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Polytrope & White dwarfs
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Lane  Emden equation
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準静的収縮
Quasi-static Contraction
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一定のとき式
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理想気体状態方程式　
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　は星の平均密度に比例
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一般に　　

一定の時）　（

Quasi-static contraction
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　　比熱は負　

上昇が減少すると一定で式

　　

　

　単位体積あたりのエントロピー









m

k

Td

ds
C

TsM

C
M

C
T

M
s

k

m

CT
m

k
s

c

c
g

cc

cc
c

u

u













2023/4/13

2

）　　（

　　

・ブロイ波長縮退圧の効く密度：ド

　

ビリアル定理　　
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Main Sequence

Hydrogen

Protostar

Grav. contraction

ρc ∝ Tc 
3

Contraction stop

Hydrogen
burning

• Maximum Stellar temperature determined 
by the degenerate pressure (rough estimate)

Pressure
by degenerate
electrons

M/N

M/R3 ~ ρ

Hydrogen Burning (KH193)

• (1.14)→ M < 0.08M – T max < ~ 107 K

Hydrogen can’t be ignited.

➡ Brown dwarfs (褐色矮星, supported by the 
degenerate pressure)

• T ~ 1.5ｘ107 K: pp (proton-proton) chain

p + p → d + e+ + νe

p + d → 3He + γ

1) 3He + 3He → 4He + p + p  (pp1)

2) 3He + 4He → 7Be + γ 
2a) e- + 7Be → 7Li + νe

p + 7Li → 4He + 4He  (pp2)
2b) p + 7Be → 8B + γ 

8B → 8Be* + e+ + νe

8Be* → 4He + 4He       (pp3)

εpp ~ 2.36ｘ106 XH
2ρ T6

-2/3

ｘexp(-33.8 T6
-1/3 )  erg g-1sec-1

Solar neutrino (KH338)

• pp (proton-proton) chain
p + p → d + e+ + νe

p + d → 3He + γ
1) 3He + 3He → 4He + p + p  (pp1)
2) 3He + 4He → 7Be + γ 
2a) e- + 7Be → 7Li + νe

p + 7Li → 4He + 4He  (pp2)
2b) p + 7Be → 8B + γ 

8B → 8Be* + e+ + νe
8Be* → 4He + 4He       (pp3)

νe + 37Cl → 37Ar + e+  (detectable only above 0.81MeV）
Predicted 7.9±2.6 SNU, Observed 2.5±0.4 SNU

Kamioka νe + 2H→ p + p + e- , νx + 2H→ n + p +  νx
Result νe changes to  νmu &    νtau 

Discovery of the neutrino oscillation (& neutrino mass)

Hydrogen burning
• M > 1 M, at T ~ 2ｘ107 K

CNO cycle  (KH196)

εCNO ~ 8.67ｘ1027 XCNO XH ρ T6
-2/3

ｘexp(-152.3 T6
-1/3 )  erg g-1sec-1

∝ ρ T16      at T ~ 2ｘ107 K
12 C: 13C: 14N: 15N = 4: 1: 95: 0.004

Slowest

∝ T4 

⇒heavier elements can be produced a little


