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1.Introduction
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e Look like broad Iron K- and L- emission lines
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e Broad Iron emission line features also observed from BHBs
* Presumably, they have the same origin as in AGNs



Characteristic spectral variation in AGN
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MCG-6-30-15 with ASCA
Energy dependence of the Root Mean Square varation
(RMS spectra)

Significant drop in the RMS spectra at the iron K-band
Model independent result to be explained
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e Two remarkable observational features
— Seemingly broad iron K- and L-line features

— Significant drop of RMS at iron K-line energy in
AGN
e Strong diagnostics for physical environments

around super-massive and/or stellar black
holes



Two competing models

1. Relativistic disk-line model
2. Partial covering model



Relativistic disk-line model
 Miniuttiand Fabian (2004)

— Accretion disk is illuminated from above by a compact
“lump-post” in the very vicinity (~Rs) of the black hole

— The line is relativistically broadened (“disk-line”)

— Direct X-rays varies, while the reflection component does
not very due to the relativistic “light-bending effect”
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Fabian, Kara and Parker
(2014)



Partial Covering Model

e X-ray emission region is partially covered by
intervening absorbers (e.g., Matsuoka+ 1990;

McKernan and Yagoob 1998; Miller, Turner and
Reeves 2008, 2009)

* The RMS explained by variation of warm
absorbers (Inoue and Matsumoto 2003)



Two spectral models are degenerate

1. Relativistic disk-line model

(=]

i Disk reflection |  1H0707-495 with XMM (Fabian+ 2009)
R component

X-ray emission region is required

Direct

Normalized counts (s-' keV-1)

/ T:ﬂ to be very compact (~Rs) so that

, component

the relativistic disk reflection
takes place

o0ar
08

2. Partial covering model

1H0707-495 with XMM (Tanaka+ 2004)

Direct
component

Partial covering clouds with a
- size of ~several Rs at a radius
: | Absorbed f_‘::.._;\_ \- ki

L[ component o 3 1 + of ~100 Rs

The same X-ray spectra can be fitted by very different models
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Recently, evidence of the partial
covering in AGN being accumulated
Ursini et al. (2015), NGC5548

reflected component that is likely due to neutral material at least a few light months away from the continuum source. We confirm the
presence of strong, partial covering X-ray absorption as the explanatmn for the sharp decrease in flux through the soft X-ray band.

Tha Ahaniienes n;memane ba e srnmahla e Aanliemen daccibesr amd ancacmie e fenatine an btman sanlan an chack a0 seaals A B4 ~Af thn svrmnenien

e Parker, Walton, Fabian and Risaliti (2014), NGC1365
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. As the vanablhty in NGC 1365 is known to be due to changes in the parameters of a partial covermg neutral absorber
n shows relativelv low absorption we separate the effects of intrinsic source variabilitv. includine signatures of relativisti

Pounds (2014), PG1211+143

broad-band modelling indicated the need for a second, partial covering absorber to account for continuum curvature and spectral variability.
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e Variable Double Partial Covering Model
(Miyakawa, Ebisawa and Inoue 2012)
— Absorbers have internal ionization structures

— Intrinsic X-ray luminosity from the AGN does not
vary significantly in 1- 10 keV in timescales less
than ~day

— Most observed X-ray spectral variation (< day)
below ~10 keV is explained by change of the
partial covering fraction

15



Variable Double Partial Covering
(VDPC) Model

>
‘ . Satellite
X-ray source
(1- o+ a exp(-Ny W (Ey) )

Partial covering by thick
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Variable Double Partial Covering
(VDPC) Model
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Variable Double Partial Covering
(VDPC) Model

*
* 3

\

Thick and cold core responsible Thinand hot envelope
for the iron K-edge responsible for the iron L-edge

Presumably, the partial absorbers have inner structures;
thick and cold core and thin and hot envelope

Vv

X-ray source
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Main body
(thick partial absorber)

NH~10242cm-2 £~101-6

‘ <+—— Envelope

(thin low-ionized absorber)
NH~10221cm-2 E~101°

Core
(X-ray blocker)

NH >10242¢cm-2 E<1016
~1076cm

Invariable reflected X-rays

Variable partially
absorbed X-rays

Invariable reflected X-rays

Miyakawa, Ebisawa and Inoue (2012)



Variable Double Partial Covering Model

AGN luminosity and spectra below ~10 keV do not vary significantly
within ~a day. Variation of the partial covering fraction explain most
of the observed spectral variations below ~10 keV.

