
Sec$on 12. 
超新星からの電磁波放射 

12.1 超新星の熱源 

12.2 超新星の光度曲線



• 恒星の性質と進化の概要を理解する
• 星の爆発で何が起きているのかを理解する
• 爆発のメカニズム
• 電磁波放射のメカニズム

•宇宙の元素の起源を理解する
•「時間軸天文学」や 
「マルチメッセンジャー天文学」の 
最新の話題に触れる

「宇宙の爆発現象」



•全体の概論 

•恒星の性質 

•恒星の進化 

•超新星爆発 

•爆発現象からの電磁波放射 

•元素の起源 

•時間領域天文学、マルチメッセンジャー天文学

内容

成績 • 出席、質問 

• レポート課題

講義資料と日程
h-ps://www.astr.tohoku.ac.jp/~masaomi.tanaka/chiba2021

* 半分板書、半分スライド



様々な疑問を物理を使って理解しよう

•なぜ星は「進化」するのか？
•なぜ質量で運命が変わるのか？
•なぜ星は爆発するのか？
•超新星の膨大なエネルギーはどこからきたのか？
•超新星はなぜ非常に明るくなるのか？
•なぜ中性子星合体は輝くのか？
• …



宇宙物理学 
天体物理学

力学 電磁気学

量子力学

熱力学 統計力学

流体力学 原子核物理学

相対論
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超新星の光度曲線
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様々なタイプの超新星・爆発現象 

「明るさ」と「時間」は何が決めているのか？
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超新星の光度曲線
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様々なタイプの超新星・爆発現象 

「明るさ」と「時間」は何が決めているのか？



Gamma-rays 
(E loss by Compton scat 

=> photoelectric absorp$on)

Op$cal/infrared photons

SN ejecta
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of this section will then be applied to an examination of
frequency-averaged mean opacities.

A simple application of the analytic model of Paper I
shows that, for explosion models with 0.7 M

_
\ M \ 1.4

and 0.35 the central tem-M
_

M
_

\ M(56Ni) \ 1.4 M
_

,
perature near maximum luminosity is 1.5 ] 104 K [ T [

K and the density is g cm~3.2.5 ] 104 10~14 [ o [ 10~12
Under these conditions, the continuum opacity at optical
wavelengths is dominated by electron scattering. For
central temperatures K, the peak of theT

c
[ 1.5 ] 104

Planck function is in the UV where the(jBB [ 1900 A! )
opacity is dominated by bound-bound transitions. The
opacity from a thick forest of lines is greatly increased by
velocity shear Doppler broadening (Karp et al. 1977).

Figure 1 displays the various sources of opacity for a
mixture of 56Ni (20%), 56Co (70%), and 56Fe (10%), at a
density of 10~13 g cm~3 and temperature of 2.5 ] 104 K,
typical (perhaps) of maximum light in a Chandrasekhar-
mass explosion. The excitation and ionization were com-
puted from the Saha-Boltzmann equation. The opacity
approximation of Eastman & Pinto (1993Èalso see below)
was used for the line opacity, which greatly exceeds that
from electron scattering. Bound-free and free-free tran-
sitions contribute negligibly to the overall opacity, but they
are important contributors to the coupling between the
radiation Ðeld and the thermal energy of the gas. The
opacity is very strongly concentrated in the UV and falls o†
steeply toward optical wavelengths. As was noted by
Montes & Wagoner (1995), the line opacity between 2000
and 4000 falls o† roughly as We willA! d ln ij/d ln j D [10.
show that the steepness of this decline toward the optical

has important implications for the e†ective opacity in SNe
Ia and the way in which energy escapes.

2.2. Di†usion
Not only is the opacity from lines greater than that of

electron scattering, it is also fundamentally di†erent in char-
acter from a continuous opacity. In a medium where the
opacity varies slowly with wavelength, photons have an
exponential distribution of path lengths. Their progress
through an optically thick medium is a random walk with a
mean path length given by (oi)~1. In a supersonically
expanding medium dominated by line opacity, however,
there is a bimodal distribution of path lengths. The line
opacity is concentrated in a Ðnite number of isolated reso-
nance regions. Within these regions, where a photon has
Doppler shifted into resonance with a line transition, the
mean free path is very small. Outside these regions, the path
length is determined either by the much smaller continuous
opacity or by the distance the photon must travel to have
Doppler shifted into resonance with the next transition of
longer wavelength. For the physical conditions of Figure 1,
the mean free path of a UV photon goes from approx-
imately 5 ] 1014 cm in the continuum (because of electron
scattering) to less than D106 cm when in a line. The usual
random walk description of continuum transport must be
modiÐed to take this bimodal distribution into account.

Within a line, a photon scatters on average N D 1/p
times, where p is the probability per scattering for escape,
which is accomplished by Doppler shifting out of reso-
nance. In spite of the possibly large number of scatterings
needed for escape, a photon spends only a small fraction of

FIG. 1.ÈMonochromatic opacity sources at maximum light for a Chandrasekhar-mass model of a Type Ia supernova from a time-dependent, multi-
frequency, LTE calculation. The physical conditions are o \ 10~13 g cm~3, T \ 2.5 ] 104 K and t \ 14 days. The line opacity shown here is the frequency
binÈaveraged expansion opacity, as given by equation (9) (see text) and not the much larger monochromatic Sobolev opacity. The line opacity has not been
plotted below 2 ] 10~14 cm~1, so as not to obscure the contributions from continuum opacity sources.

Pinto & Eastman 2000

超新星放出物質中の不透明度 (Type Ia SN, ρ = 10-13 g cm-3)
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まとめ：超新星からの電磁波放射

• 超新星の熱源 

• 爆発時に合成される56Niの放射性崩壊 

• (他にも衝撃波による加熱も) 

• 電磁波放射の時間発展 

• 系の膨張と光子の拡散 

• タイムスケール t ~ κ1/2 Mej1/2 v-1/2 

• 吸収係数：主に束縛遷移と電子散乱



様々な疑問を物理を使って理解しよう

•なぜ星は「進化」するのか？
•なぜ質量で運命が変わるのか？
•なぜ星は爆発するのか？
•超新星の膨大なエネルギーはどこからきたのか？
•超新星はなぜ非常に明るくなるのか？
•なぜ中性子星合体は輝くのか？
• …
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