Widen, Jahreiss, and Kruger 1983; discussed in terms of 
MF by D’Antona and Mazzitelli 1986): it is masked by evolu- 
tionary effects. 

2. At M < 0.5 Mq , the ML relation flattens abruptly, and a 
sharp rise in the LF is obtained (see also McClure et al. 1986), 
even if a constant MF is adopted. 

3. For M < 0.2 M0, the LF must decline, even when con- 
sidering a still increasing initial mass function (IMF). This is 
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due to the well-known stretching of the main sequence already 
discussed in D’Antona and Mazzitelli (1982a, 1983,1986). 

4. In spite of the uncertainties in the bolometric corrections, 
we guess that, for Mv > 13.5 there must be no stars in the most 
metal-poor globular clusters, as this is the limiting main- 
sequence magnitude for Z = 10“4. 

II. MODEL COMPUTATION AND RESULTS 

The evolutionary code (Mazzitelli 1979) and input physics of 
these computations are the same as in Paper I. Two main sets 
of models have been computed, corresponding to the following 
choices of composition and opacities : 

1. Y = 0.23, Z = 10-4, Cox and Stewart (1970) opacities. 
The mass ranges from 0.8 to 0.1 M0, and all models were 
evolved through their pre-main-sequence contraction phases, 
following the procedure described in Mazzitelli and Moretti 
(1980). Deuterium burning was followed, adopting as the initial 
deuterium abundance XD = 2.5 x 10_5. 

2. Y = 0.25, Z = 10-3, opacities interpolated—and 
extrapolated, when necessary—between the main grid of Alex- 
ander, Johnson, and Rypma (1983) and the smaller grids corre- 
sponding to lower metal contents. The mass ranges from 0.75 
to 0.07 M0. The models down to 0.15 M0 were constructed 
starting from the homogeneous main sequence, whereas for 
M < 0.12 M© the complete evolution from pre-MS was con- 
sidered, in order to determine accurately the boundary 
between hydrogen-burning stars and brown dwarfs. A few 
models starting from pre-MS have been computed for 

7 = 0.23, Z = 10-3 (Alexander, Johnson, and Rypma 
opacities) to allow comparisons independent of the helium 
content. The main-sequence location of M = 0.5 M©, 
7 = 0.23, Z = 10“ 3 has been computed starting both from the 
pre-main-sequence and from the homogeneous model. Negli- 
gible differences are obtained (mainly in the total He3 content 
at a given age), confirming that the two procedures of compu- 
tation give compatible results. 

The MMSL has also been computed for 7 = 0.23, Z = 0 
(Cox and Tabor 1976 opacities) by following the evolution of 
0.11,0.115, and 0.12 M©. 

The choice of these two main sets of opacities can be justified 
in the following way: we know that Cox and Stewart (1970) 
opacities do not include the effects of molecules, whose impor- 
tance, on the other hand, and with the exception of H2, will 
decrease when the metallicity is reduced. Thus employing Cox 
and Stewart tables for Z = 10“4 means underestimating—but 
not by too much—the opacity. On the other hand, the Alex- 
ander, Johnson, and Rypma (1983) tables overestimate the con- 
tribution of H20, as this opacity is treated by straight-mean 
method instead of by the opacity sampling technique : thus the 
opacities employed for Z = 10"3 are overestimates. In this 
way we bracket two somewhat “ extreme ” chemical composi- 
tions for the Population II, and the results should provide 
some constraints on the information we seek. 

As it is highly implausible to find in our Galaxy “young” 
Population II stars, we present in Figure 1 the H-R diagram of 
the lower main sequence, and in Tables 1 and 2 relevant data 

Lo<3 Teff 
Fig. 1.—H-R diagram of main sequences of computed models. For masses M > 0.55 M0 the evolution from 10 to 18 x 109 yr (where available) is indicated. 
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for the computed evolutions, considering only ages larger than 
10 billion yr. We will now discuss several different aspects of 
the computational results. 

a) Hydrogen-burning Minimum Mass and Luminosity 
The run with time of luminosity and central temperature of 

the sequences of 0.10, 0.11, 0.12, and 0.15 M0 of Z = 10-4 is 
shown in Figure 2. The track of 0.11 M0 reaches the main 
sequence after 5 x 108 yr, while the 0.10 M0 sequence always 
cools down. 

