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Abstract Active galactic nuclei (AGNSs) in low surface brightnessagéés (LSBGs) have

received little attention in previous studies. We preseatetailed spectral analysis of 194
LSBGs from the Impey et al. (1996) APM LSBG sample which hasnbabserved spec-
troscopically by the Sloan Digital Sky Survey Data Relea®B3SS DR5). Our elaborate
spectral analysis enables us to carry out, for the first thelegble spectral classification
of nuclear processes in LSBGs based on the standard emlissialiiagnostic diagrams in

arigorous way. Star-forming galaxies are common, as fonmthout 52% of LSBGs. We

find that, contrary to some previous claims, the fractionalagies that contain AGNs is

significantly lower than that found in nearby normal galaxié high surface brightness.
This is qualitatively in line with the finding of Impey et alh result holds true even
within each morphological type from Sa to Sc. LSBGs that Haxger central stellar ve-

locity dispersions or larger physical sizes tend to havegadr chance of harboring an
AGN. For three AGNs with broad emission lines, the black hobkesses estimated from
the emission lines are broadly consistent with the well kmddvo . relation established

for normal galaxies and AGNs.
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1 INTRODUCTION

Galaxies with blue central surface brightnesses whichigréfieantly fainter than the classical Freeman
value of uff=21.65magarcseé¢ are commonly referred to as Low Surface Brightness Galaxies
(LSBGs). The exact defining criterion @ff, which by convention, is the central surface brightness
of a galactic disk, varies in the literature, though it fafisstly within z5= 22.0 — 23.0 mag arcsec?
(e.g., O'Neil et al. 1998; Bell et al. 2000). It has been sggg@ that LSBGs could account for a signifi-
cant fraction of all galaxies in the Universe (e.g., Freert@n0; McGaugh et al. 1995), and thus are an
important constituent of galactic clusters. LSBGs showesextremely different properties from high
surface brightness galaxies (HSBGSs). The typical valueettticity in LSBGs is one third that of the
solar metallicity (Impey & Bothun 1997). Observationalige Malin 1 (Impey & Bothun 1989), a sig-
nificant number of LSBGs possess diffuse faint disks witkelistellar content but substantial amounts
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of neutral hydrogen gas. The low surface brightnessesateidow star formation rates (SFRs) in these
systems. Indeed, it has been found that the HI surface mansstids in LSBGs are near or below
the threshold for critical gas surface density for star fation (Kennicutt 1989; van der Hulst et al.
1993; de Blok et al. 1996; Schaye 2004). These extreme piepé@nply that LSBGs are less evolved
than HSBGs. Bulge-dominated LSBGs are redder than diskirtied LSBGs and both can be well de-
scribed with an exponential surface brightness distritsugBeijersbergen et al. 1999). Bulges of LSBGs
were found to be metal-poor compared to those of HSBGs (Gtlakz 2006). Schombert et al. (1990)
found that there is no evidence for heavy dust obscuratidtSiBGs. However, a recent study of in-
frared properties of LSBGs using Spitzer data indicatetifi@dest amounts of dust exist in a fraction
of LSBGs, although their metallicity and apparent transpay are low (Hinz et al. 2007).

The low surface brightness, comparable to or fainter thanight sky background (22.5
23.0mag arcset in the B band), makes the detection of LSBGs difficult. As such, musis lopti-
cally selected LSBG samples than normal HSBGs have beelogathfrom surveys by ground-based
telescopes (e.g., Impey et al. 1996; Monnier Ragaigne €t0&l3). Impey et al. (1996) published a
LSBG catalog of 693 LSBGs derived from the Automated Plat@ddeing (APM) machine scans of
the UK Schmidt Telescope survey plates. A catalog contgig#69 southern-sky LSBGs also from the
APM scans of the UK Schmidt photographic plates was given bysMidi-Esslinger et al. (1999).

Unlike HSBGs, which have been the focus of extensive studiestragalactic astrophysics over
many years, nuclear activity in LSBGs has drawn little atten This may be due partly to the lack of
large samples of LSBGs. So far, few secured AGNs with redialgtections have been reported in the
literature, not to mention their properties. Potentiadlygtudy of AGNs in LSBGs is as important as in
HSBGs for the following reasons. First, it may provide imjanot and complementary clues to uncover
the formation and growth of super-massive black holes (SE)Bkince LSBGs may have experienced
a different route than HSBGs in their formation and evoluti&econd, in light of AGN feedback,
the evolution and ecology of LSBGs may be affected by thegmes of powerful AGNs. Third, a
comparison of different host galaxy environments where AGéside, HSBGs and LSBGs, may shed
light on the trigger of AGN activity and the dependence of A@Mdperties on their host galaxies.

However, a few contradictory results have been given initeeature as to the fraction of LSBGs
that harbor AGNs. When AGN activity was first searched foropéical spectroscopy in small samples
of LSBGs, a surprising result was suggested that LSBGs seemave a higher fraction of AGNSs.
Among 10 giant LSBGs, Sprayberry et al. (1995) found 4 Séyfand 1 Seyfert2 nuclei, indicating
a significantly high AGN fraction. In a sample of 34 giant, kith LSBGs, Schombert (1998) found
a high fraction (40%-50%) of low luminosity AGNs, similar tbat in the magnitude-limited local
galaxy sample studied by Ho et al. (1997a), which are mos#B8s. However, such a high AGN
fraction could not be confirmed by Impey et al. (2001, hesgdfnpey01) in a spectroscopic study of
250 LSBGs drawn from the Impey et al. (1996) LSBG sample; imi@st, they found an AGN fraction
less than %.

It should be noted that in essentially all those previouslisg) the identification of AGNs was
subjected to large uncertainties, due to the followingtitions. Firstly, the optical spectra taken were
mostly of low spectral resolution (a resolutien20 A used in Impey01) and low signal to noise ratio
(S/N), and some had narrow wavelength coverage. As suchnthBux measurements were uncertain,
especially those close lines which suffered from blendingnost studies above, AGNs were identified
as having strong low-ionization features ([NII] and [Si¢pmbined with [Ol], unless a broad Balmer
line was present, rather than based on the rigorous line éitia diagnostic diagrams. The only case
where an emission line ratio diagnostic diagram ([OlJ/H [SII]/H«) was invoked to separate AGNs
and HIl regions was in Impey01. However, there are considerancertainties in the line ratios, es-
pecially for Hx, which is heavily blended with [NIfA6548, 6583. Secondly, no subtraction of the
starlight spectra of the host galaxy was performed in thasdiess, which is important for the search of
AGN signatures, especially for low luminosity AGNs, as dissed in detail in Ho et al. (1997b). The
spectra of host galaxy starlight could severely affect thiection and measurement of emission lines,
by making some weak emission lines invisible (such &%, ldr distort the line fluxes, or even spuriously
mimic weak broad emission lines.
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The Sloan Digital Sky Survey (SDSS, Stoughton et al. 2002 geguired high quality optical spec-
tra of a million galaxies over a large portion of the sky (8#s et al. 2002), some of which could be
LSBGs. On the other hand, we have developed an algorithnsticaessfully removes the host galaxy’s
starlight and accurately fits emission lines (see Zhou @046 for details). These two features provide
us with an opportunity to revisit the above unsolved questbAGNs in LSBGs, with much better
spectral S/N and resolutio®(= 1800 — 2200), wavelength coverage, and data homogeneity. The high
spectral quality of large LSBG samples provided by the SDI&Bva us to not only study the demo-
graphics of AGNs, but also, for the first time, the properaé€saGNs in LSBGs. This paper presents
such a study of nuclear activity in a LSBG sample. We intradiie sample and the data analysis in
Section 2. The demographics of nuclear activity in LSBGspaesented in Section 3, followed by a
preliminary study of the properties of LSBG AGNSs in Sectioiscussion and a summary of conclu-
sions are given in the last two sections, respectively. Anadegy with Hy = 70km st Mpc™!, Qp, =
0.3, and, = 0.7 is adopted.

2 APM-SDSS SAMPLE AND SPECTRAL DATA ANALYSIS
2.1 The APM-SDSS Sample

In the northern sky, the largest and most well-defined olljiczlected LSBG sample is the catalog
compiled by Impey et al. (1996), which was constructed fromAutomated Plate Measuring (APM)
machine scans of the UK Schmidt Telescope survey plates tiiei most extensive catalog of LSBGs
in the northern sky to date, comprising 693 galaxies in tleallaniverse with redshifts: 0.1 selected
from a sky region of 786 square degrees centered on the eglatong them, 513 galaxies have large
angular sizes (The major-axis diamefer> 30arcsec at the limiting isophote of the APM scans of
26 mag arcsec®) and 180 have small angular sizd$ & 30 arcsec). Most LSBGs in this catalog have
central surface brightnesses ranging frofh=21.5 mag arcse@ to 26.5 mag arcse¢ in the B band.

