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1. Introduction: 
AGN evolution and “rare” populations

• Mass accretion - BH growth

• Fueling / obscuration

quasar populations are related to mergers, with k75% (and as
high as 100%) showing clear evidence of recent /ongoing merg-
ing (Hutchings et al. 2003, 2006; Kawakatu et al. 2006; Guyon
et al. 2006; Urrutia et al. 2008), with young poststarburst stellar
populations (Guyon et al. 2006),much of the dust arising on scales
of the galaxy (in turbulent motions, inflow, and outflow; Urrutia
et al. 2008), and extremely high Eddington ratios indicative of a
still active period—making them (as opposed to most fully ob-
scured quasars) a substantial contributor to the most luminous
quasars in the universe (White et al. 2003; Hutchings et al. 2006;
Zakamska et al. 2006). As the dust is removed, the black hole is
then visible as a traditional optical quasar (although very small-
scale ‘‘torus’’ obscuring structures may remain intact, allowing
for some rare, bright type II systems).

Here observations of the hostmorphology aremore ambiguous
(see, e.g., Bahcall et al. 1997; Canalizo & Stockton 2001; Floyd
et al. 2004; Zakamska et al. 2006; Pierce et al. 2007), but this is
expected, for two reasons. First, the point-spread function of the
bright and unobscured optical quasar must be subtracted and host
galaxy structure recovered, a difficult procedure. Second, by this
time themerger is complete and the spheroid has formed, leaving
only fading tidal tails as evidence for the recent merger. Mock

observations constructed from the simulations (E. Krause et al.
2008, in preparation) imply that, with the best presently attainable
data, these features are difficult to observe even locally and (for
now) nearly impossible to identify at the redshifts of greatest in-
terest (z k1). This appears to be borne out, as Bennert et al. (2008)
have re-examined low-redshift quasars previously recognized from
deep Hubble Space Telescope (HST ) imaging as having relaxed
spheroid hosts and found (after considerably deeper integrations)
that every such object shows clear evidence for a recent merger.
These difficulties will lead us to consider a number of less di-
rect but more robust tests of the possible association between
mergers and quasars.

Finally, as the remnant relaxes, star formation and quasar ac-
tivity decline as the gas is consumed and dispersed, and the re-
maining galaxy resembles an elliptical with a quiescent black hole
satisfying observed correlations between black hole and spheroid
properties. During this intermediate !Gyr decay, depending on
details of the merger and exact viewing time, the remnant may be
classified as a low-luminosity (decaying) AGN in a massive (and
relatively young) spheroid, or as a poststarburst (E+A/K+A) gal-
axy. Observationally, the link between K+A galaxies and mergers
is well established (e.g., Yang et al. 2004; Goto 2005; Hogg et al.

Fig. 1.—Schematic outline of the phases of growth in a ‘‘typical’’ galaxy undergoing a gas-rich major merger. Image credit: (a) NOAO/AURA/NSF; (b) REU
program/NOAO/AURA/NSF; (c) NASA/STScI/ACSScience Team; (d ) optical (left): NASA/STScI/R. P. van derMarel & J. Gerssen; X-ray (right): NASA/CXC/MPE/S.
Komossa et al.; (e) left: J. Bahcall /M. Disney/NASA; right: Gemini Observatory/NSF/University of Hawaii Institute for Astronomy; ( f ) J. Bahcall /M. Disney/
NASA; (g) F. Schweizer (CIW/DTM); (h) NOAO/AURA/NSF. [See the electronic edition of the Supplement for a color version of this figure.]
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Figure 11. Comparison of the best-fit XLF shape between different redshifts
(CTN AGNs only).
(A color version of this figure is available in the online journal.)

also gives a good description of our data. Unlike the LDDE,
the LADE assumes a constant relative shape of the XLF in the
logarithmic scales over the full redshift range, and its break
luminosity and normalization is given as a function of redshift.
We perform an ML fit to the whole sample by adopting the
same formulation of the XLF as given in Aird et al. (2010). A
chi-squared test for the two-dimensional histograms of flux and
redshift between the best-fit model and data yields χ2 = 207.1
(dof = 114). The LADE model is thus rejected with a p value
of <10−7. We infer that it is difficult to distinguish the LDDE
and LADE models in Aird et al. (2010) because of the smaller
number of samples used there; indeed Aird et al. (2010) show
that the LDDE gives a better fit to their data than the LADE,
although the difference is not significant.

