
Sec$on 7. 
恒星の進化 (3)

7.1 恒星進化の方程式 

7.2 恒星進化の計算



h"p://astronomy.nmsu.edu/geas/lectures/lecture23/slide04.html
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さまざまな疑問を物理を使って理解しよう
• 星の中はどうなっているの？
• なぜ重い星の方が大きいの？
• なぜ星は明るく輝くの？
• なぜ重い星の方が明るいの？
• なぜ星は「進化」するの？
• なぜ質量で星の運命が変わるの？
• なぜ星は星でいられるの？
• なぜ一部の星は爆発するの？
• …



MESA code 
hJp://mesa.sourceforge.net/index.html

http://mesa.sourceforge.net/index.html
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(C) A. Heger  
h"ps://2sn.org/stellarevoluFon/explain.gif

“Kippenhahn diagram”
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Figure 1
Abundance distribution against an enclosed mass Mr before (a, c) and after (b, d) an explosion of a Population (Pop) III 20-M! star with
E51 = 1 (a, b) and solar metallicity 20-M! star with E51 = 1 (c, d). A Pop III star is more compact. Thus, compared with a solar
metallicity star, each layer is more extended in mass. The ejected Fe is explosively synthesized in the Si and O layers with Ye ∼ 0.5 in
the progenitor star.

collapse is successfully transformed into an explosion, stellar materials undergo shock heating
and explosive nucleosynthesis. In “explosive nuclear burning,” the timescale of the main nuclear
reaction is shorter than the hydrodynamical timescale of an expansion.

The mechanism of transformation from collapse to explosion is not fully understood (e.g.,
Janka 2012, Kotake et al. 2012, Bruenn et al. 2013, Burrows 2013). Thus, simulations of explosive
nucleosynthesis usually need to generate a shock wave at a certain “mass cut” via the introduction of
thermal or kinetic energy. The final kinetic energy of explosion E and the mass cut that separates the

462 Nomoto · Kobayashi · Tominaga

A
nn

u.
 R

ev
. A

str
on

. A
str

op
hy

s. 
20

13
.5

1:
45

7-
50

9.
 D

ow
nl

oa
de

d 
fro

m
 w

w
w

.a
nn

ua
lre

vi
ew

s.o
rg

 A
cc

es
s p

ro
vi

de
d 

by
 K

ok
ur

its
u-

Te
nm

on
da

i L
ib

r. 
- N

at
io

na
l O

bs
er

va
to

ry
 o

f J
ap

an
 o

n 
09

/0
8/

16
. F

or
 p

er
so

na
l u

se
 o

nl
y.

Nomoto+13

爆発直前の星の元素分布



まとめ

• 恒星進化の方程式 

• 静水圧平衡 (運動方程式) 

• 状態方程式 

• エネルギー輸送 

• エネルギー生成 (核融合) 

• 恒星進化の計算 

• 各時間での平衡状態を求める 

• HR図上での進化 (星の明るさ、半径) 

• 星の中の元素組成の変化


