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Kα/ Kβ = 0.1
E.W:   1.1 – 2.1 keV
K-edge: 1.8 – 9.6 x 1023 cm-2 >> 1 x 1023cm-2

X-ray reflection is more likely.

Nakajima, Inui,  Hyodo, Uchiyama, 
Takikawa, Nobukawa, Tsuru et al.
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These residuals correspond to 
neutral S, Ar, Ca, Cr, Mn.
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•Clump Size ～ 5lys
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•中性子連星 : 明るさが足りない

•最大光度は「エディントンリミット」～10^38ergs/s 

を超えない。

•巨大ブラックホール Sgr A* も現在は暗いが...

•他の銀河：～10^39-40 ergs/sは「楽勝」

→ Sgr A*の過去の活動性
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BH・銀河進化の解明



Astro-H
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• 2013年度打ち上げの日本主導の国際共同
プロジェクト

• 250億円: 日本(80%)、アメリカ(20%)

硬X線、軟ガンマ線での予想感度
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Firm Evedence for Very High Energy Particles

GeV electron

TeV proton



Electron impact vs Ion/proton impact
23

V. Tatischeff: X- and Gamma-Ray Line Emission Processes 23
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Fig. 8. X-ray emission produced by fast ions with cosmic-ray source (CRS) composi-

tion and the source spectrum of eq. (3.7) with E0=30 MeV/nucleon. The calculation
is normalized to a power of 1 erg s−1 deposited by the accelerated particles in the in-

teraction region. The total luminosity of the calculated X-ray emission (see eq. 3.6) is

4.8×10−5 erg s−1. Note that photoelectric absorption in the ambient medium is not

taken into account, such that this value is to be considered as an upper limit. IB: inverse

bremsstrahlung; SEB: secondary electron bremsstrahlung; RRC: radiative recombination

continuum.

Continuum X-rays are essentially produced by inverse bremsstrahlung (IB),
which is the kinematic inverse of normal bremsstrahlung, i.e. the radiation of
an electron at rest in the moving Coulomb field of a fast ion. Thus, for non-
relativistic protons of kinetic energy Ep interacting in stationary H, the inverse
bremsstrahlung cross section is almost identical to the bremsstrahlung cross sec-
tion for electrons of energy (me/mp)Ep also interacting in stationary H7. Also
shown in Figure 8 are the two continuum emissions from the radiative recombina-
tions of ambient electrons to the K-shell of the fast ions (RRC; Dogiel et al. 1998,
Tatischeff & Ramaty 1999) and from the secondary, knock-on electrons that sub-
sequently produce bremsstrahlung by interacting with the ambient atoms (SEB).
These two emissions should generally be dominated by the IB production.

The narrow lines are due to K-shell vacancy production in the ambient atoms
by the fast ions. In comparison with the similar lines produced by electron impact
or by photoionization, the lines produced by heavy ion collisions could be shifted

7 Baring et al. (2000) have recently shown that in shocked astrophysical plasmas, IB from
accelerated ions is generally expected to be much lower thanbremsstrahlung from suprathermal
electrons.

X線を出していないはずはない。
加速天体は?
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中性鉄輝線 6.4keV を用いた
天の川銀河中心領域の活動性の解明

X線反射星雲の発見
Sgr A*の過去の活動

X線トモグラフィ 分子雲の三次元分布
Sgr A* 1000年の活動→将来の活動の予想へ

高エネルギー粒子起源はないのか?→Astro-H衛星

まとめ