6.4. Comparison with Previous Works

The parameters of the AGN XLF are better constrained than in
any of previous works thanks to our large sample size (≈15 and
≈4 times larger than those used by U03 and H05, respectively).
Here, we compare them with those of the LDDE model by
U03 and by H05 as representative ones. Although the direct
comparison with U03 is not trivial as the formulation of the
XLF in U03 is simpler than ours (e.g., β1 = 0 is assumed in
U03), the overall parameters are in good agreement between
our work and U03 except for γ2. The overall shape of our XLF
derived for all CTN AGNs is almost consistent with that by
H05 derived only for type-1 AGNs (see their Table 5) within
the errors except for α (=α1 in our paper), which is found to be
slightly larger (α1 = 0.29±0.02) than in H05 (α = 0.21±0.04).
Note that the zc,44 = 0.21 ± 0.04 parameter defined in H05 can
be converted to zc = 1.96 ± 0.15 with α = 0.21 (=α1 in our
paper), and thus agrees with our result (zc = 1.86 ± 0.07). Our
best-fit model has steeper slopes in the double power-law form
for the local XLF, γ1 = 0.96 ± 0.04 and γ2 = 2.71 ± 0.09, than
those obtained by H05. This can be explained by the luminosity
dependence of the absorbed-AGN fraction. Our local XLF is
well consistent with the Ballantyne (2014) result as determined
by the “multiband” fit.

We also determine the evolution of the absorption fraction
with an unprecedented accuracy, a1 = 0.48 ± 0.05, in the form

Figure 12. Comoving number density of AGNs plotted against redshift in
different luminosity bins (CTN AGNs only). The curves are the best-fit model,
and the data points are calculated from either the soft- or hard-band sample (see
Section 6).
(A color version of this figure is available in the online journal.)

of (1 + z)a1 that is saturated above z = 2. La Franca et al.
(2005) model the redshift evolution of the absorption fraction
by a different parameterization, adopting a linear function of z
for the fraction of AGNs with log NH < 21. According to their
best-fit model (model 4), where the constant NH distribution is
assumed over log NH = 21–25, the fraction of absorbed CTN
AGNs (log NH = 22–24) in the total CTN AGNs (log NH < 24)
at log LX = 44 is 2.3 times higher at z = 2 than at z = 0. This
corresponds to a1 ≈ 0.75 when modeled by (1 +z)a1. Similarly,
Hasinger (2008) obtain (1 + z)0.62±0.11 that is saturated at z > 2.
The reason why both La Franca et al. (2005) and Hasinger
(2008) obtain larger indices than ours could be the difference
in the adopted absorption fraction in the local universe. Both of
them utilize the HEAO1 samples, from which somewhat smaller
absorption fractions are estimated compared with the Swift/
BAT and MAXI results. In the La Franca et al. (2005) model,
the fraction of CTN AGNs in the total CTN AGNs is ≈0.25
at log LX = 44, which can be converted to ψ0

43.75 ≈ 0.31 with
β = 0.24. This value is similar to that presented in Hasinger
(2008), while it is smaller than our result obtained from the
Swift/BAT sample, ψ0

43.75 = 0.43 ± 0.03. The reason for the
discrepancy is unclear but may be attributed to the statistical
error due to the small size of the HEAO1 A2 sample (Piccinotti
et al. 1982) and/or incompleteness of the HEAO1 A1 and A3
sample (Grossan 1992). Note that our best-fit slope is larger
than that in the model by Ballantyne et al. (2006), a1 ≈ 0.3,
where the absorption fraction is assumed to be saturated above
z = 1.0. Treister & Urry (2006) obtain a similar slope to ours,
a1 ≈ 0.4 ± 0.1 without saturation up to z = 4, by correcting
for selection biases due to the low completeness (53%) in their
sample.

