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概要
• 1995年日本のX線天文学衛星「あすか」により、活動銀河核MCG-6-30-15のX

線スペクトル中に幅の広い鉄輝線が発見されました。
• 輝線の広がりは、ブラッックホール近傍にある物質の高速回転と重力赤方
偏移により生じているものと解釈されました。

• ヨーロッパのXMM-ニュートン衛星等でも同様のスペクトル構造が検出さ
れましたが、これまでの観測では、不確定な部分大きく、広がった輝線の
存在そのものを疑問視する意見すらありました。

• すざく衛星の観測は、観測上の不確定な部分を小さくして、ブラックホール
の強い重力の影響による鉄輝線の広がりを疑いの余地のないものとも言える
ような精度で観測しました。

• 今後、広がった鉄輝線の詳しい観測から、ブラックホール周辺の時空のゆが
みの精密計測など、ブラックホールの精密観測の道が拓かれることが期待さ
れます。
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広がった鉄輝線
4 The MCG 6-30-15 Suzaku Team [Vol. ,

Fig. 2. Top: The Suzaku XIS data divided by a power law
model fitted in the 3–4 keV and 7.5–10 keV band are shown
in the most relevant 3–8 keV band. Bottom: The data from
the XMM–Newton EPIC–pn detector (red) are superimposed
on the XIS ones (black). In both cases the model is a power
law absorbed by the Galactic column density and fitted in the
3–4 keV and 7.5–12 keV band.

width of the Fe line core at ∼ 6.45 keV is σ > 260 eV (i.e.
FWHM" 31950 km s−1) suggesting that it originates in
the outer disc at < 80 rg from the central black hole, while
the red wing has a width > 760 eV indicating that the
emitting matter is located within 6.5 rg from the centre,
already implying, even by means of a very simple and
phenomenological model, that the black hole in MCG–6-
30-15 is most likely a spinning Kerr black hole in which
the accretion disc extends down within the marginal stable
orbit for a non–rotating Schwarzschild black hole (6 rg).

3.2. A self–consistent reflection model

The multiple Gaussian fit described above is merely a
phenomenological description of the hard spectrum. The
Gaussian emission lines and, most importantly, the broad
Fe line are the clear signature of X-ray reflection and the
above spectral model did not include any reflection con-
tinuum. Here we build a much more self–consistent model
in which the broad Fe line is computed together with the

associated reflection continuum. We use a grid of models
from Ross & Fabian (2005) to obtain the X–ray reflection
spectrum. The X–ray reflection model has the spectral
slope of the illuminating power law Γ, the ionization pa-
rameter ξ, the Fe abundance, and the normalization as
free parameters. However, we forced the photon index to
be the same as the power law continuum for consistency.
Since the reflection model does not include Ni as an ele-
ment, we also include a Ni Kα line with energy fixed at
7.47 keV.

In order to reproduce the relativistic broad Fe line pro-
file, the reflection spectrum is convolved with a relativistic
kernel derived from the Laor (1991) code. The relativis-
tic blurring parameters are the emissivity indexes qin and
qout (where the emissivity is ε= r−qin within the innermost
6 rg and ε = r−qout outside), the inner disc radius rin, and
the observer inclination i. The outer disc radius is fixed
at its maximum allowed value of 400 rg. The choice of
a broken power law emissivity profile is motivated by the
previous long XMM–Newton observation of MCG–6-30-15
(Vaughan & Fabian 2004).

The model is applied to the co–added XIS2 and XIS3
time–averaged spectrum in the 3–12 keV band and we
keep the three unresolved Gaussian lines as above. The
results of the spectral fitting are reported in Table 1
(“Blurred Reflection” model). We obtain a better fit with
χ2 = 2360 for 2230 dof. The better fit with respect to
the phenomenological Double Gaussian model described
above is due to a better description of the overall rela-
tivistic Fe line profile. In addition, the model accounts
for some high–energy residuals above about 10 keV which
were present in the above best–fitting solution due to the
unmodelled reflection component.

We measure a relatively standard Γ = 2.18+0.07
−0.06 con-

tinuum slope which compares very well with previous re-
sults with XMM–Newton. The reflection component con-
tributes significantly to the hard spectrum of MCG–6-30-
15 and we measure a reflection fraction of R = 2.8± 0.9,
fully consistent with previous results from a simultaneous
XMM–Newton and BeppoSAX observation (Vaughan &
Fabian 2004). The precise value of the reflection fraction
will be better constrained in a subsequent analysis when
the high energy data from the HXD/PIN detector are con-
sidered as well. The reflector is only mildly ionized with
ξ = 65± 45 erg cm s−1 and the inclination is constrained
to be 38◦± 4◦.

As for the relevant relativistic blurring parameters, the
XIS data are able to constrain the inner disc radius to
be smaller than rin < 2.2 rg. If, as it is customary,
rin is identified with the innermost stable circular orbit
around a Kerr black hole, such a small 90 per cent up-
per limit implies that the black hole spin in MCG-6-30-15
is a > 0.917, i.e. the black hole is an almost maximally
spinning Kerr black hole. The inner and outer emissiv-
ity profiles are not consistent with each other within the
errors and qin " 4.8 is steeper than qout " 2.6. However,
if the two indices are forced to be one and the same, we
obtain qin ≡ qout = 3.1+0.5

−0.3 with only a slight worsening of
the fit statistic (∆χ2 = 6).

X線エネルギー(キロ電子ボルト)

ブラックホール近傍
=幅の広い輝線

ブラックホール遠方
=幅の狭い輝線 

あすか すざく

Tanaka et al. 1995 Minutti et al. 2006
X線エネルギー(キロ電子ボルト)

相
対

X
線
強
度

相
対

X
線
強
度

MCG–6-30-15 

3



すざくの強み
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鉄輝線の高エネルギー側
には”コンプトンバンプ”と
呼ばれるスペクトル構造が
あります。
この強さと形がわからな

いと、広がった鉄輝線の強
さと広がりの大きさを、精
度良く決めることができま
せん。
例えば、約7キロ電子ボ
ルトよりも低いエネル
ギーが盛り上がっている
のか、それとも、高い側
が引っ込んでいるのか。
すざくは、広帯域分光

で、この強度と形を決定
し、不確定を除去しまし
た。
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ブラックホールの精密観測(1)
（ブラックホールの自転）
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広がりのシミュレー
ション計算

高速回転するブラックホール（右）と
回転の小さなブラックホール（左）

Minutti et al. 2006Reeves et al. 2006
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ブラックホールの精密観測(2)
（ブラックホールを見込む角度）

斜めから見たブラックホール
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補足説明
• 鉄輝線

• 連続X線が鉄原子に吸収され、ある決まったエネルギーの特
性X線として再放出されたものです。

• 鉄は宇宙に多く存在する元素（重元素の中で６番目に多く存
在）で、近いエネルギーに他の強い輝線が存在しないため、
本観測のような観測目的に適しています。

• MCG-6-30-15

• ケンタウルス座の銀河。距離1億1千万光年。

• MCG-5-23-16

• ポンプ座の銀河。距離1億2千万光年。
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