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• 銀河中心部の狭い領域からの巨大な放射
− 銀河中心超巨大ブラックホール（SMBH）への質量降着

• SMBH 成長と銀河進化の関係（共進化）
− AGN 現象の発現と進化のメカニズム（feeding）
− AGN 現象の銀河星形成活動への影響（feedback）

活動銀河核（Active Galactic Nuclei）

3C273
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銀河のバルジ成分の恒星の質量

58

To better emphasize the slight variation in M•/Mbulge, we plot this ratio expressed as a percent
against bulge mass in Figure 18. A direct fit to these points gives
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)0.14±0.08

, intrinsic scatter = 0.29 dex. (11)

BH mass ratios range from 0.1% to ∼ 1.8%, with NGC 4486B and NGC 1277 standing out at 14%
and 17%, respectively. The systematic variation in M•/Mbulge with Mbulge is one reason why AGN
feedback has little effect on galaxy structure at low BH masses and instead becomes important at
the largest BH masses (Section 8). Note: the RMS scatter ∆ logM• = 0.327 in Figure 18 (top) is
only marginally smaller than ∆ logM• = 0.341 in the luminosity correlation (Figures 16 and 17).
Conversion from LK,bulge to Mbulge does not make much difference for old stellar populations.

Figure 18
(top) BH mass and (bottom) percent ratio of BH mass to bulge mass as functions of bulge mass. The
lines are Equations 10 and 11. The scatter in M•/Mbulge is larger than the systematic variation.
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• 広い波長範囲で強い放射
− SMBH 周囲の様々な構造から様々な波長の放射

− 降着円盤、ホットコロナ、電離ガス雲、ダスト
− 非球対称の遮蔽構造

− 観測者の視線方向によってスペクトルの特徴が異なる

活動銀河核（AGNs）

Hickox & Alexander 18クエーサーの放射の
スペクトルの模式図

Illustration by
NASA/CXC/M.Weiss)
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広輝線領域

SMBH+
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• AGN の X 線放射
− SMBH 近傍の hot corona からの一次X線（power-law 的）
− 「反射」成分（蛍光輝線、Compton hump）

• X線蛍光鉄輝線
− 鉄の内殻電子の光電効果にともなう準位間遷移で生じる輝線
− FeKα輝線：鉄の L 殻電子の K 殻への遷移

− E(FeKα) = 6.4 keV （鉄原子）

中性鉄蛍光輝線

https://www.mst.or.jp/method/ta
bid/168/Default.aspx

AGN X線スペクトル
成分の模式図
Risaliti & Elvis 04

FeKα

一次X線



• FeKα 輝線
− 周囲にある物質中の鉄が一次 X 線を吸収・再放射（「反射」）
− 低電離鉄イオンの FeKα輝線のエネルギーは鉄原子の場合と
あまり変化しない（→まとめて「中性」FeKα 輝線）

− 低電離ガス、中性ガス、分子ガス、ダストの有無など、
ガスの状態によらず同様に生じる

− 遮蔽構造に対して透過力が高い
− →AGN 内部の SMBH 周囲の構造の質量分布のトレーサー

中性 FeKα 輝線

AGN での FeKα 
輝線の発生メカ
ニズムの模式図
Ricci+ 11



• ダストトーラスによる反射
− 一次X線放射に対して FeKα輝線が強い
− 大きな被覆率、柱密度が必要

• 放射領域が異なる成分が存在？
− 輝線幅（ビリアル関係： ）

− BLR ~ dust torus （TM&KM 15）
− 時間変動する輝線成分はもっと幅が広い（Miller+18）

中性 FeKα 輝線放射領域
The Astrophysical Journal, 738:147 (9pp), 2011 September 10 Shu, Yaqoob, & Wang
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Figure 1. Chandra HEG spectra in the Fe K band for sources in our sample. For eight AGNs which were observed more than once, the time-averaged spectra are shown.
The data are binned at 0.01 Å, comparable to the HEG spectral resolution, which is 0.012 Å FWHM. The data are combined from the −1 and +1 orders of the grating.
The spectra have been corrected for instrumental effective area and cosmological redshift. Note that these are not unfolded spectra and are therefore independent of
any model that is fitted. The statistical errors shown correspond to the 1σ (asymmetric) Poisson errors, which we calculated using Equations (7) and (14) in Gehrels
(1986) that approximate the upper and lower errors, respectively. The solid line corresponds to a continuum model fitted over the 3–10 keV range, as described in the
text (Section 2). The vertical dotted lines represent (from left to right), the rest energies of the following: Fe i Kα, Fe xxv forbidden, two intercombination lines of
Fe xxv, Fe xxv resonance, Fe xxvi Lyα, Fe i Kβ, and the Fe K edge.