Table 3 presents the HBMM data for the three chemical 
compositions, and, for comparison, the Population I values as 
given in Paper I. It is easily seen that, while the HBMM varies 
only by 0.035 M0 passing from Population I to zero-metal 
structures, the MMSL varies by about a factor of 60. The 
largest difference in luminosity, however, is shown by the 
MMSLs obtained in the present computations for Z = 10“3 

and Z = 10_4, and it is to be ascribed, not only to the change 
in metallicity, but also to the difference discussed before in the 
adopted opacities. Keeping in mind that our choice of opacities 
gives limiting values, the log (L/L0) difference in MMSL 
between 10 ~3 and 10“4 should be regarded as the maximum 
“intrinsic” uncertainty due to our inadequate understanding 

TABLE 3 
Main-Sequence Limit as Function of Chemical Composition 

Y Z M/M0 Log (L/Lq) Log Te Opacity Tables 

0.25  0.02 0.080 —4.37 3.195 Alexander ei a/. 1983 
0.25  0.001 0.090 -4.13 3.285 Alexander ¿í a/. 1983 
0.23.  0.0001 0.110 -2.93 3.540 Cox and Stewart 1970 
0.23  0.0 0.115 -2.60 3.620 Cox and Tabor 1976 

of opacities. For instance, if somewhat smaller opacities for 
Z = 10“3 had been adopted, these would possibly have led to 
the stabilization of the 0.095 M0 model, which—at log 
(L/L0) = —3.5—is brighter than the Population I limit by a 
factor of 10. 

We have to discuss further not only the reliability, but also 
the availability of opacities: in Figure 3 we show the p-T strati- 
fication of the models of Z = 10“4 close to the HBMM. The 
0.11 Mq main-sequence model is shown, together with two 
models of 0.10 M0. In the first model, at log (L/L0) = —3.38, 
the maximum percentage of nuclear energy generation is 
reached (68%), while in the second model, at log (L/L0) = 
— 4.0, the nuclear energy release produces only 9% of the 

Log Age (years) 

Fig. 2.—Temporal evolution of luminosity and central temperature for 0.10,0.11,0.12, and 0.15 M0 of 7 = 0.23, Z = 1.0 x 10“4. 
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Log y 

Fig. 3—Log density vs. log temperature stratification for models of Z = 1.0 x 10-4. At log p = —0.3 pressure ionization occurs, and, close to this boundary, 
covolume pressure largely exceeds corresponding ideal gas pressure (Magni and Mazzitelli 1979; D’Antona and Mazzitelli 1982a). For M = 0.11 M0 a main- 
sequence model (log [L/L0] = —2.93) is shown. For M = 0.10 M0, model n.270 has log (L/L0) = — 3.38, model n.300 has log (L/L0) = —4.0. 

luminosity. Let us keep in mind that all of these models are 
fully convective and adiabatic; only the outer atmosphere is 
radiative, so that the opacity is important only down to the 
photospheric boundary. 

The 0.11 M0 model can still be considered realistic, as the 
photosphere lies at not unreasonably large densities 
(p æ 8 x 10-4 g cm-3). Further, the “destiny” of the 0.10 M© 
model is decided at a stage where the predicted structure can 
be believed with some degree of confidence (p = 3 x 10 ~3), but 
its following evolution shifts the photosphere into the region 
where the pressure efiects on the atomic and molecular levels 
are dominant, and where the excluded volume effects also must 
be considered (see Magni and Mazzitelli 1979; D’Antona and 
Mazzitelli 1982a). In this region, not only is it meaningless to 
“ extrapolate ” opacities, but, if opacity computations will ever 
be performed, a non-ideal-gas equation of state must be used, 
in view of the strong interactions among molecules. Conse- 
quently, while we still regard as realistic the computation of 
MMSL for Z = 10"4, the structure and temporal evolution of 
Population II brown dwarfs is very uncertain. 

