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The circumnuclear environment of SMBHs

The circumnuclear materials
*proad-line region (BLR), torus..

Connect AGNs and their host galaxies

* Feeding SMBHSs Ramos Almeida & Ricci 2017
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X-ray reverberation mapping

Compare the light curve of direct component and that of iron line

* The direct component comes directory from the X-ray source

* The ironline (~6.4 keV) is emitted from a reflector irradiated
by the X-ray source

* The iron line is delayed from the direct component due to the difference
In the light travel distance.

The lag of the iron emission line

*the geometry of the circumnuclear

materials Observer
the distance from the X-ray source Ironlne - Direct component
to the reflector, r . /
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Target: Centaurus A

Centaurus A (Cen A) The NuSTAR spectra of Cen A
a suitable target to study the structure z 2013 i
around the SMBH in radio galaxies. . %2018 I
_ . Ly | 2015 W”‘M:v:%”“"”M.»mw”“ww J .
* theiron line (~6.4 keV) was detected e T " .;W‘:” il ™
 observed repeatedly in the X-ray £ WMW‘WWW | ammﬂ Wi,
energy range 5 2 3 Iron line (6.4 keV) wwu**+**“Hﬁ++ﬂ++ﬁ$ﬂi:r%Mﬂiﬁ%
“ﬂw
The origin of the iron line is s mo s
still an open question.
« Line width (vpyy): 1000-3000 km s~ =P 10~2-10"! pc
(Evans et al. 2004)
« Stable iron line flux > 10 It-yr =P > ]|pc

(Furst et al. 2016)

Goal: to reveal the origin of the iron line



Comparison of the light curves

Direct component and iron line

The iron line flux dropped
between 2013 and 2015 The light curve of Swift/BAT (Krimm+2013)
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The flux variation was The flux of the iron emission line
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There seem to be both short-lag and long-lag components



Transfer function

Assumed transfer function

How the flux of iron line double-top-hat function
respond to the irradiate flux 1e-6
+ Tl
Transfer function 6 - Short lag
/
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Light curve of Light curve of the 27 S
the iron line direct component > Long lag
0 ’ -
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Assumed transfer function Spherical shells

Observer

double-top-hat function

 (Contains short-lag and long-lag components

e transfer function for two spherical shells




Analysis using the the transfer function

Parameters estimation
Fit the convolution to the iron line data

I I I 1 I
0 2000 4000 6000 8000 10000
time (days)

—— Best-fit light curve
¢ FeKa line (Suzaku, NUSTAR)

Fre (1072 ergcm™2 s~

o | | L(t;p) = "dT\P(T; p)C(— 1)

. 7, < 2.8 X 10° days wp
.« 7, > 2.1 x10° days =p

Since the number of iron line flux data is limited,
alternative models can also explain the data
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More realistic model

XClumpy-like model

Assume the distribution of the
origin of the iron line as follows

o N(r/r,) " exp (—(0 — 7/2)*/6%) r? sin Odrdfd¢

(1, <1 <Tyy

*Same as the clump distribution in XClumpy
(Tanimoto et al. 2019)

¢ Iy =9 pc,o =40

e Inclination angle i = 60°

Calculate the transfer function
from the distribution

 Short-lag and long-lag components

Assumed distribution

) Observer

no

* Transfer function

P(t; p)
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The limitation of the reverberation mapping

Iron line flux estimation
Both cases with

r. =1x 1072 pc and

1 x 107! pc consistent
with the “ght curve The estimated flux of the iron line
n 3.6 (b +
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—— Best-fit light curve
¢ Fe Ka line (Suzaku, NuSTAR)
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further constraints on
the short-lag component

Since Resolve on XRISM has an energy resolution of < 7 eV,
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Simulation of XRISM iron line profile

Assumption for the iron line origin

XClumpy-like model

~—1 Observer

Keplerian motion /

Simulated two cases:
(i) r,=1x%x10"%pc
(i) r,=1x10""1pc

Simulation of XRISM observation . 'hesimulatedspectra

(i) ,=1x 1072 pc
The continuum flux is the same as | 7= 1107 pe
the NUSTAR observation in 2018

Exposure 200 ks
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Analysis of the simulated spectra

The analysis results of simulated spectra

Analysis procedure

(i) ,, =1x 1072 pc

Fit the XClumpy-like model to the
simulated spectra

o Four free parameters: r;, ¢, s and 1

counts s~ ! keV~! cm™2
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Summary

e X-ray reverberation mapping suggests that the reflection
component is originated from the reflectors whose sizes

dlre

* Obtaining additional constraints on the short-lag
component through x-ray reverberation mapping is
challenging.

e (Observation of Cen A with XRISM will enable us to
estimate
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Thank you for listening!



Back up



Results of simulated spectra analysis

Tip q g [ (degree)
(i) assumed 1 %1072 pc 2.7 53x 1073 60
results (8.513%) x 107 pc 2.687+0:061 (5.48+03%) % 1073 70+1
(i) assumed 1x 107! pc 3.2 51x107° 60
results (9.2721) x 1072 pc 3.16+022 (5.08+028) x 1073 6071

» Assume the distribution of the
origin of the iron line as follows

N (r/ rin) exp (—(9 — 7/2)*/ 02) r* sin 0drdOda -
(g < ¥ < TFyyut)

Transfer function
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Simulated spectra: gauss
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39.2151:3 eV
3070 eV

0.63
717508 eV
104107 eV

r;,, (@assumed)

(i) 1 x 1072 pc
(i) 1 x 10! pc

Simulated spectra: gauss (narrow + broad)
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Analysis of the simulated data: 3 X 10~ pc

The analysis results of simulated spectra

;E’ v (i) r,=3%x107°pc
g “Hlil il HJHM HM L4l ﬁ {
The results e LA
r;, (assumed) rin e Energy (keV) 6.6
lg (i) n =1x10"!pc
(i) 3x 107 pc (1.9£1.0)x 107 pc L |
() 1x 107 pc (92159 x 1072 pe . ﬁ
e UL T
B ol 1AM T

09 L 3
18 6.2 ey (keV) 6.6



Analysis of the simulated spectra: 100 ks

The analysis results of simulated spectra

Simulated data

(% (i) n,=1x 1072 pc
Exposure: 100 ks Lo
| 2107 .
| i
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The results 2 ap T T T T
r;, (assumed) Fin 6.2 Energy (keV) 6.6
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