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ABSTRACT

We study the correlation between the [O NE007 and X-ray luminosities of local Active Galactic Nuclei
(AGNSs), using a complete, hard X-ray (L0 keV) selected sample in the Swift/BAT 9-month catalogonfr
our optical spectroscopic observations at the South Afrisatronomical Observatory and the literature, a
catalog of [O 111I]\5007 line flux for all 103 AGNSs at Galactic latitudes |bf > 15° is complied. Significant
correlations with intrinsic X-ray luminosityL) are found both for observet6 i) and extinction-corrected
(L") luminosities, separately for X-ray unabsorbed and atebAGNs. We obtain the regression form of

Liom o Ly ey andLS', oc L3500 from the whole sample. The absorbed AGNs with 10w0(5%)

scattering fractions in soft X-rays show on average smaligfi; /Lx andL{g",; /Lx ratios than the other
absorbed AGNSs, while those in edge-on host galaxies do rfwsd results suggest that a significant fraction
of this population are buried in tori with small opening eyl By using theskjo iy vs.Lx correlations, the
X-ray luminosity function of local AGNSs (including Comptdhick AGNSs) in a standard population synthesis
model gives much better agreement with the [ONB)O7 luminosity function derived from the Sloan Digital
Sky Survey than previously reported. This confirms that b&rdy observations are a very powerful tool to
find AGNs with high completeness.

Subject headings: galaxies: active — galaxies: Seyfert — quasars: general +rays: galaxies

1. INTRODUCTION

In order to reveal the growth history of supermassive black
holes (SMBHS) in galactic centers, it is crucial to comdiete
survey all types of active galactic nuclei (AGNS) in the uni-
verse. According to the unified scheme of AGmw
[1993), an SMBH is surrounded by a bagel-shaped, dusty toru
and only the viewing angle determines the observable natur
of an AGN; one sees type-1 and type-2 AGNs when the line
of sight is unblocked and blocked by the torus, respectively
which causes dust extinction of optical lights from the aecr
tion disk and broad line region (BLR) and photoelectric ab-
sorption (plus Compton scattering) of the primary X-ray &mi
sion. Basically, the unified scheme seems fairly successful
explain many aspects of AGN phenomena. The spectrum o
the X-ray background indicates that a dominant populatfon o

AGNSs are type-2 (obscured) AGNs (elg., Ueda éft al. 2014).
Hence, surveys only using the broad emission lines or soft
X-rays could easily miss the main population of AGNSs.
Emission lines from the narrow-line region (NLR), which
is located outside the inner torus region, should be observ-
sable both from type-1 and type-2 AGNs unless the SMBH
s entirely surrounded by the torus. Thus, as long as the uni-
ied scheme holds, narrow emission lines induced by an AGN,
such as [O IIIN5007, have been considered to be a useful in-
dicator of the AGN luminosity, even in Compton-thick AGNs
whose “observed” X-ray flux below 10 keV is significantly
attenuated (e.g.. LaMassa etlal. 2009). If, however, ttere i
a wide scatter between the line luminosity and the intrinsic
fAGN luminosity, surveys based on the narrow lines may be
subject to strong selection effects. Also, optical andawvity-
let lines are very sensitive to extinction by interstellastin
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the host galaxy and by circumnuclear dust that may be present
around the NLR. Note that contamination from star-forming
activities in the host galaxy may become a problem to make a
clean AGN sample based on the [O N§007 flux [Simpsch
2005; Toba et al. 2014).

Hard X-ray observations at rest-frame energies above 10
keV are able to provide the least biased AGN samples against
obscuration thanks to their strong penetrating power, @xce
for heavily Compton-thick AGNs with column densities of
logNy 2 25 (Tueller et al. 2008). From these surveys, AGNs
with very low scattering fractions in soft X-rays have been
discovered 07), many of which were missed in
previous optical surveys because of their weak [O\BOO7
emission. It has been suspected that the AGNs might be
buried in very geometrically-thick tori, although Honiga
(2012) suggest that a part of them may be subject to inter-
stellar absorption by the host galaxy. In geometricaligkh
tori with small opening angles, the AGN should have fainter
intrinsic [O 111I]A5007 luminosity relative to the hard X-ray
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luminosity compared with classical Seyfert 2 galaxies, be- (2008) catalog contains 137 AGNSs in total excluding blazars
cause much less of the nuclear flux leaks out to ionize theat a flux limit of 2x 107! erg cmi? s in the 14-195 keV
NLR. An extreme case can be found in ultra luminous in- band with detection significance above #.8To minimize
frared galaxies (ULIRGs) that contain buried AGNs almost the effects of extinction by Galactic interstellar mediung
entirely surrounded by Compton-thick matter (Imanishilét a limit the sample to those located at high Galactic latituoes
2007 Ichikawa et al. 2014). |b| > 15° for our optical spectral studies. We exclude Cen
Thus, AGN selections using [O INB007 line and hard X- A, which is a very nearby object, and SWIFT J0350.1-5019,
rays are considered to be complementary to each other in dewhich likely is confused by two AGNs, PGC 13946 and ESO
tecting obscured populations. It is therefore very impurta 201-1G 004 ©). These selections leave 103 AGNs that con-
study the correlations between [O NB007 and hard X-ray  stitutes our “parent” sample (hereafter “Sample A").
luminosities so that we can compare the statistical questit The Swift/BAT AGNSs are extensively followed-up by X-
of AGNs (such as luminosity function) obtained from these ray observatories covering below 10 keV, such as Swift/XRT,
different surveys, and evaluate the completeness and-cleanXMM-Newton, Suzaku, and Chandra. Key spectral param-
ness of each selection. For this study, we need to use a statiseters in our study are the absorption column densiy) (
tically complete sample of all types of AGNs with well known and the fraction of scattered componefy.{) for absorbed
properties. AGNSs, which are often obtained by utilizing a partially cov-
Following early works byl Mulchaey etiall (1994) for ered absorber (or its equivalent) model. Because there can
Seyfert 1s and 2s and by Pollettaetal. (1996) and be other soft X-ray components that are spatially unresblve
Alonso-Herrero et al. (1997) for Seyfert 2s, several awghor from the AGN emission, thes., value determined in this
have studied correlations between [O N5007 and hard X-  way is a upper limit to the true scattering fraction. Here
ray luminosities, using various samples of local AGNs (e.g. we basically adopt the results of spectral analysis summa-
Heckman et &l. 200%; Panessa ef al. 2006; Netzeflet all 2006ized in Table 1 of Ichikawa et al. (2012), which was largely
Meléndez et &l. 2008; Lamastra etlal. 2009). Heckmanl et al.based on_Winter et al. (2009a) and was revised from (then)
(2005) and Meléndez etlal. (2008) use observed [OQB07  available Suzaku results for some targets. In our paper, we
luminosities (hereaftdr;o i ), while the others use those cor-  further revised their table by referring to later papergaiti
rected for extinction (hereaftés', ;). Among these works, ing Suzaku data for more objects. Furthermore, for sources
onlyMeléndez et al. (2008), W[hO ave more focus on the [O whose spectral parameters were not well constrained bgusin
IV] 25.89u:m line, use an AGN sample based on hard X-ray only the Swift/’XRT data in_ Winter et all (2009a), we update
surveys above 10 keV, although the sample is not statistical their spectral parameters accordin@taho perform uniform
complete and is limited in number (40). The quantitative re- broad-band spectral analysis in the 0.3—150 keV band by in-
sults of the [O IIIN5007 and X-ray luminosity correlation cluding Swift/BAT spectra for the whole AGN sample of the
obtained so far have been a little puzzling. From combined Swift/BAT 70 month catalog. We also utilize the 70-months
samples of type-1 and type-2 AGNs, Panessalet al. (2006) obaveraged, de-absorbed 2-10 keV flux of the primary contin-
tained a regression of the forhgg’,, o |_§)<»82i0-04, whereas  uum listed in the’.{ catalog, as well as the 9-months averaged
1 (2009) found an almost linear correlation of 14-195 keV flux in the original Tueller etlal. (2008) catalog.
LEST L § 98006, We divide the sample into two types, X-ray unabsorbed
In'this paper, we investigate the correlation between the AGNS (hereafter “X-ray type-1 AGNs”) and absorbed AGNs
[O 111] A5007 and X-ray luminosities, usingcamplete sam-  ("X-ray type-2 AGNs"), which have absorptions of ldg,
ple consisting of 103 objects at Galactic latitudeshpf> 15° < 22 cm?and logNy > 22, respectively. Among X-ray type-
in the Swift/BAT 9-month hard X-ray surve% al. 2 AGNs, we call those witHfscar < 0.5% as low scattering-
2008). To follow-up sources in the southern hemisphere, fraction AGNs (so-called “new type” AGNSs), a putative popu-
many of which did not have optical spectra, we conducted lation of AGNs deeply buried by geometrically thick tori. &u
systematic optical spectroscopic observations at the SAAQ to our revision of the X-ray spectral parameters in the erigi
Then we complement it with a compilation from the litera- nal Swift/BAT 9 month catalog, the sample of low scattering-
ture, includind Winter et all (2010a), where the opticalespe ~ fraction AGNs has been also updattérom that originally
tra of Swif/BAT 9-month AGNs in the northern sky are an- defined irichikawa et al. (2012). ) ) )
alyzed. Section 2 describes the sample, optical obsengtio ~ Table 1 list the targets of Sample A with their basic X-ray
and data reduction, and present the catalog of the [®30p7 ~ Properties: source numberlin Tueller et al. (2008)4re at-
flux together with those of narrowddand H3 lines whenever ~ tached to the low scattering-fraction AGNSs), source name,
available. In Section 3, we present the results of cortati  '€dshift, N, fsca; observed luminosity in the 14-195 keV
analysis between the [O INPOO7 (or narrow k) luminos- ~ band (9-month average), absorption-corrected 2-10 keV lu-
ity and intrinsic (de-absorbed) X-ray luminosity for difemt ~ Minosity (70-month average), and reference for the X-ray
types of AGNs. We then discuss the origin of these correla- SPectral parameters. Though not listed in Table 1, we also
tions, and compare [O 1IN5007, Hv, and X-ray luminosity comp|le_ the mformatlon on the inclination angle of the hos_t
functions of local AGNs in Section 4. The conclusions are 9alaxy,inoss using the HyperLeda database, which are avail-
summarized in Section 5. Throughout the paper, we adopt@ble for 98 AGNs'. In addition, the black hole mass (and