20



Variable Double Partial Covering Model

AGN luminosity and spectra below ~10 keV do not vary significantly
within ~a day. Variation of the partial covering fraction explain most
of the observed spectral variations below ~10 keV.
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Variable Double Partial Covering Model

AGN luminosity and spectra below ~10 keV do not vary significantly
within ~a day. Variation of the partial covering fraction explain most
of the observed spectral variations below ~10 keV.
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Variable Double Partial Covering Model

AGN luminosity and spectra below ~10 keV do not vary significantly
within ~a day. Variation of the partial covering fraction explain most
of the observed spectral variations below ~10 keV.
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Variable Double Partial Covering Model

AGN luminosity and spectra below ~10 keV do not vary significantly
within ~a day. Variation of the partial covering fraction explain most
of the observed spectral variations below ~10 keV.
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Variable Double Partial Covering Model

AGN luminosity and spectra below ~10 keV do not vary significantly
within ~a day. Variation of the partial covering fraction explain most
of the observed spectral variations below ~10 keV.
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Variable Double Partial Covering Model

AGN luminosity and spectra below ~10 keV do not vary significantly
within ~a day. Variation of the partial covering fraction explain most
of the observed spectral variations below ~10 keV.
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Variable Double Partial Covering Model

AGN luminosity and spectra below ~10 keV do not vary significantly
within ~a day. Variation of the partial covering fraction explain most
of the observed spectral variations below ~10 keV.
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Covering fraction: Null
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3. Application to Observations:
spectral fits

Iron L-feature
due to thin/hot ab\sorber 1H0707-495 (XMM, EPIC)
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3. Application to Observations:

[a—
ESN

flux-sorted spectral fits
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* Observation within ~a day is divided
into four different flux levels

* Flux-sorted spectra below ~10 keV
are fitted simultaneously only
varying the partial covering fraction.

Mizumoto, Ebisawa and Sameshima (2014)
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Intensity (s'1 keV'1)

Intensity (s'1 keV'1)

Flux-sorted spectra fitted simultaneously only varying the partial covering fraction.
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Flux-sorted spectra fitted simultaneously only varying the partial covering fraction.
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Intensity (s'1 keV'1)

Intensity (s keV™")

Flux-sorted spectra fitted simultaneously only varying the partial covering fraction.
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Intensity (s'1 ke\/'1)

Intensity (s'1 keV'1)

Flux-sorted spectra fitted simultaneously only varying the partial covering fraction.
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Intensity (s'1 keV'1)

Intensity (s'1 keV'1)

Flux-sorted spectra fitted simultaneously only varying the partial covering fraction.
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Intensity (s™' keV™")

Flux-sorted spectra fitted simultaneously only varying the partial covering fraction.
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3. Application to Observations:
Time-sliced spectra fits in 0.2-78 keV

e MCG6-30-15, XMM-NuSTAR simulteneous
observation (2013/01/29 — 2013/02/02)

MCG-6-30-15; NuSTAR FPMA 25-78 keV bin=2000s, XMM-Newton PN 0.2-2 keV bin=100s
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Time-sliced spectra made every ~10ksec

MCG-6-30-15 lightcurve bin=500s Term1

1 I I I | I I I I
| I = = = == == == = == =N = = = = = = == === =W -
— —
mM ==
— - o
_lmmmllllllllllll’li N O = . -
~N -7 - .
— -
_IIIIIII'I"'I'IIIIIIIIIIII -
o )
— T -
_.|IIIIII'IIIIIIIIIIIIIIIII -
S ==
1 —
_IIIIIIIIII.IIl'“IIIIIIIIII -
o - -
_.IIIIIIIIIIIIEUIIIIIIIIII -
0 bl.l-
—
_MMMIIIIIIIIII'IMIIIIIII -
~ -
P.q
_.IIIIIIIIIIIIIII"I-IIIIII LA
- .
B i -
_IIIIII"II'J"IIIIIIIIIIIII -
N - -
_.IIIIIIIIIIIIII..IIIIIIIII -
4 -
_IIIIIIIIIIIIIIIIII“II“I -
=z
m
_.IIIIIIIIIIIIIIIIIIIIII".II.l
l“
o~ ="
—_—
_IIIIIIIIIIIIIIIIIIII‘I.III
- - . - -
i | | | | | '_ | 1
o 7o) o o) o ) o o) o To) o
~ © @ Ty] o) < <+ ™ 5] I «