Thus we see that the computation of very low mass struc- 
tures results in a twofold problem : 

1. Either we are in the realm of large metal abundance, and, 
in this case, we must investigate correctly the role of molecules 
and, further, of grains in determining the opacities (the uncer- 
tainty in grain opacity is, in fact, the most crucial factor in the 
Population I MMSL—see Paper I); 

2. Or we are dealing with low-metallicity structures which 
are hotter and denser so that grains are no longer a problem. 
But, just because of the reduction in the metals which are the 
main opacity source, the photospheric region is reached only 
at densities for which any computations for opacities should 

include the relevant nonideal gas effects on the equation of 
state. 

In spite of the uncertainty in the lowest luminosity of the 
main sequence, we may derive a number of results from our 
models which can be applied to the interpretation of observa- 
tional data when these will have become available. In particu- 
lar, group properties such as the luminosity function of an 
ensemble of coeval stars do not depend too much on the exact 
value of the MMSL: what mainly matters is the shape of the 
ML relation toward the HBMM, and, as for Population I, this 
relation becomes very steep at the low-mass end (the lumin- 
osity varies by a factor of 10 when the mass is reduced by only 
0.01 M©). For Population I we have shown (D’Antona and 
Mazzitelli 1986) that the decline in the LF of field stars is to be 
ascribed entirely to the steepening of the ML relation in the 
proximity of the HBMM. It is clear that Population II samples 
will also demonstrate the same effect, and that this effect will be 
even more pronounced, as the HBMM is larger in Population 
II than it is in Population I. 

b) The Evolution of Population II Brown Dwarfs 
In Tables 4 and 5 we present relevant data for the evolution 

of brown dwarfs and lowest mass stars having Y = 0.25 and 
Z = 10"3. The onset of deuterium burning occurs at an age of 
~5 x 105 yr and lasts for more than 106 yr for all the masses 
considered. The locus of burning occurs at larger luminosities 
and Tm with respect to the corresponding locus for Population 
I (compare Table 4 with Fig. 1 of Paper I) but its main charac- 
teristics are the same. For instance, deuterium burning pro- 
vides at maximum 90% of the stellar luminosity, and 
contraction is never completely halted. 

Exhaustion of deuterium is followed by a further contraction 
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TABLE 4 
Locus of Deuterium Burning for Y = 0.75, Z = LOE — 03 

M/Mg 

Duration 
(IE + 06 yr) Age 

Locus of Maximum Deuterium Burning 

Log (L/Lq) Log Teff Log Tc Log pc 

0.07.. 
0.075. 
0.08.. 
0.085. 
0.09.. 
0.095. 
0.10.. 

1.40E + 06 
1.32 
1.24 
1.20 
1.13 
1.07 
1.03 

8.86E + 05 
8.40 
8.26 
7.67 
7.24 
7.22 
6.72 

-1.225 
-1.167 
-1.115 
-1.064 
-1.016 
-0.975 
-0.932 

3.593 
3.531 
3.533 
3.534 
3.535 
3.536 
3.537 

5.889 
5.896 
5.902 
5.907 
5.912 
5.917 
5.921 

0.314 
0.265 
0.233 
0.179 
0.139 
0.106 
0.069 

phase. Around 108 yr, all structures reach their maximum 
central temperature. The total lifetimes at log (L/LG) > —4.5 
are smaller than 2 x 109 yr for M < 0.075 M0. The structures 
at 0.075 < M/M0 < 0.085 can be considered the equivalent of 
Population I transition masses, as they live for several billion 
yrat —4.5 < log(L/L0) < —4.0. 

We have already discussed that the uncertainty in the opa- 
cities does not allow the definitive determination of M = 0.09 
M0 as HBMM for this chemical composition. 

