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Abstract

| presenthere the results of a multi-wavelength study of a sample of nearby galax-
ies in which emission line activity is exhibited to different degrees. There have been
many studies of the luminosities and ef ciencies of high luminosity accreting sources,
such asquasars,but very few studies of lower luminosity sourcessuch as Seyfertsand
LINERs. By using data from the SloanDigital Sky Survey (SDSS)the Galaxy Evolution
Explorer (GALEX), the Faint Images of the Radio Sky at Twenty-cm (FIRST),and the
Roéntgen Satellite (ROSAT), | have computed spectral energy distributions, and hence
bolometric luminosities for a small sample of cross-matched objects. For this data set,
using the stellar velocity dispersion—black hole massrelation, | have obtained estimates
of the black hole massesin these systems, and derived Eddington ratios. | compare
theseresults for different classesof objects,de ned basedon their spectral properties
and also with calculations from previous studies. This study representsthe basis for
futur e, more detailed work that aims at Illing in the gapsin the spectral energy distri-
butions that are crucial for understanding physics behind the nuclear activity in these
galaxies.

1. Active Galaxies and Super Massive Black Holes

Thereis increasingly strong evidence that nearly all galaxiescontain supermassive black holes
(Mgy  10°M ) in their centers,and that the evolution of the black hole and its host galaxy are
tightly linked. A signi cant fraction of theseblack holes are actively accreting their surrounding
material, the distant quasarsbeing acommon example. In the local universe we seeactivity similar
to quasars, but at a much lower level. Theselow luminosity active galactic nuclei (AGN) may be
the faded engines of formerly powerful quasars. Measuring the massesand accretion rates of the
black holes that drive the low luminosity AGN will help us understand the evolution of these
sources.

Sincethe initial description of active galaxies (Seyfert 1943),it has beenfound that roughly
20% of all galaxies have signatures of nuclear activity. AGN are now generally separated into
the two main subclassesbased purely on luminosity: quasarsand Seyferts. Seyfert galaxies are
observed to have strong emission lines and the brightest Seyfertsare otherwise indistinguishable
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from quasars. Seyferttype 1 galaxies are identi ed by the presenceof broad lines super-imposed
on the strong narrow emission lines, while type 2 Seyferts have no broad lines (Peterson 2003,p.
22). Historically , several sub-subclassesverede ned —1.2,1.5,1.8—basedon the relative strength
or presenceof dif ferent broad-lines, but thesedivisions have fallen out of favor.

The broad lines in type 1 Seyfertstypically have full-width half-max (FWHM) of >1000km/s.
This emission is thought to originate from a broad line region (BLR). The BLR is generally viewed
asagroup of hot gasclouds orbiting very nearto the central black hole. Narr ow lines characteristic
of Seyfert2sarethought to originate from the narrow line region (NLR), which produceslines with
FWHM of only afew 100skm/s. The NLR is viewed asalow density torus orbiting much further
out from the black hole. The low density of the NLR means that forbidden transitions are not
collisionally supressed.The ratios of the corresponding forbidden lines are used to classify AGN.

Assuming the black hole driving the AGN has a mass Mgy, we can compare its expected
luminosity with the observed luminosity of the central region of the galaxy. If the black hole is
isotropically accreting at the maximum stable rate, known asthe Eddington limit, its luminosity
will be

4 Gcm
Ledd = 7pMBH;

- (1)

where cisthe Thomson scattering cross-sectionfor electrons. (Peterson2003,p.33) Thus, if we can
establishM gy through some other means,we can calculate the Eddington ratio, L g4 =Legq, Which
is a proxy for the accretion ef ciency . Ho (1999)found Eddington ratios between2 10 ®to 2
10 3 for his sample of 7 low-luminosity AGN which is low when compared to more distant and
luminous systems. As AGN appear dimmer over time while their black holes are increasing in
mass, their accretion rates must be falling. How this evolution varies with AGN classhas yet to
be explored; this work will investigate theseissuesin detalil.

