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FIG. 1. Number of counts versus azimuth angle,
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Discoveries of rapid time variations in bright X-ray sources with UHURU

Sub-second variations from Cyg X-1: Oda et al. 1971, Ap.J.L. 166, L1
Counts / 0.096 s

A requirement of a collapsed object

L & such as
. a neutron star or a black hole
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Discovery of the 5.6 day orbital period and the mass function of the Cyg X-1 system.

Webster & Murdin, 1972, Nature, 235, 37

Bolton, 1972, Nature, 235, 271
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v TABLE 3
EreMENTS OF HD 226868
+50
kmfs
V=—344+12kms™
K =722+ 1.7 km s
e = 0.06 + 0.02
0 w = 359° + 20°
T = JD 2,441,092.04 + 0.31
P = 5.60096 + 0.00038 days
asini =798 + 0.13
o f(m) = 0.22 + 0.02 M
HDE 226868
) T e
1 1 ; 'O s 1 | |
0 05 0 I * I’I‘\clse1 : 15
cer Snd Mord 19755 B, Deon 13730 51 & Brochty ana Riton 1075, 2 Bricae and Zuppats 116; O Soveh o b Ho78 Yertc (from Mason et al. 1974, Ap.).L. 192, L65 )
bars labeled 1, 2, 3, 4, 5 are placed at the phases of the X-ray events calculated as in table 1. The bars are centered on the conjunction
velocity whose uncertainty (5’5, confidence limits) is ref d by the height of the bars. M is the phase of X-ray maximum (Sanford
et al. 1974).
Mass estimation of the compact star 4t T l

e.g. Gies & Bolton, 1986, Ap.J. 304, 371.

Iv'X >5 I\/Isun

significantly larger than the neutron star limit 1o}

20

Mx (Me)

60

Mopt (MD)

FiG. 10.—Solutions for the masses of the visible (M,,,) and unseen (M) stars for several values of the fill-out factor p (solid lines) and synchronism parameter Q
(short dashes). Also shown are lines of constant distance in kiloparsecs (long dashes) and the limit established by the lack of X-ray eclipses (short-long dashes; marked
E). The acceptable solutions are found in the shaded region.
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Discovery of the high-low transition of Cyg X-1
(Tananbaum et al. 1972, Ap.J. 177, L5)
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High Soft State & Low Hard State

High (intensity) State

}

Soft (spectral) State

keV? (Photons cm™? 57! keV")

BEERDEAITHE S XERIEER Low (intensity) State

‘

fEERDIREBZEALICHE D R~_T bILZ{t  Hard (spectral) State

-
10 = /A ", e -
; % e

low/hard +1‘+_|_

1| e -
Eoy W E
Lo t ]

it
e T
- —+

[~ high/soft jL

10 100
Energy (keV)

Fig. 1. Suzaku spectra of Cyg X-1 in the response-removed vF, form.  (Yamada et al. 2013)
The black one was obtained in the high/soft state on 2010 December 16.

The red one was taken in the low/hard state on 2005 October 5, which

is the same as used in Paper . (Color online)
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ADAF: Advection Dominated Accretion Flow
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Mitsuda et al. (1984)
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“multicolor” spectra.  Two free parameters, the bolometric fluxes of the soft and
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shape of the both components and the value of Ny arve fixed to those values obtamned
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For this h:.rpnlh:i:is. an observed spectrum fTE ) can be expressed by
FE)=F(E)+fAE), (1)
gﬁg@zgﬂ [Z 'fﬁiﬁ 5 ARy I\ )[/@z/ﬂﬁ % where f,(E ) and f,(E ) are the hard component spectrum and the soft component spectrum,

respectively.
AN 7 I~ }L—E (1)) ‘/ 7 I~ ’ﬁﬁ L;tv::l:sunpﬁse the hard componet increased by a factor 5. Then,
: 17 ]
AR FIL—FED/N— FED B4 1o, (2)
byt FE) =Tg]_—1[.-3,ﬂ{£;|—;;(£;:| : (3)

where f((E ) and f;(E ) are the spectra before and after the increase.  Thus, £,(E) is obtained
ﬁ}g géﬂ L: 'ﬁé 5 X ~ 7 I\ ) L g'ft from the difference of the two spectra as shown in the lastls::l.thse:n-t;icln. fLE ca_n be derived

as the differen W
) S— above 10 ke¥. Figure 3b shows f{E) so-obtained for the pair of Sco X-1 spectra shown
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a __:;"',_:',,_'": - in figure 2a.
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Fig. 2. (a) Two pulse-height spectra of one of the paris for Sco X-1. They were observed (b) The soft component of Sco X-1 derived from the pair in figure 2a. The histogram
with an interval of about 60 min. shows the best-fit ““multicolor” spectrum convolved with the counter response func-