Table 5 
Evolution of Brown Dwarfs Y = 0.25, Z = 1.0E — 03 

log age logL/L® logTeff logTc logÇc phase 

M=0.07M© 
7.0015 -2.045 3.5424 6.248 1.592 
7.9778 -2.855 3.499 6.393 2.465 
8.0032 -2.879 3.496 6.393 2.482 
9.0026 -4.102 3.270 6.227 2.938 
9.2532 -4.517 3.176 6.157 2.995 

contraction 
max Tc 

M=0.075Mo 
7.0026 -2.001 3.545 6.268 1.577 contraction 
8.0015 -2.808 3.508 6.426 2.474 max Tc 
9.0076 -3.976 3.302 6.286 2.980 Lnuc=2% 
9.3394 -4.502 3.184 6.194 3.057 Lnuc=16% 

M=0.08M® 
7.0021 
8.0016 
8.0745 
9.0003 
9.5005 

-1.959 
-2.747 
-2.812 
-3.832 
-4.553 

3.548 
3.517 
3.511 
3.337 
3.176 

6.286 
6.456 
6.456 
6.350 
6.218 

1.562 
2.466 
2.517 
3.003 
3.118 

contraction 
Lnuc=20% 
max Tc 

Lnuc=36% 

M=0.085M© 
7.0026 
8.0014 
8.1467 
9.0063 
9.7775 

-1.921 
-2.692 
-2.819 
-3.696 
-4.578 

3.551 
3.526 
3.513 
3.369 
3.175 

6.304 
6.482 
6.484 
6.406 
6.244 

1.549 
2.459 
2.560 
3.013 
3.173 

contraction 

max Tc 
Lnuc=38% 
Lnuc=75% 

M=0.09M© 
7.0030 
8.0030 
8.2165 
9.0090 
10.0265 
10.1938 

-1.885 
-2.643 
-2.825 
-3.540 
-4.087 
-4.135 

3 553 
3.532 
3.515 
3.402 
3.292 
3.281 

6.319 
6.506 
6.511 
6.461 
3.630 
6.351 

1.531 
2.452 
2.603 
3.004 
3.163 
3.172 

contraction 

max Tc 
Lnuc=60% 
Lnuc=96% 

M=0.095M® 
7.0021 -1.851 
8.0000 
8.2621 
9.0034 
9.7573 
10.2277 

-2.594 
-2.810 
-3.336 
-3.461 
-3.454 

3.555 
3.539 
3.519 
3.437 
3.420 
3.422 

6.333 
6.528 
6.537 
6.510 
6.501 
6.503 

1.513 
2.442 
2.629 
2.976 
3.018 
3.017 

contraction 
Lnuc=75% 
max Tc 

Lnuc=100% 

M=0.10M© 
7.0012 
8.0067 
8.3938 
9.0088 
9.6019 
10.0931 

-1.817 
-2.556 
-2.862 
-3.199 
-3.223 
-3.2174 

3.557 
3.543 
3.516 
3.468 
3.464 
3.465 

6.345 
6.549 
6.562 
6.552 
6.551 
6.553 

1.495 
2.439 
2.709 
2.935 
2.950 
2.948 

contraction 

max Tc 
Lnuc=92% 
Lnuc=100% 

c) The Shape of the Mass Luminosity Relation at 
03 < M/Me < 0.8 

A complete consideration of the LF of coeval stars of low 
metallicity also requires knowledge of the ML relation for 
larger masses, as, in any case, the number counts in different 
magnitude intervals must be normalized to some “ safe ” refer- 
ence count at a brighter magnitude. In practice, it is necessary 
to compute models for the masses up to the masses which, at 
an age ranging from 12 to 18 billion yr, are already evolving. 
The theoretical ML relations for the two sets of chemical com- 
position are shown in Figure 4 at a representative age of 
15 x 109 yr, and are compared with the relation for Popu- 
lation I taken from the models of Paper I and from unpub- 
lished main-sequence models by Mazzitelli for M > 0.6 M0 at 
an age of 109 yr. Thus, the comparison shows the main differ- 
ences to be taken into account when dealing with Population I 
or II. These are as follows : 