Ho =70 km s Mpc™®, Qy = 0.3, and, =0.7. hence an estimate of Eddington ratio) is available for 99
AGNs 6 from|Winter et al.[(2009a).
2. THE OPTICAL SPECTROSCOPY DATA Figure 1 plots the host inclination against INg for Sam-
2.1. Parent Sample 14 No. 51 and 120 are newly included in this sample while No. 4 &&d

o : are excluded.
For our study, we utilize the Swift/BAT 9 month catalog 15 Except for No. 29, 31, 116, 124, 136, and 151 in Table 1

1 2008) to define a complete sample of hard X- 16 gxcent for No. 23, 53, 87, 120, and 149 in Table 1
ray selected AGNs in the local universe. The Tueller bt al.
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ple A. In all plots of our paper, the diagonal crosses cor- by|Schlafly & Finkbeiner (2011) and the reddening curve by
respond to X-ray type-1 (X-ray unabsorbed) AGNs and the|Cardelli, Clayton,& Mathis[(1989) witR, = 3.1. Finally, we
filled circles to X-ray type-2 (X-ray absorbed) AGNs, among approximately corrected these fluxes for the slit loss in the
which the open circles denote those with low scattering-frac following way. For each dispersed spectrum, we projected
tions. As noticed, nine objects out of 10 witlst > 85° are  the 4500-5500 A region onto the spatial axis and measured
X-ray type-2 AGNs, rejecting the null hypothesis that X-ray its spread by fitting with a gaussian. We then calculated the
absorption is independent of the host inclination-a®8%  fraction contained within the slit by assuming that the imag
confidence level. This is expected as galactic interstel@r  is axisymmetric. By comparing the results of the same target
ter could produce an X-ray absorption of Iblg > 22 when  taken on different days when available, we estimate that the
viewed edge-on, and is in agreement with the deficiency of flux uncertainties are typically of 0.1-0.2 dex, depending o
nearly edge-on Seyfert 1 galaxies reported by IKeel (1980).the quality of the spectrum. This is similar to general esior
Except for that, there is no correlation betwegy; and Ng. the [O I1]A5007 fluxes reported by Whittl 92) when they
These results are consistent with the random distributfon o0 are measured with small (2—4 arcsec) apertures. In some case
the orientation angle of the torus (or the accretion diskhwi  of broad line AGNs, we were unable to reliably measure the
respect to that of the galactic plane, confirming previous-fin  fluxes (nor the upper limits) of the narrow components of H
ings [Schmitt et dl. 2001). We note that thg.distribution of  and H3 lines by separating them from the broad components.
the AGNSs with low scattering fractions in our sample are not

concentrated at large values; more than half of this pojaulat 2.3. Catalog

are free from absorption by interstellar matter along thaga To complement the results from the SAAO observations,
tic disk, Whlch the(efore cannot account for their qbs_erved we gather [O IIIN5007, Hy, and HB fluxes in the litera-
low scattering fractions. Indeed, a KS test for theg; distri- ture for AGNs in the northern sky. We mainly adopt the re-

bution between the low scattering-fraction AGNs and the res gy its summarized by Winter etlal. (2010a) except for those
of X-ray type-2 AGNs in Sample A yields a matching proba- ith too large uncertainties, and refer to other references
bility of 0.53. By considering the small sample size, thieslo  (Mulchaey et al| 1994° Bassani et al, 1999: Xu efal, 1999
not necessarily contradict the statistical result by Héigl. [20077) for the rest. We obtain constraints on
(2014); they obtain more edge-on dominagt; distribution the [O 11]A\5007 flux for all 103 AGNs (48 X-ray type-1 and
of the same population based on a slightly larger sample col-55 x_ray type-2 AGNSs) of the parent sample defined in Sec-
lected from the literature, although some of their sampée ar tjon[Z3 (Sample A), where one object (No. 49) does not show
revised in our paper (see Sectlonl2.1). We can conclude thafjetectable [O 1I\5007 emission and hence has only an up-
there are at least two origins for their low scattering fits, per limit. Among them, 77 objects (31 X-ray type-1 and 46
(1) intrinsic nature of the nucleus and (2) interstellarcaps X-ray type-2 AGNs) have reliable flux measurements (not up-

tion in the host galaxy. per limits) of both narrow k4 and H3 emission linesk, and
Fup, or their flux ratios, constituting “Sample B”.
2.2. Optical Observations at SAAO and Data Reduction Table 1 lists the observed [O INBOO7 luminosity Lo i)

along with the fluxes of [O 11I\5007, narrow kK, and nar-

row Hg lines for Sample A with the reference of the opti-
cal spectroscopic data. For Sample B, we also calculate an
extinction-corrected luminosity of [O 1I§5007 gy ) from

he Balmer decrement as

We performed optical spectroscopic observations of
Swift/BAT AGNs visible in the southern sky (< —10°) by
using the SAAO 1.9-m telescope with the Cassegrain spectro
graph during four observation runs: 2007 July, 2008 January
2008 August, and 2009 February, each consists of roughly 14
nights. In this paper, we focus on sources in the Swift/BAT 9 Leor = (FHoc/FHﬁ)z.s:m
month catalog, although our observation targets at the SAAO [© = =HOMA™3 ’

also inclu_de those in thg Swift/BAT 22 month catalog, whose following [Bassani et al[(1999). When tifg, /Fus ratio is
results will be reported if?. In total, the spectra of 38 AGNs  gmgller than 3.0, we do not apply any correction. As dis-
have been analyzed in this work. cussed in_Hao et al._(2005), however, the intrinsic flux ratio
We used the 300 lines nifhgrating, blazed at 6000 A, cov-  petween Hv and H3 in the NLR of an AGN could be dif-
ering about 4400-7600 A, with a 2 arcsec slit-width placed on ferent from the value assumed here, being subject to the gas
the center of each galaxy, producing a spectral resolution o density and radiative transfer effects. Also, there is an un
~5 A. The integration is split into a series of 150 second ex- certainty in the correction because the spatial distrinstiof
posures, added up to a total integration time ranging froén 75 the [O IlIJA5007 and Balmer line emitting regions may not be
to 3600 sec. Wavelength calibration of the spectra was ob-the same due to the clumpiness of the NLR (see Secfion 4.1).
tained from CuAr arc lamp exposures taken during the sameThus, we should regard these corrections only as approxima-
night. A flux calibration was obtained from long-slit (with tion.
6 arcsec slit-width) observations of spectrophotometeios 3. CORRELATIONS BETWEEN X-RAY AND OPTICAL LINE
dard stars. To derive the sensitivity curve, we fit the observ LUMINOSITIES
2E§g:r§cl)§rllgrrg?/aﬂ|str|but|on of the standard stars withva lo 3.1. Regression Analysis between X-ray and [O 1] \5007
The spectral line flux of [O IN5007, and those of nar- Luminosities
row components of H and H3 were measured using IRAF Figure 2 plots the correlation of the observed [OXBPO7
tasksplot from the co-added, dispersion corrected, and flux- luminosity (logLo i) against (a) the luminosity in the 14—
calibrated spectra. If the lines were not significantly desd, 195 keV band (lo@t14-105) or (b) that in the 2-10 keV
we then estimated their upper limitso(8from the fluctu- band (lod-»-10), using Sample A. Figure 3 shows the same
ation of the noise level. The line fluxes are corrected for but for the [O [lI]A5007 luminosity corrected for extinction
reddening from the Milky Way, by using the(B-V) map (logL{S"y;), using Sample B. For each plot, we evaluate the
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strength of the luminosity-luminosity and flux-flux correla 3.2. Averaged [O 1111 A5007to X-ray Luminosity Ratio