Unfortunately , it is very dif cult to dir ectly measure the massof the central sourcein distant
galaxies, owing to the extremely small size of the accreting region. We therefore require indir ect
methods to derive the mass of the central black holes in active galaxies. Some commonly used
examplesinclude assuming the motion of the broad-line clouds is virialized (reverberation map-
ping), and exploiting the black hole mass - bulge velocity dispersion relation, (Tremaine et al.
2002). Thesetechniques generally require dedicated observing time on large telescopes,but with
the advent of modern, large-scalesurveys, we can combine multiwavelength observations (L po)
and detailed spectra( puge), to nd the Eddington ratios of a large setof low luminosity AGN.

| presenthere the results of a multi-wavelength study of a sample of nearby, low-luminosity ,
accreting supermassive black holes. The data for the current study comesfrom the Sloan Digital
Sky Survey (SDSS)the Galaxy Evolution Explorer (GALEX), the Faint Images of the Radio Sky at
Twenty-cm (FIRST)and the Rontgen Satellite (ROSAT). Currently lacking is data from the Infrar ed
band, but | plan to include data from the Spitzer SpaceTelescopeand the 2-Micron All Sky Survey
(2MASS)in the futur e. Previous work on this subjectinvolved a sample of only 7 nearby galaxies
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(Ho 1999).With the upcoming releaseof the updated GALEX catalog, my sample should contain
hundr eds of emission-line galaxies, dozens of which will be identi able as some classof AGN;
many others could be have stronger classi cation basedon the results of this study.

2. Plan for the Current work

Start with a set of SDSSgalaxies that were spectrally classi ed by (Constantin & Vogeley
2006).

Match other surveys (GALEX, FIRST, ROSAT currently) with SDSSspectral objectsand cross
match between all surveys.

Look for unigue properties of eachidentied AGN class,if any.

Compute an SEDfor eachgalaxy, given the spectral data from all the surveys, using proper
upper-limits given the coveragemaps.

Compute the bolometric luminosity for eachobject, given the SEDand redshift (z).

Compute ablack hole massfrom the stellar velocity dispersion, and thus derive a maximum
eddington luminosity .

Compare Lo and L gqq to compute the Eddington ratio.

3. Finding Low Luminosity AGN

Identi cation of AGN is anon-trivial task. The importance of viewing geometry, obscuration
and absorption on the resulting spectrum meansthat one technique is not suf cient to locate all
AGN. A large proportion of the observed x-ray background hasbeenresolved by Chandra asopti-
cally obscured active nuclei (Treister et al. 2005).1t is suspectedthat the ratio of optically obscured
to observed AGN is 3:1. For this survey | used a classi cation system basedon identi cations of
emission-lines in SDSSgalaxies, asdiscribed in (Constantin & Vogeley 2006).

For this work, the galaxieswere classi ed basedon the presenceor absenceof emission-lines,
and sub-classi ed basedon comparisons of the following line ratios: [Olll] 5007H ,[NIl] 6583H
[Sl] 6716673¥H , and [Ol] 6300H (Constantin & Vogeley 2006). Theseratios take advan-
tage of the physical distinctions between the different classes.
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4. Datasets

The survey overlap regions are shown in (g. 1). GALEX cross-matchesare localized to the
regionsthat wereimaged for GR1,and most of thoseregionswere part of the AlS. FIRSTdetections
are uniformly spread acrossnearly the entire SDSSeld, with only a small piece missing from the
northern-most area. The small number of ROSAT cross-matchesare dif cult to seeand more
concentrated toward the north, where the exposure time was greater.

4.1. SDSS

The baseline datasetfor this study is the Sloan Digital Sky Survey (SDSS)spectroscopic data
from the SDSSData Release4 (DR4) (Adelman-McCarthy & et al 2005). A magnitude-limited
subsample of the DR4 galaxy catalog was selected with 14.5< m,< 17.7 which removes those
bright galaxieswhich are normally broken into multiple components by the SDSSpipeline. Next,
a volume-limited subsample was produced, with a redshift limit of 0.05< z < 0.12. Volume-
limiting the sample is not necessaryfor this study, but it is the only data available at this time.
The galaxieswere then classi ed asdescribed above. This initial setup was done by Constantin &
Vogeley (2006).