1. The age effect: Population I stars have a distribution of 
ages. In particular, the age of Population I stars of M > 1 MG 
which are still in main sequence must be smaller than their 
proper evolutionary time off the main sequence. On the con- 
trary, Population II star samples are constrained in age by the 
fact that they have all been formed on a short time interval, an 
interval of the order of the galaxy disk formation time for halo 
stars, and probably an even shorter interval for globular 
cluster stars. Consequently, the quantity dM/dL, which enters 
as a crucial factor in the determination of the LF for stars that 
evolve significantly in times which are shorter than the galactic 
age, becomes very small, until it is practically zero at the mass, 
determined by age and chemical composition, which now 
populates the giant region in a given sample. 

2. Conversely, the Population II ML relation at the low- 
mass end is steeper than it is in Population I, due to the com- 
bined effects of increasing the HBMM when reducing the 
metallicity and of not needing to consider the brown dwarf 
cooling tracks, as all brown dwarfs have cooling times much 
shorter than the galactic age. 

3. Both in Population I and II, the derivative of the ML 
relation increases at 0.4 < M/M0 < 0.55, the exact value 
depending on Z. In the range 0.4 < M/M Q < 0.2, as the metal 
abundance becomes less, the stellar luminosity becomes larger, 
reaching a difference of about a factor of 3 at M = 0.3 M0, 
between the Z = 10“3 and the Z = 10-4 models. 

The theoretical reasons for this behavior must be carefully 
traced. Two facts are concomitant with this bifurcation of the 
ML relation: first, the He3 equilibrium in the p-p burning 
chain is no longer reached at M < 0.5 M0, even for an age of 
15 billion yr; second, external convection deepens into the star, 
until, at M = 0.4 M0, it meets the inner convective core, and 
the structure becomes fully convective. As the internal struc- 
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Fig. 4.—Theoretical mass-luminosity relations for Population II, at 
15 x 109 yr, compared to those of Population I (D’Antona and Mazzitelli 
1985,1986). Models of M > 0.6 M0 refer to main-sequence ages, and two lines 
at M < 0.1 refer to 109 yr and 1010 yr. Points indicate HBMM. 

ture is not very dependent on the metal content, the energy 
production by p-p burning is about the same for Z = 10~4 and 
Z = 10“3. When the structure becomes fully convective, the 
luminosity output is dependent directly on the opacity of the 
surface layers; thus, a comparable production of nuclear 
energy results in structures of larger luminosity, as Z decreases. 
The nonequilibrium of He3 is globally less important, although 
the model luminosities slowly increase with age, following the 
increase of He3 in the core (see also Neece 1984 for a 
discussion). 

III. OBSERVATIONAL CONSEQUENCES! THE LUMINOSITY FUNCTION 

Computation of the observational LFs first of all requires 
conversion of the theoretical data into observed quantities. As, 
at present, the visual magnitude is the most widely used obser- 
vable quantity for globular clusters photometry, it is necessary 
to know adequate bolometric corrections. For Population I 
this step is straightforward, as we may adopt semiempirical 
correlations Mbol — Mv (see Lacy 1977), avoiding use of the 
theoretical Teff, which may be systematically biased (it is well- 
known that radii of low-mass stars are generally underesti- 
mated by the theoretical models). In this case, there are not 

enough data for semiempirical calibrations so that the more 
uncertain procedure must be adopted. Remember, however, 
that we do not pretend to present definitive results but mainly 
indications of the LF’s global behavior. 

We convert the log (L/L0) into Mv by adopting the bolo- 
metric corrections by VandenBerg and Bell (1985) from 7000 
to 4500 K. At lower Teff we link their results for metallicity 
[M/H]=—1 (Z = 0.0017) to the results by Mould and 
Hyland (1976), available at 7¡ff < 4170 K. VandenBerg and 
Bell (1985) BCs are available also for metallicities reduced 
down to [M/H] = — 3 (Z = 1.7 x 10“5), and these have been 
extrapolated to smaller Teff, using the Mould and Hyland cali- 
bration as a reference line. 

