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系外銀河のハローに見られる高温プラズマ
我々の銀河にも同様に存在すると考えられる

その温度・密度・スケールを明らかにすることを目指す
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銀河を取り巻く高温プラズマ

Li et al. 2008

Edge-on銀河 NGC 5775

‣ 銀河面から数kpcの広がり
‣ 温度～200万度の高温プラズマで説明可能

我々の天の川銀河はどうか？
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Chandra observation of edge-on spiral NGC 5775 61

Figure 1. (a) ACIS-S 0.3–7 keV intensity contours overlaid on the Sloan Digital Sky Survey R-band image of NGC 5775 and its vicinity. The X-ray
intensity is adaptively smoothed with the CIAO csmooth routine with a signal-to-noise ratio of 3. The contours are at (2.5, 3.5, 5, 8, 15, 100 and 500)
×10−3 cts s−1 arcmin−2. The dashed line shows the edge of ACIS-S3 chip. The dashed ellipse represents the IB = 25 mag arcsec−2 isophote of the galaxy.
The plus signs mark the optical centres of NGC 5775 and its companion galaxies NGC 5774 and IC 1070. (b) Chandra ACIS-S intensity image of NGC 5775
in tri-colors: red (0.3–0.7 keV), green (0.7–1.5 keV) and blue (1.5–7 keV). Both 0.3–0.7 keV and 0.7–1.5 keV subbands trace primarily diffuse hot gas. The
relative strengths of the emission in the two subbands may be used to characterize the temperature of the hot gas. The X-ray intensity is adaptively smoothed
with the csmooth to achieve a signal-to-noise ratio of 3 in all three bands.

geometric distortion of the ACS camera and also performs cosmic
ray rejection, and finally combines the individual images, obtained
in the specific dither pattern.

We also make use of H I data of Irwin (1994), Hα data of Collins
et al. (2000) and radio continuum data from Duric, Irwin & Bloemen
(1998) and Lee et al. (2001).

3 A NA LY S I S A N D R E S U LTS

Fig. 1(a) shows ACIS-S 0.3–7 keV intensity contours of NGC 5775
and its vicinity on an optical image, while Fig. 1(b) shows a
smoothed three-color X-ray image. An asymmetry of the diffuse
emission is apparent in both the color and brightness relative to the
major axis close to the disc. This asymmetry is clearly caused by
the tilt of the galactic disc with its nearer side towards the northeast.
Aside from the X-ray emission from NGC 5775 itself, apparently
weak X-ray emission features also appear to be associated with IC
1070 and NGC 5774. However, the counting statistics of these de-
tections are too low to allow for any quantitative characterization. In
particular, NGC 5774 is located in the S2 chip that has a relatively
lower sensitivity to the detection of soft X-rays. The appearance of
the soft X-ray emission from this galaxy may be strongly perturbed
by the tidal interaction with NGC 5775 (Lee et al. 2001). In the fol-
lowing, we will concentrate on the X-ray emission associated with
NGC 5775, which in general represents the combined contributions
from discrete sources and truly diffuse hot gas.

3.1 Discrete X-ray sources

We detect 99 discrete sources in the field of NGC 5775 (Fig. 2), 27
of which are within D25 of the galaxy, with a local false detection
possibility of ≤10−6. Table 2 summarizes information about these
sources. Among them, two sources have count rates greater than
20 cts ks−1: sources 12 and 76. Source 12 is located at the out-
skirts of the face-on spiral galaxy NGC 5774, showing a spectrum
that can be fitted by a power-law model (photon index of ∼2) with
absorption similar as the foreground value, hence it is likely an X-

ray binary in NGC 5774. Source 76 is located within the projected
galactic disc of NGC 5775, hence it is probably associated with this
galaxy. The spectrum of Source 76 can be well fitted by a power
law with a photon index of 1.82+0.31

−0.22 and an absorption column
density of 2.86+0.50

−0.37 × 1022 cm−2 (Fig. 3; Table 3). H I observations
(Irwin 1994) indicate that the beam-averaged neutral hydrogen col-
umn density is no higher than 1022 cm−2 within the disc region but
substructure within the beam could result in locally higher column
densities. Also, molecular gas in star-forming regions may con-
tribute additional absorption to Source 76. The fitted spectral model
gives an absorbed (intrinsic) 0.3–7 keV luminosity of 2.4 (6.5) ×
1040 erg s−1, putting Source 76 in the class of ultra-luminous X-ray
sources (ULXs).

The Chandra data show no significant X-ray emission from either
the nucleus of NGC 5775 or the remnant of SN 1996AE (Fig. 2).
An X-ray detection of the remnant was suggested by Tüllmann
et al. (2006a) based on an XMM–Newton observation. We speculate
that this XMM–Newton detection corresponds to our Source 76,
which is about 0.5 arcmin from the remnant. In addition, the XMM–
Newton source near the northwestern end of the galactic disc (RA =
14h53m56s and Dec. = 03◦34′00.′′0; Tüllmann et al. (2006a, fig. 10
therein) is most likely our Source 55 – the fourth brightest source
in our detection list. This source has an R-band counterpart with a
magnitude of ∼21 mag. Its X-ray spectrum is well fitted by a power
law with a photon index of 1.2 ± 0.3.

We have further analysed the accumulated spectrum of detected
sources in the disc region (Fig. 2) and these can be well fitted with
an absorbed power-law model with a photon index of ∼1.3.