It should be noted that some of the galaxies withat the bright end may not qualify as LSBGs when
the u§=22.0magarcse? cutoff is applied. However, a significant fraction of thesdagies is still
expected to be LSBGs, since the presence of a galactic besgirg in a low surface brightness (LSB)
disk may apparently result in a brighf (Beijersbergen et al. 1999).

We searched for spectral data from the SDSS Data Release %) (DRhe LSBGs in the Impey
et al. sample. We found that, out of the 693 LSBGs, 194 haveSS§#ectra and were classified as
galaxies by the SDSS pipeline. They form our sample of stadkis paper. Among them, 95 are also
in the spectroscopically observed subsample presentechpgyl01. Figure 1 shows the distributions
of total B-magnitude and:; for the whole APM sample and the APM-SDSS subsample. It can be
seen that the APM-SDSS subsample spans almost the entgesrar the total magnitude and;,
though it drops more quickly at the faint end than the parantde, due to the magnitude limit of the
SDSS spectroscopic survey. It also shows that a large dracti the APM-SDSS subsample ha$
fainter than22 mag arcsec?, the minimum of the nominal threshold for LSBGs. For the otblgiects
with < 22magarcsec?, some are likely LSBGs with a (dominating) bulge. Therefive APM-
SDSS subsample can be regarded as being mostly composeBGE|-@ith possible inclusion of some
intermediate galaxies between the typical LSBG and HSB@gypor simplicity, we nominally refer to
all the sample objects as LSBGs.

2.2 Spectral Data Analysis

The SDSS spectra have a wavelength coverage from 3800 tof020ith a resolution of R-1800—
2200. As was demonstrated by Ho et al. (1997a), the vast ityagdrthe population of AGNs in the
local universe are low luminosity AGNs (LLAGNS). For LLAGNthe optical spectra taken through
either slits or fibers are dominated by host galaxy starlifhe SDSS spectra were taken through a
fiber aperture of 3arcsec in diameter (corresponding to &%k a redshift of 0.05), and thus include
large amounts of starlight from the host galaxies for the ABDISS sample objects. Careful removal of
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Fig.1 Distributions of apparent magnitudegm in the B band, central surface brightnes§ (top
panel: the 693 LSBGs from the catalog of Impey et al. (1996ydhe panel: the 194 APM-SDSS
LSBGs; bottom panel: the 131 emission-line LSBGs with thig FDIII] A5007, Hx and [NII] A6583
four lines detected with S/¥ 3).

starlight, especially stellar absorption features, igiesal for the detection and measurement of possible
emission lines from the galaxy’s nuclei. For proper modeliof the host galaxy’s starlight spectra, we
use the algorithm developed at the Center for Astrophyklog/ersity of Science and Technology of
China, which is described in detail in Zhou et al. (2006, dee hu et al. 2006) and is summarized in
Appendix A in this paper.

After subtracting the modeled stellar spectra and a poawgcbntinuum, the leftover emission line
spectra, if any, are fitted using an updated version of the dedcribed in Dong et al. (2005), with an
improvement made for better recovery of weak emission liikes broad K and H3 lines, if present,
are hard to separate from nearby narrow lines. As the nar@mé& lines and the [N 1§\6548, 6583
doublet have similar profiles to the [SN}6716, 6731 doublet (Filippenko & Sargent 1988; Ho et al.
1997b; Zhou et al. 2006), we use the [S\Np716, 6731 doublet lines as a template to fit narrow lines. If
[S 1] is weak, [OIII]A5007 is then used as the template. The [S Il] doublet are as$torhave the same
profiles and redshifts; and each is fitted with as many Ganssa is statistically justified, generally
with 1-2 Gaussians. Likewise, the [OINA4959, 5007 doublet are fitted in a similar way. Furthermore,
the flux ratio ofA5007A\4959 is fixed to the theoretical value of 3. When a good mod&i@harrow-
line template is achieved, we scale it to fit the narrow Ballimers and the [N 1IN\6548, 6583 doublet.
The flux ratio of the [N 11] doubleA6583A6548 is fixed to the theoretical value of 2.96. For the possibl
broad Hv and H3 lines, we use multiple Gaussians to fit them, as many as istatatly justified. If a
broad emission line is detected-atso confidence level, we regard it as genuine. If the broad lihe
is too weak to achieve a reliable fit, we then re-fit it assuntiivag it has the same profile and redshift as
the broad K line.

Our analysis results in detections of 131 emission linexgasaout of the total 194 LSBGs. This
gives a fraction of 68% of emission line galaxies in LSBGse Tjects are listed in Table 1, along
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with the fitted parameters of the important lines. Also listge the stellar velocity dispersions in the
central region of the host galaxies,, which are obtained in the above procedure of modeling tis¢ ho
galaxy starlight spectra. Three out of the 131 galaxies@uad to show broad Balmer emission lines
and should be broad line AGNs. Their spectra are shown inré@@and the parameters of the broad
lines are given in Table 2. It should be noted that the widthth® emission lines are corrected to the
instrumental broadening, which is 55-80 km! gor SDSS spectra.

To demonstrate the reliability of our spectral analysisya#i as the spectral quality of the SDSS,
we compare our detections of the broad line AGNs with thodenjpey01. Among the 95 overlapping
objects in both the Impey01 spectroscopic subsample andiPMrFrSDSS subsample, two were claimed
to have broad emission lines by those authors. 32Z¥I65 (SDSS J1229121904903.7) is also found
in our work with the full width at half maximum (FWHM) of {4750 km s!, which is slightly broader
than the previous value (4570 km's Impey01). The narrower FWHM value in Impey01 is likely due
to the fact that broad and narrow component deblending amtithe performed given the low spectral
resolution (2QA). For the second object, 143®119 (SDSS J143846+310657.7), however, we can-
not confirm the presence of a broadHine with the starlight subtracted SDSS spectrum (Fig. 3). A
inspection of the original spectrum in Impey01 seems to esgthat the previously claimed broadH
line is likely spurious and just a feature in the stellar spew (no starlight subtraction was performed
in Impey01) when the resolution and S/N are low. Furthermtre one with the weakest broad line
among the above 3 broad line AGNSs in our work (see Fig. 2), SI¥33815.4001540.2 (NGC 7589),
was missed in Impey01. This object is likely a Seyfert 1.9icltwas previously found to show strong,
highly variable hard X-ray emission (Yuan et al. 2004). Wastltonclude that our spectral analysis
results are much more accurate and reliable.

It is worth noting that the three LSBGs, J005342010506.6, J11154944005137.5 and
J133032.6-003613.5 that were classified as type 1 AGNs by Hao et al. (2@@5not show evidence
of broad emission lines in this work. This is likely due to thi#ference in subtraction of narrow lines.
Hao et al. (2005) modeled every narrow line with one singlessan. Yet we noticed that the profiles
of the narrow lines are asymmetric and thus we used 2 Gasgssianodel each of the [SII] doublets;
the fit is used as a model to subtract the narrow componentcridl [NII], as described in Section 2.2.
The asymmetric profiles of the narronnHand [NII] components can mimic a broachrtomponent
(see also Ho et al. 1997b; Greene & Ho 2007). To be conseeyati® do not consider these 3 LSBGs
as broad line AGNs in this paper.

2.3 Spectral Classification of Nuclear Activity

Generally, there are three types of emission line spectgalactic nuclei: star-forming (HII) nuclei
in which line emitting gas is photoionized by radiation frdrat stars, Seyfert nuclei characteristic
of photoionization by a power-law continuum powered by kl&ole accretion and Low-lonization
Nuclear Emission Regions (LINERs, Heckman 1980) with neddy strong low ionization lines (such
as [OI] A6300 and [NII]AA6548, 6583) and generally lower nuclear luminosities camgéo Seyfert
galaxies. The nature of LINERs is still controversial, tghuan accretion-powered AGN appears to
be preferred in recent studies (see, e.g. Ho et al. 1997Hdpwhiog Ho et al., we regard LINERs as a
subclass of AGNSs in this paper.

Classification of galactic nuclei based on optical emisdiioes has been extensively investigated
by various authors. One common and effective method is tgpanenthe flux ratios of close lines with
predictions of different photoionization models. It wastfishown by Baldwin, Phillips & Terlevich
(1981, hereafter BPT) that AGNs could be separated from Hdtlei on the diagrams of the line flux
ratios [NIIJA\6583 / Hx vs. [OIlI]A5007 / H3, [OlI]A3727 / [OlI]A5007 vs. [OlII\5007 / H3 and
[OI]A6300 / Hx vs. [OlI]A5007 / H3 (the BPT diagrams). Veilleux & Osterbrock (1987) reviseid th
method by including the line ratio [SIN\6717, 6731/k and excluding the [OI§3727/[Ol11] A\5007
because it is sensitive to reddening. A similar scheme v&siaed by Ho et al. (1997b). Using a large
sample of SDSS emission line galaxies, Kauffmann et al. {2B8reafter, Ka03) found a clear, empiri-
cal separation between star-forming galaxies and AGNs @BET diagram of [NIIN6583/Hx versus
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Table 1 Spectral Parameters and Classification of the 131 Emidisieni-SBGs
Name z [Ol] HB> [O1l]2 [0]* Hao® [NI]2 [SH]? FWHMI[NIN P o¢ Typed
3727 narrowA5007 6300 narrow A6583 A6717A6731 kms'! kms1!