(b) The flux ratio as a function of energy for the two spectra in figure 2a. tion.
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tograms.
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components, convolved with the detector response, to be compared with the observed data (crosses). The models include a disk-blackbody model (see text)
representing the soft component (denoted DBB in b); a power-law component representing the hard tail (denoted PL); an iron emission line with its energy and
intensity free parameters (denoted Line in b); K-edge absorption at 8.8 keV due to helium-like iron atoms (indicated by arrows); and neutral absorption. The best-fit

model parameters are summarized in Table 2.

TABLE 2
IMprOVED MODEL FITTING TO THE THREE SPECTRA OF FIGURE 2*

SPECTRUM
PARAMETER a b c

Disk-blackbody:

I (I R | 31 PP 208+04 207+ 04 205+ 05

T KV ) e 0.769 + 0.005 0.774 + 0.005 0.773 + 0.006
Power law:

Scale (10~ photons sTlem 2keV e, 0.3+ 04 11+4 28 + 10

Photonindex ........ccoiiiiiiiiiiiiii o iiieenanns —-09+05 —19+40.2 -2.14+02
Emission Line®:

Lineenergy (keV) ..covviieiiiiiiiiiiiiiiiiiciineaneens 645+ 0.15 6.59 + 0.10 6.69 + 0.10

Line flux (10" * photonss ™ 'em™%)..................... 46+ 22 36422 59+ 30

Equivalent width(eV) .................co.ol. Crearereees 49 + 25 31+ 18 42 + 21
Ne F2 (10" em ™ ) e 0.7 + 0.6 21+07 2.1 + 0.6
Nu(102hem™2) Lo e i 9.5+ 25 89+ 25 71+26
Reduced 2% .. e 1.63 1.7 1.53

Contimuum model

Multi-color blackbody
(Disk-blackbody) spectrum

+

Power law spectrum
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Churazov et al. (2001)
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Figure 1. (a) Left: The dependence of the count rate in the soft band (<<3.3 keV) on the count rate in the hard band (=9.4 keV). Each data point represents a
16 s averaged count rate (RXTE observations on 1996 June 4 and 16). (b) Right: Spectra of ‘constant’ [open circles — A(E)] and *variable’ [solid circles —
B(E)] components, derived from the linear fits of the correlation between count rate in different channels. Normalization of the *variable” component B(E) is
arbitrary. For comparison the light grey curve shows the spectrum of a multicolour black-body emission with a characteristic temperature of (0.5 keV. The two
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Table 2. Results of the blackbody fitting (y2-value; 24 d.o.f).

Temperature range (keV)

Period
2.3-2.5 2.1-2.3 1.9-2.1
I ...... 13.63 32.89 17.99
Im...... 27.73 22.37 21.04
II1 — 16.17 3841
Iv 18.28 16.43 36.74

1.3-1.5 1.1-1.3

1.7-1.9 1.5-1.7

39.37 16.01 36.80 19.21
39.65 27.10 28.01 33.05
33.51 44.61 123.42 62.78
93.43 172.31 253.80 92.74

Note: Underlined values exceed the limit for the significance level of 1%, hence the fit is not acceptable.
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Normalized P.S5.D.

Black hole binaries in Very High State

Power Spectral Density Miyamoto et al. (1993)
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p-disk blackbody spectrum Soft power law spectrum

(Kubota & Makishima 2004) ET :T'~25-3 \
Tocr® p<3/4 1 MeV{HiE £ Teut-off R 2 ¢
®slim disk & DstatelCH R A TW5,
FERE, REBATITWVETIZICSTH
Soft power law spectrum Two spectral states in Gamma-rays

Grove et al. (1998)

Disk blackbody spectrum (p = 3/4) 10° breakin%
(Mitsuda 1984) | y-ray state
Standard disk o i
_ Soft power law spectrum ES o2l :
Bl leNy
) = 1078
Disk blackbody spectrum
Hard Compton spectrum 1w power law
‘Thick M Thermal Comptonization y-raystate SN
0.01 0.10 1.00
Energy (MeV)

Fea. 2—Photon member spectra from OSSE for seven transient BHCs,
S ft I t Sﬁctm are Hmfefd ﬁ';::_aﬂ sjbauelrwt.lug da:;lsafm which th:;e. wad detect-
able emisgsion and, for darity e figure, have been scaled by arbitrary
0 power aw Spec rum factors, Two spectral states are spparent. Contemporansous TTM and
HEXE dats (disgmomds) and ASCA data (orosses) are shown for GRO
A2+ 32 and GRS 1716— 249, respectively. Nonconfemporanecus
ASCA data |orogses) are shown for GRS 1009 — 45 and GRO J1635 — 40,
sraled as indicated in the text.