7. STANDARD POPULATION SYNTHESIS
MODEL OF THE XRB

7.1. Model Predictions

We have constructed a new XLF of AGNs by utilizing one
of the largest samples with a high degree of identification com-
pleteness combined from surveys in different energy bands. We
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Use XMM-Newton serendipitous source catalogue
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Buried AGN
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2. Buried AGN
(1) X-ray color selection of buried AGN

Motivation:
 Suzaku follow up of 
 Swift/BAT selected AGN
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TABLE 1
Targets and Observation Log

SWIFT
Optical

Identification Redshift
Start Time
(UT) End Time

Exposurea
(ks)

J0601.9!8636 . . . . . . ESO 005-G004 0.0062 2006 Apr 13 16:24 Apr 14 01:52 19.8
J0138.6!4001 . . . . . . ESO 297-G018 0.0252 2006 Jun 04 18:13 Jun 05 05:00 21.2

a Based on a good time interval for the XIS-0.

Fig. 1.—Broadband energy spectra of (a) SWIFT J0601.9!8636 and (b) SWIFT
J0138.6!4001 unfolded for the detector response in units of , where2E F(E)

is the photon spectrum. For clarity, we only plot the summed spectrum ofF(E)
the three FI-XIS (below 12 keV), and those of PIN (above 12 keV), while the
spectral fit is performed to the whole XIS"PIN"BAT data including the BI-XIS.
The black crosses represent the data with 1 j statistical errors. The histograms show
the best-fit model with separate components. The upper solid line, dot-dashed line,
lower solid line, and dotted line correspond to the total, iron K emission line,
reflection component, and scattered component, respectively. [See the electronic
edition of the Journal for a color version of this figure.]

with the XIS and PIN. The XIS spectra were accumulated within
a radius of 2! around the detected position. The background was
taken from a source-free region in the field of view. The spectra
of three front-side illuminated CCDs (FI-XIS; XIS-0, 2, and 3)
are summed together, while that of the back-side illuminated CCD
(BI-XIS; XIS-1) is treated separately in the spectral fit. Examining
the spectra of the 55Fe calibration source, we verify that the energy
scale and resolution is accurate better than 10 and 60 eV levels,

respectively, at 5.9 keV. For the analysis of the PIN, we utilized
only data of Well units with the bias voltage set at 500 eV (W0,
1, 2, 3 for SWIFT J0601.9!8636 and W1, 2, 3 for SWIFT
J0138.6!4001) with the best available models of PIN background
provided by the HXD team.5
To obtain the best constraint from the entire data, we perform

a simultaneous fit to the spectra of XIS (FI and BI), PIN, and
the archival Swift BAT, which covers the 0.2–200 keV band as
a whole. The BAT spectra consist of four energy bins over the
15–200 keV range and are useful to constrain the power-law
index. Here we allow the relative flux normalization between
Suzaku and Swift (BAT) to be a free parameter, considering
possible time variability between the observations. We fixed the
normalization ratio between the FI-XIS and the PIN based on
the calibration result using the Crab Nebula. All the absolute
fluxes quoted in this Letter refer to the flux calibration of the
FI-XIS. We find that the 10–50 keV PIN fluxes of SWIFT
J0601.9!8636 and SWIFT J0138.6!4001 are and!111# 10

ergs cm!2 s!1, indicating time variability by a factor!114# 10
of 0.5 and 1.6, respectively, compared with the averaged flux
measured by the Swift BAT over the past 9 months (J. Tueller
et al. 2007, in preparation).
Figure 1 shows the FI-XIS and PIN spectra unfolded for the