4.2. GALEX

The Galaxy Evolution Explorer (GALEX) spacecraft, launched in April 2003, was designed
with a goal of providing high-resolution (~arcsecond), wide- eld (~1 square-degree) near and
far ultra-violet imaging. The rst large public data release,Galex Releasel (GR1) occured in
December 2005. GR1 covered ~2939 square degreesof sky, split between the All (AlS), Medium
(MIS) and Deep (DIS) Imaging Surveys. The majority of this coveragewas in the AIS, which has
an averagedepth of 121seconds.

The GALEX spacecraftimaging system has a roughly 1.2 degree diameter, circular eld of
view. This consists of two elds (listed to 10% fall-off): near UV spanning 134- 179nm and far
UV spanning 171- 283nm. The photometric radial error, found by comparing with known star
positions from Hippar cos,is ~1.1" for the Far UV and ~1.2" for the Near UV for GR1.

Unlike the other surveys in this study, the GALEX surveys were not designed with completely
uniform coverage in mind, so many elds were imaged multiple times and not all elds have
uniform exposure, even within the AIS. The GALEX database does not yet have a system for
identifying objectsthat were imaged in more than one eld. Thus, there are >14000caseswhere
an SDSSobject has more than one GALEX object matched to it, out of ~34600total matches 1.
For the futur e, | will selectthe “best” GALEX object based on the exposure time of the given
frame, but the current analysis takes only those SDSSobjectswith uniqgue matchesin GALEX. A



Fig. 1.— Eachunique detection from the three surveys is overplotted on the entire set of SDSS
galaxiesthat were considered in this survey. Note that only cross-matching detections are shown,
not the complete survey overlaping regions, where upper-limits are available.
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possible follow-up study would use these multiple-imagings to reduce the GALEX astrometric
error, though this may already be in the works for the GR2.

For comparison, the mean and standard-errors are shown (table 2) for the separation, uxes
and magnitudes of passive (absorption) galaxies, all emission galaxies, HIl galaxies, Seyfertsand
LINERs. Notice that the brightest galaxies are the HIl, followed by Seyferts, LINERs and nally
those galaxies with no emission, aswould be expected. Also notice that there is little difference
between the SDSS/GALEX separations between the various classesjmplying that the number of
chancesuperpositions or non-central GALEX objectsis rather small.

4.3. FIRST

The Faint Images of the Radio Sky at Twenty-cm (FIRST) survey, begun in 1994, provides
a complete radio map of the northern sky at 21cm. It is essentially complete as of April 2003.
There is now a catalog available, containing all extracted sourcesdown to a limiting magnitude
of roughly 1 mJy, with 5 arcsecresolution. (Beckeret al. 1995)This catalog contains over 800,000
objects, covering 9033square degreesof sky. A complete coverage map is available, which 1 will
use for amore detailed analysis of the source upper-limits.

Nearly all of the SDSSsky coverageoverlaps with FIRST, and the FIRSTastrometric precision
of <1” is well matched for cross-correlating radio and SDSSoptical sources. Becauseof this, and
the fact that the FIRST survey was complete by the SDSSData Release2 (DR2), part of the SDSS
analysis pipeline includes cross-matching with FIRST objects. SDSSphotometric objects which
have a FIRSTmatch are also agged for possible inclusion in the spectroscopic follow-up studies.

As shown in (table 3), the LINERs are by far the brightest sources, followed by Seyferts,
though thereis alarge scatterin the uxes of each.Note alsothat only 6 of the passive galaxiesin
this sample have a detectedradio ux, and those that are detected are the dimmest on average. It
is also interesting to note that the Seyferts have nearly half the separation between the SDSSand
FIRSTdetections, compared with the other galaxy types.

