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Host Galaxies of AGN at Low Redshift 
•  Morphologies and companions 
•  Star Formation 
•  Bars in host galaxies 
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as the BAT AGN, inactive galaxies, and SDSS AGN, re-
spectively.
The inactive galaxies were selected from the SDSS to

have high quality photometry and similar redshifts as
the BAT AGN. We selected all non-QSO galaxies from
the SDSS DR7 with spectra and imaging data with red-
shift confidence, zconf>0.9 and a redshift interval sim-
ilar to the BAT AGN (0.01<z<0.07). We chose this
slightly higher redshift interval because many of the
SDSS galaxies with z<0.01 are too bright to be tar-
geted in spectroscopy. We also removed NL Seyfert or
LINER AGN from this sample using emission line diag-
nostics (Kewley et al. 2006) and the Garching catalog of
reduced spectra of narrow line AGN (Kauffmann et al.
2003). Galaxies totaled 68,275. We will refer to this
sample as the inactive galaxy sample.
Finally, we used a sample of emission line selected AGN

in the SDSS for comparison, which we refer to as the
SDSS AGN. Winter et al. (2010) found that the majority
(75%) of a sample of 64 BAT AGNs were Seyferts. Only
3/64 (<5%) of BAT AGN were classified as LINERS,
so we excluded this type of AGN from the comparison
sample. We chose narrow-line AGN since the nucleus
is invisible in the optical band and thus does not have
to be modeled to determine the host galaxy properties.
We therefore chose a sample of all type 2 Seyferts in the
SDSS DR7 with 0.01<z<0.07. We used 1282 Seyferts in
this redshift range.
To ensure that the BAT AGN were not more intrinsi-

cally luminous than the SDSS AGN sample of Seyferts,
we compared the [O III] of the BAT AGN with available
spectra to the SDSS AGN (Fig. 1). When measuring
[O III], we used the narrow Balmer line ratio (Hα/Hβ)
to correct for extinction assuming an intrinsic ratio of
3.1 and the Cardelli et al. (1989) reddening curve. For
reference we also included LINERS in the SDSS. For the
BAT AGN we used spectroscopic data fromWinter et al.
(2010), Ho et al. (1997), and the Garching Catalog of
SDSS spectra Kauffmann et al. (2003). We find that the
BAT AGN have similar [O III] luminosities as the SDSS
NL Seyferts, suggesting that they also have similar intrin-
sic luminosities (although there may still be differences,
see §5). We find a similar relation when only includ-
ing sources with SDSS spectroscopy and excluding spec-
troscopic data from Winter et al. (2010) and Ho et al.
(1997).

3. DATA ACQUISITION, REDUCTION, AND ANALYSIS

Throughout this work, we adopt the following cosmo-
logical parameters to determine distances: Ωm= 0.27,
ΩΛ= 0.73, and H0 = 71 km s−1 Mpc−1. For galaxies
with z<0.01, we use the mean value of redshift indepen-
dent measurements from NASA Extragalactic Database
(NED) when available. Unless otherwise noted, error
bars correspond to 1σ standard deviation of the sample.

3.1. Data Acquisition

The Kitt Peak sample was obtained in February 2008
and November 2008 using the t1ka, t2ka, and t2kb CCDs
on the 2.1m telescope. A random sample of gri tricolor
images that have been flux calibrated using the proce-
dure of Lupton et al. (2004) are shown in Fig. 2. Each
galaxy was imaged so that a high signal-to-noise ratio

Figure 1. Average [O III] luminosities for the NL AGN in the
BAT sample compared to the SDSS sample of narrow-line Seyferts
and LINERS. The error bars indicate standard deviations in each
bin. We find that the distributions of [O III] from the NL BAT
AGN and NL SDSS Seyferts used in this study are from the same
parent population (P(K-S)=82%). The [O III] luminosity is a mea-
sure of AGN power and suggests the NL BAT AGN have similar
AGN power as SDSS NL Seyferts.

Figure 2. Random sample of 18 gri composite images of galaxies
in the BAT AGN sample taken at Kitt Peak. An arcsinh stretch
was used with flux scaled by magnitudes (Lupton et al. 2004).

could be achieved to capture faint features and low sur-
face brightness emission with 12 minutes in u and 6 min-
utes in griz. The u images were obtained at twice the
imaging time because of the higher sky brightness and
lower signal-to-noise ratio in this band. Limiting mag-
nitudes and observing conditions can be found in Table
3.