Limit cycle between the slim disk and the standard disk

Limit Cycle in the M - X Plane
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Transitions between High intensity state and Low intensity state
observed from the black-hole X-ray binary GRS1915+105

RXTE (BeIIom et al. 1997)
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Spectral change in the high-low transition of GRS 1915+105 (Belloni et al. 1997)

q% T T T 'E: ''''' . v
< - -t
e § -u-"'“ High state
o % | o - Msa
3. R
~— 9 ‘::-L Put F
5 & ‘EE“ o - Low state
S, | £
a. o 3 o
O TFE
"
. ‘ ' : : I l ‘ . . ! : T : : ) l d E. I TN AT W W Y f 2 3 3 3!
0 1000 2000 3000 - 5 P 20 pt
Time (sec) | Energy (keV) -
Results of spectral fittings
a disk-blackbody component + a power law component v
High S. Low S. Low S. : Sljm Disk _
2.3 keV > 0.6 keV
20 km < 320 km
High S. : St
‘-— . e

Standard disk Slim disk > (surface density)



Similar High -Low transition
observed from GX339-4
Miyamoto et al. (1991)
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The Rapid Burster : Neutron star binary

- Discovered by SAS-3 (Lewin et al. 1976)

- Recurrent transient

- every 6 — 8 months

- 3 —4 weeks activity

- Rapidly repetitive bursts (Type Il bursts) 10 min.

1984 RAPID BURSTER 10 min

1h h lL._J\ —Jil mMuMMlL

uu MMW £ MJ"”\WQ

- e w #

- i53:i1
a!!: iE

§.i!!i£ii!

1983 RAPID BURSTER

l [ ummmnmu

(Tenma 1983 1984)

- Type | bursts ~ Neutron star system
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An approximately linear relation between the burst
size and the time interval to the following burst

Burst Size

PEOTONS / (2-10 l¥) / 320 o

July 4 -9, 1984, Tenma
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Time to the following burst



Time Scale Invariant Duty-Ratio

A better correlation between t and At
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Waiting Time (Seé) B

The duty ratio ( T / At ) is kept constant against
a large time-scale change



X-ray lntensity (Counts/Bin)

Time Scale Invariant Burst Structure

Each type Il burst exhibits a complex structure in the decay
part, comprising successive peaks.
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Scaled time

The time scale of the structure is dependent on
the burst duration, t. The longer the burst
duration, the slower in the excursion of the decay
structure.

The decay structure seems to be time scale
invariant and to be expressed by a single function

F(t/T).

(Tawara et al. 1985)



Time Scale Invariant Profiles of the Type |l Bursts from the Rapid Burster

Presence of a hidden timer, whose
fundamental frequency can change from
burst to burst.

The timer frequency should be given at the
onset of the burst and would control all the
burst properties,

burst duration

burst profiles

time to the following burst.




An Interesting Difference between GRS 1915+105 and the Rapid Burster

Both show time scale invariant high-low transitions.

GRS 1915+105 But, Rapid Burster
G runnnnnns L 2 <>
1:L tL
R R >
The high state follows the low state. The low state follows the high state.
slim disk standard disk slim disk standard disk
M > M accretion rate M > M

() _ A6 2 () () _ 4(-  energybalance Loy ) AP _ A
Q vis ~ Q adv >> Q rad Q vis ~ Q rad in the disk Q vis — Q adv >> Q rad Q vis — Q rad

luminosity
— luminosity from
Lboundary =0 Lboundary >> Lboundary

the boundary

Lsim = Lyisk < Lsrp = Lyisk total luminosity Lgpm = Lyigk + I‘boundary > Lgrp = Lgig t |‘boundary



State transitions and jet activities

Unified model for jets in black hole binaries
Fender et al. (2004)
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Jet Larentz tactor
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Normalized Luminosity

Hardness

Impulsive jet ejections assoclated with disk-state changes

GRS 1915+105 Mirabel & Rodriguez (1999) Two other jet sources Fender et al. (2004)
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A jet ejection seems to happen when the disk changes from the slim disk to the standard disk.

