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講義の進め方・単位 2

講義

•式なども含めて基本的にスライドを使用します．
•スライドはあらかじめ公開しておきます．
http://www-cr.scphys.kyoto-u.ac.jp/member/tsuru/data/lecture/
electronics2017.html

•授業に先立ちダウンロードし，プリントアウトをして授業に持って来てください．
メモなどをそのプリントアウトに書き込むようにしてください．
電子的にダウンロードしてiPadやノートPCを授業に持ち込んでも構いません．

•スライドよりも詳しく書いた講義録も載せていますので，活用してください．
•時々デモンストレーション実験を行います．
単位

•期末のテストで単位をつけます．
•それぞれの年度の講義のページで公開している過去問を勉強してください．
http://www-cr.scphys.kyoto-u.ac.jp/member/tsuru/data/lecture/
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鶴 剛 (tsuru@cr.scphys.kyoto-u.ac.jp)
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第0章：なぜ必要か？



X線画像銀河団プラズマ 銀河

銀河の中心領域超新星残骸 Sgr A*からのX線の反射

CHAPTER 7. OVERALL RESULTS & DISCUSSION
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Fig. 7.8.—: X-ray light curve of Sgr A* for the past 600 years (see table 7.3 for parameter

details). Red arrows show the results from observations of short-term 6.4 keV variabilities between

5 years. The present luminosity of Sgr A* is quoted from Baganoff et al. (2001) and Porquet et al.

(2003).

can be estimated from equation (7.3) using the best-fit parameters (I6.4keV and NH) of Sgr C

ref 1–2 and Sgr B region 1. Although the gas is most likely distributed continuously along

the line of sight, the lower limit of Lave
X∗ is still determined by the minimum distance, which

is the project distance at a given X position (D∗=|X|). The Lave
X∗ estimated from Sgr C ref 1,

ref 2, and Sgr B region 1 are respectively, >0.47, >0.55, and >0.84 in unit of 1039 erg s−1.

These results are consistent with the picture that Sgr A* had been in a flare state with high

luminosity (LX∗ ∼1039 erg s−1) over centuries in the past.
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超巨大ブラックホールの活動
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新事実を発見する

我らの野望 4

宇宙の活動するＸ線天体を観測し



ひとみ衛星 / 2016年打ち上げ

京大開発の大型CCD
過去最大の大きな視野
ワイドバンド

世界最新鋭の大型Ｘ線衛星
H-IIA ひとみ

・全長14m, 重2.7t (最大級)
・初の超高分解能分光観測
・初の硬X線撮像分光観測
・過去最高の広帯域観測
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SXI



•Pch型CCD 200μm, BI, IA : 24μm□, 1280x1280
•読み出し4箇所, 5μV/e, 4e(rms) @ 136kHz
•CCD素子 = CCDチップ + パッケージ + FPC/コネクタ

115mm

62mm

62mm

IA

6
1) 概要 : CCD素子



2016年の打ち上げに向けた準備の様子

京大での開発

May 16th

Vibration Test

つくば宇宙センター
衛星組み立ての様子 (河畠)
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2015.11.27 完成



1) 概要 : 最終形態 8



Bo#om	View:	Video	Board
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FPC	&	Connector

PchNeXT4

Video	Board

1) カメラシステム概要 9



ひとみ打ち上げ & ひとみ事故 10

© JAXA • 2016.2.17 17:45 種子島から
打ち上げ
• 所定の軌道に投入成功
• 観測機器の立ち上げと並行して
観測を開始
• ペルセウス銀河団を初め6個の
天体を観測

• 3/26 姿勢異常による太陽電池
パドルが分離，衛星機能を喪失



京大X線CCDは予定の性能を発揮
11

• ペルセウス銀河団 (First 
Light)
• CCDカメラ(SXI)はカロリ
メーター(SXS)よりも優れ
たイメージングを発揮.

The Perseus cluster

38arcmin

55Fe

55Fe

SXI image SXS image



「ひとみ」のサイエンスアウトプット 12

温度5000万度の高温ガスからの放射
⇒高階電離した鉄などの特性X線

すざく衛星 (CCD)
ひとみ衛星 (マイクロカロリメータ)

Cr22+

Nature論文
Extended data　
図 1 改訂

Mn23

Fe24+

Fe25+

Ni26+

Fe23+

Fe24+

Fe23+
Fe24+

Fe25+

Fe24+
Fe24+

超巨大ブラックホ
ールのジェットに
もかかわらず，高
温プラズマの乱流
は非常に小さい

○Nature 論文

reference model with zero line flux rather than the best-fit SXS
flux. B14ʼs most-restrictive 90% MOS energy interval for the
stacked sample is shown, since we are assuming that this is a
DM line and it has the same energy in all objects. For narrow
and broad lines, the best-fit XMM MOS flux value is
inconsistent with the SXS spectrum; the weakest constraint is
for the broad line and the discrepancy is at least D =C 12.
Using only observations 2+3 (excluding the better-centered,
but short observation 4) reduced DC for the broad line
compared to the zero-flux model by about 4, commensurate
with the reduction in the number of photons. The effective area
uncertainty described in Section 3.1 is illustrated by error bars
for the broad line; the alternative area curve reduces the model
values at these energies slightly, thereby reducing the
significance of the exclusion of the XMM flux to at least
D =C 9. Its effect on the narrower lines is weaker.