4.4. ROSAT

The oldest of the utilized surveys, the Rontgen Satellite entered orbit in June1990.The release
of the ROSAT All Sky Survey (RASS)in 1999(Vogeset al. 1999),provides the deepest,greatestsky-
coveragex-ray survey currently available. The survey catalog provides a count rate (per second)
and two hardnessratios for eachdetected target. the hardnessratios are between the soft (0.1-0.4
keV) and hard (0.5-2.0keV) bands for hard1l and between 0.5-0.9keV and 0.9-2.0keV for hard?2.
Unfortunately , the survey imager - the Position Sensitive Proportional Counter (PSPC)- had a PSF
of ~20arcsec.This, combined with the pointing precision, meant that the location of x-ray sources



Table 1: Summary of the surveys.

GALEX FIRST ROSAT

SDSSDR4 overlap (sq. deg.) TBD 6600 6600
wavelength range 134-179nm,171-283nm 21lcm 0.1-2.4keV
upper-limit (nominal, 5 ) * 1mJdy 0.01lcps(*)

PSFresolution 4" 5” ~20"

astrometric precision 1.1” <1” ~30”

SDSSDR4 matches (total) 34616 18238 2837

SDSSDR4 matches (unique) 20508 18226 2059

Note. — (*) Thereis no de ned GALEX upper-limit, becausethe exposure time varies signi cantly between elds.
The ROSAT upper-limit is very rough, for the samereason. A more detailed analysis of the upper-limits for these
surveys will be performed at a later date.

GALEX - SDSS separation
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Fig. 2.— The separations between all unigue GALEX/SDSS galaxy matches. This is consistent
with the measured GALEX astrometric error of ~1.1": most of the GALEX matchesare within 1.5”
of the corresponding SDSSobject. However, it is quite possible that separations greater than 1"
representdistinct objects. For an example, see( g. 5).



Table 2: SelectedGALEX statistics: mean+ (median).
class(total) separation ()  NUV ux ( Jy) FUV ux ( Jy) NUV mag FUV mag

passive(297)  1.66 0.5(1.5) 18.0 2.0(6.8) 21.2 2.7(10.6) 21.6 0.1(21.8) 21.4 .1(21.3)
emission (1308) 1.30 0.03(1.08) 52.4 1.5(37.5) 36.5 1.1(25.45) 20.0 0.03(20.0) 20.4 0.03(20.4)
HIl (822)  1.16 0.03(1.01) 61.9 1.9(49.2) 40.7 1.4(30.6) 19.7 0.03(19.7) 20.2 0.03(20.2)
Seyfert(58)  1.36 0.11(1.17) 34.9 7.8(14.4) 27.4 7.9(10.9) 20.7 0.2(21.0) 21.0 0.2(21.3)
LINER (223) 1.70 0.07(1.38) 29.8 2.9(16.6) 23.5 2.9(11.9) 20.8 0.08(20.1) 21.1 0.1(21.2)

Note. — The total is the number of objectswithin all the survey regions. Separation is the distance between the
SDSSspectral objectand the GALEX detection central position. Passivegalaxiesare those with absorption lines and no
detectable emission.

SDSS - FIRST separation
0.03 T T T T T T T

418226

0.025

0.02

0.015

0.01

Fraction of total displayed

0.005

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
distance (arcsec)
Fig. 3.— The separations between all unique FIRST/SDSSgalaxy matches. The FIRST astromet-
ric solutions are good to a fraction of an arcsecond,which is plainly apparent in the separation
between the FIRSTand SDSSobjects. Considering that most bright radio emission is expectedto
come from the galaxy's core, this tight relation bodeswell for reducing spurious matches.
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was only known to within half an arcminute. Though very good for an x-ray survey, it is the weak
link in this work.

Within the ~60" ROSAT error circle, there are potentially several SDSSdetected galaxies.
There is no way to determine which of these objectsis the true x-ray source, even in the cases
where more than one cross-matched SDSSgalaxy hasa spectrum. In roughly 400casesmorethan
one SDSSspectrally observed galaxy was matched to a single ROSAT detection. This is potentially
quite signi cant, sincethe number of unique ROSAT-SDSSgalaxy matchesis just over 2000.