detector response (for clarity, the BI-XIS and BAT spectra are
not plotted). The X-ray spectrum of SWIFT J0601.9!8636 be-
low 10 keV is dominated by a hard continuum with few photons
below 2 keV, consistent with the previous nondetection in soft
X-rays (an upper limit of ergs cm!2 s!1 in the 0.1–!131.3# 10
2.4 keV band by the ROSAT All Sky Survey; Voges et al. 2000).
We find that the broadband spectrum can be well reproduced
with a model consisting of a heavily absorbed power law with

cm!2, which dominates above 10 keV, and a mildlylog N ! 24H
absorbed reflection component from cold matter accompanied
by a narrow fluorescence iron K line, which dominates below
10 keV. The large column density is consistent with the observed
equivalent width (EW) of the iron K line, ≈1 keV (Levenson et
al. 2002). SWIFT J0138.6!4001 shows a similar spectrum but
with a smaller absorption of cm!2 for both trans-log N p 23.7H
mitted and reflected components.
The spectral model is represented as

Gal!j(E)N !G !j(E)N !GH HF(E) p e [ fAE " e AE
refl!j(E)NH" e C(E)" G(E)],

where is the Galactic absorption column density fixed atGalNH
cm!2 for both targets (Dickey & Lockman 1990),202.0# 10

is the local absorption column density at the source redshiftNH
for the transmitted component, is that for the reflected com-reflNH
ponent (assumed to be the same as for SWIFT J0138.6!4001),NH
and is the cross section of photoelectric absorption. The termj(E)

represents the reflection component, calculated using theC(E)

5 Ver1.2_d for SWIFT J0601.9!8636 and ver1.2_w123 for SWIFT
J0138.6!4001.

Very weak scattered component (fscat= 0.2％)

suggesting AGN buried in geometrically thick absorber

Ueda+07

Swift J0601



2. Buried AGN
(1) X-ray color selection of buried AGN
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Examples

1     2       5   10
(keV)

1     2       5   10
(keV)

1     2       5   10
(keV)

  fscat= 0.1％                       fscat= 1%                        fscat= 10% 

Noguchi, YT+09,10

8/32 objects:  fscat< 0.5％, i.e., buried AGN



(2) X-ray and IR selection of Buried AGN

- Buried AGN are expected to be bright
in IR (emission from dust heated by AGN)

- X-ray (<10 keV) biased against heavily 

absorbed (NH>10 24 cm-2)  AGN

→ select X-ray faint IR bright objects

IR data: Akari all sky survey

XMM spectra of 48 candidates were analyzed

Unabs AGN

abs AGN

SB/normal

Terashima+15
see also Severgnini+12



Optically Elusive AGNs

- 6 objects are classified as HII nucleus, 
or normal galaxies based on optical spectra.

- Optical emission lines from AGNs are diluted and not visible.

“Optically elusive AGNs” 
(IR selected obj. with X-ray data Maiolino+03) 

SDSS J085312
HII, 5.3x1022 cm-2

NGC 5689
Normal, 2.7x1023 cm-2

IRAS 13443+0802NE
HII, 1.3x1023 cm-2
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Buried AGNs
w/ huge Fe EW

NGC 7738

HII/L, 3.3 keV�

NGC 1402

HII, 4.6 keV�

2MASX J23404437
Unclass, 3.0 keV

NGC 6926
S2, 2.7 keV

6: Compton-thick 
AGNs 

4: Fe-K EW> 2keV  
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is covered  by 
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(3) X-ray Bright Optically Faint AGNs 

Obscured AGN 
and/or 
z>1 opt. dropout 

role of accretion/obscuration 
at peak of AGN activity 
  at z~1-2  

0.5-8 keV
Rovilos+10

Typical  
AGNs

X-bright 
Opt-Faint 
Pop.