4.2.1. The Statistical Question

To interpret the aboveDC (or cD 2) in terms of a confidence
level for the line exclusion, we should note that the statistical
question we are asking—what is the confidence level of
excluding the previously detected line—is different from a
blind line search employed for detecting the line. If a spectral
line is detected in a blind search and it corresponds, e.g., to a
s3 deviation, one has to estimate the probability of a false
detection under the hypothesis of no line, caused by a positive

random fluctuation. Because a s+3 deviation appearing at any
spectral bin would be detected as a line, such a probability is
the probability of a s+3 deviation in one bin times the number
of bins where the line could be found within the searched
interval (the “look-elsewhere” effect; e.g., Gross &
Vitells 2010; this factor was applied in B14). However, here
we must estimate the probability of a null hypothesis in which
the line exists and we falsely reject it because of a random
negative deviation at the position of the line. While s-3
deviations can appear at any spectral bin, only one of them, that
happens in the bin with the line, would result in false rejection,
while all others would be dismissed as mere random deviations.
Thus, even though we do not know where within the XMM
interval the line is, the probability of false rejection is the
probability of a s-3 deviation in one bin—there is no look-
elsewhere effect in our statistical problem. A D =C 9 or
cD = 92 corresponds to the standard one-parameter

( )- - »1 1 0.997 2 99.9% confidence level. Because DC
is not constant across the interval in Figure 2, we can take its
minimum for a conservative limit for rejecting a certain
line flux.
The above DC gives only the Hitomi statistical constraint

and does not take into account the fact that the XMM SXS-FOV
detection itself is only s3 significant (and thus cannot be ruled
out with a s>3 significance). To answer a narrower question of
how inconsistent the Hitomi and XMM MOS results for the

Figure 1. SXS spectrum from the whole field of view, combining three pointings. Energy is in the observer frame; bins are 4 eV for clarity (2 eV bins were used for
fitting). Vertical error bars are s1 Poisson uncertainties in each bin; horizontal error bars denote the bins. Red curve is a best-fit BAPEC model with =kT 3.5 keV,
abundances of 0.54 solar (same for all elements), los velocity dispersion of 180 km s−1, and a power-law component as required by a fit in a broader band (see the
text). Prominent atomic lines seen in the model (identified using AtomDB) are marked, along with the interesting Ar XVII satellite line (B14) thatʼs too faint to be seen
in the model. Brackets show 90% confidence intervals on the unidentified 3.5 keV line energy for the most-restrictive XMMMOS stacked-clusters sample in B14 (red)
and for the XMM MOS Perseus spectrum from the region covered by the SXS (blue).
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The Astrophysical Journal Letters, 837:L15 (9pp), 2017 March 1 Aharonian et al.
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no line 
at 3.5 keV

○ApJL 論文
Sterile Neutrino
の可能性が議論さ
れている 3.5keV 
輝線はアッパーリ
ミットであった

今後，観測10本，機器10本の論文 ⇒ 精密分光・広帯域撮像のコンセプトの正しさを証明



京大がリードする論文 13

パルサー風星雲 G21.5-0.9 の
ひとみ広帯域X線スペクトル

Uchida et al. “Wide-band spectroscopy of 
G21.5-0.9 with Hitomi” 

他にもN132D，CCDカメラハードウェア論文x2

Tanaka et al. “Hard X-ray View of 
the Crab Nebula by Hitomi HXI”

✓ シンクロトロン放射冷却や電子の拡散

✓ スペクトル測定・偏光の上限値も合わせる

かに星雲の5-40 keVの広がり

✓ 非熱的粒子の分布の steepning の測定

✓ シンクロトロン冷却や拡散などのエネルギー
ロス過程を解明する鍵
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•物理実験にはエレクトロニクスの知識はほぼ必須である．
• 多くの「物理量測定」では，どこかの段階で物理量を電気信
号に変換している．

• その信号処理を高い精度で物理量測定を行い，物理実験を成
功させるためには，エレクトロニクスの知識が必要である．

•様々な物理現象の雛形でもある．
•そもそも，エレクトロニクス自身，面白い物理学である．

ついでに，趣味とし
ても楽しいヨ！