001455.1+001508.3 0.039 289.6 400.6 122.2 61.1 1859.1 1062.5 2&A1.B2 226.7 111.9 composite
001558.2-001812.6 0.039 *** 43.6 89.1 46.0 163.3 129.0 88.0/68.1 299. 170.3 LINER
001930.7-003606.3 0.033 *** 223.6 312.3 16.7 623.7 130.6 133.1/93.272.2 R o1
002149.8-001929.4 0.044 ** 41 6.0 k124 35 4.7/3.1 163.6 R o1
002534.4-005048.6 0.018 ***  36.3 15.9 7.0 1140 37.9 30.9/21.9 161.2 * % i
003143.3-005402.8 0.018 75.9 12.7 13.4 ** 439 124 13.2/12.7 169.6 ** % i
005042.7-002558.3 0.068 71.8 30.1 98.2 20.0 147.8 130.6 41.8/38.2 .0424 163.4 S2
005257.2-002317.4 0.035 *** 48.4 20.4 6.8 1724 54.8 44.1/28.2 166.7 ** ki
005257.8-002207.6 0.034 ***  1080.2 3204.9 81.7 4067.3 609.2 4244R7 179.4 147.7  hii
005342.7-010506.6 0.047 *** 1325 1179.5 143.7 349.7 594.8 8.1/8.1 8.81 140.4 LINER
005509.0-010247.3 0.046 41.8 32.8 465 ** 651 77,5 29.3/21.2 367.5 70.6 LINER
005848.9-003514.0 0.018 *** 163.2 53.3 152 670.5 287.9 107.1/93.1 6.09 R o1
005855.5-010017.4 0.018 182.5 713.7 3600.7 31.9 2469.7 65.8 15Q13¥11155.1 438.1  hii
010550.2-001432.2 0.048 *** 151.6 40.8 18.3 617.6 203.4 93.8/71.2 .884 76.2  hii
011050.8-001153.3 0.018 *** 939 194 5.0 409.4 149.5 63.9/45.1 165.0 Fokk hii
011244.8-003935.1 0.065 359 38.1 151 7.6 139.2 53.8 30.9/24.2 1751 96.0 hii
011310.6-005012.1 0.033 64.9 114 6.4 *x 421 111 13.4/10.3 160.8 * %% hii
011448.7-002946.1 0.034 ***  346.6 748.1 46.8 1478.3 704.8 203.8MA35259.7 149.7 S1
012121.3-000525.5 0.013 *** 31.4 245 13.7 656 17.0 27.7/14.9 184.5 4.18 hii
012539.7-011041.2 0.020 ** 533 121 119 207.1 81.6 39.3/30.5 166.4 ** i
021532.0-001727.4 0.026 63.0 16.6 9.4 k469 115 12.4/185 169.5 ki
022606.7-001954.9 0.021 38.6 225 39.7 ** 919 89.3 36.9/26.8 281.4 12.1 LINER
022933.9-002223.3 0.021 *** 140 258 ** 319 6.6 11.7/8.7 189.1 w6 ih
023143.4-001736.5 0.021 *** 185 8.4 7.4 548 163 17.2/13.1 171.1 ki
023238.1-003539.3 0.022 59.2 1018.5 3510.1 68.7 2862.3 215.1 32RWB2 170.5 98.1  hii
023239.3-003702.4 0.021 29.3 172.7 86.8 29.8 669.1 269.2 121.1/75.89.01 R
023601.6-002512.8 0.009 *** 14.8 9.8 #*  36.3 13.4 15.0/9.8 162.4 **x - ih
024056.6-001445.6 0.027 ** 11.3 101 102 29.0 9.1  9.8/54 179.3 R |
024227.3-010214.4 0.046 ** 354 172 58 152.9 70.2 30.3/24.2 244.4 00.a  hii
024547.6-001427.1 0.023 ** 84 75 k184 9.2 9.0/5.7 166.6 *% coropite
024631.1-002158.5 0.051 ** 12.8 4.9 *k 545 204 12.6/7.4 159.3 w6 jih
031859.4-011347.5 0.038 198.3 6.5 9.4 ¥k 274 54 9.0/5.4 142.3 *k - hi
032910.8-010246.3 0.036 *** 7.9 4.7 ¥k 193 3.8 5.2/3.5 152.3 ok hii
033507.2-005237.9 0.038 ** 59 180 ** 258 95  8.3/3.1 166.6 *k coposite
034907.9-010943.4 0.014 70.8 923.3 2489.0 40.7 2931.6 280.3 313422163.5 R
035326.2-005030.5 0.038 100.4 334 32.2 ko 1224 731 25.2/19.9 092. 113.1 composite
091613.8-004202.3 0.038 43.7 320.2 227.7 44.4 1386.2 668.9 225.H18285.1 121.7 composite
091745.3-010319.5 0.027 36.8 37.1 222 7.9 1403 393 34.4/222 1658 97.5 hii
091955.2-003528.9 0.029 *** 10.2 159 ** 497 8.1  15.3/10.8 162.7 ki
092346.4-024510.7 0.017 ** 57.3 89.6 8.9 1944 257 34.9/26.7 173.4 ** ki
093223.1-023251.4 0.017 617.8 155 30.7 ** 524 6.0 10.8/7.9 167.1 * ki
095959.3-003817.6 0.033 33.9 67.1 100.3 13.6 260.2 43.3 61.2/43.3 .4170 Fokk hii
100440.8-002211.6 0.045 106.5 19.8 28.7 ** 522 67.2 43.1/223 339.1 1248 LINER
101105.2-011326.7 0.033 *** 63.5 19.1 ** 320.3 1057 39.8/32.1 2245 98.0  hii
101117.9-002632.6 0.012 42.4 201.9 345 150 841.1 281.6 93.5/71.6 3.517 R o1
101853.9-021439.2 0.046 817.8 36.2 30.2 ** 1273 30.7 32.6/19.3 461 i 11
102533.3+021903.6 0.064 459.7 50.2 29.4 ¥+ 186.4 82.1 26.8/19.0 267. 99.3 hii
103135.1-005624.5 0.033 *** 156 12.6 ** 434 16.7 15.1/10.7 191.0 *% i
103226.9-023318.0 0.022 21.0 20.6 254 59 829 194 27.7/17.8 171.4  **  * hii
103321.0-023658.1 0.029 316.9 329.1 64.6 39.6 1675.2 594.3 229.8/18213.8 71.7  hii
103723.6-021845.5 0.040 34.7 112.0 250.2 127.6 411.7 400.0 256.420390.0 209.8 LINER
103725.7-020443.1 0.074 26.5 20.5 169 6.5 1045 529 31.2/225 3589 155.7 composite
103727.7-020521.9 0.073 *** 9.0  39.2 429 739 111.4 57.4/39.7  485.0 96.0 LINER
103825.5-000104.2 0.019 ** 143 120 3.2 502 10.6 19.4/12.2 170.7 * ki
104405.9-005744.5 0.027 40.6 7.4 8.6 k255 43  7.4/52 166.4 wE i
104501.2-013855.3 0.028 9.0 13.1 109 ** 366 86  10.6/8.6 175.5 R |
104509.1-000433.4 0.094 ** 12.1 185 151 19.9 233 16.8/10.1 345.2 80.6 LINER
104614.9-000300.9 0.047 280.2 494.9 355.0 63.1 1817.9 539.2 350.427192.2 101.6  hii
104634.3-014627.8 0.022 *** 10.4 8.1 % 260 3.8 6.4/6.1 162.3 wE i
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Table 1 — Continued.

