Stellar Evolution Plots

Initial mass = 12M, 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
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Figure 2: Some Properties



1.000

5.560

] 7.332

_________--|f________l-I

] 8.237

_________._ﬁ.

1 _ 11 _ =1

4.145

__________I

T 90
nu 7,

00 L 0 L
©r1/1 0g 301 [ejowi+o 30

8 0

L 0
SSO[ 71 30]

L6'TT  ¥6'T1
OIN/IN

(a4 ¢'e
OIN/IN 910D

8T

20

19

18

Age (Myrs)

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 8: Profile 2
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Figure 10: Profile 3

0
-
r 1 — Neutrinos r 11— Va
i 11— rr O i Vead
Ll ol CNO -F 4" Vitwa
i 1 3a g —
Il I C+a % C i 50% My
r 41— N+a = L o o 95%
r ] O+a ~ oF o —99.9%
_—\ 1-- c+cC ~ S —
] S E
= E
i\ ] ST
1l [/
] = _
- — < - -
I -I 11 1 I| 11 I 11 11 I I-
- —  Hydrogen i H,
L Helium = r — "
— Carbon S Z o+
r Nitrogen R3] r He
i —  Osygen & L —  Het
= —  Neon E E- — He*
il =) O
F 2 Sk 50% My
Ju = S -— 95%
- E L -_— 99.9%
= S 2
L 1 ol I I 1 I| 11 I 11 11 I
(=1
— T/Thw 1 — 7/
K/ Kmaz 4 K/ Emaa
— L/Lna i — — L/Lnw
P/ Pmaz ] P/ Pmaz
R/ Rypor S — R/ Ryt
— P/Pu < | — M/Ma
- L -
@0 b 1 50% Moy
LS T o — o5%
- d = 99.0%
+E .
u?_||||||||l||||||_
9 15 10 5
Mass (Mg) log P

log L  4.5444
logTeps 43552
logT,  8.0655
logp.  3.0502

U, -2.9038

log scp.  8.3638
He Core  2.9756
C/O Core  0.0000

Tmax Mass  0.0001
Tnaz logp  3.0502
log Ty 8.0655
log Kmazr ~ 0.2528
log Lipax — 4.6412
108 Prmax 3.0502
log Ripaz  1.0852
log Prax  18.9360

logL, -0.7757
log Lpp  0.7443
log Lexo  4.6040
log L3, -0.6480
log Leyo  -5.2890
log Lyt -3.2179
log Lota -12.5905
10g Logher -15.8820

Center XH  0.0000

XHe  0.9999
XC  0.0000
XN 0.0001
XO  0.0000

XNe  0.0000

108 tpuctear ~ 6.5513
log tinermat  3.4250
log taynamic  -3.0587

logtse, — 2.7092

Model 215



log T

log S — Age 18.015 (Myr)

@ over 1000 erg/g/s
D over 1 erg/g/s

50% Mot
95%
99.9%

® 0 O

log Rypaz 1.09
He Core 2.98

C/O Core 0.00
] I R

-10 -5 0 5
log p

Figure 11: Entropy EOS Profile 3

—_
o

log S



log ergs/g/sec

log mass fraction

log ratio

Summary — Age 18.044 (Myr) ?v%zsigi?%s%fr;
. O]

9
i 1 — Neutrinos H: 11— Vau logL  4.6152
i q1— »rr C ] Viras logTops 41396
- — gWO o == Vactua logT, 8.1957
L ] 3a Ot —
L 4 Cta S r 0 50% Mu logp.  3.2550
1 St 3 P T, -2.8048
1 O+a ~ F o - 99.9% log scp.  8.4370
N\ q]-- c+¢ 55 S m He Core  2.9767
I I = A S C/O Core  0.0000
Il i oV Ii Tpae Mass  0.0001
L _ < | l i Tnaz logp  3.2550
LY A A NP PRI SN O B I A log Tyiax 8.1957
— — o log Kmar ~ 0.2185
i <7 A —  Hydrogen “F 0, 10g Lings ~ 4.6403
i = Helium = |l — o 10 pmae ~ 3.2550
i 1 Carbon L 3k i 10g Rpaz 15519
r ] Nitrogen S B i He® ) P'""”’ 10,285
[u 1 — Osygen s _F 1 — we 08 Lmas 25-
o o Neom RaR= a0 " logL, 0.0978
=
K 1 ks _E il 50% 1, logLpp  0.2476
a1 3 =z 1= & log Loyo  4.5994
r ] X L = 99.9% log Ly, 3.7527
= i g ]l 11 log Lot 12031
L l ST T 111 RO | l b log Lyia 09394
CA ]y | RIS O oo Lo o ¥ 0ok o A log Lota -7.6107

log Logher  -8.9728

A — T/Tow 11— /T Center XH  0.0000
3= . = e XHe  0.9895

I ] Py ‘ B o XC  0.0103
L J R/ Ryt =] - R/Rphot XN  0.0000
3 \ — P/Puu 45 a 1l - — M/Mw X0 0.0000
B = 4 ] . XNe  0.0001
Al i A ol In 50% Miut
I 4 i 4= 9% 10g thucicar  6.4805
C ] i q— 9% 1og tinermar 2.8875
m . B N 108 taynamic  -2.3587
. i L | l § logty, 29143
ill | AN @T...I...I...I.r

3 6 9 15 10 5

Mass (M) log P Model 274

Figure 12: Profile 4
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Figure 14: Profile 5
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Figure 16: Profile 6
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