Future studies are expected.
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e Very High State

e Standard disk <> Slim disk @ Limit cycles

e Jet activities
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PSD of Cyg X-1 in the Hard Soft State (Sugimoto et al. 2016)
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XEREZDOH (I, EEFHD10~100F DBIMER I ZF > T XRBEEH ZRTHDHH 5,
binary period super-orbital period object character

Her X-1 1.7d 35d X-ray pulsar

LMC X-4 1.4d 30d X-ray pulsar

SMC X-1 3.9d 55d X-ray pulsar

SS433 13.1d 162.5d jet object

Cyg X-1 5.6d 294 d black hole binary
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BBEY VIREESETIVIC L 2BEERHIXECEREOBIR Inoue (2019)
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number density distribution

precession axis

= _22 2
rotation axis A ‘ n=ng eXp[ A /ZXO ]'
of the ring .

line of sight optical depth for the electron scattering

t=c5Tfnd€

( o : Thomson scattering cross section
| : integration along the line of sight )
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X-ray flux modulation

Fp = Fy exp(- T)
Model parameters

Assumption on the observed X-ray flux, F inclination angle i
F=F,+F tilt anglej of t.he .rlng axis 0
_ scale height indicator  x,/R
F, : directly observed component column density indicator Ny X
suffering from a periodic molulation direct component flux  F,
F, : scattered component by the ring scattered component flux  Fq

with a constant flux initial phase angle 0



4-20 keV flux [counts cm2s-)

X per phase
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frf, AREDH  f>f, AAE DT m_GM,
RIB/NT A =R =D ORDIZ) 7-F2—TOYRE
Her X-1 LMC X-4 SMC X-1
Number density at the center of the tube, n, 6.6 x 1013 1.4 x 101 5.6 x 1013 cm3
Scale height of the ring matter, x, 5.3 x 100 2.4x10% 4.3x10%° cm
Typical optical depth of the tube, 7= onyx, 2.3 2.3 1.6 for Thomson scattering
Total ring mass, My 1.7 x 10?4 50x 102 1.7x10* g
1.0x10°  7.9x10°  1.7x10° K e

Temperature of the ring matter, T
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Her X-1 LMCX-4 SMCX-1
Average X-ray luminosity, L 1.1x10% 1.3x10% 6.2x10% ergs?
Average accretion rate, M 5.5x10Y 6.1x10Y 3.9x1018 gst

2 O0BELEERT —IL

Ring mass accumulation time, t, = M,/ M 3.0x10%® 8.2x10° 3.6x10° S

Radiative cooling time, t. = 3kT/(n,A) 6.3x10%2 23x10% 1.3x107 S
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Inoue (2012) D iE:im

Let us consider a case in which the angular momentum axis precession

of the ring tilts from the intrinsic axis by angle, 0. < I - ?(6)

L
0 L Then, L=1L,cos0.

0

(Subscript 0 indicates parameters without tilt)
I This angular momentum vector should
I precesses around the original axis
I owing to the tidal force from the
o~ companion star.

The total angular momentum of the ring, L, is given by
L = Mg R2 Q) oc RY2, (My: the ring mass)

Where (GMX)l/z

0O = _Ryz— oC R-3/2 .
\ 4
R =R, cos20 * rotational energy
When the tilt angle 0 gets larger, B = (1/2) Mg R2 Q
the ring radius R increases. = Mr(GM,/2R,) cos? B

- gravitational energy
Eg = - Mi(GM,/R,) cos? 6



precession

Hydrostatic balance in

the meridian cross dP =-umyn GM, 2
section of the ring-tube ~ d* R®

\ 4

On an iso-thermal approximation,
noc exp[- A%/ 2a?],

kTR: %2
where a = { ] oc TY2R3/Z,
um,GM,
Adiabatic expansion of the ring-tube - thermal and effective potential energy
T/T, = (V/V,) 23 for the hydrostatic balance in the meridian
V oc R32 » cross section of the ring-tube
T/TO = (R/RO)_S/S o coslé/50 ET = (5/2) (MR/lJ.mH) kT

= Mz(GM,/2R,) a. cos'®> 6

When the tilt angle 0 gets larger,
a = (5kT,/2um,) / (GM,/2R,)

the ring temperature T decreases.

When the tilt angle O gets larger,
the ring thermal energy decreases.



The energetics of the gas ring-tube as a function of the tilt angle

- rotational energy E / [Mg(GM,/2R,)]
E, = (1/2) M, R2 Q2 0.0 =r—
= M(GM,/2R,) cos? 6 !

0.1 =
* gravitational energy !