Name z [Oll]2 HB* [Oll]2 [Ol]* He® [NH]2 [SH]® FWHM[NII]b oS Typei
A3727 narrowA5007 A6300 narrow A6583 \6717A6731 km s! kms1
104819.9-000119.1 0.039 24.4 10.3 4.2 3.3 523 227 12.4/8.2 172.9 9 61hii
105318.6-023733.7 0.003 85.3 185.5 371.0 135 556.8 17.7 56.4/36.2 4.215 whk hii
110700.5+001022.3 0.038 ***  13.1 172 ** 338 6.4 7.4/5.6 176.5 fieied ihi
111549.4-005137.5 0.046 36.0 161.2 219.8 290.0 972.7 815.5 641.4/47354.6 187.7 LINER
111849.6-003709.5 0.025 109.6 123.3 33.8 15.7 462.7 162.3 81.6/56.188.01 i hii
112409.2-004202.0 0.026 739.0 58.6 18.4 5.7 246.4 89.2 40.5/27.6 3177. ok hii
112712.2-005940.8 0.003 390.8 74.3 109.1 9.3 2004 16.4 46.8/35.4 .4158 ok hii
112718.8-010335.5 0.041 255.7 7.3 5.4 #*x 210 5.9 6.8/4.3 159.5 *% - hi
113245.4-004427.8 0.022 *** 345 247 4.6 1341 29.5 39.1/27.0 155.7 ** % hijj
113505.6-023304.1 0.017 28.5 207.4 4249 17.0 706.4 97.2 107.4/78.57.01 83.8 hii
115336.9-020957.8 0.040 *** 9.6 212 ** 390 4.4 10.4/5.0 164.0 xxx ihi
115342.8-013935.6 0.011 71.3 33.3 56.2 ** 93.0 15.0 24.2/13.9 166.5 ** % hijj
115412.1-002856.7 0.006 132.0 9.8 243 = 331 26 4.5/3.0 159.6 *** i h
115801.1-021038.3 0.082 90.4 134 20.0 *=* 223 30.9 9.6/22.7 409.8 7.38 LINER
115924.6+012602.6 0.047 *** 258 5.3 ¥k 73.6  29.0 12.2/11.4 207.0 B4. hii
120804.6-004151.3 0.020 38.7 103.6 100.1 9.5 3019 66.0 57.6/38.3 .0160 wkk hii
120806.2-023156.0 0.026 *** 14.2 139 ** 390 145 12.7/9.3 153.3 *xx i
121159.5+012100.1 0.021 *** 825 56.3 11.1 273.7 67.6 70.9/49.5 168.6 67.0 hii
121203.3-003621.7 0.035 22.9 708.0 1899.6 46.7 2308.2 223.9 26@.H18192.0 336.1 hii
121248.3-024328.6 0.038 ***  247.9 169.9 89.6 1228.5 670.2 331.6/293379.4 169.8 composite
121431.6-021000.7 0.074 ***  18.9 7.4 *x 739 26.2 9.3/8.6 189.5 rkk ihi
121604.5-011049.6 0.050 *** 237.1 74.6 47.7 1175.7 488.3 186.1/14260.9 98.7 hii
121638.7-012706.7 0.003 1975.4 29.4 457 6.0 844 47 8.9/6.3 177.9 * % hjj
122033.8-004717.6 0.007 ***  81.3 96.8 11.4 2499 38.7 52.4/38.7 160.2 e hii
122404.9-011123.3 0.024 1001.8 413.2 75.1 24.8 1839.0 636.5 22&4818227.7 107.4  hii
122610.6-010923.1 0.042 *** 443 25.6 ** 151.2 68.8 36.9/26.0 174.2 ***  composite
122801.%4-013629.5 0.077 ** 576 183 9.6 252.2 86.8 39.1/30.2 175.6 ** % hijj
122912.9-004903.7 0.079 *** 30.7 200.7 11.5 97.1 91.3 33.1/245 298.8 168.2 S1
122921.6+010325.0 0.023 23.2 166.0 32.9 17.3 683.7 212.1 121.6/90.81.91 67.4 hii
125323.8-002523.5 0.048 ***  14.7 6.3 11.8 100.7 40.9 23.9/13.6 172.4 ** % hijj
130058.7-000139.1 0.004 ***  1330.1 479.9 75.3 5002.2 1602.0 8218/81 181.1 74.9 hii
130243.5-003949.9 0.041 ***  90.6 22.9 13.2 417.6 202.1 62.4/48.9 205. 95.2 hii
130316.6-012807.1 0.041 49.4 39.3 13.2 ** 202.0 795 38.7/30.8 197.0 93.8 hii
130338.9-024335.2 0.071 *»** 229 515 ** 574 440 36.6/21.9 405.9 0 S2
131004.74-005655.7 0.019 *** 8.2 4.9 ¥»x 201 4.4 5.9/4.0 198.4 i hii
131809.3+001322.1 0.032 ***  34.8 30.9 ** 120.8 36.2 37.5/24.5 164.0 **x i
132340.74-012142.5 0.057 ***  46.8 57.7 29.8 296.5 204.4 76.0/58.4  271. 132.6 composite
132955.8-013238.6 0.004 *** 79.7 136.7 9.7 2515 19.0 47.2/32.0 163.1 rxx hii
133032.6-003613.5 0.054 ***  290.5 856.5 96.8 1553.5 995.0 334.8/270299.5 158.5 S2
133305.3-010208.9 0.012 34.5 181.7 287.2 ** 8354 1194.3 616.3473378.0 133.3 LINER
135658.2-010606.1 0.031 *** 30.0 245 ** 935 215 16.5/11.1 173.9 xR hii
140043.6-003020.5 0.012 48.8 104.2 164.3 89 285.2 43.7 49.8/37.0 .2157 ok hii
140126.7-024245.9 0.030 63.0 26.2 141 ** 1133 29.1 27.9/17.8 157.2 70.7 hii
140127.5-015822.6 0.024 *** 216 30.9 6.6 821 149 22.7/19.0 1725 * % hjj
140320.7-003259.8 0.025 56.3 489.0 78.8 43.1 2173.5 857.7 300.B22(698.5 78.7 hii
140321.1-003256.9 0.025 2265.5 384.0 95.1 23.9 1498.4 485.7 21®8114168.0 66.2 hii
140831.6-000737.4 0.025 95.6 39.9 17.2 9.8 136.9 50.8 39.3/24.0 171.3  xx= hii
141130.1-004159.9 0.053 665.4 9.4 12,7 ** 393 8.3 12.7/6.0 1775 **% i
141132.9-031311.1 0.030 *** 87.0 22.6 *+* 386.5 133.4 52.4/38.3 226.2 99.6 hii
141140.7-010307.8 0.024 14.7 6.9 127 **  36.0 4.7 9.9/6.2 152.9 % hi
143127.2-024009.0 0.024 33.0 25.6 12.6 ** 435 6.1 10.8/9.0 177.6 **% i
143421.4-013626.5 0.031 *»** 26,2 16.8 25 70.1 158 19.9/10.1 167.8 * *% i
143638.6-000702.6 0.030 13.0 14.3 6.6 ***x 421 151 13.6/10.8 177.4 * % hjj
143846.3-010657.7 0.083 ***  20.5 62.8 15,5 151.2 118.6 70.1/52.7 847. 271.0 S2
144245.9-002103.9 0.006 54.9 2219 496.9 27.6 661.0 80.4 132.3/89.80.41 foiaia hii
144500.2-012430.8 0.034 *** 221 141 ** 959 559 20.3/17.0 212.4 .88 composite
144525.4-001404.3 0.038 *»** 216 16.2 6.6 87.6 327 12.6/9.0 178.7 470. hii
144620.6-010520.0 0.029 ***  786.3 3185.1 59.9 2697.6 110.3 269.5/188158.6 rxk hii
144702.4-022307.2 0.030 *** 8.8 51 ¥x 226 6.3 6.1/6.3 164.0 i hii
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Table 1 — Continued.

Name z [Ol]* HB® [O]# [Ol]* Ha® [NI]? [SI]? FWHMINIT® ¢ Typed
A3727 narrowA5007 A\6300 narrow A6583 \6717A6731 kms'! kms1!
144856.4-004338.0 0.028 *** 25.3 30.2 **x 87.1 15.0 19.3/15.8 168.2 **x - hij
144902.6-022611.2 0.034 *** 11.2 8.2 ***%  34.8 21.0 10.7/4.2 182.0 *** omposite
144923.4-013333.4 0.027 *** 19.9 23.3 *** 585 8.7 14.8/8.6 163.7 % jih
145325.3-021810.9 0.027 *** 5.7 10.3 *** 203 29 7.4/14.7 146.4 whk hii
145423.9-010747.3 0.023 *** 19.4 22.6 *»** 546 10.1 14.9/10.5 172.6 **x - hi
231221.6-010542.4 0.026 *** 13.3 145 *** 39.3 10.3 13.9/9.3 165.5 **%hii
231501.6-000420.1 0.051 *** 23.8 39.0 33.1 77.2 88.8 45.6/42.6 338.2 21.8 LINER
231815.74-001540.2 0.030 *** 186.0 514.3 52.6 756.1 483.6 220.1/1782%4.9 1245 S1
231952.60-011305.0 0.030 *** 544 557 8.6 160.1 28.4 44.2/27.3 169.6 ** % hjj
232021.2-001819.3 0.025 *** 145 154 k492 127 17.7/8.3 162.7 **% hij

232151.8-004126.8 0.024 *»** 53.9 15.1 6.6 2449 77.7 47.4/353 173.1 1.28 hii
233646.8-003724.5 0.009 27.3 125.8 3155 5.4 356.2 374 49.4/34.1 .0155 b hii
234422.2-000547.0 0.022 *** 17.8 4.6 ko219 84 10.9/5.2 172.9 bl ihi

a: Inunits of 10~ erg cnT 2 s 1;

b: The full width at half maximum (FWHM), in units of knig';

c¢: The measured stellar velocity dispersion of galactigépin units of km s1;
d: The classification of emission-line nuclear based on #reow line flux ratios.