(08s/) 31vH

40000 60000 80000 100000 120000 14000C

20000

TIME (sec)

XMM-Newton 0.2-10keV for Term1

Kusunoki et al. (2016)



Time-sliced spectra fitted simultaneously

F = (PL+diskbb) x {(1-a+ a exp[-0(&iow)NH,high]) (1-a + a exp[-0(Enigh) NH.iow])
+ Reflection } x exp[-0(&nigh) NH,iow]

Power law normalation [PLnorm] is determined from 25-78 keV)

The partial covering fraction [a] is a free-parameter

MCG-6-30-15; XMM-Newton PN & NuSTAR FPMA; 10 ksec time-sliced
Term1 VDPCfggc

- ‘ For each Term, the time-sliced spectra

bl St : are fitted simultaneouly
> ]
%l Spectral variation in 0.2-78 keV
5 is explained by only two

2| variable parameters
» 0

0.2 1I Energy (keV) L6 70

Kusunéki et al. (2016) 40



Variation of the two parameters
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3. Application to Observations:
RMS spectra in iron K- band

e e ——.
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= | *%Flﬁ
s
: .

(q\| R ) ) ) TSR |
0.5 1 5 7 10
(Matsumoto+ 2003) Energy (keV)

* MCG-6-30-15 with ASCA
Energy dependence of Root Mean Square (RMS) variation

e RMS spectra of the Seyfert galaxies with broad iron
features show significant drop at the iron K energy band =



3. Application to Observations:
RMS spectra in iron K-band

* |n the VDPC model, variations of the direct component and the
absorbed component cancel each other

* Thisis effective in the iron K- energy band
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3. Application to Observations:
RMS spectra in iron K-band

In the VDPC model, variations of the direct component and the
absorbed component cancel each other

This is effective in the iron K- energy band
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3. Application to Observations:
RMS spectra in iron K-band

« Observed Root Mean Square spectrum is explained by
only variation of the covering fraction
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Variation Amplitude (%)
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Variation Amplitude (%)
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Characteristic iron-L feature in the
RMS spectra
* |ron L-peaks are seen in the RMS spectra

when iron L-absorption edges are particularly
strong.

Yamasaki et al. (2016)
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Characteristic iron-L feature in the
RMS spectra

XMM1

RAS13224-3809
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Characteristic iron-L feature in the

1HO0707-495

RMS spectra
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Yamasaki et al. (2016)



Explanation of the RMS spectra with the VDPC model

10

Simulated spectra when ] ( 1- o+ o eXp(-NH(k)O‘(Ek))
o Is varied from 0.0to 1.0 - X

[ (1-c+ o exp(-N4M(E,))

0.1

where a is the partial covering fraction

Normalized counts s~ keV’
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100
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Peaks appear where the optical-
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below the iron K-edge)
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Explanation of RMS spectrum

* From RMS spectra with high

spectral resolutions, we may
separate different absorption
layers

Mizumoto and Ebisawa (2016)
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3. Application to Observations:
light curves

 We examine if light curves (512 sec bin) in

different energy bands are explained by the VDBC
model.

* From the 0.5-10 keV counting rates, we calculate
o. for each bin, from which we calculate model
light curvesin 0.5-1.0 keV (Soft), 1.0 keV-3.0 keV
(Medium) and 3.0-10 keV (Hard).

 Compare the simulate light curves in the three
energy bands with the observed ones.



. Red: model
1E0707-495 with XMM

g XMM5 Black: data
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Mizumoto, Ebisawa and Sameshima (2014)

55



IRAS13224-3809 with XMM

XMM1

Red: model
Black: data
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3. Application to Observations:
light curves

e Soft band (0.5-1.0 keV) light curves are
explained by the VDPC model.

