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Figure 2. Light curves for the intensive monitoring period (HJD 2,456,706-2,456,831), going from shortest wavelength (top) to longest
(bottom). Top two panels show the Swift hard and soft X-ray (HX and SX respectively) light curves, in units of c/s. Third panel shows the
HST light curve, in units of 10−14ergs−1cm−2Å−1. Error bars for this light curve are typically ∼1.5%, just barely visible in the plot. The
bottom six panels show the Swift light curves, again in units of 10−14 erg cm−2s−1Å−1 . Dashed gray lines show times THJD 747.179,
785.752 and 818.993, three local maxima of the HST light curve.
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Figure 3. (3a) Interpolated cross-correlation functions for the intensive monitoring period light curves (Figure 2), with all correlations
measured relative to the HST light curve, after removing long term trending (see Section 3). Note that the interband lag goes from negative
to increasingly positive as the band’s wavelength increases. Note also that the UV/optical correlations are all strong (rmax = 0.57− 0.90)
but the X-ray/UV correlations are much weaker, (rmax < 0.45). (3b) Cross-correlation centroid histograms derived from the CCFs as
discussed in the text. All distributions except HX appear consistent with a Gaussian.
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Figure 3. (3a) Interpolated cross-correlation functions for the intensive monitoring period light curves (Figure 2), with all correlations
measured relative to the HST light curve, after removing long term trending (see Section 3). Note that the interband lag goes from negative
to increasingly positive as the band’s wavelength increases. Note also that the UV/optical correlations are all strong (rmax = 0.57− 0.90)
but the X-ray/UV correlations are much weaker, (rmax < 0.45). (3b) Cross-correlation centroid histograms derived from the CCFs as
discussed in the text. All distributions except HX appear consistent with a Gaussian.
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Figure 3. (3a) Interpolated cross-correlation functions for the intensive monitoring period light curves (Figure 2), with all correlations
measured relative to the HST light curve, after removing long term trending (see Section 3). Note that the interband lag goes from negative
to increasingly positive as the band’s wavelength increases. Note also that the UV/optical correlations are all strong (rmax = 0.57− 0.90)
but the X-ray/UV correlations are much weaker, (rmax < 0.45). (3b) Cross-correlation centroid histograms derived from the CCFs as
discussed in the text. All distributions except HX appear consistent with a Gaussian.
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Figure 5. Time delay (ICCF centroid) as a function of pivot wavelength of the filters. The horizontal error bars represent the rms width of the filters. The best fit
model is shown by the dashed magenta line, while the fit fixing � = 4/3 is shown by the dotted magenta line. Predictions for a thin-disk model with ṁE = L/LEdd
are shown by the solid cyan lines, although the assumptions of the model are unlikely to hold at large ṁE (see §5.3). The mean lag of the He II�1640 and �4686
lines is shown by the horizontal dashed black line (Paper I, Paper IV).

2. Power Law: A broken power-law is used to model the
AGN continuum emission. This component has four
free parameters—a flux normalization factor, two spec-
tral indices, and the location of the transition between in-
dices. A loose prior (a Gaussian distribution with mean
5700 Å and width 700 Å) is imposed on the transition
wavelength, to prevent it from moving to the edges of
the spectra.

3. Balmer continuum: The Balmer continuum component
is estimated from a grid of models calculated by Dietrich
et al. (2002), evaluated at varying temperatures, electron
densities, and optical depths. Again, we simply choose
the template that produces the overall minimum value
of �2. The templates have a single parameter, a flux
rescaling factor.

We ignored blended Fe II emission, because Fe emission is
relatively weak in NGC 5548 (Denney et al. 2009; Mehdipour
et al. 2015) and varies with an amplitude <50–75% that of H�
(Vestergaard & Peterson 2005). This component is therefore
expected to contribute very little flux to the broad-band pho-
tometric measurements and have a negligible impact on the
observed lag. In order to assess the effect of this omission,
we also fit the spectra with the small blue bump template of
Mehdipour et al. (2015), which includes blended Fe II emis-

sion lines. We found that these templates produce a poorer
fit than the Dietrich et al. (2002) templates at the blue end of
the spectrum, which may be a result of the limited wavelength
coverage of our MODS spectra in the near-UV.

Each epoch was fit independently, and the resulting com-
ponent parameters are in reasonable agreement, after allow-
ing for the intrinsic variability of the power-law and Balmer
continuum. The flux rescaling factors of the power-law and
galaxy templates are degenerate, so the prior imposed on the
host galaxy flux at 5100 Å (rest frame) does the most to con-
strain these parameters. Figure 6 shows an example of the de-
composition, using the spectrum from 2014 June 08, overlaid
with the filter transmission curves.