tions separately for X-ray type-1, X-ray type-2,andall@®  \ye calculate the error-weighted mean value of the
type-1+ type-2) AGNs; the resultant Spearman’s rank coeffi- |5 |1 \5007 to X-ray luminosity ratio and its standard devi-

cients and Student's t-null significance levels are summsdri  aqn for different AGN types. Here we consider a systematic
in Table 2. We also calculate the ordinary least square Disec oo of 0.2 dex in lodio uy and 0.5 dexin lo cgr”l] in addi-
to.rhre%re?smn I'fnef of tge qurrlnosny-lu_n;]molsny cort®a ion 1o the errors listed in Table 1. The results are sumredriz
;’V't [ne orrg ofy = ﬁ"‘ Ix whereY IIS either 0%[0 I Of in Table 3. Although we find that the best-fit regression lme i
ogLigyy andXis either lod.14-105 Or loglz-10. The param- ¢ jinear p > 1), its effect can be checked by calculating an

eters and their & errors are listed in Table 2. The bestfit 5y eraged logy value in each sample, which is also listed in
lines obtained from all AGNs are plotted in Figures 2 and 3. 15163 | fact, we confirm that it little affects the follavg
When Sample A is used, we ignore the two objects whose jiscussions.

[O 11 A5007 luminosities are upper limits, and restrict the lu- ~ Aq noticed from Table 3. we find that the mean ratio of
minosity range above ldg-10> 41. . observed [O I1IN5007 luminosity Lo i) to X-ray luminos-
As shown in Table 2, we find significant correlations at ity is significantly smaller in X-ray type-2 AGNs than in X-

confidence levels of 99% between all combinations of the ray type-1 AGNs by~0.4 dex, using Sample A. This trend

[O 111] A5007 and X-ray luminosities for any AGN t){)pes. The remains the same for the extinction-corrected [ONSQO7
flux-flux correlations are weaker but significant-a®0% con- luminosity q_%rl”]) obtained from Sample B, although the

fidence levels; relatively weak correlation is obtainedtfor difference between X-ray type-1 and X-ray type-2 AGNSs is

X-ray type-1 AGN sample, most probably due to the narrow eqyced to 0.1-0.2 dex. The “reduction” is consistent with

X-ray flux range Fx ~ 2 x 107*' -3 x 10™*° erg cn? s™* in the fact that the mean extinction-correction factor is éarig

the 14-195 keV band). , _ X-ray type-2 AGNs & L&', /Lo yj> = 0.59+ 0.09) than
From the luminosity correlations for the entire AGN sam- X-ray type-1 AGNs é Ll[:oorm] Lo iy > = 0.2940.11).

ple, we obtairb ~ 1.2 in the regression line, which is signif- - ryiq ingicates a higher degree of obscuration toward the
icantly (> 1o) different from 1. This result is confirmed by | R in X-ray type-2 AGNs, consistent with previous re-

the recent work based on a larger but less complete sample of s (e g Dahari & De Robetfis 1988: Mulchaey ét al. 1994;
Swift/BAT AGNs atz > 0.01 by Berney et all (2015). We find MﬁlﬂlgdgéﬂﬁLZQES). It may be explained if the torus, or its

that the slope for the X-ray type-1 AGNSs is smaller than X- gyiended structure such as dusty outflow (H6nig &t al.[2012),
ray type-2 AGNs, although consistent within errors, givea t s |arge enough to block a part of the narrow-line region.
large scatter of the correlations. The correlations witipeet To investigate the nature of AGNs with low scattering frac-
10 L14-195 and those tdo-1o are found to be similar exceptfor  iqng ' \ve calculate the mean [O ING0OO7 to X-ray luminos-
the normalizations. This is expected becausg absorpt®a ha ity ratios for two subsamples of X-ray type-2 AGNSs, (1) those
small effect on the observed hard X-ray luminosity419s) with fscac 0.5% and (2) those hosted by edge-on galaxies
except for heavily Compton thick AGNS, ard-o is cor- "8(r) The results are also listed in Table 3. We find
rected for absorption through the )g—rray spectral analysls. that the mean extinction-corrected [O NF007 to X-ray lu-
We compare our results on tigg - Lo-10 correlation  mingsity ratio of the low scattering-fraction AGNs is much
obtained from X-ray type-2 AGNs wit prewouslv;/é)irgfé The  gmaller than that of the total X-ray type-2 AGN sample, while
slope we obtainp = 1.26+0.13 (i.e., Ligyy o< L5565 ),  that of the edge-on galaxies does not differ from it within
is somewhat larger than that lof Lamastra etlal. (2009), whoyncertainties. A simpla? test shows that the difference of
derive b = 0.984 0.06 from a sample consisting of X-ray the mean value of£J',, /L2-10 between the low scattering-
and optically selected Seyfert 2 galaxies. To check the ef-fraction AGNs and the other X-ray type-2 AGNs is significant
fects of sample incompleteness of Samwm re-at> 99.9% confidence level. This is also noticeable from Fig-
gression analysis with thasurv software 6).  ure 4(a), where we plot thef", /L1 ratio against log\y
by considering the lower limits oEfS",,, to be Loy for for Sample B.
the objects excluded in Sample B. We find that the slope These results suggest that a significant fraction of low
b changes only by-0.01 compared with the case obtained scattering-fraction AGNs are indeed buried in a torus
from Sample B. Hence the sample incompleteness cannot exyjith very small opening angles as originally proposed by
plain the difference of our result from Lamastra €tlal. (2009 mLmn This population of AGNs could contribute
The reason behind the discrepancy is not clear, but couldig reduce the averagedS', /L ratio in the total X-ray type-
be due to the different sample selections and luminosity 2 AGN sample compared with that of X-ray type-1 AGNs, be-
ranges|_Lamastra etlal. (2009) include a sample compiled bycause they are predominantly identified as X-ray type-2 AGNs
IPanessa et al. (2006) from the Palomar optical SPecrascopi due to the large covering fraction by the torus. We can rute ou
survey, which covers a lower luminosity randeo < 10 the possibility that their low scattering fractions are egr
erg s*) than our sample. In fact, Panessa ét al. (2006) obtain ahe result of deficiency of scattering gas in the NLR. If this
much smaller slopdy =0.75+0.09, from their Seyfert2sam-  were the case, we should observe a similar fraction of low
ple including Compton thick AGNs, whose intrinsic X-ray Lio iy /Lx objects among the X-ray type-1 AGN sample. Fig-
luminosities are simply estimated by multiplying by a con- yre 4(b) plots the 83", /Lo-10 ratio against “X-ray Edding-
stant factor. The flatter slope than ours would be explainedion ratio” (the 2—10 keV luminosity divided by the Eddington
if contamination of [O 1IIN5007 from star formation in the  |yminosity) using objects with available black hole masses
host galaxy is more significant in lower luminosity AGNs _ a). No clear correlation is noticeable
(see Section 411). Another possibility is enhanced past-act for the whole sample. The low scattering-fraction AGNs do
ity in the low luminosity AGNs, which are left with a higher  not always have high Eddington ratios, wHile Noguchi ét al.
[O 1] A5007 luminosity with respect to the currentlow X-ray  (2010) report a possible negative correlation betweendhe s
activity. tering fraction and Eddington ratio. Theoretically, deepl
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buried AGNs would be expected in the early growth phasesthe “NLR cone” larger in more luminous AGNs. This also

of SMBHSs with relatively small masses (hence with low lu-

minosities). Thus, to further investigate the natures @ th

population, we need a larger sample of low luminosity AGNSs.
3.3. Correlations with Narrow Ha Line Luminosity

In AGNs, intense narrow W and H3 lines are also pro-

leads to increasb. The third effect is due to the luminos-
ity dependence of the NLR size in the radial direction, which
is proportional toL%33+0%4 (Schmitt et al 2003). Thus, the
actual size of the NLR might be saturated in very luminous
AGNs if the outer radius exceeds the scale height of the host

galaxy (Netzer et al. 2004). The fourth effect is the contami

duced from the NLR. Hence, we also perform regression anal-nation ofLio iy from star formation in low luminosity AGNs,

ysis between the narrowddand X-ray luminosities, and that
between the narrow ddand [O [1I]JA5007 luminosities, in the

as mentioned in Sectidn 3.1. The last two effects make the
regression slope flatter than unity.

same way as done in Sectlon]3.1. For each analysis, we utilize To better understand the origin of the observed luminos-
objects in Sample A that have available flux measurements ofity correlations and scatters betwekg u; (or Lig';) and

Ha or [O 1] A5007. The correlation plots are displayed in
Figures 5 and 6, respectively, together with the best-fitdim

regression forms, which are given in Table 2. We also cal-

culate the mean and standard deviation of thellpg(L,-10)
ratio and the lod(jo iy /Lna) ratio, which are summarized in
Table 3.

