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Shakura and Sunyaev (1973)
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e Katz “High Energy Astrophysics” (1986)& Y

The theory of discs is in a much more primitive state than that
of stars, because one essential constitutive relation is not understood,
their rate € of viscous heating. This resembles the problem of stellar
structure prior to the development of nuclear physics in the 1930’s.
We may be worse off than this, because so few direct observations
of discs are possible. What little data exist (for example, for discs
around likely black holes like Cygnus X-1) indicates that real discs
are not steady objects radiating from optically thick photospheres (as
the theory assumes), but that they are wildly variable, release much
of their energy in optically thin regions, and may have important
nonthermal processes. It may be appropriate to compare our present
understanding of discs to Galileo’s understanding of sunspots and
solar activity.
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47-93keV/1.2-4.7 keV

LMC X-3 GINGA

0.30- ; %“ j (Ebisawa et al. 1993)
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LMC X-3 RXTEfFT £ [Z &k 5 78l (Kubota and Makishima 2005)

10 T T

Ldisk [10°° erg/s]
(4]
T

L ocT4

0.5 : '

A
Tin [keV]

& 70T The estimated thermal luminosity Ly of LMC X3 plotted against the observed temperature T,. The distance and

inclination are assumed to be D = 50 kpcand i = 66°. The solid line is the relation Ly, oc T* (Kubota and
Makishima, 2005).

Longair 2011, “High Energy Astrophysic (third edition)” &Y
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Color correction
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Steiner et al. 2010
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Table 1. Spin results to date for eight black holes®. McClontock 2011
SOurce Spin a, Reference

1 GR51915+105 =098 McClintock et al 2006

2 LMCX-1 R gl Gou et al 2009

4 M3i3X-7 0.84 £0.05 Liu et al 2008, 2010

3  4U 154347 0.80£0.05 Shafee et al 2006

5 GROJ6G55—-40 0.70+0.05 Shafee et al 2006

6 XTEJ1550-564 0.34°040 Steiner ef al 2010b

7 LMCX-3 =0.3" Davis et al 2006

g A0620-00 0,12+ 0,18 Gou et al 2010

“ Errors are quoted at the 68% level of confidence.

b Provisional result pending improved measurements of M and i H
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Light bending£7 /L

e Miniutti and Fabian (2004)
— T R— )L DIBIEBE(~Rs) T, T4 RN L SXERIR
(“lump-post ”) CTHELEIN S
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— Lump-postMb D EEM 7 (EEEIT HH. “light-bending
effect” 2K T, RETRL S (BXIERR) (XD FEYEEILELY

To ohserver \ Direct Power-law

»
\ “Reflection \ o
v spectrum™ \
) A
b X
\\ \ \

e @ < Tuam [
(2014)

19



—\®

Variable Partial Covering=7 /L

o AGNZERBAT S ER 7 W UR (parial covering) D7 AT 7
e.g., Matsuoka+ (1990); McKernan and Yagoob (1998);
Miller, Turner and Reeves (2008, 2009)

e Variable Double Partial Covering®T JL (Miyakawa,
Ebisawa and Inoue 2012; Mizumoto, Ebisawa and
Sameshima 2014; Yamasaki et al.2015, Iso et al. 2015)

— BRI, BEREEDELLH_EREERD

- Bj@ibb)@xfﬁi;’ﬁlirﬁh*‘o’cm’chzo Rs). HEYUEE)
L7&Ly

— 1~40 keVDFEE /AR ILEALILER 73 IR IR EE (XERIR A
ESNDEIE)DEIZFTTIREAEREATES




How can we distinguish the two models?

e Relativisitc disk reflection model requires the
X-ray emission region to be very compact

Absorbing clouds

X-ray emission ~10 Rs
Region ~Rs
X-rays
° Y > £ o
< N 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)

21



How can we distinguish the two models?

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

X-ray emission Absorbing clouds
Region ~10Rs ~10 Rs
‘ - — s il N
Q Satellite

<€ >

Distance to the absorbing clouds
~100Rs

When the X-ray source size is greater than or
comprative to the absorber size, partial covering does take place

22



2. Variable Double Partial Covering
(VDPC) Model

>

ej;T"j- A‘;A; '\‘
< o

. Satellite

X-ray source

(1- a+a exp(-N,Mo(&,)) )

Partial covering by thick
and cold absorbers with the
partial covering fraction o

\ 4 ¥

Responsible for iron K-edge  Responsible for iron L-edge



However, It is hard to imagine two separate layers
with the same partial covering fraction so...

—

\ Ay

‘
3 7

. < > Satellite
X-ray source




However, It is hard to imagine two separate layers
with the same partial covering fraction so...