10 sources. The weighted mean FWHM of the Fe Kα line cores
is 2000 ± 160 km s−1. The fact that this mean is approximately
equal to the HEG FWHM spectral resolution is not indicative of
a calibration bias. This is supported by the fact that the FWHM
of the Fe Kα line in Circinus is less than the HEG FWHM at a
confidence level of greater than 99%. In addition, the spectral
resolution for gratings does not degrade with time because it is

determined principally by spatial dispersion, and the resolution
is well established from bright Galactic sources with narrow
lines (http://space.mit.edu/CXC/calib/hetgcal.html). Note that
the weighted mean value is consistent with the straight mean of
the FWHM, of 2510 ± 160 km s−1.

The measurements of the intrinsic width of the line can
potentially be used to constrain the location of the medium
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• 放射領域が異なる成分が存在？
− 反響探査

− BLR （Noda, TM+22）
− BLR でも内側より（Zogbhi+ 19）

− 時間変動タイムスケール
− order of 1 pc (Andonie+ 22)

− 直接撮像
− 拡がった成分の存在 (e.g., Arevalo+14)

中性 FeKα 輝線放射領域

Circinus galaxy 
(Arevalo+14)

characterized primarily by the strong narrow FeKα line at
6.4 keV. We find that the narrow FeKα line is variable
between observations. Figure 10(a) shows the variations of the
line flux compared to the primary continuum. The continuum
flux is measured between 7 and 10 keV, which is the observed
part of the ionizing continuum. The line flux is measured
between 6.1 and 6.7 keV. Note that what we call line flux also
includes emission from the scattered Compton shoulder and a
small contribution from the reflection continuum in the
6.1–6.7 keV band. Modeling the line with a single Gaussian
function gives similar results, but the line fluxes are smaller
by ∼0.2.

First, Figure 10 shows that the FeKα line flux is variable on
the timescales probed by the data (days to years), and that it is
highly correlated with the unabsorbed intrinsic flux (Spearman
rank correlation coefficient r= 0.80, p= 4× 10−6). A strong
correlation implies that the line is responding to the continuum
variability. The line flux appears to be uncorrelated with the
absorption column density NH (r=−0.14, p= 0.73; not
shown).

The fractional changes (max–min)/(max+min) in the
continuum and line fluxes are 0.7 and 0.3, respectively,
suggesting that about half of the line flux is responding. This is
a lower limit, as it assumes that the line at the lowest-flux
spectra contains only the constant component, which might not
be the case, suggesting that a significant fraction of the line is
variable.

3.6.1. Constraint on the Narrow FeKα Delay from the Scatter

The existence of a correlation is a clear indication that the
line responds to changes in the continuum. We attempt here to
constrain the time delay between the line and the continuum
using the scatter in the correlation. In Section 3.6.2, we will
directly measure the lag given some assumptions about the
continuum variability.

We can estimate the time delay from the continuum−line
correlation by noting that the scatter in the relation depends on
the intrinsic variability of the continuum (i.e., its power spectral

density [PSD]), the sampling of the observations, and the time
delay. For a given continuum PSD, if the observations are
separated by more than the average delay, the continuum and
the line will vary “in phase,” and the scatter in their correlation
will be minimal. If, on the other hand, the sampling time is
smaller than the time delay, the scatter is large, driven by the
intrinsic random variability in the continuum. We measure the
scatter in the observed data by fitting a linear model to the data
shown in Figure 10(a) (i.e., fluxes in log units) and take the
square root of the sum of residuals as a measure of the scatter.
For the observed data, we obtain a value of (2.9± 0.5)×10−2.
To account for the randomness in the variability, we simulate

light curves of the continuum and the line similar to those
observed. We first estimate the intrinsic long-term power
spectrum using the maximum likelihood method in Zoghbi
et al. (2013). We assume that the power spectrum is a bending
power law (McHardy et al. 2004). We estimate the PSD
between 10−5 and 5 day−1 to have an index of −2.5±1.0, a
(natural log) normalization of −9.3±0.6 in rms units, and a
(natural log) break frequency of −2.9±1.3 day−1. These
estimates are consistent with those measured using long-term
monitoring with RXTE (Markowitz et al. 2003b). The estimated
power spectrum from the line variations is statistically
consistent with that of the continuum. We use these parameters
to simulate long-term light curves of both the continuum and
the line, with sampling similar to the observed, where the line
is delayed with respect to the continuum with a delay between