3.2. Initial Calibration

The initial imaging analysis involved calibration of zero
point magnitudes, coadding SDSS plates for larger galax-
ies, and removing extraneous sources (e.g. foreground
stars, other galaxies). For calibration of the Kitt Peak
data, we used the primary standard star network of
158 stars used by the SDSS for calibration (Smith et al.
2002). A calibration star was imaged before and after
each galaxy at similar airmass. Extinction coefficients
were determined using standard stars on a nightly ba-
sis. Standard IRAF routines were used to remove bias,
dark current, and CCD non-linearity. Galactic extinc-
tion corrections were made based on data from IRAS and
COBE/DIRBE (Schlegel et al. 1998). For 8 SDSS galax-
ies extending across multiple SDSS plates, the MON-
TAGE software was used to reproject the images, rec-
tify background and coadd plates. WCSTools was used
to register Kitt Peak images from USNO stars (Mink

(Koss et al. 2011) 

Lectures available at: 
http://www.chara.gsu.edu/~crenshaw/beijing_agn.html 
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Morphologies 

Irregulars 

“late” “early” 

•  Seyfert galaxies are found primarily in early type (large bulge) spirals. 
-  Consistent with larger black hole masses and higher possible 

luminosities 
•  LINERs are found in all types of spirals and even some ellipticals 
•  “Dwarf” Seyferts (e.g., NGC 4395 with M ≈ 105 M) found in late type 

spirals and even dwarf galaxies. 
•  In general, AGN host galaxies and inactive galaxies have similar, if 

not identical, morphologies at low z (< 0.1). 
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Companions and Mergers 

ULIRGS 
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Companions and Mergers 

(De Robertis et al. 1998, ApJ, 496, 93) 

Covariance amplitudes 
for companion galaxies 
are similar for Seyferts 
and inactive galaxies.  

•  Most ULRIGs are found in merging systems, often major 
mergers (two large galaxies). 

•  Quasars and radio galaxies also prefer companions compared to 
inactive galaxies. 

•  Results on Seyfert galaxies have been contradictory. 

Local AGN activity likely arises from minor mergers (i.e., large 
galaxies absorbing smaller ones like their own satellites). 
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Star Formation 

•  Is there a correlation between AGN activity and star formation? 
•  One might expect a correlation because both can be fueled by 

the same event (e.g., mergers, bars). 

M82 
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Stellar Populations 

(Sparke & Gallagher, p. 268)  

-  Young populations (< 1 Gyr) revealed by strong UV continuum flux, 
Balmer absorption lines, Hα emission, [OII] emission 

-  Star formation also indicated by mid-IR PAH features, far-IR emission 
-  The star formation rate (SFR) scales with these strengths of these 

features 
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(Sparke and Gallagher, p. 267) 

Older Populations 

-  Strength of 4000 Å  break given by parameter D4000 
(Kauffmann et al. 2003) 

-  For stars < 1 Gyr in age, the opacity from metal lines at 4000 Å 
is low, due to ionization, and thus D4000 is low. 



•  SFR correlated with L[O III] 
(AGN luminosity) 

•  Fraction of hosts with stellar 
populations < 1 Gyr increases 
with AGN luminosity               
(see also Veilleux 2008, astro-ph) 

Results from SDSS 

Kauffmann et al 2003, MNRAS, 346, 1055  
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Figure 10. The ratio of Seyferts to LINERs as a function of
DSF . The dotted line shows the mean Seyfert to LINER ratio.

by Kauffmann et al. (2003c) using high resolution spectral
libraries and the Bruzual & Charlot (2003) stellar popula-
tion synthesis models. They find that neither index depends
strongly on metallicity until at least 1 Gyr after the burst.

In Figure 11a, we show the normalized distribution of
D4000 for LINERs (red). For comparison, we plot the D4000
distributions for Seyferts (black), composites (blue), and H ii

region-like galaxies (green). The stellar population of LIN-
ERs is older than the other galaxy types. Seyferts and com-
posites have a similar range of stellar ages, and H ii region-
like galaxies are dominated by relatively young star-forming
regions, as expected.

To avoid biasing our analysis against galaxies that con-
tain significant star formation, in Figure 11b we give the
normalized distribution of D4000 without defining com-
posites as a separate class. Rather, we use our Seyfert-
LINER classification line to divide the composite galax-
ies into H ii+LINER and H ii+Seyfert classes. We include
H ii+LINER and H ii+Seyfert in the LINER and Seyfert
classes respectively. Only pure star-forming galaxies classi-
fied according to the Ka03 classification line (equation 1)
and LINER/Seyfert ambiguous galaxies are excluded. Com-
parison of panels (a) and (b) shows that while the difference
between Seyferts and LINERs is somewhat reduced if the
composites are included, there is still a very clear age offset
between the two classes.