46/53:  Fx/Fi > 10 
   X-ray bright  
      optically faint 
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Fig. 10. (Left panel) i-band magnitude corrected for Galactic extinction plot-
ted against logFX (erg s−1 cm−2) corrected for absorption in the 2–10 keV
band. Solid and dashed lines correspond to flux ratios of FX/Fi = 10 and
50, respectively. (Right panel) Distribution of X-ray flux to i-band flux ratio
FX/Fi. X-ray fluxes are in the 2–10 keV band corrected for absorption.
i-band fluxes are corrected for the Galactic extinction.
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Fig. 11. Absorption column density and X-ray flux to i-band flux ratio
FX/Fi.

show a larger fraction of objects with flatter slope than those for
our sample. This discrepancy might be partly due to the flux
range. In Chandra studies using deep fields, fainter sources
(mostly < several ×10−15 erg s−1 cm−2; e.g., Civano et al.
2005) are sampled, and heavily absorbed AGNs with a similar
luminosity could be detected. Another possible selection bias is
our use of full band X-ray counts in the sample selection. The
effective area of XMM-Newton is larger at soft X-rays and more
sensitive to less absorbed objects.

Next we test whether the relation between the optical faint-
ness of our sample is related to the X-ray absorption (NH). As
shown in figure 11, a correlation between X-ray to i-band flux
ratio (FX/Fi) and NH is not clear. All of the NH value of most
extreme objects with log(FX/Fi) > 1.9 are greater than 1022

cm−2, although it is not clear whether this trend is real or due
to the limited sample size.

X-ray absorption column densities obtained for our sample
are mostly in the range logNH ≈ 20.5−23.5 cm−2, which cor-
responds to an extinction of EB−V =0.054–54 or AV = 0.17–
170 if standard conversion factors of AV /EB−V = 3.1 and
NH/EB−V = 5.8× 1021 cm−2 mag−1 (Bohlin et al. 1978) are
assumed. We examine whether this amount of absorption is suf-
ficient to obscure the central AGN in the optical and to explain
the optical faintness of our sample. If the intrinsic SED between
optical and X-ray is represented by a template of unabsorbed ra-
dio quiet quasars assembled by Elvis et al. (1994), the slope be-
tween the V band and 1 keV is logνFν,V − logνFν,1keV ≈ 0.6.
The flux ratios of FX/Fi = 10 and 50 correspond to AV = 1.5
and 3.3 if a quasar is the only source of radiation. The NH val-
ues required for these AV values are 2.8× 1021 and 6.2× 1021

cm−2, respectively. The best-fit NH values of 15 objects do
not exceed the former value and the optical faintness cannot
be explained if the standard conversion factor is assumed. The
SEDs of most objects show signature of stellar emission com-
ponent in the optical band in the source rest frame, the extinc-
tion necessary to hide a large fraction of AGN emission should
be higher than these AV values. Therefore, EB−V /NH values
are suggested to be larger than the standard value for at least a
part of the sample. This condition implies a large dust/gas ra-
tio in galaxies in our sample and then smaller NH could give
stronger reddening. This dust rich nature of our sample is con-
sistent with the significant infrared emission seen in the SED.
Note, however, that EB−V /NH values in AGNs are suggested
to be smaller than the Galactic standard value (Maiolino et al.
2001), which is in the opposite sense to our case. Their sam-
ple consists of Seyfert galaxies showing at least two broad lines
in optical/infrared with NH measured by X-ray, which are or-
dinary AGNs in terms of X-ray to optical flux ratios. Thus the
dust rich nature is suggested to be related to optical faintness in
our sample.