Table 2 Parameters of Broad Balmer Lines of 3 LSB AGNs with Broad Eiois Lines

Name fHB]® FWHM (H3) flHa]® FWHM (Hc) o ME L
SDSS \4861proad kms~1 \656Proad kms1! kms~1 Mg
J011448.7-002946.1 743.4 3195 2769.4 2418 84.7  2.80°
J122912.9-004903.7 298.9 7400 1192.6 4750 138.2  2.007
J231815.%4-001540.2 ok ok 1037.4 3756 985 3.4 106

e: In units of10~17 erg cnT 2 s~ 1;
f: Estimated black hole masses based on equations from &8éto (2007).

[Ol] A5007/H3. This classification scheme was refined recently by Kewlegle{2006, hereafter,
Ke06), by including new criteria to separate Seyferts frofNERs using the [SINA6717, 6731/kk
and [OI]\6300/Hx line ratios. In this scheme, galaxies falling between theiegal star-forming and
AGN dividing line of Ka03 and the theoretical limit (maximustar-formation) of Kewley et al. (2001,
hereafter, Ke01) are regarded as composite objects (diswae to as transition objects), which likely
contain a metal-rich stellar population plus an AGN, eith&eyfert or a LINER (Ho et al. 1997a; Ke06)
In this paper, we adopt the classification scheme of KeO8esinmplements the most recent updates
and is also easy to use. Our careful deblending of the [Nid] [@il] doublets ensure that our spectral
classification based on these criteria should be reliable.

The classification scheme of Ke06 is summarized here. Bitat;forming galaxies are separated
from AGNSs using the Ka03 dividing line in the [NNBp583/Hv versus [OllIIN5007/H3 diagram: star-
forming galaxies are those falling below and to the leftdhaiale of the dividing line, i.e.

log ([OTI1]/HA) > 0.61/{log ([NTI]/Ha) — 0.05} 4 1.3, (1)
and AGNs are those falling above and to the right-hand sideeoélividing line, i.e.
log ([OIII]/HB) < 0.61/{log ([NII]/Ha) — 0.05} + 1.3. 2

AGNs are further grouped into 3 subclasses: composite galaxe those falling between the Ka03
and Ke01 dividing lines in the [NI§6583/H—[OIII] A\5007/H3 diagram:

log ([OI1I]/HB) > 0.61/{log (INII]/Ha) — 0.05} + 1.3, ©)

d
- log ([OI11]/HB) < 0.61/{log ([NII]/Ha) — 0.47} + 1.19. (4)
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Fig.3 The same as Fig. 2. SDSS spectrum of the LSBG 3483689 (SDSS J143846{310657.7)
which was claimed to have a broadvHine by Impey01. No broad H line is shown in the SDSS
spectrum.

Objects falling above the Ke0O1 maximum star formation line Seyfert galaxies or LINERS, i.e.
log ([OIII]/HB) > 0.61/{log ([NTI]/Ha) — 0.47} + 1.19. (5)

These two types are further separated in the diagrams gi\p8r17, 6731/H4—[Olll] A5007/H3 or
[O11A6300/H—[OIII] A5007/H3, i.e. for Seyfert galaxies,

1.89 log ([SIT]/Ha) + 0.76 < log ([OII1]/H) (6)
or

1.181og ([OI]/Ha) + 1.30 < log ([OIII}/Hf); (7)
and for LINERs

1.891og ([SIT]/Her) + 0.76 > log ([OIIT] /HP) (8)
or

1.18log ([OI]/Ha) + 1.30 > log ([OIIT]/HA). 9)

The 131 LSB emission-line galaxies are plotted in the [NBp83/H—[OIII] A\5007/H5 diagram
in Figure 4 (left panel), which are marked by different synslfor different categories. It can be seen
that the objects reproduce the ‘butterfly’—shaped distidouwell as shown in Ka03, though with
much fewer objects. The star-forming galaxies (crossesgtthe Ka03 dividing line well, spreading
over a large range of metallicity values. Further sepanatietween Seyferts and LINERSs is demon-
strated in Figure 4, in which the line ratios [SI§6717, 6731/K4—[OIlll] A5007/H3 (middle panel) and
[O1] A6300/Hx—[OIl1I] A5007/H3 (right panel) are plotted for those with the lines detect@t &/N> 3.
For the objects with both the [SII] and [Ol] lines detectedhw&/N> 3, these two criteria give mu-
tually consistent classification. Among the three broad hGNs (marked as filled squares) found in
the APM-SDSS sample, two have the narrow line propertiesSikyferts and one like that of compos-
ite objects. The resulting classifications of each emisBi@LSBG are given in Table 1. In Figure 1
we also overplot the distributions of the totalmagnitudes ang{ for the emission line LSBGs. As
demonstration, in Figure 5 we show example spectra andtsesiuspectral analysis for each of the 3
spectral types. We also list the host galaxy properties efathjects classified as an AGN (Seyfert +
LINER + composite) in Table 3, as given in Impey et al. (1996).
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Fig.4 The emission line diagnostic diagram based on the AGN ¢leaton scheme of Ke06 for 131
emission-line LSBGs with the Bl [Olll] A5007, Hv and [NII] A6583 four lines detected with S/N3.
The dashed curve in the left panel shows the demarcatioreletatarburst galaxies and AGNs defined
by KeO1. While the solid curve shows the revised demarcaiioan in Ka03. The filled circle in the
top panel represents the composite object. The solid cimibe middle and right panels represent the
demarcation between starburst galaxies and AGNs definedB¢,kand the dashed lines represent the
demarcation between Seyfert galaxies and LINERs. Bro&dABNs are marked as filled squares.

3 DEMOGRAPHICS OF NUCLEAR ACTIVITY IN LSBGS

Of the 194 LSBGs, there are 134804 + 3%) that show emission lines. Among them, 162% + 3%)
objects are classified as star-forming galaxies and 30 assAGNG + 2%; 6 Seyferts, 12 LINERs,
and 12 composite galaxies). The fraction of broad line AGh®RrRg LSBGs i2% + 1%. This result
indicates that the fraction of AGNs is significantly lowerththat (40%) found for the local bright
galaxy sample of Ho et al. (1997a), which is predominanthB@SThe fraction of AGNs is even lower
if not all LINERs and composite objects are AGNs.

As discussed in the sample selection above, probably naif #fle 194 LSBGs are low surface
brightness in a strict sense. In fact, 79%4®f the 194 LSBGs havey from Impey et al. (1996) brighter
than 22.0 mag arcseé, which are either LSBGs with (dominating) galactic bulgesinply HSBGs.
Among them, there are 25 AGNs, which yield an AGN fractior3 of:. Considering possible contami-
nation of HSBGs in this bright subsample, this fractionkgelly overestimated and the actual fraction for
genuine LSBGs is likely even lower. The remaining 115 gaaxiith . > 22.0 mag arcsec? should
be mostly bona fide LSBGs (Impey01). Among them, there arg 5 AGNs, making the fraction as
low as 4% + 2%. This strengthens the above result that LSBGs have a mudr foaction of AGNs as
compared to HSBGs.

The incidence of AGNs has been found to be dependent on théléltype of a galaxy. It is
higher in early type (E-Sb) than in late type galaxies (Holefl@97a). Since a LSBG sample has
a very different Hubble type distribution from HSBGs (therfeer tends to consist of more late type
than the latter), the above result may be a reflection of thielémce of AGNs in galaxy morphology.
To investigate this possibility, we calculate the fractaimoth AGNs and star-forming galaxies in each
morphological type, using the Hubble type information pded in Impey et al. (1996). The distribution
of the objects of each category and their detection rates temorphological type are shown in
Figure 6 (open histograms). Also plotted are the same bligtans for theus> 22.0 mag arcsec?
subsample (hatched histograms). The numbers are alsoigiVable 4. It can be seen that the LSBGs
have most morphological types later than Sb and peak at 8gpasted. The detection rate of AGNs is
no more than 20% in LSBGs of type Sa, Sb and Sc, and startspdaltess than 10% in types later than
Sc. This resultindicates that the overall lower AGN fractxd LSBGs than that of HSBGs is real, rather
than a consequence that LSBGs tend to have more of the labdléltypes, which have in general low
AGN fractions, as known previously. Interestingly, it irases up t60% in interacting galaxies. When
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galaxies withu > 22.0 mag arcsec? are only considered, the detection rates are even lowergtho
the sample is small.