We find that, for all AGNS, (1) oc L3 %5™°% with a sim-
ilarly large scatter 0.6 dex) to that seen in thgo iy vs.

Lo-10 correlation, and that (Do ny o LE2*%% with a much
smaller scatter<£0.3 dex). The slope of they,, vs.L,-10 COI-
relation obtained from the X-ray type-2 AGNs,024+ 0.10,

is larger than that obtained by Panessa et al. (2006) froim the
sample of 34 Seyfert 2s,18+0.09, which covers a lower lu-
minosity rangel(,-10 < 10*? erg s?) than ours. Even though
here we use only the luminosity of the “narrow” component
of Ha, the regression slope and scatter betwagpandL ;-1

are similar to those found between “totdly, (i.e., that in-
cluding the broad component) ahg 1 (e.g. 8).

4. DISCUSSION

4.1. Origin of Correlation and Scatter between [O 1111A5007
and Hard X-ray Luminosities

Using so far the largestN(> 100), statistically complete
sample of hard X-ray >14 keV) selected AGNs in the lo-
cal universe, we determine the statistical properties beitw

[O 1111 A5007 and hard X-ray luminosities with the best accu-

racy. The linear regression formbo uy o L35> (L',

1.16+0.09
o Ly

Lx, comparison with théy,, andLo i correlation is useful.
The Balmer lines are emitted by recombination as the result
of photo-ionization, whereas the [O INHOO7 line is emitted
via collisional excitation in the heated gas. Thus, theristty
ratio between K and [O 1I]A5007 depends on the physi-
cal parameters, such as the ionization parameter and gensit
(Ferland & Netzer 1983). Also, the [O INB007 line comes
preferentially from gas with a density ef 10° cm™ unlike
the Balmer lines, which come from a wide range of densi-
ties. In fact, detailed images of the NLR wittubble Space
Telescope for a few lovz-objects (e.g.[ Evans etlal. 1991;
[Fischer et dl. 2013) show that much of the [O ABPO7 flux
comes from clumpy structures. The effects of dust extimctio
inside the NLR, which may not be correctly measured with
the Balmer decrement, makes it even more complex. Hence,
depending on how the NLR gas and dust is distributed, non-
linear correlation as well as a significant scatter in the flux
ratio between the Balmer lines and [O NBO07 line would
be also expected.

The results for all AGNsLp, o L3%59% andLjo i o

L5;29995 show that the observed non-linear correlatiba«(

1.2) betweerl o iy andLx cannot be simply explained by a
single reason. In addition to the four possibilities lisaédmbve,

it is found that the non-linear correlation betwedgg ;; and
Lha, which is determined by plasma physics, also plays a role.
The fact that the slope betwekn, andL,-1¢ is close to unity

(b =1.024 0.08) indicates that the third effect (luminosity
dependence of the NLR physical size) and/or the fourth ef-

) is obtained from the whole sample (see Table 2). fact (contamination by star formation) must work to cancel

These results can be used as the reference for AGNs in thene first and second effects. The fact that flatter slopes are

luminosity range of lo§l,—10 = 41-46. We also find that
the mean luminosity ratio betweefp iy andL,-10 of X-ray
type-2 AGNs is significantly smaller than that of X-ray type-
AGNs. The difference is largely contributed by a population
of low scattering-fraction AGNs. Another important resisit
the very large variance in the ldg6 u /L2-10) ratio, corre-
sponding to its standard deviation 0.5 in X-ray type-1
AGNSs and~0.7 in X-ray type-2 AGNs (see Table 3).

The non-linear correlation (i.eb, 7 1) betweerl o y; and
Lx may be explained by a combination of multiple effects.

The first effect is the luminosity dependence of the AGN spec-

tral energy distribution. The luminosity of the narrow line
is predominantly determined by the continuum flux of ultra-
violet photons responsible for photo-ionization of the NLR
gas, rather than the X-ray flux. Thus, if the spectral slape
(for the flux densityF, oc ™) between UV and hard X-rays

above 2 keV is larger in more luminous AGNSs as suggested

by 4), it works to make the [O N§007
to X-ray luminosity correlation steeper. Secondly, acanyd
to the luminosity-dependent unification modt al.
[2003;[Ricci et all 2013), the opening angle of an torus in-

creases with luminosity, thus making the angular spread of

found from the X-ray type-1 AGNs, which are dominant in
the largest luminosity range, suggest that the third effect
more important.

The large variation betweehjp y; and Lx may be ex-
plained because the optical emission lines from the NLR are
a secondary indicator of the intrinsic AGN luminosity intha
they do not directly come from near the SMBH and have
strong dependence on the geometry and size of the NLR, its
averaged density, clumpiness, and amount of dust. In fact, a
significant scatter 0£0.4 dex between the [O IIN5007 lumi-
nosity and the continuum luminosity at 5100 Ais also repbrte
in the SDSS quasar samp 011). The presence
of the low scattering-fraction AGNs accounts for the larger
scatter of the thejo i /Lx ratio in X-ray type-2 AGNs<{0.7
dex) than in X-ray type-1 AGNs~0.5 dex), which could be
understood in terms of variation in the geometry (cone an-
gle) of the NLR. Since the correlation betwek ; and
LHa is found to be tighter than that betwekp y; andLy,
the clumpiness of the NLR gas and dust extinction effects
would not be the prime cause of the, - Lx scatter. An-
other effect could be time variability; even though we n#li
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“70-month” averaged hard X-ray fluxes, the emission from evolution factors[(Ueda etlal. 2014) at the mean redshife Th

the NLR reflects the past AGN power averaged ovet(? black dashed curves denote the boundaries when both errors
years. (10) in the mean and standard deviation of log(i /L2-10)
) . (or log(Lna/L2-10)) are taken into account. For comparison,
4.2. Comparison of [O [11]A5007, Hev, and X-ray luminosity we also plot the case when the standard deviation is set to be
functions zero (i.e., no scatter is considered) with the blue, doheds

The luminosity function (LF) is one of the most important curve.
statistical properties of AGNs. Utilizing an AGN sample se-  As noticed from Figure 7(a), the [O II007 (red) and X-
lected from theSloan Digital Sky Survey (SDSSaI. ray (black) LFs are roughly consistent with each other withi
(2005) determined [O 1115007 and Hx LFs of AGNs at  a factor of~2 when we take into account the uncertainties in
z< 0.15 (they adopt emission-line luminosities not corrected the Lx to Lo iy conversion. Thus, the systematie4) un-
for extinction, and we follow the same procedure below.) derestimate of the [O [I§5007 LF by the X-ray LF over a
Heckman et al[(2005) then compared the SDSS [OB007  wide range of luminosity reported by Heckman €t al. (2005)
LF with an X-ray LF in the 3-20 keV band derived from is now resolved. Rather, atlbg 3 < 40, the X-ray LF out-
the RXTE Slew Survey byl Sazonov & Revnivisey (2004). numbers the [O [IIN5007 LF, while statistical uncertainties in
They found that the X-ray LF significantly underpredicts the the [O [IIJA5007 LF are large (a factor at2) at logLjo
[O ] A5007 LF when the mean luminosity ratio betwesgn Z 41.6 due to the limited sample size in the SDSS. Fig-
andLo i obtained from the RXTE AGN sample is assumed ure 7(b) shows even better agreement between theht
without considering the scatter. On the basis of this result X-ray LFs over a wider luminosity range, although a similar
they argue that X-ray surveys seem to miss a significant frac-discrepancy is noticed at lag, < 41. We note that it is
tion of AGNSs, particularly Compton-thick AGNSs. important to consider the scatter between the two luminosi-