 Agreement between model and data is
reasonable in Medium (1.0-3.0 keV) and Hard
(3.0 -10keV) band, but worse in higher

energies.

* Deviation in the Hard band is due to intrinsic
variation of the hard spectral component
(Kusunoki et al. 2016).
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4. Structure around the AGN

e Covering fraction can be large (0>0.9) in the
VDPC model.

* Significant fluorescentiron lines (6.4 keV) are
not observed.

— Absorbers are preferential located in the line of
sights
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4. Structure around the AGN

Disk winds simulation:

outflows are limited in a narrow .~
range of the zenith angle

Partially
800 Absorbed
X-rays
600
3 Line-of-sight is aligned to
N
400 , the outflow?
200

0 200 400 600 800
r(R
Nomura et al. (20&3§)
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Comparison of BHB and AGN RMS spectra

* |f the broad iron line production mechanism is
identical in AGN and BHB, we should expect the

same RMS spectra, where the timescale is
normalized by BH mass.

e Studying BHB with CCD with “msec time-
resolution is only recently made possible (using
Suzaku P-sum mode; Mizumoto et al. 2015)
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Mizumoto et al. (2015)
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Origin of the difference between the
AGN and BHB broad iron-line variation

* |n principle, the X-ray luminosity variation
(t,,,) and the variation of the partial
absorption (t,.) have different time scales

In AGN, t,,.. >>t,,.

— Spectral variation <10 keV is caused by change of
the partial absorption

In BHB, t,,. =~ t.,.

— Two independent spectral variations cancelled
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Difference of the outflow mechanisms

Mizumoto et al. (2015)

[ AGN(~106M,) J [ BHB(~10'M¢)
Radiation-driven ® Thermal-driven o
outflow o0 outflow

(1 o0
°® o
ol o _
~500r, ~108r,
UV dominated X-ray dominated

Location and timescale of the outflow are NOT normalized by BH mass
— Origin of difference of the broad iron line variation
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" 1HO707-495 model requires an
extreme condition
- NuStar + XMM
Parameter Value
Ny(Gayy (cm=2)* 5.8 x 10%
NHint) (cm™2) <1 x 10% No absorption
h (rg) <14 Source height very low
a >().988 Extreme spin
i(°) 65.0 £+ 14.0
Fout (rg)” 400.0
I 2.57+0.06
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How can we distinguish models?

e Relativistic disk-line model requires the X-ray
emission region to be very compact

Absorbing clouds

X-ray emission ~10Rs
Region ~Rs =
X-rays = 4
. Y > T 7
) ~ Satellite

Distance to the absorbing clouds
~100Rs

When the absorbing cloud size is larger than the X-ray source size,
partial covering does NOT take place (always full-covering)
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How can we distinguish models?

e Partial covering model requires the X-ray
emission region extended

X-ray emission Absorbing clouds
Region ~10Rs ~10 Rs
‘ X_ ra ys S - / /
Q Satellite
< >

Distance to the absorbing clouds
~100Rs

When the X-ray source size is greater than or
comparative to the absorber size, partial covering does take place
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Evidence of partial covering in BHBs

Superior-conjunction in Cyg X-1
— Spectral hardenlng durlng dips

Spectra durlng the dip period
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How can we distinguish models?

* Observational evidence of the partial covering
— The X-ray emission region is extended
— Extreme relativistic disk-line model is unlikely
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7. Conclusion

We analzyed X-ray energy spectra of Seyfert galaxies exhibiting
seemingly broadiron line structure.

Partial covering phenomenaare commonly observed, which indicates
that the X-ray emission region is extended (~>10 Rs)

Observed spectral variation can be explained by the Variable Double
Partial Covering Model, where the extended central X-ray source is
partially covered by absorberswith two internal layers.

The seeming broadiron K- and L-line structures are respectively
explained by the cold/thick core and the hot/thin layer of the
absorbers

Most spectral variation is explained by independentvariations of the
partial coveringfraction (<10 keV) and hard-tail normalization (>10
keV) .

The RMS spectra in 0.5-10 keV are explained by only change of the
partial coveringfraction.

The partial covering model also explains the broad iron line feature
observedin the BH binary GRS1915+105

Variation timescales of the partial absorbers are not normalized by
black hole mass 78