3.2 Diffuse X-ray emission

Fig. 4 shows an image of the discrete source-removed ‘diffuse’
soft X-ray emission, compared with the 20 cm radio continuum
map of NGC 5775. In addition to the presence of the diffuse emis-
sion clearly associated with NGC 5775, an isolated ‘blob’ of X-ray
emission also appears northeast of the galaxy. The far side of this
blob reaches a projected distance of ∼3.5 arcmin (∼25 kpc) from
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SDSSの光学イメージ(点
線部分)に0.3 - 7 keVのX
線放射強度等高線 
(Chandra) を重ねた

～1.2kpc
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X線天文学

X線では何が見える？

X線を見るためには
‣ X線は大気に吸収され
るため、ロケットや人工
衛星などで観測を行う

‣ 高エネルギー粒子 (keV
領域)と高温ガス(100万～
1億度)を選択的に見る
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X線の輝線と吸収線
輝線放射 (例: Lyα線)

水素様原子

水素のLyα線 : 10 eV
酸素のLyα線 : 654 eV

紫外線
X線

→
→

‣重い原子では輝線がX線の領域になる

n = 1

吸収線

水素様原子

エネルギー準位に対応する
X線を選択的に吸収する

‣輝線と同じエネルギーのX線が吸収される
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n = 2

n = 1

酸素の水素様原子 (H-like O)と
ヘリウム様原子 (He-like O)からの

輝線放射と吸収線を用いる

～数百万度の高温プラズマ

n = 2

Lyα線

Lyα
吸収線
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銀河を取り巻く高温プラズマ
低エネルギーX線での全天の輝きと

吸収線が確認された天体

高温プラズマ？

高温プラズマの中で次第に吸収される

X線吸収線

X線輝線

X線

AGN等
X線を発する天体

5

温度、密度、スケールは？

ほとんど全ての方向で
X線放射とX線吸収
が行われている
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すざくによる観測

観測手法

Chandra (NASA) すざく (JAXA)

Mkn 421

吸収線観測に最適 輝線観測に最適

回折格子による
優れたエネルギー分解能

Chandraに
よる観測

吸収線の形が
はっきり見える

輝線を分離して
見る事ができる

Mkn 421 基本情報
(銀経, 銀緯) = (179.8, 65.0), 距離 
122～133 Mpcに位置するAGN (ブ
レーザー)

2°
広がった放射で高感度かつ
良好なエネルギー分解能
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Chandraによる観測結果

光子のエネルギー (keV)

応
答
関
数
込
み
の
強
度

He-like OのKα吸収線

H-like OのLyα吸収線

He-like OのKβ吸収線

Mkn 421からの放射
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光子のエネルギー (keV)

すざくによる観測結果
応
答
関
数
込
み
の
強
度 X線背景放射(点源の重ね合わせ)

高温プラズマからの放射輝線

He-like Oの輝線
H-like Oの輝線

輝線は本来はδ関数だが検出器の応答によりガウス関数になっている
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CDとEMによる複合解析

観測可能量
吸収線

輝線

Column Density (柱密度)
Emission Measure

Column Density

n

L

CD =
�

ndl

‣ 視線方向の線密度
Emission Measure

n

L

EM =
�

n2dl

‣ 輝線の強度を決める
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CDとEMによる複合解析

n =
EM

CD
L =

CD2

EM

温度一様、密度一様の
ガスを仮定すれば、

密度 n と奥行き L が独立に求まる

n, T

L

CD = nL EM = n2L
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輝線強度比から温度を決定
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解析結果

温度 : 
EM : 

吸収線 輝線

2.3 ± 0.3 × 106 K
1.4 ± 0.1 × 10-3 cm-6 pc
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温度 :
CD :

1.4 ± 0.2 × 106 K
1.4 ± 0.4 × 1019 cm-2
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密度 :
スケール :

3.0 ± 0.9 × 10-4 cm-3

14.7 ± 5.9 kpc

温度が
合わない?
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Exponentialモデル

n = n0e
−z/hn

T = T0e
−z/hT

密度と温度が
指数関数的に減少

Z

T
n

Prel
imin

ary!
温度 :
密度 :
スケール :

3.8      × 106 K
2.3      × 10-3 cm-3

2.6       kpc

+0.6
-0.5
+1.8

-1.0

z

ディスク面

ディスク面
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PKS 2155-304
LMC X-3

Mkn 421

先行研究との比較

LMC X-3: Yao et al. 2009
PKS 2155-304: Hagihara et al. 2010
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対象 温度
106 K

密度
10-3 cm-3

スケール
kpc

Mkn 421 3.8 (3.3, 4.4) 2.3 (-, 4.1) 2.6 (1.0, -)

PKS 2155-304
(*1) 2.5 (2.2, 3.1) 1.4 (1.0, 1.9) 2.3 (1.5, 3.2)

LMC X-3
(*2) 3.6 (2.9, 4.7) 1.4 (0.3, 3.4) 2.8 (1.0, 6.4)

先行研究との比較

(*1) Hagihara et al. 2010
(*2) Yao et al. 2009
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まとめ

天の川銀河のハローに数百万度の
「高温プラズマ」が存在する

8.5 kpc

1 kpc
Earth

～数 kpc
高温プラズマ

中性物質

密度 ～10-3 cm-3

これまでの3対象の観測から

であろうことが示唆される

～数百万度
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