Stellar Evolution Plots

Initial mass = 2.0M Initial Z = 0.0001

Hertzsprung-Russell and Center Temperature-Density Tracks. Age
is shown in 10 years and Mass in M, units. “He Burning” (or “He
Flash”) indicates the break-even point for power from triple-« 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 (Rg), Luminosity (Lg), 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
T reaches 2/3.

More Properties. Total Mass Fraction of Metals (Z), Power from Triple-
Alpha Reactions (Lg), Power from Alpha Captures by Metals (Lg),
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.
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Figure 1: Hertzsprung-Russell and Center Temperature-Density Tracks



log T cntr log T surf log L/Lg log R/Rg
2.0

log p cntr

U cntr

14

0.7

«
<t

3.9

8.5

8.0

III|IIII|—I-I|I

III|IIII|I|.d,III|III

650 700
Age (Myrs)

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
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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 Mg). 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. Rpgor
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 V,cua ~ Vi5ag, the star is radiative. Where Vi ~ Vg, the star is
efficiently transporting energy by convection. And where Vctyar => Vg, 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. W,
is the central electron degeneracy. The central heat capacity at constant
pressure is given by scp.. Tine: Mass gives the location where the maximum
temperature occurs. The actual value of the maximum temperature is indi-
cated by logT 4. Lpp is the total integrated power from the PP reaction
chain for burning hydrogen. Lcyo and Ls, are the corresponding values
for those reactions, and L, is the power being lost to neutrinos. T,cieqr 1S
the nuclear timescale (M/L), Tiherma is the thermal timescale (GM?/RL),
Tiynamic is an approximate stellar dynamic timescale (R?/GM)Y/2, and Ty,
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.
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Figure 6: Profile 1
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Figure 7: Entropy EOS Profile 1
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Figure 8: Profile 2
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Figure 9: Entropy EOS Profile 2

log S



log ergs/g/sec

log mass fraction

log ratio

Summary — Age 665.375 (Myr)

Age 665.375 (Myr)
Mass 1.99 (Mg)

”
r 1 — Neutrinos - r 1— v logL  2.2670
r 1— rpp L ] Vrad logTepr  3.6968
J — g’NO ar - Vactual logT,  7.9591
- — S0 Q‘ -
r ] (,v+ o 2 C :. 50% M logp.  5.1554
il | 41— N+a = [ T — 7% W, 5.2885
u 10 O+a ~ .F M o 99.9% log scp.  7.8828
\ q-- c+c I T He Core  0.3309
TR R |
o i < Qi —\'\j C/O Core  0.0000
o SEN ol Toaw Mass  0.0000
i <L | I i Tnaz logp  5.1554
-I 1 U1 I 1111 I 1111 I 111 I- -I 111 | I 11 11 I 1 181 1 I- longuz 79591
— — l0g Kmaz ~ 3.9735
il q — Hydrogen H, log Lipar ~ 2.2679
L . Helium o — H° 108 Prmax 5.1554
i T Carbon 2 m+ log Rppar  1.2633
r i Nitrogen = He s
t 1 o § o log Ppas 211962
i - — Neon L: 41— Het log L, -1.4883
[ O ks 1 50% 1, log Lpp -0.1228
E g = i log Lo 2.3039
r i N q = 99.9% log Ly, -1.4424
1l iy g A log Loyo  -4.1841
E 5 o= q log Ly+a -5.6519
R 4 B e 14 log Loya -13.5322
log Lother -17.6779
11— e 11— /T Center XH  0.0000
4= i }_//“,j““‘ XHe  0.9997
] 0/ P 1 0/ P XC  0.0002
] R/Rypn 9 o R/Rypot XN 0.0001
1 — P/Pua = T — M/Mw XO  0.0000
] & H i XNe  0.0000
% &0 i 50% Myt
- 1 %% log tpuctear  8.0501
] g 1 w0 108 tinermar 3.9671
1 = i 7] log taynamic ~ -2.4022
E - | I ] logty, 52741
11 141 I 1111 I 1111 I 111 I- u? I 1111 I 1111 I 1 181 | I-
05 10 15 20 15 10 5
Mass (M) log P Model 336

Figure 10: Profile 3
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Figure 11: Entropy EOS Profile 3
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Figure 12: Profile 4
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Figure 13: Entropy EOS Profile 4
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Figure 14: Profile 5
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Figure 16: Profile 6
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Figure 17: Entropy EOS Profile 6
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