Recently@hm) determined the X-ray luminos- ties when making the comparison of LFs, as seen in the dif-
ity function of AGNs including Compton thick AGN over a ference between the black solid curve (with scatter) and blu
redshift range oz = 0-5, using a highly complete sample dot-dashed curve (without scatter).
of X-ray selected AGNs. The local AGN sample from the  These results confirm that hard X-ray (0 keV) obser-
Swift/BAT survey is also utilized. Detection biases agains vations are a very powerful tool to find AGNs with high
(mildly) Compton thick AGNSs are taken into account to cor- completeness, not missing a dominant portion of the entire
rectly estimate their intrinsic number. Because heavilyn@o AGN population, once biases against Compton-thick AGNs
ton thick AGNs with logNy = 25-26 are difficult to de-  are properly corrected (see elg., Malizia et al. 2009). Fer t
tect even in thee > 10 keV hard X-ray band, they assume correction, however, it is essential to obtain the broaddba
that the fraction of AGNs with lodNy = 25-26 is the same  X-ray spectra covering up to, at least, a few tens of keV, with
as those with log\y = 24-25. The X-ray luminosity func-  sufficiently good sensitivities. If the discrepancy betwéee
tion and absorption distribution function are used as ttsisba [O 111]] A5007 (or Hy) and X-ray LFs at the high luminosity
of a standard population synthesis model of the X-ray back-range is true, this instead implies that the optical sedecti
ground m@%. We note that the X-ray AGN LF would miss some AGN populations. The selection based on
by|Sazonov & Revnivtsév (2004) may not be appropriate to emission-line diagrams could be incomplete for AGNSs signif
adopt for direct comparison with LFs in other wavelengths icantly contaminated by star formation; indeed, Winterlet a
because (1) the original X-ray LF by Sazonov & Revnivitsev (20108) show that a non negligible fraction of hard X-ray
(2004) was unfortunately affected by an error in the couletra selected AGNs could be optically classified as H Il galax-
to flux conversion iby a factor of 1.4; see Sazonov &t al. 2008ies, even though they are truly AGNs. Other candidates of
and Ueda et al. 2011), (2) even after correcting for thatrerro “optically missing” AGNs are those deeply embedded in tori
it significantly underestimates other X-ray LFs of Compton with almost spherical geometry, in which no or little NLR is
thin AGNs (Ueda et dl. 2011), and (3) Compton thick AGNs, formed. They may be similar to some of the low scattering-
which are difficult to detect in the 3-20 keV band, are not fraction AGNs in our sample whose [O INPOO7 fluxes are
included. very weak. If many of heavily Compton thick AGNs assumed

Thus, it is very interesting to make comparison with the in thelUeda et all 4) model correspond to this population
[O 1] A5007 and Kk LFs with the most up-to-date X-ray LF it would partially account for the mismatch between the-opti
of local AGNs including Compton thick AGNs, in order to cal and X-ray LFs.
understand the completeness and cleanness of AGN selec-

tions in these different wavelengths. The red curve in Fig- 5. CONCLUSIONS
ures 7(a) and 7iba rei resent the best-fit [ONBPO7 and nar- From our observations at the SAAO and the literature, we
row Ha LFs in[Hao et al.[(2005) (two power-law model, the have compiled aompletecatalog of [O [II\5007 line flux for

sum of Seyfert 1s and 2s), after correcting both luminosity 103 hard X-ray selected AGNSs in the local universe located at
and space density for the difference of the adopted Hubble|b| > 15°, together with narrow H and H3 line fluxes (or

constant, fromHy = 100 km s* Mpc™ (Hao etall 2005) to  their ratio) for a large fraction80%) of the sample. The
Ho = 70 km s* Mpc™ (our paper). The black curve in each main conclusions are summarized below.

figure is a prediction for [O 11IN5007 (or Hy) LF calculated

from thI4) X-ray LFa£ 0. Here we convert 1. We detect significant correlations between [ONEDO7
Lo-10 into Lo g (or Ha) with the best-fit linear regression (without or with extinction correction) and X-ray lumi-
form (Table 2) separately for X-ray type-1 and X-ray type-2 nosities independently from X-ray type-1 AGNs (log
AGNSs, and also consider the scatter around it by assuming a Ny < 22) and X-ray type-2 AGNSs (lofjly > 22), even
gaussian distribution with the standard deviation listeda- though there is a large scatter in their luminosity ra-
ble 3. As thé Hao et all_ (2005) result is obtained from AGNs tio. The best regression forms obtained from the whole

atz < 0.15, we then multiply luminosity-dependent density sample aretjo i oc LyShiey andLes’, o L 50
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2. Absorbed AGNs with low scattering fractions in the X-
ray spectra show smallégo iy /Lx and L[Coor“,] /Lx ra-
tios than the other absorbed ones. This suggests that
a significant part of low scattering-fraction AGNs are
buried in tori with small opening angles.

very powerful tool to find AGNs with high complete-
ness, once biases against Compton-thick AGNs are
properly corrected on the basis of the broad-band X-ray
spectra.

3. Significant correlations are also found between the
Ha and X-ray luminosities. The [O 11§5007 and
Ha luminosities are more tightly correlated than the
[O 1] A5007 - X-ray luminosity correlation.

This paper uses observations made at the South African
Astronomical Observatory (SAAQO). Part of this work was fi-
nancially supported by Grants-in-Aid for Scientific Resdar
4. The X-ray luminosity function of local AGNs in a 26400228 (Y.U.) and for JSPS Fellows for Young Researchers

standard population synthesis model shows much bet-(K.l.) from the Ministry of Education, Culture, Sports, Sci

ter agreement with the [O 1IN5007 luminosity func-  ence and Technology (MEXT) of Japan, and by the National

tion derived from the SDSS than previously reported. Science Council of Taiwan under the grants NSC 99-2112-M-

It rather predicts a larger number of AGNs than the 003-001-MY2 and NSC 102-2112-M-003-016 (Y.H.). P.V.

[O 1] A5007 selection at loigo iy < 40. This con- and A.Y.K. acknowledge the support from the National Re-

firms that hard X-ray ¥ 10 keV) observations are a search Foundation (NRF) of South Africa.
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[O 1] A5007 properties of hard X-ray selected AGNs

TABLE 1

X-RAY AND OPTICAL EMISSION-LINE ([O I11] A5007, Hx, H3) PROPERTIES OFAGNS IN THE 9-MONTH Swift/BAT CATALOG

No. Object z loglig-195 loglp_1g  logNy fscat log L[C&’”] logLiojy) logFoy] 10gFH o, I0gFy g References
(ergsh (ergsh (cm?) (ergs1) (ergsh (ergeni?sy  (ergeni?sl)  (ergeni?sl)  (xeray)  (Opical)