Figure 9. Result of applying the model discussed in Section 3.4 to the NuSTAR
data. The observation IDs are shown in the figure. The absorbed power law
(poh) and xillver are plotted along with spectral data and total model in the
top panels, while the residuals are shown in the bottom panels.

Figure 10. Variability of narrow FeKα line in NGC 4151. (a) Variations of the
FeKα line flux compared to the observed continuum flux. Old (observations
1–16) and new (observations 17–24) data are shown separately. The blue band
shows the best-fit linear model (slope = 0.219 ± 0.015, intercept = −9.19 ±
0.16). (b1) Comparing the observed scatter in the line−continuum relation
(green) from simulations assuming different delay values between the line and
continuum variations. Simulations assuming a delta function and top-hat
transfer functions that explore possible geometries of the system are shown in
blue and red, respectively. (b2) Probability density of the inferred delay
between the line and continuum using the scatter distributions shown in (b1).
(c) Similar to panel (a), but shown for spectra produced by splitting each
observation to 5 ks segments. (d) Probability density of the time delay between
the narrow FeKα line and the continuum resulting from modeling the 5 ks
spectra with JAVELIN.

9

The Astrophysical Journal, 884:26 (20pp), 2019 October 10 Zoghbi, Miller, & Cackett

NGC 4151 
Zogbhi+19

Image Credit : NASA/JPL-Caltech
The Astrophysical Journal, 791:81 (21pp), 2014 August 20 Arévalo et al.
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Figure 2. Chandra ACIS image of Circinus. The green dashed circle shows the extraction region used for the NuSTAR spectra. The point sources modeled individually
are marked in white solid lines. The next four brightest point sources are marked in blue and a sample of dim point sources are marked in green. The circles around
the point sources represent the 4′′ extraction regions used for the Chandra spectral modeling. The magenta lines mark the extraction regions for extended emission:
an off-center circumnuclear ellipse and the ionization cone. The central region, marked in cyan, was extracted from an annulus that excludes the piled-up central 2′′

radius region.
(A color version of this figure is available in the online journal.)

spatially resolved imaging and spectra to model the contribu-
tion from contaminating sources around the nucleus of Circinus
which fall within the NuSTAR extraction region. Unfortunately,
the nucleus itself in these data is piled up (60% pileup within
1′′–2′′), so the nuclear component must be modeled using the
HETG grating spectra. The standard ACIS-S configuration pro-
vides a spectral resolution of 100–170 eV between 0.4–8 keV,
but can suffer from significant photon pile-up for bright sources
due to its high spatial resolution and nominal 3.2 s frame time.
The addition of the HETG provides an option for higher spectral
resolution (60–1000 over the energy range 0.4–10 keV) at the
expense of less effective collecting area. The HETG consists
of two different grating assemblies, the High Energy Grating
(HEG: 0.8–10 keV) and the Medium Energy Grating (MEG:
0.4–8 keV), which simultaneously disperse a fraction of the inci-
dent photons from High Resolution Mirror Assembly (HRMA)
shells along two dispersion axes offset by 10 degrees to form a
narrow X-shaped pattern along the length of the ACIS-S detec-
tor. The gratings preferentially absorb soft undispersed photons
but let a fraction of higher-energy photons pass through to com-
prise the HETG 0th order image on ACIS-S.

We retrieved all of the Chandra data shown in Table 1 from
the Chandra Data Archive, and reduced them following standard

procedures with the CIAO software (v4.4) and calibration files
(CALDB v4.4.6). We reprocessed the data to include the latest
calibrations, remove the 0.′′5 pixel randomization, and correct
for charge transfer inefficiency (CTI). We screened the data with
the standard ASCA grade selection, exclusion of bad pixels and
columns, and intervals of excessively high background (none
was found). Analyses were performed on reprocessed Chandra
data, primarily using CIAO and custom software including ACIS
EXTRACT (v2013-04-29; Broos et al. 2010) for ACIS CCD
spectra.

