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The Origin of the X Ray Polarization in the Clrcmus Galaxy

Atsushi Tanimoto i Keiichi Wada i
Hirokazu Odaka (Osaka Us ersity), Ryosuke Uematsu (Kyoto Us y), and Shi
Abstract

Yuki Kudoh (Tohoku University),
0Ogawa (JAXA/ISAS)

An Imaging X-ray Polarimetry Explorer (IXPE) detected X-ray polarization in the nearest Seyfert 2 galaxy, the Circinus galaxy, for the first

time. To reproduce the IXPE results, we computed the degree of polarization based on two types of radiative hydrodynamic simulations:

a parsec-scale th
Carlo Sil i

| model and a

b-p ale axi: ic model with higher spatial resolution. We used a Monte

for physics and C

code to compute the linear polarization of continuum emission. We found that the

degree of polarization based on the parsec-scale radiation-driven fountain model was smaller than that observed with IXPE. The degree
of polarization based on the sub-parsec-scale model was consistent with that observed with IXPE. We investigated where the photons
are Compton scattered and implied that the origin of the X-ray polarization in the Circinus galaxy is the outflow inside 0.01 pc[12].

1. Structure of Active Galactic Nucleus 2. X-ray Polarization Observation 3. Imaging X-ray Polarimetry Explorer

Aunified model of active galactic nuclei (AGN) suggests
that a structure composed of gas and dust called a torus
surrounds accreting supermassive black holes
(5MBHS)[01][09)]. This torus plays an essential role in the
co-evolution between SMBHs and their host galaxies[03].
However, the mechanism of torus formation and the
structure of the sub-parsec-scale gas remain unclear.

X-ray observations are one of the most powerful tools for
probing the structures of torus-scale gases. In particular,
the X d by

can provide clues to the geometry of the torus. However,
no satelite capable of observing X-ray polarization has
been launched since 0S0-8n 1

Figure 1. The structure of Active Galactic Nucleus[09).

4. Radiation-driven Fountain Model

To reproduce the degree of polarization in the Circinus
galaxy, we computed the degree of polarization based on
the radiative hydrodynamical simulations[16]. These
modelsnaturally expan the mult-warelength

Figure 2. Schematic of Compton scattering.

5. Monte Carlo Radiative Transfer

To compute the degree of polarization based on the
radiation-driven fountain model, we used Monte Carlo

An Imaging X-ray Polarimetry Explorer (IXPE) was
launched in 2021 December{19]. IXPE carries three Gas
Pixel Detectors to detect the 2-8 keV X-ray polarization.
IXPE observed the Circinus galaxy[10][11][13] at 800 ksec
in 2022 and detected the X-ray polarization for the first
time. Ursini+23 indicated that the degree of polarization
is 28+7% for the neutral matter[14].

Cold refiection

0 10 20 3% w0 50
Poaraaton degee ()

Figure 3. The degree of polarization observed by IXPE.

6. Comparison of Degree of Polarization

We compare the degree of polarization obtained ﬁam our
simulation and that nferred from IXPE observatio

simulations for astrophysics and gy (i o)

them. The red region represents the

code[06]{07) i in

(28]
We performed two-dimensional axxsymmetnc radiative.
hydrodynamical s\mulatlons[ﬂd] using CANS+[05] for four
different disk densite:

—ur

Figure 4. The distribution of the hydrogen density.

The Origin of the

To study the origin of the X-ray polarization in the Circinus
galaxy, we investigated where the photons were

ure 7 shows that
of the number of Compton-scattered photons in the case
of the edge-on view. Figure 7 suggests that the photons
are mainly Compton-scattered inside 0.01 pc. This implies
that the origin of the X-ray pc\ama(lon in the Circinus
galaxyis 3 sub-parsec-scale radiation-driven outflow.

ay Polarization

Figure 7. The distribution of the number of
Compton-scattered photons in the case of the edge-on.
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polarization. We performed X-ray polarization p—
based on the radiation-driven fountain model.

100 cbserver emission

(escaping) the last interaction
(B th,@1)

cray sourco
Inital conition
(Eo, N, to, 20)

Figure 5. Monte Carlo Radi

8. Summary

1. The mechanism of torus formation and the structure
of the sub-parsec-scale gas remain unclear.

2. Xray polarization observations are one of the most

degree of pol obtained from the IXPE
observation and the blue region represents a range of
inclination angle of the Circinus galaxy. We find that the
degree of polarization obtained from our simulation is
consistent with that observed with IXPE In high density.

B8

[oss——

=
Figure 6. The comparison between the degree of
polarization obtained from our simulation and that
inferred from the IXPE observation.
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sub-parsec-scale radiation-driven fountain model with
that obtained from the IXPE observation. The degree
of polarization obtained from our simulation is
consistent with that inferred from the IXPE.

4. We studied where the photons are Compton scattered
and implied that the origin of the X-ray polarization in
the Circinus galaxy is a sub-parsec-scale
radiation-driven outflow inside 0.01 pc.
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