The peak of the number density of AGNs of an X-ray lumi-

- Subaru HSC-wide survey, XXL field:  9 deg2 covered by SWIRE 
   53 objects: i>23.5, >70 counts in 0.2-12 keV

Terashima+18

(3) X-ray Bright Optically Faint AGNs 



NH and X-ray luminosity

X-ray absorption is modest 
None: >1023.5 cm-2

L2-10 corrected  
for absorption

NH 
(photon index=1.9 fixed)

X-ray 
quasar

20: X-ray absorbed quasars (NH>1022 cm-2) 
Type 2 quasars are efficiently found 
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Fig. 8. Continued. (i) J022405.2−041612. (j) J022408.6−041151. (k)
J022420.7−041224. (l) J022421.1−040355.
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Fig. 8. Continued. (m) J022510.6−043549.
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Fig. 9. Distribution of X-ray luminosities in 2–10 keV corrected for absorp-
tion.

as Compton-thin AGNs. We examine whether flat X-ray spectra
observed in several objects are explained by a Compton-thick
AGN. All of the X-ray spectra of seven sources with an appar-
ent photon index of Γ< 1.0 show a clear convex shape peaking
at energies 1.2− 2 keV indicating mild absorption. This shape
is not compatible with a reflection dominated X-ray spectrum
that is flat, nor a combination of reflected emission and emis-
sion Thomson scattered by ionized medium resulting a concave
shape. We therefore conclude that our spectra are best explained
by a power law model absorbed by at most several ×1023 cm−2

as deduced from absorbed power law fits in section 5.2.

The modest absorption measured for our sample and absence
of Compton-thick AGN are in agreement with results obtained
with XMM-Newton using a much smaller survey area. The 2–10
keV fluxes for our sample are in the range of FX =4×10−15−
2 × 10−13 erg s−1 cm−2. This range covers X-ray fainter
sources compared to objects found in the HELLAS2XMM sur-
vey and XMDS by a factor of two (Perola et al. 2004, Tajer et al.
2007). Therefore, we found no evidence for emergence of new
properties in the covered flux range. On the other hand, previ-
ous studies of X-ray bright optically faint AGNs using Chandra
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Fig. 6. Distribution of observed X-ray fluxes in 2–10 keV.

20 22 24
0

5

10

15

N
u
m

b
e
r

log NH (cm−2)

<
<

<

Fig. 7. Distribution of best-fit values of absorption column density. Photon
index of 1.9 is assumed in the fits. ”<” symbol denotes upper limit for objects
with best-fit column density of zero.

umn density and a normalization of the power-law component.
This model provides a good description of the X-ray spectra.
One object, J021529.4−034322 (figure8 (a)), shows weak wavy
residuals peaking at 0.5 keV and 2 keV. If an unabsorbed power-
law component is added, a column density of 1.6+6.2

−1.2 × 1023

cm−2 for an absorbed component and an only slightly better
value of C statistic (∆C = −4.7) are obtained for one addi-
tional free parameter (normalization of unabsorbed power law).
In the following analysis, we use the results of single absorbed
power law fits for all the objects. The observed spectra, best-fit
absorbed power law model, and data/model ratios for objects
with net EPIC-PN counts in 0.5-10 keV greater than 150 (13
objects in total) are shown in figure 8. The best-fit models are
shown only for EPIC-PN and EPIC-MOS1 for clarity.

The intrinsic absorption column densities thus obtained are
tabulated in table 4 and their distribution is shown in figure 7
as a histogram. The best-fit absorption column densities are
distributed in the range of logNH =20.5−23.5 (cm−2), except
for three objects, for which the best-fit value becomes zero. The

column densities of most objects are modest, as implied from
the apparent slope in the single power-law fits in section 5.1,
with a distribution peaking at logNH ≈ 21.5− 22 (cm−2).

By using the absorbed power-law model, intrinsic X-ray lu-
minosities in the 2–10 keV band (source rest frame) corrected
for both Galactic and intrinsic absorption were derived. The
intrinsic luminosities are shown in table 4 and figure 9. The
peak of the distribution of the intrinsic luminosities is around
logLX=44.0-44.4 erg s−1. The boundary between Seyfert and
quasar luminosities in X-rays of 1044 erg s−1 in 2–10 keV is
often used, and luminosities of most of objects in our sample
are those of quasars or luminous Seyferts. Among 35 objects
having LX > 1044 erg s−1, NH of 20 objects are in excess of
1022 cm−2 and are classified as type 2 quasars based on X-ray
absorption. Thus our selection is efficient to find a population
of type 2 quasars.