A Chandra 0.4–8 keV image of the region around the Circinus
AGN is shown in Figure 2. Many different sources appear in the
low-energy image within the NuSTAR source extraction region,
which could potentially contaminate the nuclear emission in the
NuSTAR band. Thus, to model the nuclear spectrum, we must
model all the extra-nuclear sources of emission below 8 keV.
To this end, we extracted ACIS-S CCD spectra using standard
CIAO tools for several extraction regions as shown in Figure 2
and detailed in Sections 4.2 and 4.3. For simplicity, we only used
ObsID s 12823 and 12824 to generate and fit the contamination
spectra, as these observations comprise 191.2 ks out of 299.7 ks
total normal ACIS-S data (64%), are positioned on-axis, use
the entire ACIS-S field of view, and are well-calibrated. The

4
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• NGC 3516 (Noda, TM+16, 23)
− すざく衛星と国内地上望遠鏡（ピリカ、みつめ、木曽シュミット、
なゆた、かなた）との同時観測（~1年）

− 可視光、一次X線放射、中性 FeKα 輝線いずれも大きな変光
− 光度時間変動について互いに高い相関

X線可視多波長モニター観測

NARROW FE-Kα REVERBERATION MAPPING OF CHANGING-LOOK AGN 5

Fe
-K

α f
lux

 (1
0-13

 er
g s

-1  cm
-2 )

2–
10

 ke
V c

on
tin

uu
m 

flu
x (

10
-11

 er
g s

-1  cm
-2 )

 0

 2

 4

 6

 8

 56000  56200  56400  56600  56800  57000  57200
MJD

 0

 1

 2

 3

 0

 1

 2

Flu
x d

ens
ity

 (m
Jy)

Optical (B band + 0.5 mJy)

Swift 2–10 keV continuum

Suzaku 2–10 keV continuum

Suzaku narrow Fe-Kα line

 4

Figure 2. (Top) 2–10 keV continuum flux in black and narrow Fe-Kα emission line flux in red. Filled and open circles are the data of Suzaku (Table 2) and Swift,
respectively. (bottom) B-band light curve with an 0.5 mJy offset.
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and 6.97 keV, and so were their sigmas at 0 eV. The fluxes282

of all the cflux models were allowed to vary and, their283

minimum and maximum energies between which the fluxes284

were calculated were fixed at 2 and 10 keV, respectively.285

Spectral fitting was based on the χ2 statistics. As a result,286

all the fits were broadly successful with reduced χ2 < 1.09.287

Table 2 tabulates the fitting result for all the eight Suzaku288

observations of NGC 3516.289

To check the presence of a broader component at 6.4 keV,290

we added one more gaussian model with the energy fixed at291

6.4 keV, and the sigma and normalization left free. To also292

check the energy shift of gaussian1, we allowed its en-293

ergy to vary, and fitted all the Suzaku spectra. As a result,294

a broad component with the sigma consistent with 700 eV295

within 1σ errors was confirmed in all the epochs except for296

Epoch 7 in which the source was too faint to constrain the297

broad component. The energy and flux of gaussian1, and298

the 2–10 keV flux of powerlaw became consistent within299

1σ errors with those in the fits without the broad compo-300

nent (Table 2). Therefore, the analyses from §3.2 on were301

not affected by ignoring the presence of the broad compo-302

nent. As modeled by pexmon in Noda et al. (2016), most303

of the broad component is considered to be a part of a non-304

relativistic reflection continuum with the Fe-K absorption305

edge at 7.1 keV because it is accompanied by the narrow Fe-306

Kα line, although a relativistically-blurred reflection and/or a307

partially-absorbed power-law continuum might be included.308

We also fitted all the Suzaku spectra allowing the energy of309

gaussian2 to vary, and confirmed that it can be in a range310

of 6.7–7.2 keV considering 1σ errors. This range includes311

energies of not only hydrogen-like Fe but also helium-like312

Fe and Fe-Kβ emission lines. Whereas the Fe-Kβ line is as-313

sociated with the Fe-Kα line at 6.4 keV, the hydrogen- and314
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Figure 2. (Top) 2–10 keV continuum flux in black and narrow Fe-Kα emission line flux in red. Filled and open circles are the data of Suzaku (Table 2) and Swift,
respectively. (bottom) B-band light curve with an 0.5 mJy offset.
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respectively. (bottom) B-band light curve with an 0.5 mJy offset.
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• 中性 FeKα 輝線の反響探査
− X線連続光・可視連続光の変光に対する FeKα輝線変光の遅延時
間の測定：𝜏 FeK𝛼 ~10 日