Table 4 shows statistics for all ROSAT/SDSS matches. It was necessaryto use all matched
objectsfrom the ROSAT catalog, not just those restricted to the GALEX targeted regions, because
of the small number of total ROSAT/SDSS matched objects. If this list were restricted to only the
regionswhereall the surveys overlapped, therewould beonly 13emission-line galaxies,2 passive,
5H Il, 1 Seyfertand 2 LINERs. This sample size is much too small to generate useful statistics.
From the table, it appearsthe LINERS have aslightly harder ux than the other galaxies,and the
Hlls have aslightly softer ux, but there seemsto be little other difference.

4.5. Examples

Fig. 5 shows some examplesof the matched objectsand survey overlaps. Notice the large size
of the ROSAT error circle relative to the SDSSobject. The GALEX objects cover the entire SDSS-
detected galaxies, and thus representthe integrated light from the entire galaxy. For ellipticals,
the contribution from starswill be relatively small, but for any galaxy with active star formation,
asigni cant fraction of the UV light will befrom starlight. Somemethod of subtracting this excess
light will be necessaryif we areto nd the ux from only the central source.

Table 3: SelectedFIRST statistics: mean+ (median).
class(total) separation (*) Integrated ux (mJy) PeakFlux (mJy)
passive (6) 0.630 0.07(0.694) 2.11 0.38(1.91) 1.54 0.17(1.50)
emission (183) 0.583 0.03(0.462) 3.36 .46(2.13) 3.02 0.45(1.58)
HIl (94) 0.652 0.04(0.518) 2.38 0.16(2.08) 1.87 0.14(1.37)
Seyfert(18) 0.387 0.08(0.319) 4.81 1.6(2.21) 4.72 1.5(2.03)
LINER (34) 0.531 0.07(0.357) 6.41 2.2(2.50) 6.13 2.1(2.26)

Note. — Thetotal is the number of objectswithin all the survey regions. Separationis the distance between the SDSS
spectral object and the FIRST gaussian centroid. Passive galaxies are those with absorption lines and no detectable
emission.



—-10-

SDSS - ROSAT separation
0.018 T T T T

#2059 —

0.016

0.014

0.012 - b

0.01 | b

0.008 - b

Fraction of total displayed

0.006 -

0.004

0.002

0 L L L L L
0 10 20 30 40 50 60

distance (arcsec)

Fig. 4.—The separations between all unigue ROSAT/SDSS galaxy matches. The 30" ROSAT error
circle means the separation between SDSSand ROSAT objectsis by far the largest of the used
surveys.

Table 4: SelectedROSAT statistics: mean+ (median).
class(total) separation (*) counts/s hardness 1 hardness 2
passive(51) 36.4 2.4(34.1) 0.033 0.004(0.024) 0.163 0.09(0.22) 0.056 0.08(0.05)
emission (126) 27.3 1.6(24.4) 0.042 0.004(0.029) 0.136 0.052(0.135) 0.045 0.05(0.09)
HIl (49) 26.6 2.5(21.8) 0.046 0.006(0.029) 0.029 0.08(0.0) -0.02 0.08(0.09)
Seyfert(15) 31.9 5.0(28.9) 0.037 0.008(0.025) 0.187 0.13(0.16) 0.20 0.12(0.16)
LINER (23) 32.1 3.5(33.9) 0.041 0.01(0.031) 0.303 0.14(0.46) 0.09 0.12(0.08)

Note. — The total is the number of SDSSobjects uniquely matched to ROSAT objects. Separation is the distance
between the SDSSspectral object and the ROSAT object center. Passivegalaxies are those with absorption lines and no
detectable emission.
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Fig. 5.— Error circlesand detection examples. The numbers are the Objlds in SDSSfor reference.
The grey-scaleimage is the SDSSr-band. On the left is an unclassi ed emission-line galaxy with

detections in each measured band. Several of the objectswithin the ROSAT error circle may be
high-r edshift galaxies. On the right is a spiral with with two SDSSspectraand the GALEX detec-
tions overplotted. The GALEX sourcesobviously encompassthe entire galaxy, and are more likely

associatedwith the star-forming regions than the core.
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5. Spectral Energy Distributions

For comparison with previous work, | have plotted all the galaxieswith ROSAT detections in
(g. 6). The high luminosity of the infrar ed region is plainly apparent in the data from Ho (1999).
Also, the Ho galaxy SEDsare not as“smooth” asone would expect;this is due an ambiguity asto
which uxes he used when generating his results. Multiple uxes are listed in his tables but not
all of them were used. However, my bolometric luminosities for the Ho galaxies,computed from
the plotted data, are all within afactor of 3 of his.