L]

ad
@ @ Satellite
\ 4 \ g

Thick and cold core responsible Thin and 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

sy B
S 057

X-ray source
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Main body

(thick partial absorber)
NH~1024-2cm-2 £-~10'6

+—— Envelope
(thin low-ionized absorber)
NH~10221cm-2 E~101°
~1015.7cm._

w,

Core
(X-ray blocker)

NH >10242cm-2 £<1016

 Miyakawa, Ebisawa and Inoue (2012) (graphical work by Aki Sato)




Variable Partial Covering Model

(Miyakawa, Ebisawa and Inoue 20
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SR RUNEN D EIS (covering fraction)RAZL E&I S

X-ray
o ' ' SOUrcC

0.1

direct
component

Intensity (s'kev)

S absorbed
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Variable Partial Covering Model

(Miyakawa, Ebisawa and Inoue 20

TS5YvOIR—IVONXEXIFEAEZE LR
SR RUNEN D EIS (covering fraction)RAZL E&I S

0.1

0.01

Intensity (s'kev)

1073

RS TV
Energy (keV)

Covering fraction maximum
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Variable Partial Covering Model

(Miyakawa, Ebisawa and Inoue 20

TS5YvOIR—IVONXEXIFEAEZE LR
SR RUNEN D EIS (covering fraction)RAZL E&I S

0.1

0.01

5 e e
e

Intensity (s'kev)

1073

750
Energy (keV)

Covering fraction varies
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Variable Partial Covering Model

(Miyakawa, Ebisawa and Inoue 20

TS5YvOIR—IVONXEXIFEAEZE LR
SR RUNEN D EIS (covering fraction)RAZL E&I S

0.1

0.01

g He e
e

Intensity (s'kev)

1073

7 5 0
Energy (keV)

Covering fraction varies

30



Variable Partial Covering Model

(Miyakawa, Ebisawa and Inoue 20

TS5YvOIR—IVONXEXIFEAEZE LR
SR RUNEN D EIS (covering fraction)RAZL E&I S

1

0.1

0.01

Intensity (s'kev)

1073

Covering fraction varies
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Variable Partial Covering Model

(Miyakawa, Ebisawa and Inoue 20

TS5YvOIR—IVONXEXIFEAEZE LR
SR RUNEN D EIS (covering fraction)RAZL E&I S

1

0.1

Intensity (s'kev)
0.01

1073

Covering fraction varies
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Variable Partial Covering Model

(Miyakawa, Ebisawa and Inoue 20

TS5YvOIR—IVONXEXIFEAEZE LR
SR RUNEN D EIS (covering fraction)RAZL E&I S

1

0.1

0.01

K LA

Intensity (s'kev)

1073

55 10
Energy (keV)

Covering fraction: Null
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normalized counts s keV-!

AS 2

G2 T=&SIZR X HEKIE

data and folded model
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Suzaku MCG-6-30-15
Miyakawa, Ebisawa
and Inoue (2012)
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Iron L-feature

due to thin/hot ab\sorber 1H0707-495 (XMM, EPIC)
10 = T T T T T T T T T \ T T

Power-law
1 E—;Ziijijiifii.’Z-:-:‘;::::::Z:;:::::::‘r‘- i, P Component

R, T o % Iron K-feature due to
- TR -/ thick/cold absorber
= Optically thick disk R, N
E 102 _ Component II""--.::‘ * 1l

|7 Thick/cold absorber:
HH'H NH~1024cm‘2, £ 71001-03

1 Thin/hot absorber:
- NH~1023cm‘2, £7103

TR
e —

Mizumoto, Ebisawa and Sameshima (2014)
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BETY—FL=AXRIRNIL

0 5000 10000 15000 20000 25000 30000 35000 40000

e Observation within ~a day is divided -
into four different flux levels

* Flux-sorted spectra are fitted
simultaneously only varying the T

0.1

ormalized counts s-' keV-!

partial covering fraction.

X
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Mizumoto, Ebisawa and Sameshima (2014)



AGN®D 58 E 2= E) D 552 BA

Flux variation of 21 Seyfert galaxies observed with
Suaku, explained by only change of the covering
fractlon (Iso, Ebisawa et al. 2015)

NGC 3516

o't

(\i..E..EI.?..EI.E..E.I.:

Count rate (3'1)

_..E.._ Countlng rate s

Time (10% s)

0 J0}oB} Bullano)
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Iso, Ebisawa

AG N 0) gf_;\r!g aﬂk E’J 0) Eﬁ' Eﬂ etal. (2015)

NGC 4051
R L

Time (10° s)

Time (10% )

Suzaku observations of NGC4051 and NGC3516
(0.2—12 keV, 1bin=512sec)
Significant and aperiodic variations in various time-scales
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Count rate (3'1)
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NGC 4051
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Observed flux variations explained by “constant black hole
luminosity and variable covering fraction”.
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Count rate (8'1)
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Arakelian 564
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1E0707-495 with XMM

Red: model
Black: data
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Red: model
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» Observed Root Mean Square spectrum is explained by

only variation of the covering fraction
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e |ron L-peaks are seen in the RMS spectra when
iron L-absorption edges are particularly strong.

* Naturally explained with the VDPC model, where
the fluxes of the direct component and the
absorbed component exhibit anti-correlation.

 The fractional variation peaks at the energy
where the flux separation between the two
spectral components is the widest.

Yamasaki et al. (2015)
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RMS spectra
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Characteristic iron-L feature in the
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