− 過去の可視連続光に対する広幅
Hβ輝線変光の遅延時間に近い

− FeKα輝線は BLR のガス雲で
生じている

X線可視多波長モニター観測

FeKα輝線変光の可視変光に対する遅延
（Noda, TM 23）
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Figure 2. (Continued)

could only do this for the MDM measurements, since we do
not have accurate seeing estimates for the CrAO and DAO data
sets. Because of our deliberately large aperture (see Table 2,
Column 8), the effect was not appreciable for most observations,
and there is no indication that our inability to complete the same
analysis for the CrAO and DAO data had any measurable effect
on the subsequent time-series analysis. The lower panels of
Figure 2 show the Hβ light curves for each object after merging
the separate data sets into a single Hβ light curve.

Before completing the time-series analysis, the light curves
shown in Figure 2 were modified in the following ways.

1. An absolute flux calibration was applied to both continuum
and Hβ light curves by scaling to the absolute flux of
the [O iii] λ5007 emission line given for each object in
Column 3 of Table 4. For objects in which there was not a
previously reported absolute flux, we calculated one from
the average line flux measured from only those observations
obtained at MDM under photometric conditions.

2. The host-galaxy starlight contribution to the continuum flux
was subtracted. This contribution, listed for each target in
Column 5 of Table 4, was determined using the methods
of Bentz et al. (2009b) for all objects except Mrk 290,
which had not been targeted for reverberation mapping

prior to our observing campaign.26 For Mrk 290, we use an
estimate made from the spectral decomposition (following
decomposition method “B” described by Denney et al.
2009a) of an independent spectrum taken at MDM with
nearly the same setup as our campaign observations but
covering optical wavelengths from 3500 to 7150 Å with a
1.′′5 slit. This value is only a lower limit, however, since
this slit width was smaller than that of our campaign
observations (i.e., 5.′′0).

3. We “detrended” any light curves in which we detected long-
term secular variability over the duration of the campaign
that is not associated with reverberation variations (Welsh
1999; see also Sergeev et al. 2007, who show that there is
little correlation between long-term continuum variability
and Hβ line properties, demonstrating the independence
of this variability on reverberation processes). Detrending
is important because if the time series contains long-term
trends (i.e., compared to reverberation timescales), the flux
measurements are not randomly distributed about the mean

26 The 2008 LAMP campaign (Bentz et al. 2009c) subsequently monitored
Mrk 290, and it is currently being targeted for HST observations (GO 11662;
PI: M. C. Bentz) to measure its host starlight contribution, but the observations
have not yet been completed.

0 20 （日）

可視連続光と広幅Hβ輝線の光度曲線と広幅Hβ輝線の遅延（Denney+ 10）
（日）



• 中性 FeKα 輝線と一次X線の光度変動の相関
− 中性 FeKα輝線は異なる放射領域を起源とする２成分よりなる

− X線連続光と強い相関示す大きな変光成分(~BLR)
− 時間変動が小さい→大きく広がった（>pc）放射領域

X線可視多波長モニター観測
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Figure 2. (Top) 2–10 keV continuum flux in black and narrow Fe-Kα emission line flux in red. Filled and open circles are the data of Suzaku (Table 2) and Swift,
respectively. (bottom) B-band light curve with an 0.5 mJy offset.
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and 6.97 keV, and so were their sigmas at 0 eV. The fluxes282