In Figure 11c, we show how the stellar population
evolves as a function of DSF for Seyferts, composites, LIN-
ERs, and ambiguous galaxies. Figure 11d gives the median
D4000 at each 0.1 interval of DSF . Composites are included
in the LINER and Seyfert classes as in Figure 11b. Pure
LINERs and Seyferts correspond roughly to a DSF of 0.5.
The correlation coefficients and corresponding significance of
the correlation are given in Table 1. Clearly DSF and D4000
are strongly correlated for both LINERs and Seyferts. Both
types of objects have young stellar populations typical of
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Figure 11. (a) The distribution of D4000 for LINERs (red
dashed), Seyferts (black solid), composites (blue dotted) and
H ii region-like galaxies (green dot-dashed). (b) The distribution
of D4000 for LINERs (red-dashed), Seyferts (black solid), and
H ii region-like galaxies (green dot-dashed) where LINERs and
Seyferts include LINER+H ii and Seyfert+H ii composites. Only
pure star-forming galaxies classified according to the Ka03 clas-
sification line (equation 1) and LINER/Seyfert ambiguous galax-
ies are excluded. (c) D4000 for a uniform random sampling of
the Seyferts (black) and LINERs (red), composites (blue) and
ambiguous galaxies (purple) as a function of distance from the
Ke01 line. (d) The median D4000 for Seyferts (black) and LIN-
ERs (red) as a function of distance from the Ke01 line, including
Seyfert+H ii and LINER+H ii galaxies. A distance of 1.0 indicates
that the optical line ratios are dominated by ionizing radiation
from the Seyfert or LINER nucleus.

active star-forming galaxies at low DSF , by definition. Both
Seyfert and LINER hosts have older stellar populations at
large DSF . LINERs hosts have an older stellar population
than Seyferts at all but the smallest DSF . Figure 12 shows
that a similar trend holds for HδA.

5.2 Stellar Mass

The SDSS stellar masses were derived by Kauffmann et al.
(2003b), and Gallazzi et al. (2005) using a combination of z-
band luminosities and Monte Carlo stellar population syn-
thesis fits to D4000 and Hδ. The model fits provide pow-
erful constraints on the star formation history and metal-
licity of each galaxy, thus providing a more reliable indi-
cator of mass than assuming a simple mass-to-light ratio.
Drory et al. (2005) compared ∼ 17, 000 SDSS spectroscop-
ically derived masses with (a) masses derived from popu-
lation synthesis fits to the broadband SDSS and 2MASS
colors, and (b) masses calculated from SDSS velocity dis-
persions and effective radii. They concluded that the three
methods for estimating mass agree to within ∼ 0.2 dex over
the 108

− 1012M! range.
The stellar mass distribution of SDSS emission-
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dashed), Seyferts (black solid), composites (blue dotted) and
H ii region-like galaxies (green dot-dashed). (b) The distribution
of D4000 for LINERs (red-dashed), Seyferts (black solid), and
H ii region-like galaxies (green dot-dashed) where LINERs and
Seyferts include LINER+H ii and Seyfert+H ii composites. Only
pure star-forming galaxies classified according to the Ka03 clas-
sification line (equation 1) and LINER/Seyfert ambiguous galax-
ies are excluded. (c) D4000 for a uniform random sampling of
the Seyferts (black) and LINERs (red), composites (blue) and
ambiguous galaxies (purple) as a function of distance from the
Ke01 line. (d) The median D4000 for Seyferts (black) and LIN-
ERs (red) as a function of distance from the Ke01 line, including
Seyfert+H ii and LINER+H ii galaxies. A distance of 1.0 indicates
that the optical line ratios are dominated by ionizing radiation
from the Seyfert or LINER nucleus.
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SDSS Results: Seyferts vs. LINERs 

•  LINERs have larger D4000, and thus older populations. 
•  LINERs are also more massive and less dusty and than Seyferts 

(Kewley et al. 2006, MNRAS, 372, 961) 
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Star Formation – The “Blister” Model 

(Elmegreen and Lada, 1977, ApJ, 214, 725) 

photodissociation 
region (PDR) 
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Mid-IR: PAH Emission Features 

               

ISO spectrum of starburst region in M82 

•  Polycyclic Aromatic Hydrocarbons (PAHs): linked benzene (C6H6) rings: 
naphthalene (C10H8) … ovalene (C32H14) … 

•  Seen in emission in photodissociation regions (PDRs) 
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•  Far-IR continum and PAH features measure SFR. 
•  Optical continuum radiation primarily from AGN. 
•  Strong correlation between SF and AGN activity 

(Netzer et al. 2007, ApJ, 666, 806) 

Spitzer Observations: Star Formation 



•  Large-scale stellar bars can funnel gas (and dust) into the 
nucleus.. 