4.2. Synthetic Photometry
Next, we estimate the contribution of each model component

to the observed flux in each broad-band filter. We first reapply
Galactic reddening to the model components, since differential
extinction may affect the integrated flux across broad-band fil-
ters. We then calculate the observed flux using the synphot
IRAF task and filter transmission curves for the calibration
telescopes (WC18 BVRI filters and LT ugriz filters), truncated
at 3000 Å and 1µm to represent the atmospheric transmission
cut-off. Uncertainties on the broad band fluxes of individual
components were estimated by resampling the posterior dis-
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セイファート I型銀河 NGC 4593の X線–可視光の同時観測
野田博文 a、峰崎岳夫 b、諸隈智貴 b、小久保充 b、土居守 b、深沢泰司 c、川端弘治 c、伊藤亮介 c、

河口賢至 c、渡辺誠 d、中尾光 d、伊藤洋一 e、森鼻久美子 e、斎藤嘉彦 f、牧島一夫 a,g

a 東大理、b 東大天文学教育研究センター、c 広大理、 d 北大理、e 兵庫県立大理、f 東工大理、g 理研

1 活動銀河核セントラルエンジンの新描像と X線–可視光の相関の関連
活動銀河核 (AGN)からの一次 X線放射は、従来の描像においては、大質量ブラックホール (BH)の近傍に形成さ
れた、物理パラメータが一様な単一領域の高温電子雲 (コロナ)において、降着円盤の黒体可視光光子が逆コンプトン
散乱を受けて生じると考えられてきた (図 1a)。またコロナで生じた一次 X線は、降着円盤を照らすことにより円盤
の温度を上昇させるため、可視光と X線は連動して増加することが期待されていた。しかし、これまでの AGNの X
線–可視光の同時モニタ観測による研究では、NGC 5548や NGC 4395のように両者に良い相関が見られる天体もあ
れば (e.g., [1, 2])、NGC 4051やMrk 79のように相関が不完全な天体もあり (e.g., [3, 4])、従来のように単純な描像
では説明できないことがわかってきた [5]。
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図 1 従来の I型 AGNの X線スペクトル描像 (パネル a)と時間変動解析から得られた我々の新描像 (パネル b)[9]。
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図 2 (a)I 型セイファート NGC 3783 の X 線と
可視光の平均値で規格化したライトカーブ [10]。
(b) 図 1(b) の複数の一次 X 線を生成するセント
ラルエンジンのジオメトリの一例。

我々は「すざく」の広帯域観測を活かして、X線信号を時間変動の
違いから成分に分解する新たな解析手法 (Count-Count Correlation
with Positive Offset 法; C3PO 法) を開発し [6–8]、時間変動の激
しい I型セイファート銀河に系統的に適用した [9]。その結果、BH
近傍のコロナの状況は、これまで考えられて来たほど描像とは違っ
て、AGNの X線放射は一般に、図 1(b)に示した硬 X線一次成分
(HXPC) と広帯域一次成分 (BBVC) という、スペクトルの形や時
間変動のタイムスケールを異にする複数の一次 X線成分を含むとい
う新描像を、世界で初めて明らかにした [6–9]。これは、X線を生成
するコロナが単領域ではなく、物理パラメータや BHからの距離が
異なる、二つ (以上)の代表的な領域から成ることを意味する。
この新描像を考慮すると、AGN の X 線–可視光の相関の度合い
が天体ごと違う謎が解けそうである。すなわち、二つ (以上)の一次
放射領域のうち、一方は降着円盤と深く関連して放射を生成し、他
方はその関連が小さいため、二つの一次成分の強度比が、全 X線と
可視光の相関を決めるというアイデアだ。例えば、図 2(a)の NGC
3783のように、X線と可視光で長期的に相関しているように見える
が、一方で短いタイムスケールでは相関が乏しいように見える天体
は、図 2(b)のようなジオメトリの中で、円盤と関連する一次 X線
と関連の小さい一次 X線が同程度の強度で混在していたと理解できる。
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XĈě×� ŶųŮĔ(AO'8,"AO'9)+ŶųŮĔToO(AO'10)"
üǗ·ǜş2013.04.10*11,,26*27,,05.12*13,,23*24,,29*30�
üǘ·ǜş2013.10.07*08,,11.04*05�
üǙ·ǜş2014.04.08*09,
ToO,,,,:,,,,,2015.05.12*16�

CĚě×� 北海道大学附属天文台ピリカ望遠鏡 
東京工業大学みつめ望遠鏡（明野） 
東京大学木曽観測所 
兵庫県立大学西はりま天文台なゆた望遠鏡 
広島大学かなた望遠鏡 + 光赤外線大学間連携 

¢$×'ě×ǓB,"V"ƸǏƴƙ��Ƅǔ�

ŶųŮĔě×ƁI®ě×ǕĽ·ǆƶƮǑě×�

NGC3516"DSSê$�

NGC"3516"'�±Ĉ(2013'2014�)�
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XĈ&ē� CĚ&ē�

ðŀ�¦>0.98�

NGC"3516"2013'2014�Ľ·ǆƶƮǑě×"
Ą½ƅƍƁƏ�

•  '�±Ĉ"
–  X"ĈŠCĚƁƐƄě×E�Ūƃƕ°Ŧã�"

–  XĈ�Ç£n�-Ɔ"HGPC"ū9Ĩ"

•  XĈCĚ\'ðŀ"
–  CCF"ƺǑƣƀƅðŀ�¦">0.98"

–  XĈ\'ūCĚ\'Ƅ" " " " " " " " " "şşş
mŴſ"τ�2"days"&ē "şş" " " " " " " " "şşş
XĈ"reprocess"ƙøM " " " " " " " " " " "ş
ŴŪŴ+ÆÙ+íǆƲǋ " " " " " " " "şşşşş
ƄmŴſě×ĳ�ƆĴa"

•  &ēõú(Maoz+02;FQ)"

– ŪŽſƆ¬ƖŮŠðŀp"

ŘĈŏŔőœŒŎŚřŗŐŎ�

ŕƸǏƴŎ�

Maoz+02  
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NGC"3516"ƅŎToO"ě×�

•  îìƁªĺ"

– Maoz+02(¬ƖŦ&ðŀp)→HGPC�-�^ƅ�ÇXĈ�-Ǟ"

– CĚ\'Ɓ"XĈ"SRPC"\'ƅðŀƙĢ¿"

–  SRPC"ƅįŦ\'→ó·ĿƅXĈCĚI®Ņ�ǆƶƮǑě×"

–  XĈ['®Ƅ"SRPC"ū,äǓNoda"+13,"14ǔ→ToO"ě×"

•  ToO"ě×Ą½(2015�5´)"
–  5/1"Swil"ƀ"XĈ['÷ğ→5/12'16"Suzaku/afĿı¡ŎToO"

–  ToO"ě×®ÝƀƆŶƀƄÖ'ŴſŴƍżźǒ " " " "ş
CĚŠXĈƁƐƄũƓŹ"2013�5´ƅƺǑƣ®ŮƔŦƅ¬ƖŲ"

–  XĈƲǑƮƄƆµ�ƃ"SRPC"�-ū÷ğƀŬŷ"

–  XĈ"HGPC"�-\'ƁCĚ\'ƅóƮƞǄƪƥǑǋ(ǝ"day)ş
ƀƅðŀĢ¿ƄîÆƙ.ƕ³Ũ"
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•  ÊĻÎƁƨǑƞǏƤƅ\7ƅ�Ň"
– ;ÿƃƜƹǑƯǇ×'ƙ�ƄĊŨƖ"
– ¬ƖŲ-zūPSF"ƀťƖƑAGNƁŠ�ūżź¬ƖŲ-zƙƐ
ŽÊĻÎƁƀƆŠƨǑƞǏƤ\7ƄmŶƖ¬ƖŲ-zƅ\7
ūëƃƖ"

– →ÊĻÎƅ�ŇūaŬŦZHŠƁ"AGN+ÊĻÎƅðm×'
�ƆŠƨǑƞǏƤƄƓżſþąìƄ\7ŴſŴƍŧš"

� AGN+"
ĻÎ�

đŦƨǑƞǏƤƅƁŬ�

AGN+"
ĻÎ�

�

�ŦƨǑƞǏƤƅƁŬ�

ƜƹǑƯǇŪƔƅ"
ƻǉưƣƪǍƪa�

ƜƹǑƯǇŪƔƅ"
ƻǉưƣƪǍƪpǓĻÎ�-ǔ�

ǐ"PSFǂưƯǏƤ"
ǐŎƻǉưƣƪƙ"
"""ƪƥǑǊǏƤ�

XÙê$�
Ş"Ĝ¼ƅ�ŉ"