1) ) 3) 4 (5) (6) @) (8) (9) 10) (11) (12) (13) (14)
1%* NGC 235A 0.0222 43.56 43.22 23.50 0.003 42110.43 41.23+ 0.10 -12.824+0.10 -13.174-0.10 -13.964 0.10 (xa) (oa)
2%* Mrk 348 0.0150 43.68 43.30 23.20 0.004 4149%.01 41.07 0.01 -12.64+ 0.01 -13.02+ 0.01 -13.80+ 0.01 (xb) (ob)
3 Mrk 352 0.0149 4327 4274 2075 .- - cee 4039+ 001  -13.31+ 0.01 e s (xc) (oc)
4 NGC 454 0.0121 42.88 42.17 23.30 0.030 >40.87 40.41 0.20 -13.114+0.20 -13.13+ 0.20 <-13.77 (xa) (oa)
5 Fairall 9 0.0470 44.39 44,15 2036 - -- e 4215+ 020  -12.56+ 0.20 S e (xc) (0a)
6 NGC 526A 0.0191 43.63 43.07 22.18 41.44+ 0.43 41.32£ 0.10 -12.59+ 0.10 -13.08+ 0.10 -13.59+ 0.10 (xd) (oa)
7 NGC 612 0.0298 43.81 43.45 24.05 0.006 40£00.92 40.09t 0.13 -14.22+0.13 -13.96+ 0.11 -14.41+ 0.29 (xe) (od)
g** ESO 297-G018 0.0252 43.85 43.67 23.81 0.003 414302 40.84+ 0.04 -13.33+ 0.04 -13.44+ 0.21 -14.12+ 0.27 (xf) (od)
9 NGC 788 0.0136 43.39 43.22 23.67 0.007 46£90.49 40.9H 0.18 -12.71+0.18 -13.29+ 0.01 -13.03+ 0.16 (xd) (oe)
10 Mrk 1018 0.0424 44.17 43.61 0.00 . 41.71+ 0.65 41.7H- 0.09 -12.914 0.09 -13.464 0.20 -13.914 0.09 (xa) (oe)
12 Mrk 590 0.0264 43.77 42,71 20.43 42.07+ 0.12 41.74 0.04 -12.46+ 0.04 -13.00+ 0.01 -13.59+ 0.04 (xc) (oe)
15 NGC 931 0.0167 43.66 43.41 21.56 41.91+ 0.03 41.14+ 0.01 -12.66+ 0.01 -13.074- 0.01 -13.814-0.01 (xd) (od)
16 NGC 985 0.0430 44.21 43.78 21.59 42.75+ 1.99 41.92+ 0.01 -12.72+0.01 -13.00+ 0.01 -13.75+ 0.68 (xc) (od)
17 ESO 416-G002 0.0592 44.42 43.57 20.43 v 41.63+ 0.20 -13.29+ 0.20 o o (xc) (oa)
18 ESO 198-024 0.0455 44.27 43.50 21.00 . cee 41.22+ 0.20 -13.46+ 0.20 s s (xc) (oa)
20%* NGC 1142 0.0289 44.17 43.88 23.80 0.003 42(06.03 41.0% 0.01 -13.214+0.01 -13.304+ 0.01 -14.10+ 0.01 (xf) (od)
23 PKS 0326-288 0.1080 44.84 44.42 23.82 0.009 43.9685 42.52+ 0.20 -12.95+ 0.20 -13.15+ 0.20 -13.984+ 0.20 (xa) (oa)
24 NGC 1365 0.0055 42.67 42.03 24.65 0.260 4€:98.01 39.62+ 0.01 -13.21+0.01 8.7) o (xg) (of)
25 ESO 548-G081 0.0145 43.19 42.91 20.00 41.94+ 0.08 40.99+ 0.01 -12.69+ 0.01 -12.65+ 0.01 -13.45+ 0.03 (xd) (od)
28 2MASX J03565655-4041453 0.0747 4451 43.70 22.66 0.032 2.564- 0.43 42.18t 0.10 -12.95+ 0.10 -13.29+ 0.10 -13.90+ 0.10 (xa) (oa)
29%* 3C 105 0.0890 44.83 44.32 23.75 0.003 42179.10 41.59+ 0.01 -13.70+ 0.01 -14.10+ 0.01 -14.99+ 0.03 (xa) (oe)
31 1H 0419-577 0.1040 44,91 44.60 2431 . 4355+ 0.43 43.16+ 0.10 -12.28+ 0.10 -12.64+ 0.10 -13.26+ 0.10 (xh) (oa)
32 3C 120 0.0330 44.45 43.98 21.20 S 41.86+ 001  -12.54+ 0.01 e e (xd) (0g)
34 MCG -01-13-025 0.0159 43.41 42.54 19.60 40.95+ 0.03 40.73 0.01 -13.02+ 0.01 -13.214+ 0.01 -13.76+ 0.01 (xc) (oe)
36 XSS J05054-2348 0.0350 44.24 43.49 23.47 0.009 41633 41.42+ 0.10 -13.03+ 0.10 -13.15+ 0.10 -13.71+ 0.10 (xf) (oa)
38 Ark 120 0.0323 44.11 43.79 20.30 . cee 41.35+ 0.01 -13.03+ 0.01 s s (xd) (oc)
39 ESO 362-G018 0.0126 43.26 42.88 23.43 0.087 40.88+ 0.20 -12.674+ 0.20 (xd) (oa)
40 PICTOR A 0.0351 43.80 43.45 20.78 . cee 41.57+ 0.20 -12.89+ 0.20 s s (xd) (oa)
45 NGC 2110 0.0078 43.54 43.17 22.45 0.048 4468.01 40.36+ 0.01 -12.774+0.01 -12.66+ 0.01 -13.57+ 0.01 (xd) (ob)
a7 EXO 055620-3820.2 0.0339 44.14 43.07 2241 0.034 e 41.46+ 0.10 -12.97+ 0.10 o o (xd) (oa)
49** ESO 005-G004 0.0062 42.56 41.93 24.06 0.003 v <38.63 <-14.30 -13.80+ 0.01 <-15.39 (xf) (oh)
50 Mrk 3 0.0135 43.61 43.35 24.04 0.009 43139.01 42.34- 0.01 -11.314+0.01 -11.65+ 0.01 -12.474+0.01 (xi) (oe)
51%* ESO 121-1G028 0.0403 44.03 43.63 2331 0.004  >40.86 40.86E 0.24 -13.72+ 0.24 -13.69+ 0.10 <-13.76 (xa) (oa)
53 2MASX J06403799-4321211 0.0610 44.40 43.51 23.00 <0.011 >41.74 41.74t 0.20 -13.214+0.20 -13.194+ 0.20 <-13.33 (xa) (oa)
55 Mrk 6 0.0188 43.72 43.09 20.76 42.38+ 1.56 42.38t 0.01 -11.52+0.01 -11.974+ 0.01 -12.414 0.53 (xa) (oe)
56 Mrk 79 0.0222 43.72 43.19 19.78 41.96+ 0.12 41.96+ 0.02 -12.09+ 0.02 -12.66+ 0.01 -13.11+ 0.04 (xc) (oe)
60 Mrk 18 0.0111 42.93 41.82 23.26 0.030 40456.28 40.56+ 0.11 -12.88+ 0.11 -12.724+0.01 -12.98+ 0.09 (xd) (oe)
61 2MASX J09043699+5536025 0.0370 44.03 43.31 20.78 . 41.91+ 0.09 41.63t 0.03 -12.87+0.03 -12.95+ 0.01 -13.52+ 0.03 (xd) (oe)
62 2MASX J09112999+4528060 0.0268 43.69 43.16 23.52 0.006 0.984- 0.11 39.68t 0.01 -14.54+ 0.01 -14.49+ 0.01 -15.414 0.04 (xd) (oe)
64 2MASX J09180027+0425066 0.1560 45.31 ce 23.05 0.013 4259 0.01 42.22+ 0.01 -13.60+ 0.01 -14.08+ 0.01 -14.68+ 0.01 (xd) (oe)
65 MCG -01-24-012 0.0196 43.60 43.24 22.81 0.005 4£1015 41.16t 0.08 -12.83+ 0.08 -13.14+ 0.01 -13.46+ 0.05 (xa) (oe)
66 MCG +04-22-042 0.0323 43.99 43.46 20.59 42.12+ 0.62 42.12+ 0.20 -12.26+ 0.20 -12.574+0.01 -12.72+0.20 (xc) (oe)
67 Mrk 110 0.0353 44.19 43.86 20.20 42.71+ 0.59 42.29- 0.19 -12.174+0.19 -12.47+ 0.01 -13.09+ 0.19 (xd) (oe)
68 NGC 2992 0.0077 42.94 41.93 22.08 0.524 4250.43 40.76+ 0.10 -12.36+ 0.10 -12.48+ 0.10 -13.55+ 0.10 (xd) (oa)
69 MCG -05-23-016 0.0085 43.55 43.21 2220 - - >41.18 40.64E 0.10 -12.56+ 0.10 -12.85+ 0.10 <-13.50 (xd) (oa)
70 NGC 3081 0.0080 43.09 42.96 23.99 0.006 4466.43 41.32£ 0.10 -11.83+ 0.10 -12.38+ 0.10 -12.97+ 0.10 (xe) (oa)
71 NGC 3227 0.0039 42.63 42.05 22.24 0.148 41:26.01 40.44+ 0.01 -12.09+ 0.01 -12.54+ 0.01 -13.294+ 0.01 (xd) (ob)
72 NGC 3281 0.0107 43.27 42.69 23.94 0.019 4442.85 41.05k 0.20 -12.36+ 0.20 -12.71+ 0.20 -13.31+ 0.20 (xd) (oa)
75%* Mrk 417 0.0328 43.95 43.73 23.93 0.002 41419.05 40.92+ 0.01 -13.48+ 0.01 -13.764 0.01 -14.33+ 0.02 (xd) (oe)
7 NGC 3516 0.0088 43.26 42.72 21.55 41.54+ 0.01 40.92+ 0.01 -12.32+0.01 (4.9) o (xd) (oc)
78 RX J1127.2+1909 0.1055 44.79 43.84 0.00 43.02+ 0.14 43.02+ 0.11 -12.43+0.11 -13.03+ 0.01 -13.424+0.03 (xa) (oe)
79 NGC 3783 0.0097 43.53 43.30 21.76 0.278 v 41.47+ 0.10 -11.85+ 0.10 e e (xd) (oa)