100 T T — 80
80 — - 80 -
60 - — 40l i
- L 4
S L 4
L [ ,
40 r 1 20r 1
-0 WWWW Pmra oy o
4 a
W °
N (e]
o N W N -2
“““““ R S S SRR Bt
4000 5000 6000 7000 80006400 6500 6600 6700 6800
Rest Wavelength Rest Wavelength
0 T B e s e R B B e e 50
L 1 40¢ B
30 B
20 B
>
S
o
10| E
o Iy
4 F E
> b E
O fipn W'AWAVMUMANAVA MVAV‘WAVAVA'AVAJ\‘MA
o vy | WV s E
“““““““““ R Rt 3 3
80006400 6500 6600 6700 6800
Rest Wavelength Rest Wavelength
100 T T T T T T T 80
80 — 60 + -
60 - 40 | 1
- L
S L
L -
40 20 | 4
o
4
2
(e]
" -2

L] -4k ]
80006400 6500 6600 6700 6800
Rest Wavelength Rest Wavelength

Fig.5 The same as Fig. 2. Demonstration spectra for the 3 typesabéaruactivities. Top: Seyfert 2;
middle: LINER; bottom: composite.



Fig.6 Number statistics and detection rates of LSBGs as a funaifomorphological type of all
emission-line nuclei, HIl nuclei and AGNs. LSBGs wijtlf > 22.0 mag arcse¢ are shown by hatched

histogram.
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Table 3 Properties of the LSBGs with an AGN

Name Name p&2  pd B . log(Mm)® RS Mg Hubble Typé
0012-0001 J001455:£001508.3 20.8 215 15.5 5.7 —-19.9 Sb
0013-0034 J001558.2001812.6 20.3 23.3 145 10.18 18.4—-20.9 Sc
00480009 J005042:7002558.3 21.3 223 15.8 6.2 Sb
0051-0121 J005342.+7010506.6 21.6 22.9 15.9 7.2 SBc
0052-0119 J005509.0010247.3 199 234 14.9 11.9 —20.8 Sd
0112-0045 J011448-+7002946.1 21.5 22.0 14.9 8.9 Interacting
0223-0033 J022606.7001954.9 22.1 23.3 14.5 9.83 18.3-19.5 Sc
0243-0027 J024547.6001427.1 22.6 24.2 17.0 8.4 Sc
0332-0102 J033507.2005237.9 229 239 17.3 6.7 Sc
035040041 J035326-2005030.5 21.9 235 16.1 9.60 9.7 —19.2 Sc
091340054 J091613:8004202.3 20.4 22.6 15.5 9.68 8.2 —19.8 Sm
100240036 J100440-8002211.6 20.4 23.0 15.8 6.5 —19.8 SBb
103440234 J1037236021845.5 20.2 22.0 15.4 6.5 —20.0 Interacting
1034+0220xc  J103725:¥020443.1 21.6 22.7 17.8 3.1 —-19.0 Sbc
1034+0220 J103727+020521.9 21.0 238 16.1 8.8 —20.6 Sc
10420020 J104509-£000433.4 21.4 23.4 16.2 9.6 —21.2 Irr
111340107 J111549:4005137.5 21.4 24.5 16.2 11.4 —-19.6 Interacting
1155-0153 J115801.14021038.3 20.7 23.6 15.9 99 -21.1 Sc
1210-0226 J121248.3024328.6 20.6 225 15.5 6.9 —19.8 Interacting
1223-0052 J122610.0010923.1 22.5 22.8 17.3 4.4 Sa
1226+0105 J122912.8004903.7 20.9 23.9 15.7 10.26 12.9-21.3 Sc
130140259 J130338:8024335.2 21.9 25.4 16.9 9.7 —19.7 Sc
132140137 J132340-+#012142.5 21.5 22.3 15.9 9.64 6.7 —20.3 Sm
1327-0020 J133032.0003613.5 20.0 20.7 14.9 52 -21.2 Interacting
1330-0046 J133305.3010208.9 18.2 19.0 11.7 8.9 -21.1 SBb
1436+0119 J143846:8010657.7 21.2 23.1 16.2 75 —20.8 Sc
144240137 J144500-2012430.8 22.0 22.9 16.5 6.3 —18.5 Sc
144640238 J1449026022611.2 21.8 23.4 16.0 9.73 95 —-19.1 Sc
2312-0011 J23150146000420.1 20.7 21.5 15.6 9.98 55 —-20.4 Sb
2315-0000 J231815+001540.2 20.8 23.0 15.0 9.71 12.3-19.8 Sc

2: Central surface brightness B band(mag arcset?);

3: Surface brightness iB band at the effective radius (mag arcséy;

4: Total apparent magnitude in JohnsBrband (mag);

5: Logarithm of the neutral hydrogen mass in solar mass&s)

6: Effective radius in arcseconds, defined as the radius n€alar aperture that encloses erlealf of the total intensity
received from the galaxy (arcsec);

7: Absolute magnitude i band (mag);

8: Morphological classification in the system of de Vaucatdeet al. (1991).

Table 4 Statistics and the Fraction of Each Type of Active Nucleitf@ LSBG Samples

Sample Seyfert LINER Transition AGN Star-forming  Emisslore LSBGs
LSBGs (all) 7 (4%) 12 (6%) 11 (6%) 30 (16%) 101 (52%) 131 (68%)
LSBGs (ug >22.0) 0(0.3%) 1(0.8%) 4 (3%) 5 (4%) 58 (5%) 63 (54%)
LSBGs (u; < 22.0) 7 (%) 11 (14%) 7 (9%) 25 (32%) 43 (54%) 68 (86%)

3.1 Comparison with HSBGs

Strictly speaking, an appropriate comparison of AGN dé&tectates between two samples requires
that they should have the same redshift (distance) disinibs, and have the same spectral data qual-
ity and analysis procedures. To make sure that our abovéisesa not significantly affected by those
biases introduced in sample selection and observationonstimict a comparison sample of HSBGs
with SDSS spectra. The sample is drawn from the Third Reter€atalog of Bright Galaxies (RC3)
(de Vaucouleurs et al. 1991)—a catalog of typical HSBGsuirthsa way that it has the same redshift
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Table 5 Statistics and the fraction of AGNs in 3 morphological types
of the LSBG samplez < 0.04) and the HSBG comparison sample.

Sample Sa Sb Sc
LSBGs 1(14%) 6 (16%) 14 (19%)
HSBGs 25 (5%) 21 (54%) 6 (33%)

(distance) distribution as that of the APM-SDSS LSBG sarbglewz = 0.04%. This results in a com-
parison sample consisting of 142 HSBGs with SDSS spectra Eomparison, the redshift distribution
of the HSBG sample is plotted in Figure 7 (middle panel), Wwhgindistinguishable from that of the
LSBGs in thez: = 0—0.04 range (the K-S test gives a chance probability of 0.1 thatwoedistributions
are drawn from the same population). The HSBG sample isrsydieally brighter than the LSBG one
in total magnitude, as expected. The SDSS spectra of the B834 are analyzed using exactly the
same procedure as for the LSBGs in Section 2, ensuring hamedigén data analysis.

We compare the LSBG and HSBG samples in the range<0f0.04, and only those with the mor-
phological types of Sa, Sh and Sc are considered in ordev®dudficient objects to ensure statistically
meaningful results. The detection rates of AGNs and stamniftg galaxies for both the LSBGs and
HSBGs are shown in Figure 8. The results for HSBGs (rightdhgide panels) are broadly consistent
with those obtained by Ho et al. (1997a), suggesting thateaults are reliable. Comparisons between
the LSBGs (left-hand side panels) and HSBGs show cleariyttBBGs indeed have a lower AGN frac-
tion (10%—20%) than HSBGs (40%—-50%), regardless their hmggical type. The numbers are also
given in Table 5. Thus, our above results are confirmed.

Interestingly, the fraction of star-forming galaxies ie hSBGs seems to be comparable to, or even
slightly higher than, that in the HSBGs. A surprising di#face is found in the distribution of the fraction
of star-forming galaxies: in HSBGs, this fraction dropsfigantly from Sc to earlier types and is the
lowest for Sa. While in LSBGs, it keeps a high fraction towesdly types and even possibly rises for
the Sa type.

Summarizing, our results appearently do not support thie A@N fraction reported in Sprayberry
et al. (1995) and Schombert (1998), but are qualitativehstient with that of Impey01.