5.3 Flux ratios

The X-ray fluxes in the 2–10 keV band corrected for absorption
derived from the absorbed power-law fits (FX) are used to cal-
culate X-ray to i-band flux ratios. i-band flux Fi is defined as
∆λfλ, where ∆λ is a full width at half maximum of the i-band
filter transmission (1480 Å) and fλ is a flux density at i band in
units of erg s−1 cm−2 Å−1.

The i-band magnitude corrected for the Galactic extinction,
absorption corrected X-ray flux in the 2–10 keV band, and the
distribution of the flux ratios are shown in figure10. The val-
ues of flux ratios are summarized in table 5. The FX/Fi ratios
for 46 objects are greater than 10, which are classified as ex-
treme X-ray-to-optical flux sources (EXOs). 11 among them
have FX/Fi > 50 and are classified as EXO50 that are a class
showing most extreme X-ray to optical flux ratios as defined in
Della Ceca et al. (2015) using the R band. The deficit of ob-
jects with small FX/Fi ratios are due to our selection criteria;
we selected X-ray bright (0.2–12 keV EPIC-PN counts greater
than 70) and optically faint (i-band magnitude fainter than 23.5)
objects.

6 Discussion
6.1 X-ray absorption

We made a sample of 53 X-ray bright optically faint AGNs and
analyzed their X-ray spectra. The number of objects for which
individual X-ray spectral fit can be performed is much larger
than previous works (Perola et al. 2004, Rovilos et al. 2010,
Dela Ceca et al. 2015). X-ray spectral fits with an absorbed
power-law model show that the X-ray absorption is modest; 43
among 53 objects are absorbed by a column density between
1021 and 1023 cm−2. Only three are absorbed by the best-fit col-
umn of an order of 1023 cm−2. Thus all the objects are classified
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Low-Mass AGN
Highly variable AGN
AGN in “new state”



Low-Mass AGNs
in mass growing phase

X-ray variability time scale: Related to MBH

Normalized excess variance
(NXS)

  NXS - MBH correlation
    (e.g., Zhou+10, Ponti+12, Pan+15)

Highly variable
 → candidate low-mass AGN



New Low-mass AGNs: 
Light Curves and Spectra

PL Γ=1.83 BB kT=0.10 keV, 
                                 PL Γ=1.85

BB kT=0.14 keV, 
                                 PL Γ=2.35

1          2            5       10
Energy (keV)  1          2            5       10

Energy (keV)  
1          2            5       10
Energy (keV)  

MBH=1.9X105Msolar
       (opt)

MBH=2.8X106Msolar
(opt)

MBH=2.4X106Msolar
(X-ray)

Kamizasa, YT+12
MBH from opt. spec. Ho & Kim 16



AGN w/ Soft Thermal Spectrum 
2XMM J1231+1106

YT+12

0.5               1                2
Energy (keV)

0.5        1          2             5        10
Energy (keV)

3σ upper limit

- Rapid variability
- QPO (3.8 h)

- No signals above 1.7 keV
- Steepest 1 keV - 5 keV
      slope among AGNs

- MBH ~ 1x105Msolar
  (Ho, Kim, &YT12) 

- Only soft thermal seen
PN

MOS2

MCD kTin~0.2 keV
(Lin+13)

  High/Soft state? - variability NOT compatble
  Very high state?
  New state in AGN?
  Tidal disruption event? (Lin+17)



Summary

- Rare AGNs successfully found by combining various 
selection criteria and multi-λ data thanks to the wide 
survey area

   Buried AGN/Low-mass AGN/ AGN in new state?