80 SBS 1136+594 0.0601 44.33 43.82 0.00 42.70+ 0.06 42.55+ 0.01 -12.39+0.01 -12.924+0.01 -13.45+ 0.02 (xa) (oe)
81 UGC 06728 0.0065 42.54 41.94 20.00 40.22+ 0.01 40.22+ 0.01 -12.75+ 0.01 -12.34+0.01 -12.804+ 0.01 (xd) (oe)
82 2MASX J11454045-1827149 0.0330 43.98 43.64 0.00 . 42.19+ 0.43 42.19+ 0.10 -12.214+0.10 -12.914+ 0.10 -13.36+ 0.10 (xa) (oa)
83 CGCG 041-020 0.0360 43.88 43.39 23.03 0.009 4. 0007 40.38t 0.01 -14.10+ 0.01 -13.964 0.01 -14.704+ 0.02 (xd) (oe)
85 NGC 4051 0.0023 41.74 41.33 20.46 . 40.41+ 0.56 40.26+ 0.18 -11.87+0.18 -11.97+ 0.01 -12.52+ 0.18 (xc) (oe)
86 Ark 347 0.0224 43.42 42.90 23.36 0.016 41458.22 41.53+ 0.19 -12.524+0.19 -13.08+ 0.01 -13.314- 0.04 (xa) (oe)
87 NGC 4102 0.0028 41.62 41.41 24.30 40.72+ 0.02 38.78t 0.01 -13.46+ 0.01 -12.48+ 0.01 -13.624+ 0.01 (xj) (od)
88 NGC 4138 0.0030 41.62 41.23 22.90 0.012 36:95.01 38.95+ 0.01 -13.35+ 0.01 -13.33+ 0.01 -13.72+ 0.01 (xd) (od)
89 NGC 4151 0.0033 42.96 42.58 2273 0.041 4180.24 41.87 0.01 -10.514+0.01 -11.124+0.01 -11.40+ 0.08 (xd) (oe)
90 Mrk 766 0.0129 42.94 42.67 21.72 42.03t 0.13 41.79 0.01 -11.78+ 0.01 -12.10+ 0.04 -12.66+ 0.02 (xc) (oe)
91 NGC 4388 0.0084 43.60 43.17 2353 0.011 442913 41.29+ 0.11 -11.90+ 0.11 -12.33+ 0.01 -12.804+ 0.03 (xk) (oe)
92 NGC 4395 0.0011 40.81 40.64 2252 0.322 340201 38.93t 0.01 -12.49+ 0.01 -12.8140.01 -13.324+0.01 (xd) (oe)
94 NGC 4507 0.0118 43.78 43.54 23.54 0.029 41243 41.76+ 0.10 -11.73+ 0.10 -12.10+ 0.10 -12.70+ 0.10 (xd) (oa)
95** ESO 506-G027 0.0250 44.28 43.95 23.92 0.002 >41.14 40.96t 0.20 -13.19+ 0.20 -13.67+ 0.20 <-14.20 (x1) (oa)
96 XSS J12389-1614 0.0366 44.26 43.35 22.63 0.043 41 885 41.87 0.20 -12.63+ 0.20 -12.81+ 0.20 -13.29+ 0.20 (xa) (oa)
97 NGC 4593 0.0090 4321 4281 20.49 41.04-001 4056 0.01  -12.76+ 0.01 (4.6) e (xd) (oc)
100 SBS 1301+540 0.0299 43.72 43.09 20.60 41.25+ 0.21 41.25+ 0.01 -13.06+ 0.01 -13.54+ 0.07 -13.87+ 0.01 (xc) (oe)
102%* NGC 4992 0.0251 43.83 43.17 23.75 <0.003 39.85- 0.16 39.85+ 0.01 -14.30+ 0.01 -14.50+ 0.02 -14.824+ 0.05 (xm) (od)
103 MCG -03-34-064 0.0165 43.46 43.95 23.61 0.039 425643 4221 0.10 -11.574+0.10 -12.13+ 0.10 -12.73+ 0.10 (xd) (oa)
105 MCG -06-30-015 0.0077 43.00 42.74 2128 .- cee 40.23+ 0.20 -12.89+ 0.20 s s (xd) (oa)
106 NGC 5252 0.0230 43.90 43.39 22.64 0.038 467901 40.37 0.01 -13.71+0.01 -13.32+ 0.01 -13.94+ 0.01 (xd) (oe)
108 IC 4329A 0.0160 44.24 43.84 2179 .- 41.62+ 0.19 41.02+ 0.04 -12.74+ 0.04 -13.09+ 0.04 -13.774+ 0.04 (xd) (od)
109 Mrk 279 0.0304 43.97 43.42 2011 .- 41.76+ 0.21 41.68+ 0.01 -12.65+ 0.01 -13.014- 0.01 -13.514 0.07 (xd) (od)
110 NGC 5506 0.0062 43.30 42,91 22.44 0.011 438911 41.03t 0.08 -11.90+ 0.08 -11.99+ 0.01 -12.76+ 0.03 (xd) (oe)
112 NGC 5548 0.0172 43.59 43.14 2085 .- - 42.13+ 0.06 42.13+ 0.02 -11.69+ 0.02 -12.374+0.01 -12.74+ 0.02 (xd) (oe)
113 ESO 511-G030 0.0224 43.73 43.41 2099 - - - v 40.62+ 0.20 -13.44+0.20 ce ce (xd) (oa)
115 NGC 5728 0.0093 43.23 43.03 24.14 0.007 439643 41.52+ 0.10 -11.76+ 0.10 -12.23+0.10 -12.85+ 0.10 (xm) (oa)
116 Mrk 841 0.0364 44.20 43.87 2134 ... 41.64+ 0.04 41.64+ 0.01 -12.85+ 0.01 -13.374+-0.01 -13.79+ 0.01 (xc) (od)
117 Mrk 290 0.0296 43.79 42.93 2118 - - 41.71+ 0.50 41.59 0.01 -12.71+0.01 -13.20+ 0.01 -13.72+ 0.17 (xd) (od)
118 Mrk 1498 0.0547 44.50 44.05 23.10 0.016 42(46.31 42.43+ 0.20 -12.424+0.20 -13.18+ 0.01 -13.054 0.08 (xf) (oe)
120%* NGC 6240 0.0245 43.81 44.16 24.25 <0.005 4212t 0.12 40.7H- 0.02 -13.43+ 0.02 -12.73+ 0.01 -13.69+ 0.04 (xa) (oe)
124 1RXS J174538.1+290823 0.1113 45.09 44.37 0.00 --- cee 42.75+ 0.03 -12.75+ 0.03 s s (xa) (oe)
125 3C382 0.0579 4481 44.67 2011 - - 42.31+ 0.08 41.76 0.01 -13.20+ 0.01 -13.36+ 0.01 —-14.04+ 0.03 (xc) (od)
126%* ESO 103-035 0.0133 43.58 43.38 23.33 0.001 42:2M85 40.87- 0.20 -12.73+ 0.20 -12.80+ 0.20 -13.73+0.20 (xd) (oa)
127 3C390.3 0.0561 44.88 4452 21.08 .- - 42.96+ 0.38 42.72+ 0.01 -12.15+ 0.01 -12.51+ 0.13 -13.06+ 0.02 (xd) (od)
129 NGC 6814 0.0052 42.57 42.22 20.76 cee 40.17+ 0.10 -12.614 0.10 s s (xc) (oa)
133 NGC 6860 0.0149 43.39 42.89 21.00 v 40.93+ 0.10 -12.76+ 0.10 ce ce (xn) (oa)
136 4C +74.26 0.1040 45.14 44.87 21.25 43.37+ 0.61 43.13+ 0.17 -12.314+0.17 -12.83+ 0.01 -13.394+ 0.20 (x0) (oe)
137 Mrk 509 0.0344 44.43 44.08 2018 - - cee 42.17+ 0.20 -12.26+ 0.20 s s (xd) (oa)
138 IC 5063 0.0114 43.31 43.08 23.40 0.009 42:26.43 41.58t 0.10 -11.88+ 0.10 -12.20+ 0.10 -12.914+ 0.10 (xh) (oa)
139 2MASX J21140128+8204483 0.0840 44.80 44.35 0.00 --- >43.60 42.89+ 0.01 -12.35+ 0.01 -12.54+ 0.04 <-13.25 (xa) (od)
144 UGC 11871 0.0266 43.80 43.26 22.32 0.016 42:8601 41.45+ 0.01 -12.76+ 0.01 -12.25+ 0.01 -13.10+ 0.01 (xa) (oe)
145%* NGC 7172 0.0087 43.32 42.90 2291 0.001 39:90.85 39.94t 0.20 -13.28+ 0.20 -13.55+ 0.20 -13.75+ 0.20 (xd) (oa)
146 NGC 7213 0.0058 42.59 41.85 20.40 .. 40.23+ 0.85 40.23t 0.20 -12.64+ 0.20 -12.39+ 0.20 -12.83+ 0.20 (xd) (oa)
147 NGC 7314 0.0048 42.45 41.96 21.60 . 40.25+ 0.43 39.78t 0.10 -12.93+ 0.10 -13.2140.10 -13.85+ 0.10 (xd) (oa)
148** NGC 7319 0.0225 43.68 43.40 23.82 0.004 4670.20 40.72+ 0.03 -13.34+0.03 -13.68+ 0.01 -13.86+ 0.07 (xa) (oe)
149 3C452 0.0811 44.73 43.83 23.36 0.064 42£00.09 40.98+ 0.01 -14.23+ 0.01 -14.224+0.01 -15.074 0.03 (xd) (oe)
151 MR 2251-178 0.0640 45.03 44.60 21.45 . . 42.87+ 0.43 42.33t 0.10 -12.66+ 0.10 -12.89+ 0.10 -13.55+ 0.10 (xd) (oa)
152 NGC 7469 0.0163 43.70 42.97 20.61 43.14+ 0.01 41.76 0.01 -12.08+ 0.01 -11.89+ 0.01 -12.85+ 0.01 (xc) (ob)
153 Mrk 926 0.0469 44.45 44.19 2054 ... 42.66+ 0.03 42.66+ 0.01 -12.05+ 0.01 -12.68+ 0.01 -13.054 0.01 (xd) (oe)
154 NGC 7582 0.0052 42.61 42.65 23.80 0.033 432643 40.38t 0.10 -12.3%4+ 0.10 -12.10+ 0.10 -12.88+ 0.10 (xp) (oa)
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TABLE 1 — CONTINUED