In Figure 5 we present the Mv — M/Mö relation for 
Z = 10“4 (age 15 x 109 yr), for Z = 10-3 (ages 12, 15, and 
18 x 109 yr), and the relation adopted for Population I in 
D’Antona and Mazzitelli 1986. This comparison shows, even 
more emphatically than does the theoretical comparison, the 
difference between the populations. The remarkable change in 
dMJdM which is apparent in Population II at M < 0.5 M0 

appears much smoother in Population I (as the age effect is not 
present). In Population I, an inflection in the dMJdM appears 
around Mv = 7, and produces a dip in the LF of field stars 
(Widen 1974), even if the mass function is monotonie 
(Mazzitelli 1972; D’Antona and Mazzitelli 1986). This behav- 
ior is masked, in Population II, by the evolutionary (age) 
effects, so that we do not expect a dip in the LF of Population II 
stars. 

The next step follows easily : the LF is obtained by assuming 
a given shape for the actual mass function (MF) of the con- 
sidered sample, and the ML relation at a given age: 

cp = dN/dMv = (dN/dM)/(dM/dMv), 

M = M(MV, t) . 

As generally used, we assume : 

dN/dM = KM-(1+X) , 

and plot in the figures the quantity log10 ((p). 
Figure 6 shows the LFs obtained by assuming x = 1 and 

ages 12, 15, and 18 x 109 yr for the two metallicities. The 
curves of each Z are normalized in order to coincide at magni- 
tudes where the age effect is negligible. This requires an 
assumed Mv (normalization) > 6.25; for Mv <6 (Z = 10_3) 
or Mv < 5.75 (Z = 10"4) different ages spread the LFs. 

Three features appear to be dominant in the shape of this 
LF: 

1. A sharp rise at My = 7 (Z = 10“4) or Mv = 8.5 
(Z = 10_3). It is only a function of metallicity, and will be 
present with any shape of the MF. This result is shown in 
Figure 7, where the LFs are plotted for age = 15 x 109 yr and 
for several values of x. Even with a flat MF we expect an 
increase by a factor of at least 2 in the LF passing from Mv — 7 
(or 8, according to the metallicity) to Mv = 9. We may add that 
our sequences probably bracket these “ turn up ” magnitudes 
for most of low-metallicity GCs, as the Z = 10"4 opacities are 
underestimates (no molecules in Cox and Stewart opacities), 
while the Z = 10“3 opacities are overestimates (because of 
water vapor opacity). 

2. Even if the MF has a steep slope (x = 1 or 1.5) we must 
expect a plateau below Mv = 9, which, for Z = 10_4, extends 
to Mv= 13. This corresponds to the plateau in the observa- 
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Fig. 5.—Mass-visual magnitude relation for Population I (D’Antona and Mazzitelli 1986), for Y = 0.23, Z = 10 4, at 15 x 109 yr, and for Y = 0.25, Z = 10"3, at 
12,15, and 18 x 109yr. 

Mv 

Fig. 6.—Luminosity functions for the two chemical compositions, at 12, 15, and 18 x 109 yr, adopting a mass function of index x = 1. Normalization set at 
Mv = 6.25. 
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M v 
Fig. 7—Luminosity functions at 15 x 109 yr for several values of mass function index. Normalization of the Z = 10“4 LFs (upper) is made at Mv = 5.25. 

Normalization for Z = 10" 3 (/ow^r) is at = 6.25. 

tional LF of Population I stars, and is due to the steepening of 
the ML relation at M < 0.2 M© (this feature has been widely 
discussed in D’Antona and Mazzitelli 1983,1986). 

3. If our determination of the HBMM is correct, no stars 
should have Mv > 13.5 in the lowest metallicity globular clus- 
ters, while the MS can extend to dimmer magnitudes in more 
metal-rich clusters. This could be the most interesting feature 
to be checked by HST observations. 

