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Abstract

1H0323+342 is one of narrow-line radio-loud Seyfert 1 galaxies (RL-NLS1), which is a new class of
gamma-ray emitting AGNs. Narrow-line Seyfert 1 galaxy (NLS1) has a small black hole, but its mass
accretion rate is high almost as same as Eddington limit. Therefore, by observing NLS1s, we can study
the evolution of massice black holes at the center of galaxies. Some of NLS1s are radio-loud and we call
them RL-NLS1. From past observations, the multi-wavelength spectra of RL-NLS1 is similar to that of
typical blazars; the synchrotron emission in the lower energy band up to the optical band and inverse
Compton scattering of low energy photons from disk, torus, and broad line region. In the higher energy
band, X-ray band is a transition region between the synchrotron and inverse Compton, and also there is
a possible disk emission. Therefore, we studied the energy-dependence of time variability of the X-ray
emission of 1H0323+342, which have been observed by Suzaku in 2009 and 2013, in order to determine
the emission mechanism. We found that the lower energy below 2 keV and the higher energy above 7
keV show a different variability from the middle energy band, indicating three emission components in the
X-ray band.
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1.1. Nallow-line Seyfert 1 galaxy(NLS1)

Narrow-line Seyfert 1 galaxy (NLS1) is a class of active
galactic nuclei (AGN). The width of optical emission line
is narrower than that of Seyfert 1 galaxy, and NLS1 have
no absorption like Seyfert 2 galaxy. In the spectrum,
there is large soft-excess in X-ray region. NLS1 is iden-
tified by the following three characteristics.

1. FWHM (Hβ) < 2000 kms−1 (Goodrich 1989)

2. [OIII] / Hβ < 3 (Osterbrock & Pogge 1985)

3. strong permitted Fe II emission lines (Boroson &
Green 1992)

NLS1 has a small black hole, but its mass accretion rate
is almost as high as Eddington limit (Marconi et al.
2008). We can study the evolution of supermassive black
holes at the center of galaxies by 0observing NLS1s.

1.2. Nallow-line radio-loud Seyfert 1 galaxy(RL-NLS1)

Most of NLS1s are radio-quiet (R < 10, R : radio loud-
ness, ratio of 5 GHz radio to B-band flux densities)
(Kellermann et al. 1989), but 7 % of NLS1s are radio-
loud (R > 10) and 2.5 % are very radio-loud (R >
100)(Komossa et al. 2006), and they are called as radio-
loud narrow-line Seyfert 1 galaxies (RL-NLS1).

With Fermi observation, GeV gamma-ray emission has
been discovered from PMN J0948+0022, one of RL-
NLS1s, at the first time(Abdo et al. 2009a). After
that, GeV gamma-ray emission was found from other
RL-NLS1s(Abdo et al. 2009b), so it is found that RL-
NLS1 generally emits GeV gamma-ray. From past obser-
vations, the multi-wavelength spectrum of RL-NLS1 is
similar to that of typical blazars; the synchrotron emis-
sion in the lower energy band up to the optical band
and inverse Compton scattering of low energy photons
from disk, torus, and broad line region. In the higher
energy band, X-ray band is a transition region between
the synchrotron and inverse Compton, and also there is
a possible disk emission.

2. Purpose

The emission mechanism of RL-NLS1 is considered as
above, but we do not know about that clearly. There-
fore, we studied the energy-dependence of time variabil-
ity of the X-ray emission of 1H0323+342, which have
been observed by Suzaku in 2009 and 2013, in order to
determine the emission mechanism.
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3. Data Analysis

3.1. Energy-dependence of time variability

Fig.1 is the light curve of 1H0323+342 observed by
Suzaku in 2013 (black : 0.5-1 keV, red : 1-2 keV, green:
2-3 keV, blue : 3-5 keV, yellow : 5-7 keV, magenta : 7-
10 keV, cyan : Fe-k). The light curve indicates that the
soft X-ray band below 1 keV varies independently. Fig.2
is correlation of count rates between two energy bands
of 1H0323+342, 2-3 keV band vs. other bands. From
Fig.2, we found that the lower energy below 2 keV and
the higher energy above 7 keV show a different variabil-
ity from the middle energy band. It is suggested that
there are three emission components in the X-ray band.

Fig. 1. light curve of 1H0323+342 (2013)

Fig. 2. correlation of count rates between two energy bands of
1H0323+342 (band3(2-3keV) vs. band1 (0.5-1 keV), band2 (1-2
keV), band4 (3-5 keV), band5 (5-7 keV), band6 (7-10 keV), band7
(Fe-K))

3.2. X-ray spectra

As in Fig.3, X-ray spectrum can be fitted with the model
const*phabs(bknpower+powerlaw) for 2013. The brak-
ing energy is around 0.6 keV. Hard powerlaw component
is needed against the broken powerlaw.

When we look at the residual in detail, there is a hint
of brood Fe-K line as shown. Then, we try to fit the
2013 spectra with the single powerlaw model plus Fe-K
line associated with the relativistic reflection. In this
case, the spectrum is also fitted.The broken powerlaw -
like feature around 0.6 keV is represented by the Fe-L
line complex. Further study is needed to conclude it.

Fig. 3. X-ray spectrum of 1H0323+342 (2013) fitted with the model
const*phabs(bknpo+powerlaw)

Fig. 4. X-ray spectrum of 1H0323+342 (2013) fitted with the model
const*phabs*(po+kdblur*reflionx)
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