No. Object z logly4-195 logly_19 logNy fscat log L<[:8Irll] log L[OIII] log F[OIII] logFH o IogFHB References
(erg s 1) (erg s 1) (cmfz) (erg s~ 1) (ergs™ 1) (erg cm’zsfl) (erg cni2 Sil) (erg cni2 s’l) (X-ray) (Optical)
(1) (2) (3) (4) (5) (6) () (8) (9) (10) (11) (12) (13) (14)

NOTE. — This table summarizes X-ray and optical emission linel{[P\5007, Hx, H3) properties of 98wift/BAT 9-month AGNs iri Tueller et all (2008)
excluding Cen A, blazars, and those at low Galactic latiu@le| < 15°). Columns:: (1) source no. al.(2008); (2) abjeame; (3) redshift;
(4) 9-month averaged 14-195 keV luminosity calculated ftbenobserved flux; (5) absorption-corrected 2—10 keV lusityoof the transmitted component
averaged for 70 months; (6) X-ray absorption hydrogen calaiensity (000 meandNy = 0); (7) soft X-ray scattering fraction; (8) [O IIN6007 luminosity
corrected for extinction based on the Balmer decrementpl§8grved [O IIIN5007 luminosity (with no extinction correction); (10) [A]IN5007 flux; (11)
narrow Hx flux (number in parenthesis refers texHH 3 flux ratio); (12) narrow K flux; (13) reference for the X-ray spectra (Columns 6 andx@) ®, (xb)
Noguchi et al. [(2010), (x¢) Tueller etlal. (2008), (kd) Winét al. (2009a), (x€) Equchi etlal. (2011), (kL Equchi et(@009), (xg) Risalit et &l[(2009) (xh)
[Turner et al.[(2009), (x[) Awaki et &l.(2008), (X)) Gonzalktartin etal.(2011), (xK) Shirai et’al. (2008), (xI) Wintet al. (2009b), (xmi) Comastri eflél. (2010),
(xn)[Winter & MushotzKy [(2010b), (xd) Ballantyn& (2005) pjxbialBianchi et 21..(2009). (14) reference for the optiga fluxes (Columns 8-12): (oa) this
work, (ob)Dahari & De Roberiis (1988), (dc) Mulchaey et @994), (od)?, (oe)Winter et al.[(2010a), (of)f Bassani et al. (1999), (¥g)etal. (1999), (oh)
[Candietal. [[2007). Columns (1)—(4) are taken filom Tuelteallz{2008) except for the revised redshift of no. 53 (2MAS6403799-4321211). Column (5) is
taken from C. Ricci et al. (2015, in preparation). All lumgities are calculated from the redshift given in column (8hvHo, Qm, Q) = (70 km s Mpc,
0.3,0.7).
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TABLE 2
CORRELATION PROPERTIES BETWEENDIFFERENTLUMINOSITIES

Y X Sample N oL ot =8 Pt a b
(€ @ (©) @ © (6) @) ®) C) (10

All 101 0.672 0419 #¥x10% 13x10° -11.04+29 1204+0.07

loglio; logLis1gs Typel 48 0.781 0.240 .8x 10! 10x10! -80+38 113+0.09
Type2 53 0.461 0548 .5x10% 22x10° -103+37 118+0.09

All 100 0.630 0.375 Ax10¥ 12x10% -100£29 118%+0.07

loglio; loglo1o  Typel 48 0.761 0.239 8x10%0 10x10! -55+36 108+0.09
Type2 52 0.447 0.488 .9x10% 24x10% -1024+40 1194+0.10

All 76 0594 0475 Bx10° 15x10° -98+40 118+0.09

logLfgy; loglisies Typel 31 0.705 0.341 .8x 10% 6.0x102 -54+42 108+0.10
Type2 45 0421 0571 .@x10°% 42x10° -1204+55 1.23+0.13

All 75 0619 0516 2x10° 22x10° -85+37 116+0.09

logLfg'; loglo-i0  Typel 31 0716 0463 .8x 10°% 88x10% -16+35 101+0.09
Type2 44 0503 0552 .6x10* 10x10% -128+53 126+0.13

All 82 0608 0352 #x10° 12x10° -30+£31 102+008

logLHq logly-10  Typel 32 0.739 0.128 .3x10% 48x10! 39+39 087+0.09
Type2 50 0542 0514 @x10° 13x10* -40+42 104+0.10

All 82 0934 0851 2lx10°" 46x10%* -76+21 1191005

logLo ny loglpe  Typel 32 0.937 0.799 .Bx10715 41x10% -62+27 116+0.07
Type2 50 0.886 0.877 .2x10Y 64x10Y -76+31 103+0.11

NoTE. — Columns: (1)Y variable; (2)X variable; (3) AGN type; (4) number of sample; (5) Spearmaaisk coefficient for luminosity—luminosity
correlation p); (6) Spearman’s rank coefficient for flux—flux correlatign)( (7) Student's-null significance level for luminosity—luminosity coregion ();
(8) Student'st-null significance level for flux—flux correlatiorPy); (9) regression intercep) and its = uncertainty; (10) slopebj and its I uncertainty.
Equation is represented ¥s= a+bX.

TABLE 3
SUMMARY OF LUMINOSITY RATIOS
Luminosity Sample N <r> o <Lx >
Ratio (1) (2 3) 4 (5)
All 102 -245+006 060+0.05 43.71
Type 1 48 -2.27+0.07 047+005 43.85
|Og(L[o 1 /L14_195) Type 2 54 -262+010 066+0.07 43.60

Type 2 (fscar< 0.5%) 12 -3.1340.10 0334008  43.92

Type 2 frost > 80°) 10 —2.43+0.13 041+0.10 43.24

All 101 -1.99+£0.07 063F£0.05 43.24

Type 1l 48 -1.78+0.08 051+0.06 43.36

|Og(L[o | /L2—10) Type 2 53 -219+010 067+0.07 43.14
Type 2 (fscar< 0.5%) 12 -2.854009 0314007  43.62

Type 2 frost > 80°) 10 —2.01+£0.17 0534+0.13 42.81

All 77 -194F£0.08 069+0.06 43.65

Type 1l 31 -1.894+0.09 048+40.07 43.79

log (LES'y /L14-15) Type 2 46 -1.984+0.12 080+0.09 43.56
Type 2 (fscar< 0.5%) 9 -2.44+028 0824021 43.87

Type 2 frost > 80°) 7  -1.63+£023 059+0.17 43.06

All 76 -148F008 069006 43.18
Type 1 31 -1.384+010 051+0.07 43.28
log (LES'yy /L2-10) Type 2 45 -155+012 078+£0.09 43.11

Type 2 (fscar< 05%) 9 -216+024 071+£018 4358

Type 2 fhost> 80°) 7 -1.20+029 076+022 42.62

Al 83  —2.I8F007 061F005 43.22

Type 1 32 -1.95+010 0544007 43.36

109(LHa /L2-10) Type 2 51 -235+009 060+0.07 43.14
Type 2 (fscar< 0.5%) 13 -2.97+008 0284006  43.49

Type 2 fhost> 80°) 11 —2.28+0.18 057+013 42.73

Al 83 0231004 032F003 4106

Type 1 32  82+£005 0274004 41.40

log(Lio ] /LHa) Type 2 51  016+0.05 034+004 40.85
Type 2 (fscar< 0.5%) 12 0154009 030007  40.63

Type 2 {host> 80°) 10 0264006 017+£005 40.52

NoOTE. — Columns: (1) luminosity ratio; (2) AGN type; (3) number albjects; (4) average; (5) standard deviation; (6) meanrosiiy value of the
denominator in the sample.
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FIG. 7.— Left: (a) Comparison of [O IIIN5007 and X-ray luminosity functions (LFs) of local AGNs. Ttiéck solid curve (red) represents the observed
[O 1111 A5007 LF from the SDSS. The solid curve (black) is a predic@dl|] A\5007 LF from the X-ray LF in the Ueda efldl. (2014) model. Thgoe surrounded
by the two dashed curves (black) reflects theuhcertainties in the mean and standard deviation in the.jeg() /L2-10) ratio. The dot-dashed curve (blue)

corresponds to the case with the standard deviation is getdo The upper axis gives the [O IN007 luminosities in solar unit&Right: (b) Same as (a) but for
Ha luminosity function.