E.=-2E, 02—

- thermal and effective potential energy
E- = (5/2) (Mg/pumy,) kT

= Mx(GM,/2R,) a, cos'®/> B 0.4 =

[ oo = (SkTo/21m,) / (GMy/2R,) ] |

-0.3 =

P5 ———— ]
0O 10 20 30 40 50 60 70 80 90
) 0 (deg)

- total energy of the ring
E = E+ Eg + E; + (minute terms on 0) When the ring-tube has enough thermal

~ Mp(GM,/2R,) (- cos?0 + o, cos'®/>0)

energy (o, > 5/8), the total energy has the
¥ minimum at a certain tilt angle.
cos 0. =[5/(8a,) ]°/®
Preccessions of gas rings around compact stars are possible to take place
from the energetics point of view.
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Cyg X-1DMAXIED R T — X D EDEENENT Inoue (2016, unpublished)
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Photon Index
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Suzaku Obs. of Type | Seyfert NGC 3227 (Noda et al. 2014)
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Unified Model of Seyfert 1 and 2 galaxies

Optical Observations

Seyfert 1 : Broad lines + Narrow lines
Seyfert 2: Narrow lines

Antonucci and Miller (1985) discovered a faint polarized broad line in the archetypical
Seyfert 2 galaxy NGC 1068. 3

Strong confirmation of the unified Seyfert model.

Seyfert 1

Seyfert 2




X-Ray Observations of Seyfert galaxies

Ginga observations of ; NeCs38
16 Seyfert galaxies. T o0 .
ﬁ I T T
The source to source spectral T ol ¥ " Mkn 3
variety could be reproduced -‘é 101 | - i h
by changing a single parameter: 8 N 3
the viewing angle to the AGN 1~ 0mt |
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(Awaki et al. 1991) ’ 5 3
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Common presence of a fluorescent iron line + a reflected component
in X-ray spectra of Seyfert galaxies

A composite X-ray spectrum from 12 Ginga Obs. of 8 AGNs
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FIG. 1 Simple power-law fit to the Ginga-12 spectrum, together with a . .
residual plot of the data minus model resuits. FIG. 2 a Power law plus reflection and warm absorber model (as detailed

in the text), together with residuals. b, Reflection component only.

(Pounds et al. 1990; see also Matsuoka et al. 1990)



X-rays reflected from Compton thick (N, > 10%*cm2), extended (Q ~ 2x) cold matter

Spectrum <, (Reynolds 1996)
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Center energies & equivalent widths of the fluorescent Fe-K line

Results from Suzaku observations of 88 Seyfert
galaxies (Fukazawa et al. 2011)

oz

EW. sl 6.4 keV

Fei4 wicth (eV)
o

-
+

Line
s center
Fed4 cenler h ey (keV)

Figure 2. Center energy and width of a 6.4 keV line. Data with an eror of energy

<(.01 keV for the line cnergy are denoted as solid error bars.
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Figure 3. Equivalent width of a 6.4 keV line against the absorption column
density. Triangles (black) or circles (red) are AGNs with the luminosity of
<10* and =>10* erg s~ respectively.

Fe-K line emitters
(X-ray reflector)

Results from Monte Carlo simulations (Matt et al. 2003)

N4 \_/

Figure 1. Sketch of the geometry adopted for the calculations presented in
Figs. 2—4. The opening angle of the torus is 30°.

10% _

10%

Flux

4x10*

>10%

1 10 100
E (keV)

Figure 2. The X-ray spectrum of an obscured AGN is shown, for different
column densities of the absorber. The absorbing matter is assumed to form
a geometrically thick torus, according to unification models.

Center energy = cold material (so as for iron to be low ionized)
EW.vs N, = Extended out of line of sight
solid angle as viewed from the nucleus ~ (0.3 ~1) x 2w




Reverberation measurement of
the Fe K line emitting region

NGC 4151

Analyses of RXTE data
(Takahashi, Inoue & Dotani 2002)

Continuum flux : F, 1
Smeared flux : G,

G = 2 F/N
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- 1
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1/N
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Other evidences of Fe-K line variability

Detections of significant Fe-K line variability

for a pair of observations separated by
1000 - 2000 days: Cen A, IC4329A & NGC3516
158 days: NGC3516

(Fukazawa et al. 2016)

No report on significant Fe-K line variability on
time scales no longer than several days from a
number of observations of several sources.

These are consistent with the view that X-ray
reflection by torus is the main origin of the
narrow Fe-K line.