Few of my listed objectshave FIRSTdetections (rough upper-limits are plotted), but because
of the small size of this sample (and becausel have only one Seyfert galaxies with a ROSAT de-
tection, currently) no conclusions should be drawn from this. The data is limited by the small
sky coverageof the GALEX GR1;the soonto be releasedGR2will greatly increasethe number of
available sources.

Since all of my galaxies are signi cantly further away (148Mpc - 350Mpc) compared with
those from Ho (1999)(3.6 - 92.0Mpc), their comparable optical uxes translate into sign cantly
higher luminosities (g. 7). The high luminosity may be due, in part, to contamination from stars
and star forming regions. Note that some of my objectsdo have UV detections (primarily unclas-
sied emission-line and H Il galaxies), while the UV luminosities from Ho are all much lower.
Integrating the luminosity over the measured ranges gives the bolometric luminosities shown in
tables 5-10. In thesetables, objectsare listed by SDSSobjid, sothe objects can be examined at the
SDSSexplorer website?.

1SDSSExplore Home: http://cas.sdss.or g/astr o/en/tools/explor e/obj.asp - use the “Search by Objld” on the left
panel to examine a given object.

Table 5: Unclassi ed galaxies

SDSSobjid D (Mpc) Lypa(ergls)  (km/s) Mgy (M ) L edd L bol=L edd

5877242331748B27 231 7:83 10% 172 737 100 927 10® 845 104
5877257739958%09 300 897 10% 165 6:25 10° 7:86 10® 114 10
58773118673630%3 167 7:60 10%2 155 6:35 10° 798 10® 952 10
58772687888062RI8 183 6:64 10%2 157 508 10° 6:38 10*® 1.04 10
5880168933232414 186 1:36 10% 221 203 108 256 10*% 532 10
5880155092744 583 338 136 10%3 217 1:.87 10° 234 10% 579 10
58773258097806%0 277 1.60 10% 199 1:32 10° 166 10% 961 10

A D DM W b~ W
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SED (flux) for all classes with x ray detections

le 10 T T T T T T T
Ho 99
. gal unclassified +
emission uncll)assmed
1e11 L al sorptlﬁg |
seyfert
iner
lel2 .
v 1lel3 | E
2
A
g
2 1leld | E
lel5 E
lel16 E
/
le 17 1 1 1 1 1 1 1 1
1le+09 le+10 le+1l le+12 le+13 le+14 le+15 le+16 le+17 le+18

n (Hz)

Fig. 6.— All the objectswith ROSAT detections, color-coded by galaxy class. The black lines are
the un-normalized SEDsfrom (Ho 1999).Note the large IR bump, which is missing from my data.

SED (luminosity) for all classes with x ray detections
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Fig. 7.— All the objectswith ROSAT detections, color-coded by galaxy class. The black lines are
the un-normalized SEDsfrom (Ho 1999). Note that my galaxies have a much higher optical ux,
and several also have UV detections. This may be due to contamination from starlight, sincethe
observation aperature s larger, and the galaxies are further away.
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Table 6: Unclassi ed emission-line galaxies

SDSSobjid D (Mpc) Lypo(ergls)  (km/s) Mgy (M ) L edd L boi=Ledd
5877241982746&29 348 811 10* 109 1:16 10° 146 10® 556 103
5877242331826@90 242 1:33 10% 134 273 107 343 10*® 390 10°
5880155092697 @82 314 1:20 10% 146 379 100 477 10® 251 1038
5877255512119047 328 837 10* 180 886 10° 111 10 7552 104
5880093658639693 252 2:17 10 600 1:12 10 1:40 10® 155 10 °