"1."ťƖě×«ƅƲǑƮŪƔXÙê$ƙ��"

"2."ě×«ƅGê$ŪƔXÙê$ƙyŴ�Ŭ"

"3."ÉeŶƖAGN�-ƙLĪ?ßƁËĩŴſľB×'"

Ş"�ƔƗƖ1Ý"

"ǐŎÊĻÎƃƂƅƠƻƬưƳƅÚƗīƎƙAƕłůƖ"

XÙê$ƅě×«ŪƔƅƻǉưƣƪ\6�-ƙ�,"

Differen:al"Imaging"Photometry"(DIP)�



DIP"×'ƅ5½�

•  ×'�ƅƨǑƞǏƤ�e�ƅÃĝ"
–  KWFC"ƅ�(2013.05.12)"
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DIP"×'ƅ5½�

•  ×'�ƅƨǑƞǏƤ�e�ƅÃĝ"
–  KWFC"ƅ�(2013.05.12)"
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"
ě×ĕĉŠě×«ƄƓżſş
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DIP"×'ƅ5½�

•  ×'�ƅƨǑƞǏƤ�e�ƅ�Ň"

–  Φ"8.3"arcsec"ǓFWHM=2"arcsec"ƀƅDIP×'ƜƹǑƯǇƄũƓ
Źð�ǔ*ƅĻÎ�-ƻǉưƣƪƆ"fgal�9"mJy"(Sakata+10)"
→"ƨǑƞǏƤƅ�ŇƆƜƹǑƯǇ*ĻÎ�-ƅ"ŝ"1"%"ù�"

–  KWFC"ƅ×'ĠyūđŮƃŦƅƆƨǑƞǏƤū�ŦŪƔǞ"

×'�ƅFWHM,
(pix)ş�e��

(ě×·ĿƄũ
ůƖě×«�T
ƨǑƞǏƤƅ\7
Ǔ1σǔ�

×'�ƅƨǑƞǏƤ�
ƄƓƖ×'Ġyƅ

��(1σð�)�

KWFC� 0.035'0.10"(mJy/pix)� 1.3"(pix)� 0.04'0.13"mJy�

MSI� �"'0.010"(mJy/pix)� 1.9"(pix)� �"0.02"mJy�

MINT� �"'0.014"(mJy/pix)� 3.0"(pix)� �"0.04"mJy�

ė¦ě×�ƅ'�±ĈƅH��

•  �ŉ"
– ëƃƖě×�ƀI�`Ƅě×ŲƗźƲǑƮƙ�,"

– I�ě×`ƅ"KWFC"flux"ƁŎMINT"flux"ƙĈ�O|"

– ƾƪƳƻƝưƳƅO|ïĈƙ�żſðƅƻǉưƣƪƙĖÈşş
Ǔ#ŬƆƪƥǑǊǏƤŠ.áƆƠƻƬưƳƄð�ǔ"
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ė¦ě×�ƅ'�±ĈƅH��

•  ě×�Ŀƅ×'�ƅþąĠyĞ�"
– ė¦ě×�ƲǑƮƅĈ�O|ƅŲŦƅ"scaqer"ƆGě×«
ƅƲǑƮƄĞ�ŲƗź×'ĠyŪƔƅ
�ƓƕƐaŬŦ "ş
→�3"scaqer"Ɖƚƙě×�Ŀƅ×'�ƅþąĠyƁĊŨƖ"

– ×'�þąĠy(1σ)"�0.06"mJy " " " " " " """""""
DIP"×'�ƅƨǑƞǏƤ�e�ƅ�ŇƅĞ��ƄƋƌ�Đş
→ě×�ĿþąĠyƅ�ĘĘPƆ"DIP"ƀł>ŴŬƗƃŪż
źƨǑƞǏƤƅ�ŇƁ�ƘƗƖ"

şş"2013'2014�\'(~Ǔ�1"mJyǔƅ"�5"% " " " " """""""""
"×'ƜƹǑƯǇ*ĻÎ�-ƅũƓŹŎǝ"1"% " " " "şşşşş
"(ĻÎ�-Ǔ�50mJyǔƅ"�0.1"%"

ŜŹƐŹƐƨǑƞǏƤūƓůƗƇŠƨǑƞǏƤ\7ƅDIP×'�Ɗƅ"
şş�ŇƐpŲŦ�

NGC"3516"ƅŎToO"ě×�

•  ToO"ě×Ą½(2015�5´)"
–  XĈ"HGPC"�-\'ƁCĚ\'ƅóƮƞǄƪƥǑǋðŀ"
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