Reverberation measurements of the
innermost radius of the dust torus in
17 Seyfert galaxies (Koshida et al. 2014)

T T T T T = J/
0F r /% 7
Innermost j/f &
dust tori % s
Tt +* v 1
@ e +
= + » B
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Figure 13. Radii of the innermost dust torus and the broad emission-line region
(BLR) plotted against the V-band luminosity. Filled circles (colored red in
the online version) represent the K-band reverberation radii of our results
(obtained by the CCF analysis assuming «, = 0 for the subtraction of the
accretion-disk component in the K-band flux); open squares (colored purple
in the online version) represent the K-band interferometric radii obtained from
Kishimoto et al. (2011) and Weigelt et al. (2012), and crosses (colored blue in
the online version) represent the reverberation radii of broad Balmer emission
lines obtained from Bentz et al. (2009a). Solid and dashed lines (colored red
in the online version) represent the best-fit regression lines for the K-band
reverberation radii for the data obtained by the CCF analysis assuming ¢, = 0
and o, = 1/3, respectively, and the dot—dashed line (colored blue in the online
version) represents the best-fit regression line for the Balmer-line reverberation
radii reported by Bentz et al. (2009a). Dots (colored green in the online version)
represent the radii of the location of the hot-dust clouds obtained from the
spectral energy distribution (SED) fitting of type 1 active galactic nuclei (AGNs)
reported by Mor & Netzer (2012).




Discovery of a very broad line-like (“disk-line”) feature in the
X-ray spectrum of MCG-6-30-15

MCG-6-30-15 Tanaka et al. 1995

ASCA discovered a very broad line-like feature in gl
the X-ray spectrum of the Seyfert galaxy, MCG-
6-30-15, which is considered to be a fluorescent
iron K-line from the accretion disk close to the
central black hole. (Tanaka et al. 1995)
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The “disk-line” model (2-component model)

F(E) = NyP(E) + N,R(E) P(E) + I (E)

direct reflected component
component by the inner disk
Central

X-ray source “disk line”
T v,

Accretion

disk
r<10r

N,, N, : Normalization factors of the two components.

P (E): Power law spectrum from the central X-ray source.
R(E) : Attenuation factor by reflector

Ibisk(E) : Disk line

(Interstellar and circumstellar absorption terms are omitted for simplicity.)




Discovery of a narrow line component

Chandra grating (HETGS) Obs. of MCG-6-30-15 et Shandm R

(Young et al. 2005)

Fe W00V Fe X3VI
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L keVh)

Iron K-line at 6.4 keV
Equivalent width ~20 £ 10 eV
Line width (FWHM) < 100 eV
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It became possible to separate the fluorescent kAL A
line + reflected component from the dust torus. e

Dust torus

Central
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Introduction of the 3-component model to reproduce X-ray spectra of

MCG-6-30-15 observed with Suzaku (Miyakawa, Ebisawa & Inoue 2012)
F(E) = NyP(E) + N,W(E) P(E) + I (E) + N3 R(E) P(E) + lypys(E)
direct reflected or reflected component
component absorbed component by the dust torus
in the inner region (QQ/2n~0.2,

constant in time)

N, N,, N5 : Normalization factors of the three components.
P (E): Power law spectrum from the central X-ray source.
W(E) : Attenuation factor by warm reflector or absorber
R(E) : Attenuation factor by cold matter

Ipisk(E) : Disk line model (Laor 1991)

l1orus(€) : Narrow line at 6.4 keV

(Interstellar and circumstellar absorption terms are omitted for simplicity.)




normalized counts s-! keV-!

AS %2

The 3-component model

F(E) =

N,P(E) + N,W(E) P(E)+ [ I, (E) ] + NSR(E) P(E) + I ..o(E)

Reproduces the observed spectrum in
1-40 keV quite well without disk line.

data and folded model
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Temporal and spectral analyses of the Suzaku data with the 3-component model
(Miyakawa et al. 2012)
MCG—6-30—15

T I

0.2——12 keV counts/sec/detector

L

0

<>
10° sec

200000 1000000 1500000
Time (sec)

Fig. 3. 0.2-12keV XIS light curve of the 2006 observation. The
count-rate intervals with which the intensity-sliced spectra were made

are also indicated. (from Miyakawa et al. 2009)

Erratic X-ray intensity variation on a time scale of ~ 10° sec



Analyses of the time-sliced spectra in 1- 40 keV

The 3-component model was fitted to a sequence of X-ray spectrum every 20 ksec.

ation
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N, and N, are treated as time-variable, while the other parameters are made the
(Circumstellar absorption terms are omitted here.)

same for all the spectra.
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‘ The variable partial covering model

A new normalization factor N=N;+N, :
. . are introduced.
A covering fraction of the absorber a=N,/N
N.P(E) + N,W(E) P(E) =  N[(1-o)+aW(E)]PE)
MCG-6-30-15 MCG-6-30-15
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The variable partial covering model

N (1-a)

F(E) = N (1-c) P(E) + NotW(E) P(E) + NgR(E) P(E) + Ir....(E)