Table 7: Passive(absorption) galaxies

SDSSobjid D (Mpc) Lypa(ergls)  (km/s) Mgy (M ) L edd L boi=Ledd
5877241993497133 329 5:01 10% 74.3 252 106 316 10" 1:59 10 2
5877271789857@59 196 5:81 10*2 118 1.64 10° 207 10 2:81 103
5877272144197 6B5 347 167 10% 214 175 10° 221 10% 7:56 10 4

Table 8: H Il galaxies

SDSSobjid D (Mpc) Lypa(ergls)  (km/s) Mgy (M ) L edd L bol=L edd
58800700523433P3 160 616 10%*2 139 315 10° 396 10" 156 103
5880101373396 741 264 1.54 10 145 375 107 472 10" 326 103
58772423263649B9 264  7:16 10%*2 118 1:63 10 2:06 10 348 103
5877311856507623 303 868 10% 116 1:48 10° 1:87 10® 465 103
5880168922499647 332 878 10% 119 1:65 10° 2:08 10 4222 103

Table 9: Seyferts

SDSSobjid D (Mpc) Lypa(ergls)  (km/s) Mgy (M ) L edd L bol=L edd

5880155092704 380 301 9:06 10% 129 2:35 10’ 295 10*® 307 103
Table 10:LINERs

SDSSobjid D (Mpc) Lypa(ergls)  (km/s) Mgy (M ) L edd L boi=Ledd
5877268778129034 192 125 10 244 30 100 377 10 333 104
58801550927606833 318 1:.43 10% 223 208 108 262 10 544 104
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6. Black Hole Masses

Tremaine et al. (2002)derive arelation between M gy and the stellar velocity dispersion of the
galaxy of

Iog(MBH:M ): + qu = 0);

where jis areferencevalue, taken to be 200km/s. In their analysis of 21 nearby galaxies which
have detailed measurements of the central region, they nd best t values of

= 813 0:06, = 4.02 0:32

which | use in this study. A futur e study could examine how much the variations in  and
change the computed black hole masses,as there are other good-t values quoted in Tremaine
etal. (2002).

As seenin tables 5-10, the computed Eddington ratios are within the ranges given in (Ho
1999),(2 10 ®-2 10 3). However, most of mine are consistently high, which | believe is due
to contamination from starlight, and possibly background x-ray sources. In particular, note the
nearly uniform ~3 10 3L po=Leqq for the H Il galaxies;this is almost certainly due to contamina-
tion from star-forming regions. For this sample, | do not have enough objectsto compile statistics
on the different classesput | will examine how the Eddington ratios vary with galaxy classin the
follow-up study.

7. Future directions

Justrecently, an HST archival proposal was submitted (Ho 2005),to combine high resolution
HST, VLA and Chandra data to nd the SEDsof other nearby low-luminosity AGN. This is a
complementary study, asit will measure only the nuclear region of these AGN, but will likely
have fewer total objects. It will provide a useful comparison for my results.

In the near futur e, the rst XMM-slew survey data will bereleased.This survey will provide
positional accuracy of a few arcseconds(Read et al. 2005),a depth comparable to ROSAT in the
soft (0.1-2keV) x-ray region, and orders of magnitude better depth in hard (>2keV) x-rays than
any previous survey(Freyberg et al. 2005).1 intend to make use of the XMM-slew data assoon as
it becomesavailable.

A very important region of the spectrum that is, unfortunately , missing from my data is in-
frared. Since dust and dust clouds contribute to a signi cant fraction of the output of AGN, |
will needto Il this in. The 2-Micron All Sky Survey, and the Spitzer Wide-area InfraRed Extra-
galactic (SWIRE) surveys both can potentially Il the gap, but | do not yet have cross-matches
between thesetwo surveys and the SDSS.2MASS is a much lower resolution, shallower survey,
so no attempt has yet been made to cross-correlate it, while Spitzer does not yet have good tools
for preparing and examining large catalogsderived from its observations.
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