IV. COMPARISONS WITH OBSERVATIONS 

The theoretical LF of GC main sequences has recently been 
considered by McClure et al (1986), whose results are qualitat- 
ively in agreement with the present ones : mainly, both studies 
predict that, with increasing metallicity, the Mv at which the 
sharp rise in the LF must be present becomes dimmer. A quan- 
titative comparison with McClure et al. (1986) LFs is made 
difficult by the fact that they plot the LF itself, in place of its 
logarithm, and normalize at a point (Mv = 5.25) where there is 
still a dependence of the LF on the adopted age (see Fig. 6). 
Obviously, the logarithm choice of representation is more 

immediate for the comparisons, as any normalization corre- 
sponds to a simple shift of the ordinate scale. 

In Figure 8 the theoretical LFs for Z = 10-4, x = 1.5, ages 
15 and 18 x 109 yr, are compared with the LF by McClure et 
al (1986) which refers to an age of 16 x 109 yr and to the same 
metallicity and slope. The two LFs correspond quite well in the 
evolutionary part, but the latter point computed by McClure 
et al is ~0.3 dex lower than is ours. It is difficult to trace the 
origin of this discrepancy, which, if real, would appear more 
clearly in the dimmer part of the LF ; small differences in the 
mass-luminosity relation or even in the adopted bolometric 
corrections may give origin to such a difference quite easily. 
Probably this comparison shows the intrinsic uncertainty in 
the derivation of the slope of the IMF in this magnitude 
regime. A further complication arises when comparisons with 
observed LFs are attempted; in the central part of Figure 8 are 
plotted the M15 LF data, taken by McClure et al (1986), the 
theoretical LFs of age 15xl0~9yr, Z=10~4, and three dif- 
ferent slopes of the IMF. It is clear that, while the x = 1 IMF 
probably represents better the whole shape of the LF, the 
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Mv 
4 5 6 7 8 9 

Fig. 8.—Left part of figure presents comparison between theoretical LFs for x = 1.5, Z = 10-4, ages 15 and 18 x 109 yr, and LF by McClure et al. (1986) for 
same x and Z, but for age 16 x 109 yr. In central and right part, observational LFs for clusters M15 and M5 (data from McClure et al. 1986) are compared with 
theoretical curves. 

x = 2 or x = 0 IMFs must be either considered or discarded, 
depending on the significance to be placed on the point at 
Mv = 8. From Figure 6, however, it appears that it would be 
sufficient to gain another magnitude in the photometry to 
reach the plateau region of the LF, and determine the slope of 
the IMF more accurately. For now, it is difficult to see whether 
the trend of variation in slope with metallicity found by 
McClure et al. really exists, at least at the low-metallicity end. 
For instance, the M5 data by McClure et al. can be reasonably 
fitted by the present models of Z = 10-3 and x = 1 (see the 
right part of Fig. 8), so that the same x can be adopted both for 
the very metal-poor cluster M15 and for a relatively more 
metal-rich cluster like M5. This lack of a strict correlation 
between x and Z at the low Z values is also confirmed by 
another recent analysis by McClure et al. (1987). The present 
study does not deal, however, with the most metal-rich com- 
positions, for which the possibility of a lower slope of the IMF 
is left open. For instance, the cluster 47 Tue must be inter- 
preted by data sets referring to metallicity much larger than 
Z = 10“ 3 (e.g., Gratton, Quarta, and Ortolani 1986). 

As a conclusion, while present-day quantitative comparisons 
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between theoretical LFs and observations of GCs are still 
subject to large indéterminations, deeper photometry of the 
nearby GCs could provide, in the near future, much more 
accurate values for the index of the IMF, by comparison with 
the level of the peak of the observed and theoretical LFs. 

HST observations could further be able to obtain photo- 
metry down to the MMSL, which, for the most metal-poor 
clusters, is predicted to be as small as Mv = 13.5. 
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