4 PROPERTIES OF AGNS IN LSBGS
4.1 Power of AGN

Figure 9 shows the distributions of thenHand [Olll] emission line luminosities of the APM-SDSS
LSBG sample. The majority of the AGNs havertuminosities lower than 11§ erg s!, with a median

of 7.5x 10* erg s L. All of the AGNs in LSBGs have L[Olllk 10*! erg s'! and the distribution peaks
between 18°-10* erg s !. These values are 2 to 3 orders of magnitude smaller thar tifdsminous
AGNSs. It has been suggested that the luminosity of the [QBII07 line can be regarded as a tracer
of AGN activity (Ka03). Therefore, the AGNs in LSBGs are niginf low luminosity. Interestingly,
as inferred from Figure 9, the AGN detection rate becomeldrigvith higher L[OIll], i.e. increasing
gradually from~7% at 167 erg s up to~78% at 16' erg s!.

4.2 Properties of the Emission Line Region
4.2.1 Narrow linewidth and stellar velocity dispersion

In AGNs of normal HSBGs, it has been suggested that kinesafithe narrow line region traces the
galactic bulge potential well, via the establishment ofjaticorrelation between the width of the narrow
emission lines and the stellar velocity dispersignHere, we test this relationship for AGNs in LSBGs.
The value ofo,. can be obtained in our modeling of the stellar spectra of th& balaxy starlight

1 This redshift cutoff is introduced because there are few B&l@xies withz > 0.04.
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(Section 2). For 34 LSBGs (19 AGNs and 15 star-forming galgixwith botho, and the [NII] doublet
detected at the- 50 level, the relation between, and the [NII] line width is plotted in Figure 10.
Strong correlations are found (For AGNs, = 0.9 x (¢[NIl] — 150.0)+ 155.3; for the whole objects,
0. =0.97x (¢[NIl] — 150.0)+ 151.4. The Spearman correlation test gives a probabili8y@k 10°
for AGNs only and 1.5« 10~ for AGNs and star-forming galaxies.) Thus, the width of tlerow line
o[NII] traces the stellar velocity dispersion in LSBGs well.

4.2.2 Electron density in the narrow line region

Since in the course of our spectral analysis the pSI§717, 6731 doublet is deblended, we can as-
sess the electron density in the narrow line region (NLRinfthe flux ratio of these two lines (e.g.,
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Fig. 10 Relationship between the width of the [NII] emission linedathe galactic stellar velocity
dispersioro.. for 34 LSBGs which have both measurementsll] and 0. with S/N > 5, including
19 AGNs (filled-circles) and 15 star-forming galaxies (opéuoles). Also plotted are linear relations for
all the 34 LSBGs (solid line) and for AGNs only (dashed lin¢fefi by the regression analysis taking
into account the errors in both the variables.

Osterbrock & Ferland 2006; Xu et al. 2007). We assume anreletémperature of T= 10*K, a typ-
ical temperature of the ionized gas in the NLR of AGNs. Thetetsn densities of AGN in both the
LSBG and HSBG sample are estimated. Their distributionsshoevn in Figure 11. For those with
[SH]A6717/[SII]A6731 flux ratios greater than 1.42, an upper limit of the etectensity is set to be
10cnT3. A comparison shows that these two distributions are siganifly different (with a chance
probability of 7 x 10~5 given by the K-S test), in a way that AGNs in LSBGs have on ayelawer
NLR electron density than AGNs in HSBGs.

4.2.3 Dust extinction

We examine optical extinction in the emission line nucletttd LSBGs by assuming that the Balmer
decrements in excess of the intrinsic value 2.85 for Hlloagind 3.1 for AGNs (Veilleux & Osterbrock
1987), are caused by dust extinction. The Balmer decrenfarttse narrow lines are calculated for star-
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in LSBGs tend to have lower NLR electron densities than tlid$¢SBGs (the probability that the two
samples have the same distributiorPig = 7.0 x 10~°).

forming galaxies and AGNs for both the LSBGs and the HSBGs i@ LSBGs, the median Balmer
decrement is 3.3 for star-forming nuclei and 4.0 for AGNsjohicorrespond to extinction color ex-
cesses of'p_y =0.16 and 0.24, respectively. For the HSBG comparison sartip median values are
4.2 for star-forming nuclei and 4.7 for AGNs, which corresgddo £z _y = 0.37 and 0.40, respectively.
This indicates that dust extinction in LSBGs is relativelyakker compared to that in normal galaxies, for
both AGNs and star-forming nuclei. A comparison of the disitions of the Balmer decrement between
the HSBGs and the LSBGs shows that they are statisticaligrdifit, for both AGNs and star-forming
nuclei (with a chance probability &f.7 x 10~ is given by the K-S test for AGNs and star-forming
galaxies).

4.3 Radio and X-ray Detectability of AGNs in LSBGs

Observationally, AGNs emit their power over a wide rangerefjfiencies, from radio and optical, to
X-rays and every-rays. Among the 30 LSBG AGNSs, only one, J231815001540.2 (NGC 7589) was
detected in X-rays with the XMM-Newton, which exhibits largmplitude variability (Yuan et al. 2004).
For the other AGNSs, the X-ray flux limits set by the ROSAT AKySSurvey are comfortably consistent
with the distribution of the optical-to-X-ray effective etral indicesy,,, found for AGNs. Deeper X-
ray observations are needed to detect more examples of AGXisays.

Of the 30 AGNs in LSBGs, 8 (26+-8%) were detected by the FIRST (Faint Images of the Radio
Sky at 20 cm) survey (Becker et al. 1995), including one witbald emission lines. Among them, 2
are resolved in their radio images. We calculate the radidriessk, defined as the flux ratio between
1.4 GHz and the optical B-band. Six objects hd@¥e> 10 and can be classified as radio-loud. Most
of the radio-loud objects of our LSBG AGNSs are actually ragitermediate R < 100), and there are
no very radio loud R > 100) AGNs. They are all weak radio sources, with 1.4 GHz flugss than
10 mJy. For the remaining 22 AGNs, 20 were in the FIRST sunedgl.fiAssuming an upper flux limit
of 1 mJy for the FIRST survey, we found that at least 13 areitragiiet” (R < 10). This makes the
fraction of radio-loud AGNs 20%—-35%,
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5 DISCUSSION
5.1 AGN Fraction in LSBGs

We have shown that LSBGs have a lower AGN detection rate coedpia HSBGs in the local Universe.
The overall fraction of AGNs in the APM-SDSS LSBG sample-isi5%. Considering that the APM
LSBG sample has possible contamination by some HSBGs, thé #&&tion of genuine LSBGs can
be even lower. This result holds true within each of the Haltfpbes from Sa to Sc. We argue that this
result is not caused by any selection effects or detectiaggsiin observations, since it is confirmed by
the comparisons with the carefully chosen HSBG sample.d) AGNs in LSBGs should be easier to
detect spectroscopically compared to those in HSBGs, direceilution of AGN spectral features by
host galaxy starlight spectra is less severe in LSBGs th&tSBGs. To check whether we have missed
a substantial amount of AGNs at larger distances, we exahunethe AGN detection rate varies with
increasing distance. We find that the AGN detection rate &lneonstant at all distances within the
largest redshift of the sample & 0.1), and thus there is no significant number of faint AGNs migsin
at large distances.

In general, alow AGN occurrence rate may be possibly dueganigfficiency of fueling gas flowing
into the central black holes of galaxies. However, the ulyies physical processes responsible for
the fueling efficiency are unknown, which is one of the funéatal questions in AGN research. One
speculation is that gas in LSBGs may have relatively largpiean momentum (Dalcanton et al. 1997),
even in the inner disk. Alternatively, it may well be possitilat this resultis just a manifestation of more
fundamental differences between HSBGs and LSBGs in sonteegftiysical properties in the central
region of galaxies (such as bulges), which are more diréiothed to the onset of nuclear activity.

Motivated by this hypothesis, we search for other potemtiglendences of the AGN occurrence
rate in the LSBG sample. One such dependence is on the phsigieaf galaxies. Figure 12 shows the
distribution of the size of galaxies in the APM-SDSS LSBG p@rand the dependence of the AGN
fraction on the galaxy scale. The physical scales of the LSBf@ estimated using the angular sizes
measured in the SDSS imaging survey by the SDSS pipelineaAde seen, there exists a clear trend
where larger galaxies tend to have a higher fraction of AGNMs implies that the overall AGN fraction
for a sample of LSBGs depends on the distribution of the gaysicales of galaxies in the sample.

For the current APM-SDSS LSBG sample, the vast majority eftlember galaxies are smaller than
50 kpc, which have very low fractions of AGNs. This findingaisplies that, when AGN fractions are
compared between two LSBG samples, the distributions opthysical scales have to be taken into
account.

Schombert (1998) reported a high occurrence of AGNs3(%) in his LSBG sample, which are
mostly late-type, HI-massive, and large-sized galaxiesatt, using the data presented in Schombert
(1998), we also find a similar strong dependence of the AGRKtifra on galaxy size. We compare
the distributions of galactic sizes between the Schomli&@g) sample and the APM-SDSS sample;
however, no significant difference is found (the K-S tesegia probability of 6%). Thus, we anticipate
that the higher AGN fraction found in Schombert (1998) thansds perhaps due to the small sample
size, as well as possibly to the relatively coarse spectrality, and less rigorous spectral analysis and
the classification method employed.

