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Figure 10.5. Evolution of a 1M⊙ star of ini-

tial composition X = 0.7, Z = 0.02. The top
panel (a) shows the internal structure as a func-

tion of mass coordinate m. Gray areas are con-

vective, lighter-gray areas are semi-convective.

The red hatched regions show areas of nuclear

energy generation: ϵnuc > 5 L/M (dark red) and

ϵnuc > L/M (light red). The letters A. . . J indi-

cate corresponding points in the evolution track

in the H-R diagram, plotted in the bottom panel

(b). See text for details.

Schönberg-Chandrasekhar limit has become irrelevant. Therefore low-mass stars can remain in HE

and TE throughout hydrogen-shell burning and there is no Hertzsprung gap in the H-R diagram.

This can be seen in Fig. 10.5 which shows the internal evolution of a 1M⊙ star with quasi-solar

composition in a Kippenhahn diagram and the corresponding evolution track in the H-R diagram. Hy-

drogen is practically exhausted in the centre at point B (Xc = 10
−3) after 9Gyr, after which nuclear

energy generation gradually moves out to a thick shell surrounding the isothermal helium core. Be-

tween B and C the core slowly grows in mass and contracts, while the envelope expands in response

and the burning shell gradually becomes thinner in mass. By point C the helium core has become

degenerate. At the same time the envelope has cooled and become largely convective, and the star

finds itself at the base of the red giant branch (RGB), close to the Hayashi line. The star remains

in thermal equilibrium throughout this evolution and phase B–C lasts about 2Gyr for this 1M⊙ star.

This long-lived phase corresponds to the well-populated subgiant branch in the H-R diagrams of old

139

















A

B C

D

E

F

G

H

J

3.53.63.73.83.9

 0

 1

 2

 3

 4

log Teff (K)

lo
g

 (
L

 /
 L

su
n
)

1 Msun (Z = 0.02)

Figure 10.5. Evolution of a 1M⊙ star of ini-

tial composition X = 0.7, Z = 0.02. The top
panel (a) shows the internal structure as a func-

tion of mass coordinate m. Gray areas are con-

vective, lighter-gray areas are semi-convective.

The red hatched regions show areas of nuclear

energy generation: ϵnuc > 5 L/M (dark red) and

ϵnuc > L/M (light red). The letters A. . . J indi-

cate corresponding points in the evolution track

in the H-R diagram, plotted in the bottom panel

(b). See text for details.

Schönberg-Chandrasekhar limit has become irrelevant. Therefore low-mass stars can remain in HE

and TE throughout hydrogen-shell burning and there is no Hertzsprung gap in the H-R diagram.

This can be seen in Fig. 10.5 which shows the internal evolution of a 1M⊙ star with quasi-solar

composition in a Kippenhahn diagram and the corresponding evolution track in the H-R diagram. Hy-

drogen is practically exhausted in the centre at point B (Xc = 10
−3) after 9Gyr, after which nuclear

energy generation gradually moves out to a thick shell surrounding the isothermal helium core. Be-

tween B and C the core slowly grows in mass and contracts, while the envelope expands in response

and the burning shell gradually becomes thinner in mass. By point C the helium core has become

degenerate. At the same time the envelope has cooled and become largely convective, and the star

finds itself at the base of the red giant branch (RGB), close to the Hayashi line. The star remains

in thermal equilibrium throughout this evolution and phase B–C lasts about 2Gyr for this 1M⊙ star.

This long-lived phase corresponds to the well-populated subgiant branch in the H-R diagrams of old

139







MS of Young Pop (<2 Gyr)

MS of Old Pop (12 Gyr)

RGB of Old Pop ([Fe/H] = −1.8)

RGB of Young Pop ([Fe/H] = 0)



Siegel et al. 2007
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Two Globular Clusters

47 Tuc, [Fe/H] = − 0.8 

M15, [Fe/H] = − 2.4 
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White Dwarf Mass Distributions 3

2. The Spectroscopic Method at High Effective Temperatures

The results discussed above rest heavily on the abililty of the models to de-
scribe accurately the physical conditions encountered in cool white dwarf at-
mospheres, but also on the reliability of the spectroscopic method to yield ac-
curate measurements of the atmospheric parameters. It is with this idea in
mind that Bergeron, Saffer, & Liebert (1992, BSL hereafter) decided to test the
spectroscopic method using DA white dwarfs at higher effective temperatures
(Teff > 13, 000 K) where the atmospheres are purely radiative and thus do
not suffer from the uncertainties related to the treatment of convective energy
transport, and where the assumption of a pure hydrogen composition is certainly
justified. From the analysis of a sample of 129 DA stars, BSL determined a mean
surface gravity of log g = 7.909, in much better agreement with the canonical
value of log g = 8 for DA stars.

Figure 2. Mass distribution of 677 DA stars above Teff = 13, 000 K (solid
line; left axis) compared with that of 54 DB and DBA stars above Teff =
15, 000 K (hatched histogram; right axis). The average masses are 0.585 and
0.598 M⊙, respectively.

More recently, Liebert, Bergeron, & Holberg (2005) obtained high signal-
to-noise spectroscopy of all 348 DA stars from the Palomar Green Survey and
determined the atmospheric parameters for each object using NLTE model at-
mospheres. If we restrict the range of effective temperature to Teff > 13, 000 K,
the mean surface gravity of their sample is log g = 7.883, in excellent agree-
ment with the results of BSL. The corresponding mean mass for this sample is
0.603 M⊙ using evolutionary models with thick hydrogen layers. As part of our
ongoing survey aimed at defining more accurately the empirical boundaries of
the instability strip (see Gianninas, Bergeron, & Fontaine, these proceedings),

Bergeron et al. 2007
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