of all the cflux models were allowed to vary and, their283

minimum and maximum energies between which the fluxes284

were calculated were fixed at 2 and 10 keV, respectively.285

Spectral fitting was based on the χ2 statistics. As a result,286

all the fits were broadly successful with reduced χ2 < 1.09.287

Table 2 tabulates the fitting result for all the eight Suzaku288

observations of NGC 3516.289

To check the presence of a broader component at 6.4 keV,290

we added one more gaussian model with the energy fixed at291

6.4 keV, and the sigma and normalization left free. To also292

check the energy shift of gaussian1, we allowed its en-293

ergy to vary, and fitted all the Suzaku spectra. As a result,294

a broad component with the sigma consistent with 700 eV295

within 1σ errors was confirmed in all the epochs except for296

Epoch 7 in which the source was too faint to constrain the297

broad component. The energy and flux of gaussian1, and298

the 2–10 keV flux of powerlaw became consistent within299

1σ errors with those in the fits without the broad compo-300

nent (Table 2). Therefore, the analyses from §3.2 on were301

not affected by ignoring the presence of the broad compo-302

nent. As modeled by pexmon in Noda et al. (2016), most303

of the broad component is considered to be a part of a non-304

relativistic reflection continuum with the Fe-K absorption305

edge at 7.1 keV because it is accompanied by the narrow Fe-306

Kα line, although a relativistically-blurred reflection and/or a307

partially-absorbed power-law continuum might be included.308

We also fitted all the Suzaku spectra allowing the energy of309

gaussian2 to vary, and confirmed that it can be in a range310

of 6.7–7.2 keV considering 1σ errors. This range includes311

energies of not only hydrogen-like Fe but also helium-like312

Fe and Fe-Kβ emission lines. Whereas the Fe-Kβ line is as-313
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Table 3. Time lags in days of the narrow Fe-Kα line to the 2–10 keV
continuum and B-band light curves, derived with the ICCF and JAVELIN
analyses. Medians and 1σ uncertainties are tabulated.

Primary continuum Suzaku+Swift B band

ICCF (−300–300 days) 8.0+12.6
−33.2 10.9+4.5

−9.4

JAVELIN (−50–50 days) 4.9+10.5
−30.3 10.1+5.8

−5.6

line as a reasonable substitute, having better statistics and be-
ing conventional as the energy range, of the 7–10 keV band
continuum.

Finally, we conducted the JAVELIN analysis using the B-
band light curve as the primary continuum, which has better
coverage and is reasonable (see discussion in the previous
subsection and Noda et al. (2016)), instead of the 2–10 keV
light curve, employing the same calculation settings. Fig-
ure 5 shows the obtained posterior distribution of τ and the
best-fit light curve models. The time-lag τ was determined
to be τ = 10.1+5.8

−5.6 days (the median and 1σ errors).
Both the JAVELIN analysis results of τ with the 2–10 keV

continuum and B-band light-curves were found to be con-
sistent with those obtained with the ICCF analyses. Table 3
summarizes the results.

3.4. Decoupling of the variable and stationary narrow
Fe-Kα components

We distinguish the variable and stationary components in
the narrow Fe-Kα fluxes. Since the JAVELIN algorithm ig-
nores stationary components, we cannot directly decouple
them in the ordinary routine of JAVELIN. Then, we made
a correlation plot between the 2–10 keV continuum flux ver-
sus the narrow Fe-Kα flux at Epochs 1–7 (Figure 6) in the
following two procedures.

First, we assumed no time lag between the narrow Fe-Kα
flux and the 2–10 keV continuum variation. The scatter plot
between them is shown in Figure 6 (black). Although it
seems to have a marginally positive correlation, some large
scatters remained. To test the correlation strength, we calcu-
lated the Pearson correlation coefficient. As a result, it be-
came 0.84, with which no correlation cannot be ruled out for
the number of samples of 7 with the 1% significance level.
Model fitting of the plot with a linear function y = ax + b,
where x is the 2–10 keV continuum flux and y is the Fe-Kα
flux, yielded an unacceptable result with χ2/d.o.f.= 24.7/5.

Next, we made the same plot, but assuming the time lag of
the narrow Fe-Kα flux to the 2–10 keV continuum variation
of τ ∼ 10.1 days, which is the best-fit value derived with
the JAVELIN analysis in §3.3. Because the best-fit light-
curve model of the 2–10 keV continuum flux obtained by
JAVELIN (Figure 4 right) includes negative values due to
large uncertainties around Epoch 7, it seems unsuited to esti-
mate interpolated fluxes. Therefore, we linearly interpolated
the 2–10 keV continuum light curve obtained with Suzaku
and Swift (top panel of Figure 2) and estimated the 2–10 keV
continuum fluxes at the times of 10.1 days before Epochs 1–
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Figure 6. Correlation between the 2–10 keV continuum and narrow Fe-Kα

fluxes at Epochs 1–7. Black and red show the data points, in which the time
lags of the Fe-Kα to the 2–10 keV continuum flux are assumed to be 0 days
and 10.1 days, respectively. Red dotted line shows a best-fit linear function
obtained by fitting the red data points only considering the errors of narrow
Fe-Kα fluxes.