Two variables: N and o

> Unabsorbed direct component

X-ray source

Reflector

—@
Absorber

2 Absorbed direct component
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The difference variation function analyses with the variable partial covering model
(Inoue, Miyakawa & Ebisawa, 2012)

The variable partial covering model
FIE)=N[(1-o)+aW(E)] P(E)+ NsR(E) P(E) + I.(E)

N : a normalization factor of the power law spectrum
o, : a covering fraction of the partial absorber

Two variables:

The difference variation

Relative variation amplitude of model
parameters as a function of the time-bin size

function analyses I
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Physical considerations of the partial absorber

Typical time-scale of the variation of a lonization degree of * >
(the covering fraction of the absorber) the absorber
N h
Time-scale-dependence of the variation amplitude of a lonization degree o
MCG-6-30—15 (: L L h L : X-ray liminosity
L | RERE| A R = ] ] = = . H
N OIS B Y 5 n : number density
: g J»’T‘*— f' nr Nyr ( r) N, = nh
< ozool— ,/ —
Z ,/ I Best fit values for the properties of the absorber
E .1005— / —]
E acoo| // 1055 - E~10% ergcm st
E ol 1 | 10242~ o < -1
R % . Ny ~ 10 cm™=~ o7
0.010 — , = . .
: | » o Distance of the partial absorbers from the
S i ted) (moueetal 2011) central X-ray source
Typical time scale of the o variation r~5x10% cm
ot ~ 10° sec
Possible location ~ the broad line region
. . ; g - 16
Velocity of the partial absorber Optical reverberation rgir ~ 2 x 107 cm
v~ 10° cm st measurement (Hu et al. 2016)

Typical Keplerian velocity in the BLR
(v P $ Y ) Partial absorbers

Width of the absorber probably are broad emission line clouds (BELC) or
h~vot~10¥cm their envelopes.




Presence of two variation-time-scales

Time variation of the normalization factor, N
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Two components in the time variation of N /

/
ot ~ 10° s: variation of the covering fraction, o

10

~ passage time scale of broad-emission-line-clguds across the central X-ray source

/
ot ~ 103 s : another component than that of o

~probably intrinsic time variation of the central X-ray source

~ dynamical time scale of 10 times Schwarzshild radius of
the central black hole with ~ 3 x 10® M_ _ (Hu et al. 2016)

sun (




Variable partial covering with warm absorbers

seem to be observed commonly from type 1 AGNs.

MCG-6-30-15 Miyakawa et al. 2012
1H0707-405 Mizumoto et al. 2014
20 Seyfert galaxies Iso et al. 2016

(E~4x10'ergcmst)

N, ~ 2 x 10%* cm-?

>

Ny, ~ 2 X 1023 cm™2
(E~4x103ergcms?)

Rapid Compton-thick / Compton thin tran5|t|ons

are often observed from type 2 AGNs. |

0.05

NGC 1365 (Rlsalltl et al. 2009)
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Figure 1. 2-5 keV (top panel) and 7-10 keV (bottom panel) light curves of I
the nuclear emission of NGC 1365 during the XMM-Newton long look. The 10-¢

horizontal segments show the extraction time intervals for the six spectra

discussed in the text.
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Rapid variation of absorption in time scales as short as hours in type 2 AGNs
NGC 7582 (Bianchi et al. 2009)

Tahle 1
Log for the 2007 XMM-Newton and the Four Suzaka Observations

Ohs® hs IDP Datc” ard PNE o NISOE PINE

XMMOT 0405380701 2007 Apr30 ... 15 N . 140" [ ]
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Eriermy ,:i._.'.,-; Figure 3. NGC T382: column density of the inner absorber in the four Suzake

bservations (cincles d the latest XMM-New: = (triangle). Time bins
Figure 1. NGC 7382: Suzakn X150 spectralfor the four observations of NGC :;’::?: il::meL:L-]cjijfhm: e e e THEnEe). T s an
T382: 51 (black). 52 (red). 53 (green), and 34 (blue). o S =

a constant soft thin a constant power law with variable absorption
thermal emission .+ aconstant reflected component
Number of reports on similar events is growing.
NGC 4388 (Elvis et al. 2004) Such rapid absorption variations
NGC 1365 (Risaliti et al. 2005) ¥
NGC 4151 (Puccetti et al. 2007) Location of absorbers : BLR

UGC 4203 (Risaliti et al. 2010)



A phenomenological view of the broad line region from recent X-ray observations

Partial covering with warm absorbers

Variable absorbing N,

Partial covering with
Compton thick absorbers

Complete X-ray block

Compton thick
N, >>10%* cm

102 cm_, < N, £ 10% cm™

O O Compton
O O Thin
S N, << 102 cm

schematic section by Bisaliti et al. (2005)