A similar trend of increasing AGN fraction with the increadehe size of a galaxy is also found for
HSBGs in the comparison sample. Meanwhile, we also find thkttively speaking, the HSBG sample
has systematically larger galaxies in terms of size (withealian of 42.1 kpc) than the LSBG sample
(with a median of 37.4 kpc for < 0.04); the K-S test shows that the two distributions are signifilya
different (with a probability level of 10°). As such, the observed lower AGN fraction in LSBGs than
that in HSBGs in our study is likely a manifestation of the tpdetion that LSBGs are systematically
smaller in size compared to HSBGs, if the proposed AGN depecelion the physical scale of galaxies
is the case. However, these postulations need further owatfon in future studies.

We also test the possible dependence of the AGN fraction tatti@bulge properties. It has been
found that stellar velocity dispersian. is well correlated with the bulge mass and luminosity, and is
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Fig. 12 Distribution of the physical sizes of LSBGs (top panel, AGe plotted as the hatched his-
togram) and the fractions of AGNs as a function of the gatagitie (bottom panel).

thus a tracer of the gravitational potential of the bulge/e@ithe spectral resolution of SDSS data, the
minimum values ob, that can be measured are aroundi#s—'. For those objects without measur-
ableo,, we assume their, to be less than 70ms~'. Figure 13 shows the distribution of. for the
APM-SDSS LSBG sample and for their AGNs, as well as the AGMNtioa. It can be seen clearly that
the AGN fraction increases in highet bins. A similar trend is also found in the HSBG comparison
sample, which has a known property that AGNs tend to be fonrehily type galaxies, where bulges
are dominant. Our result in Section 3 shows that even forahsesHubble type (Sa-Sc), LSBGs have
a lower AGN fraction than HSBGs. In the context of the AGN fiacal dependence on bulge proper-
ties, this may imply that within a given morphological tyh&BGs have either relatively smaller bulge
masses or a lower fraction of galaxies with bulges, comperétSBGs. Again, this postulation needs
confirmation by future studies. The dependence of AGN foactin both the size of galaxies and the
galactic bulge property is not surprising, since galaxgsiandr, are strongly coupled in the samples
studied here. However, we consider that the latter reldigrerhaps more fundamental, since it has
become known that the growth of galactic bulges and the dr@fvtentral black holes are somehow
related (Ferrarese & Merritt 2000; Gebhardt et al. 2000).

5.2 Black Hole Growth in LSBGs

The broad K¢ emission lines are well detected in 3 LSBGs. We estimate tlasses of cen-
tral black holes using the linewidth-luminosity mass gsuglirelation given in Greene & Ho
(2007). The values are 2.8 10° M, for SDSS J011448:7002946.1, 2.0x 10" M, for SDSS
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Fig. 14 Relation between the stellar velocity dispersion and thekbhole mass for 3 broad line AGNs
in LSBGs. The black hole masses are uncertain by a factordi@dashed line is the relation given by
Tremaine et al. (2002) for local normal galaxies and AGNs.

J122912.9-004903.7 and 3.4 10° M, for SDSS J231815:7001540.2, respectively. For the two
AGNSs, SDSS J011448:/002946.1 and SDSS J122912®04903.7, broad components ofildre also

detected with reliable confidence. Itis claimed by Vestard#& Peterson (2006) that the absolute uncer-
tainties in masses estimated by these mass scaling redaisare about a factor of 4. According to the

scaling relationships calibrated by Vestergaard & Pete(8006) based upon the broad tuminosity,
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black hole masses are estimated to bexa® M, for SDSS J011448:7002946.1 and 4410" M,
for SDSS J122912:0004903.7, respectively.

For these 3 AGNs with central black hole mass estimatestdiarsvelocity dispersion, can also
be measured in our spectral analysis. We are therefore ablertthe first time, test the relationship
between black hole mass and the stellar velocity dispe(sibr o) for LSBGs, though the number of
objects is very small. The result is shown in Figure 14. It barseen that, for LSBG, the observed data
are broadly consistent within errors with the knoiwh— ¢, established based on local normal galaxies
and AGNs (Tremaine et al. 2002, dashed line). However, &ttatly meaningful result has to await
the availability of a larger sample with both black hole masdo,. measurements.

6 CONCLUSIONS

We have performed a detailed spectral analysis of 194 LSBfBs the Impey et al. (1996) APM LSBG
sample which have been observed spectroscopically by tt#SIDIR5. Our work improves upon pre-
vious spectroscopic studies of LSBGs with homogeneous-tigtlity SDSS spectra and an elaborate
spectral analysis. It includes subtraction of the hostgastarlight spectra, and the deblending of nar-
row and broad components of the Balmer lines and doubletsdimprovements allow us to carry out,
for the first time, reliable spectral classification of naelerocesses in LSBGs based on the BPT clas-
sification schemes in a rigorous way. We also identified thread line AGNs in LSBGs, and clarified
a few spurious ones claimed in previous work.

We found that, the majority (68%) of the LSBGs are emissiom lgalaxies. The most abundant
class is star-forming galaxies (52%) characteristic ofétfflission line spectra. Within the APM-SDSS
sample, about 15% of LSBGs show emission line spectra ctesistec of AGNs, including Seyfert
galaxies, LINERs, and galactic nuclei composed of an AGN @erdral star-forming region. Such a
fraction of AGNSs is significantly lower than that found in Edmormal galaxies. This result holds true
even within each morphological type from Sa to Sc. Our resigtnot support the high AGN fractions
in LSBGs suggested in some of the previous studies (Spraybeml. 1995; Schombert 1998), but
is qualitatively consistent with that found by Impey01. Vdaifid that the fraction of AGNs depends
strongly on both the stellar velocity dispersion of the lesignd on the physical size of the galaxies, the
two of which are coupled with each other. We interpret the AN fraction in LSBGs in terms of the
postulation that, compared to HSBGs, LSBGs possess relatawer bulge masses, or a lower fraction
of galaxies with bulges, even within the same morpholodiga¢. This hypothesis can be tested with
further observations in the future.

Compared to AGNs in HSBGs, AGNs in LSBGs tend to have relBtiaver electron density and
lower dust extinction in the NLR. As in HSBGs, the width of raw emission lines in active nuclei of
LSBGs is a good tracer of the stellar velocity dispersiommdalactic bulge. The black hole masses of
the 3 broad line AGNs in LSBGs are broadly consistent withiors with the well known Me, relation
found for nearby galaxies and AGNSs.
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Appendix A: SDSS STARLIGHT SPECTRAL MODELING

The spectra are first corrected for the Galactic extinctisingithe extinction map of Schlegel et al.
(1998) and the reddening curve of Fitzpatrick (1999), aaddformed into the rest frame using the
redshift provided by the SDSS pipeline. Then, the hostxgattarlight and the AGN continuum, as
well as the optical Fell emission complex are modeled as

SO = Anost(EE™, X) A + Anucteus(BFE™,A) BB + enCh(A) + eaCa(V)], - (A1)
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whereS()) is the observed spectrum()\) = 3%, a; IC;(\, 0.) represents the starlight component
modeled by our 6 synthesized galaxy templates, which haga bailt up from the spectral template
library of Simple Stellar Populations (SSPs) of Bruzual &a@bt (2003, hereafter BC03) using our
new method based on the Ensemble Learning Independent @emipanalysis (EL-ICA) algorithm.
The details of the galaxy templates and their applicatioespeesented in (Lu et al. 2006)(\) was
broadened by convolving it with a Gaussian of widthto match the stellar velocity dispersion of the
host galaxy. The un-reddened nuclear continuum is assuoiee (\) = A\~ as given in Francis
(1996). We modeled the optical Fell emission, both broadnemtbw, using the spectral data of the Fell
multiplets for | Zw | in the A\ 3535-753@ range provided by Veron-Cetty et al. (2004) [table A1,A2]
veron04. We assume that the broad Fell lin€s (h Eq. A.1) have the same profile as the broaél H
line, and the narrow Fell lines},), both permitted and forbidden, have the same profile ashiiteof
the narrow H component, or of [OIIIN5007 if H 3 is weakK.Apest (B35, A) @and Apuctens (FRCSHS ) X)

are the color excesses due to possible extinction of thegatsxy and the nuclear region, respectively,
assuming the extinction curve for the Small Magellanic @lof Pei (1992). The fitting is performed
by minimizing they? with Ego_stv, Eg‘f{?us, a;, 04, b, ¢, andcey, being free parameters. To account for
possible error of the redshifts provided by the SDSS pigelin practice, we loop possible redshifts
near the SDSS redshift, spaced evetynbs—' . We fit and subtracted the above model from the SDSS
spectra.
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