
Stellar Evolution Plots

Initial mass = 4.0M� Initial Z = 0.0001

Hertzsprung-Russell and Center Temperature-Density Tracks. Age
is shown in 106 years and Mass in M� units. “He Burning” (or “He
Flash”) indicates the break-even point for power from triple-α reactions
versus total neutrino losses. For each of the marked post-ZAMS points,
there is a page of plots below with profiles showing various details of
the internal structure at that stage.

Properties. Radius (R�), Luminosity (L�), Surface Temperature, Center
Temperature, Center Density, and Center Degeneracy. Numbers at
right show values at end of run. Green tick marks along the age axis
correspond to points on the tracks where a profile has been made. The
radius corresponds to the photospheric point where the optical depth
τ reaches 2/3.

More Properties. Total Mass Fraction of Metals (Z), Power from Triple-
Alpha Reactions (L�), Power from Alpha Captures by Metals (L�),
Neutrino Power Losses (L�), Total Mass, and Core Mass.

Convection and Burning Zones. Upper plot is extent of convection zones.
Gaps between vertical lines are times between models. Lower plot
shows burning zones. Burn rates are in ergs/g/sec with blue > 1 and
red > 103.

Abundances, Power, and Pressure. Histories of Mass Fractions of the
main elements at the center of the star, Nuclear Power generated by
the most important reactions, and Neutrino Losses. Histories of Com-
ponents of Central Pressure: corr giving the (negative) corrections
from non-ideal behavior, elec for pressure from electrons as ideal gas,
ion pressure from ions as ideal gas, rad for pressure from radiation,
and total for the sum.

Profiles for the star at various key times during the evolution.

EZ — June 24, 2005



●

●

●
● ●

●

●

●

●

●

●

●

●

●

log Surface Temperature

lo
g

L
u
m

in
os

it
y

L
�

0

1
2 3 4

5

6

He Burning

3.63.84.04.2

2.
5

3.
0

3.
5

4.
0

4.
5

5.
0

Age Mass
0 0.00 4.000

1 126.91 3.994

2 133.24 3.993

3 134.03 3.993

4 134.43 3.992

5 152.59 3.966

6 153.05 3.735

log Center Density

lo
g

C
en

te
r

T
em

p
er

at
u
re

Ψ=0 Ψ=5 Ψ=100
0

1

2

3

4

5

6

He Burning

2 3 4 5 6 7 8

7.
6

7.
8

8.
0

8.
2

8.
4

8.
6

Figure 1: Hertzsprung-Russell and Center Temperature-Density Tracks
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Figure 2: Some Properties
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Figure 3: More Properties
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Figure 4: Convection and Burning Zones
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Figure 5: Abundances, Power, and Pressure



Profile Plots

The following pages have summaries of the stellar structure at various times
during the evolution. On the left of each page are profiles by mass measured
from the center (in units of M�). The first shows the power sources, and
the second shows composition in terms of fractional abundance by mass.
The third plot shows the values of various properties as a fraction of their
maximum value. The energy and entropy values are per unit mass. RPHOT

refers to the radius at the photosphere.

The right column of plots on each page are profiles by log pressure. The
first of these shows various logarithmic derivatives of T with respect to P.
Where ∇actual ∼ ∇rad, the star is radiative. Where ∇actual ∼ ∇ad, the star is
efficiently transporting energy by convection. And where ∇actual � ∇ad, the
star is inefficiently transporting energy. The middle plot shows the ionization
states of H and He. The last plot is essentially a repeat of the one on its left,
but now emphasizes the region of the star closer to the surface. The plots
also have indicators along the logP axis for a few corresponding masses.

Along the right of the page are various important numeric values. Ψc

is the central electron degeneracy. The central heat capacity at constant
pressure is given by scpc. Tmax Mass gives the location where the maximum
temperature occurs. The actual value of the maximum temperature is indi-
cated by logTmax. LPP is the total integrated power from the PP reaction
chain for burning hydrogen. LCNO and L3α are the corresponding values
for those reactions, and Lν is the power being lost to neutrinos. Tnuclear is
the nuclear timescale (M/L), Tthermal is the thermal timescale (GM2/RL),
Tdynamic is an approximate stellar dynamic timescale (R3/GM)1/2, and Tstep

is the time step for the evolution code (the times are measured in years).

He-Core is the mass location where going out from the center the hydrogen
abundance (XH) first has a value above a certain threshold (usually set at
15%). Similarly, C-Core is the location inside the helium core where the
helium abundance (XHe) first exceeds a threshold (usually 25%), and O-
Core is the location inside the carbon core where the carbon abundance
(XC) first exceeds a threshold (usually 35%). A value of 0.0 indicates that
the corresponding abundance is below threshold throughout.



Summary – Age 126.915 (Myr)
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Figure 6: Profile 1
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log S — Age 126.915 (Myr)
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Figure 7: Entropy EOS Profile 1



Summary – Age 133.236 (Myr)
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Figure 8: Profile 2
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Figure 9: Entropy EOS Profile 2



Summary – Age 134.025 (Myr)

lo
g

er
g
s/

g
/s

ec

-5
0

5

Neutrinos
PP
CNO
3α
C + α
N + α
O + α
C + C

lo
g

m
as

s
fr

ac
ti

on

-5
-4

-3
-2

-1
0

Hydrogen
Helium
Carbon
Nitrogen
Oxygen
Neon

Mass (M�)

lo
g

ra
ti

o

1 2 3

-5
-4

-3
-2

-1
0

T/Tmax

κ/κmax

L/Lmax

ρ/ρmax

R/Rphot

P/Pmax

d
ln

T
/d

ln
P

0.
0

0.
5

1.
0

1.
5

∇ad

∇rad

∇actual

50% Mtot

95%
99.9%

io
n
iz

at
io

n
fr

ac
ti

on

0.
2

0.
4

0.
6

0.
8

1.
0

H2

H0

H+

He0

He+

He++

50% Mtot

95%
99.9%

log P

lo
g

ra
ti

o

5101520

-5
-4

-3
-2

-1
0

T/Tmax

κ/κmax

L/Lmax

ρ/ρmax

R/Rphot

M/Mtot

50% Mtot

95%
99.9%

Age 134.025 (Myr)
Mass 3.99 (M�)

Model 248

log L 3.1190
log Teff 3.9649

log Tc 7.9939
log ρc 4.2143

Ψc 0.3568
log scpc 8.1439

He Core 0.6679
C/O Core 0.0000

Tmax Mass 0.0000
Tmax log ρ 4.2143

log Tmax 7.9939
log κmax 0.7475
log Lmax 3.1763
log ρmax 4.2143
log Rmax 1.1531
log Pmax 20.0482

log Lν -1.7655
log LPP 0.1183

log LCNO 3.1807
log L3α -1.6721

log LC+α -5.9517
log LN+α -5.4540
log LO+α -13.7247
log Lother -17.5260

Center XH 0.0000
XHe 0.9999
XC 0.0000
XN 0.0001
XO 0.0000

XNe 0.0000

log tnuclear 7.4996
log tthermal 3.8283
log tdynamic -2.7184

log tstep 3.7358

Figure 10: Profile 3
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Figure 11: Entropy EOS Profile 3



Summary – Age 134.426 (Myr)
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Figure 12: Profile 4
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Figure 13: Entropy EOS Profile 4



Summary – Age 152.590 (Myr)
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Figure 14: Profile 5
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Figure 15: Entropy EOS Profile 5



Summary – Age 153.053 (Myr)
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Figure 16: Profile 6
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Figure 17: Entropy EOS Profile 6