Four circumnuclear regions in AGNs needed from latest X-ray observations

1) Variable partial covering warm absorbers / X-ray blockers Broad Line Region

2) Compton thick X-ray reflectors / fluorescent Fe-K line emitters Inner Dusty Torus
Large solid angle viewed from the nucleus without heavy absorption by BLR ]_ Clumpy ?
But often transparent to X-rays passing through the BLR

3) Optical absorbers / X-ray absorbers with N, ~ 1022 cm*2 Dusty Torus
Optical absorption = N,, ~ 1022 cm™ (based on the Galactic A /N,, ratio)

4) Thin thermal emitter / X-ray heated warm absorbers Narrow Line Region

NLR Dusty Torus

__BLR —_

NLR Compton thick reflectors
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Disk blackbody component Standard disk?* » @ multi-color blackbody spectrum
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Hard Compton component Two temperature thick disk + Comtonization
e Low Hard State® X~ 7 | JL 7> & Power spectral density 84T

Standard disk@truncation — Two temperature thick disk
e Very High State DX#R X~ 7 kL. Power specral density D $51&]

Soft power law component

Standard disk@truncation — Slim disk
e Standard disk <> Slim disk @ Limit cycles

e Jet acitivities



[EEAERNEESDEE ) > 7
o XHEE ICH oM 5 BEIEEH
o [FEMBERABIICEITIEEY > 7 DOREEE
o XIRBHIC L HEF Y > T HNDORNTRTE

SEBNERA OV
o 77w Uk—ILER L LM
o EBHR LTI EIRBEOH—EE
o [ILHY > 1= FRIEHR (disk line)#53& D TR
o XiRIRUN D 55 RF I Z E))
e Broad Line RegionD[EEF Y >~ 7 & OFELUE



	降着円盤のX線観測�
	スライド番号 2
	スライド番号 3
	スライド番号 4
	スライド番号 5
	スライド番号 6
	スライド番号 7
	スライド番号 8
	スライド番号 9
	スライド番号 10
	スライド番号 11
	スライド番号 12
	スライド番号 13
	スライド番号 14
	スライド番号 15
	スライド番号 16
	スライド番号 17
	スライド番号 18
	スライド番号 19
	スライド番号 20
	スライド番号 21
	スライド番号 22
	スライド番号 23
	スライド番号 24
	スライド番号 25
	スライド番号 26
	スライド番号 27
	スライド番号 28
	スライド番号 29
	スライド番号 30
	スライド番号 31
	スライド番号 32
	スライド番号 33
	スライド番号 34
	スライド番号 35
	スライド番号 36
	スライド番号 37
	スライド番号 38
	スライド番号 39
	スライド番号 40
	スライド番号 41
	スライド番号 42
	スライド番号 43
	スライド番号 44
	スライド番号 45
	スライド番号 46
	スライド番号 47
	スライド番号 48
	スライド番号 49
	スライド番号 50
	スライド番号 51
	スライド番号 52
	スライド番号 53
	スライド番号 54
	スライド番号 55
	スライド番号 56
	スライド番号 57
	スライド番号 58
	スライド番号 59
	スライド番号 60
	スライド番号 61
	スライド番号 62
	スライド番号 63
	スライド番号 64
	スライド番号 65
	スライド番号 66
	スライド番号 67
	スライド番号 68
	スライド番号 69
	スライド番号 70
	スライド番号 71
	スライド番号 72
	スライド番号 73
	スライド番号 74
	スライド番号 75
	スライド番号 76
	スライド番号 77
	スライド番号 78
	スライド番号 79
	スライド番号 80
	スライド番号 81
	スライド番号 82
	スライド番号 83
	スライド番号 84
	スライド番号 85
	スライド番号 86
	スライド番号 87
	スライド番号 88
	スライド番号 89
	スライド番号 90
	スライド番号 91
	スライド番号 92
	スライド番号 93
	スライド番号 94
	スライド番号 95
	スライド番号 96
	スライド番号 97
	スライド番号 98
	スライド番号 99
	スライド番号 100
	スライド番号 101
	スライド番号 102
	スライド番号 103
	スライド番号 104
	スライド番号 105
	スライド番号 106
	スライド番号 107
	スライド番号 108
	スライド番号 109
	スライド番号 110
	スライド番号 111
	スライド番号 112
	スライド番号 113
	スライド番号 114
	スライド番号 115
	スライド番号 116
	スライド番号 117
	スライド番号 118
	スライド番号 119
	スライド番号 120