7, whereas the errors on the linearly-interpolated fluxes were
not considered. The narrow Fe-Kα fluxes and errors at
Epochs 1–7 were simply the observed values at each epoch.
Figure 6 (red) shows a scatter plot between the narrow Fe-Kα
flux and the interpolated 2–10 keV continuum variation. The
Pearson correlation coefficient became 0.96 which indicates
a significant positive correlation for the number of samples
of 7 with the 1% significance level, showing that the positive
correlation strengthened from the case with no time lag. For
reference, Figure 6 (red) shows a linear function y = ax+ b,
where a = 8.4 × 10−3 and b = 1.5 × 10−13 erg s−1 cm−2,
which are the best-fit values without considering the errors
on the interpolated 2–10 keV fluxes. Around Epoch 7, in
which the 2–10 keV flux got close to zero, the stationary Fe-
Kα flux ∼ 1.5 × 10−13 erg s−1 cm−2 can be confirmed. It
remained for a year (from Suzaku Epochs 1 to 7) regardless
of the 2–10 keV continuum variability during Epochs 1–7.
At Epoch 3–4, the variable Fe-Kα flux which followed the
X-ray continuum variation with the time lag of ∼ 10.1 days
got maximum, and the variable and stationary fluxes became
comparable.

4. Discussion

4.1. Comparison with previous narrow Fe-Kα and
multi-wavelength studies

The origin of the narrow Fe-Kα emission line has been
discussed on many AGNs. In the past studies, one or more of
the following three methods were mainly used to investigate
the origin: one focusing on the variability of the line flux,
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• 2023年9月7日うちあげ成功

XRISM 衛星

ライブ中継：https://www.youtube.com/watch?v=RV59wONfrHU



• XRISM 衛星 軟X線分光装置 Resolve
− 最高エネルギー分解能＠FeKα輝線: 200-300 km/s 
（Chandra HETG : ~1900 km/s）

• NGC 4151 の性能検証期間(PV phase) 観測
− 2023年12月-2024年1月、2024年4-7月に４回の観測

− FeKα輝線フラックスの時間変動
− FeKα輝線プロファイルとその時間変動

− 峰崎は XRISM Guest Scientist として参加

XRISM 衛星による NGC4151 PV phase 観測

回転運動する放射領域の
シミュレーション

放射領域半径の異なる成分の
輝線プロファイル変化の模式図



• 概要
− 異なる領域・構造からの光赤外線放射の時間変動を観測する

− 紫外線可視連続放射（降着円盤）、広幅 Hβ 輝線（BLR）、
近赤外線連続放射（ダストトーラス）

− XRISM PV フェーズ観測との同時モニター観測を遂行し、
中性 FeKα輝線放射領域を同定する
− 異なる放射変動の時間相関（反響探査）、光度相関
− 輝線プロファイルとビリアル関係、運動情報

• 観測計画
− 可視連続測光：木曽観測所（全天モニター観測データ）
− 可視分光 : せいめい望遠鏡（2023B採択、2024A申請予定）
− 近赤外線測光：なゆた望遠鏡（2023A採択、2023B申請審査中）、

岡山 OAOWFC（2023年～）

NGC4151 フォローアップ観測計画



• なゆた望遠鏡 NIC
− J, H, K バンド、5 秒積分 x 10 dithering positions
− 2024年4月～、おおむね１回/週（一般共同利用継続観測枠）
− 良シーイングによる高い空間分解能

− 母銀河を差し引いて AGN 赤外線フラックスを抽出
− フラックスの時間変動成分だけでなく、絶対値を議論可能に

− 試験的解析→赤外線光度の長期的な時間変動を検出
− 精度と効率向上のため 2023B 観測・解析手順にフィードバック

なゆた望遠鏡による NGC 4151 モニター観測
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• NGC 4151 の XRISM による観測
− 世界最高エネルギー分解能による FeKα 輝線の時間変動観測
− SMBH を取り巻くのガスの分布と運動情報

• NGC 4151 の光赤外線同時モニター観測
− 様々な放射の時間変動からからガスの「状態」と構造
− 降着円盤、BLR、ダストトーラス

• FeKα輝線の光度・プロファイル変動との相関解析
− FeKα 輝線の放射領域の同定
− SMBH を取り巻くのガスの分布・構造・状態・運動を理解

まとめ

2023B～2024A が本番です
よろしくお願いします