Stellar Bars 

NGC 1300 



•  Bars should provide an efficient means to fuel the nuclei of 
active galaxies (Shlosman et al. 1990, Nature, 345, 679). 

•  Most studies find a similar fraction of bars in Seyferts and 
normal spiral galaxies (e.g., Hunt & Malkan, 1999, ApJ, 516, 660). 

•  What happens if we look at subtypes? – BLS1s and NLS1s 
•  Most NLS1s are accreting near their Eddington limits (Pounds 

et al., 1995, MNRAS, 277, L5). 

•  Is there a connection between NLS1s and properties of their 
host galaxies (i.e., to support the high accretion rates)? 

•  Krongold et al. (2001, AJ, 121, 702) found no difference in the 
frequency of companion galaxies in NLS1s and BLS1s. 

•  What about bars inNLS1 and BLS1 host galaxies ? 

Stellar Bars – A Case Study 



•  HST/WFPC2 optical images from the STScI archives 
  - 91 Seyfert 1 galaxies (13 NLS1s) at z < 0.035 (Malkan et al. 

1998, ApJS, 117, 25)  

  - 6 NLS1s at z < 0.085 (Veron-Cetty et al. (2001, A&A, 372, 730) 
•  Measurements of FWHM (Hβ) emission from the literature 

MCG 6-26-12 (NLS1) 
HST/WFPC2 
F606W filter 
PC chip - 34" x 34" 

Sample 

(Crenshaw et al. 2003, AJ, 126, 1690)  



NLS1 Images 



•  91% of the Seyfert 1s are spirals 
•  33% of the Seyfert 1 spirals have bars (similar to normal 

spiral galaxies) 
  - The bars begin at ~1 kpc from the nucleus and extend to 

5 – 10 kpc. 
 
•  65% of the NLS1 spirals have bars 
•  25% of the BLS1 spirals have bars 
•  The fraction of Seyfert 1 spirals with bars decreases with 

increasing FWHM (Hβ) 

Results 



Seyfert 1s - Fraction with Bars vs. FWHM (Hβ) 

BLS1s NLS1s 

shaded – full sample; 
hatched – Malkan et al. 
subsample 

(Crenshaw et al. 2003, AJ, 126, 1690)  



Dust Morphologies in the Nuclear Regions of Seyfert 1s 
Direct Images and Structure Maps (Pogge & Martini 2002, ApJ, 569, 624) 

NGC 6212 
- Flocculent 
dust spiral 

ESO 438-G9 
- Grand design 
dust spiral 

2 kpc 

2 kpc 
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-  NLS1s show higher fraction of grand design nuclear dust spirals 
-  NLS1s show higher fraction of nuclear star forming rings 
-  Consistent with more efficient fueling of their nuclei compared to 

BLS1s to support their claimed higher Eddington ratios. 

(Deo et al. 2006, 132, 321)  

Nuclear Dust Spirals 



•  NLS1s show evidence of recent bursts of star formation (Mathur, 2000, 
MNRAS, 314, L17), from high N V/ C IV ratios (Wills et al., 1999, ApJ, 515, 
L53) and high mid-IR brightness (Moran et al. 1996, ApJ, 106, 341).  

•  NLS1s appear to have smaller SMBH mass to bulge mass ratios (Wandel, 
2002, ApJ, 565, 762). 

•  Outer rings are much more common in BLS1s (~ 40%) than normal galaxies 
(~ 10%) (Hunt & Malkan, 1999, ApJ, 516, 660). 

1.  Start with a small SBMH in an inactive galaxy. 
2.  A stellar bar forms in a few x 108 years due to a tidal disruption or 

asymmetrical distribution of gas in the inner disk (Combes & Elmegreen, 
1993, A&A, 271, 391). 

3.  The bar drives gas into the nucleus, initiating star bursts and the NLS1 phase 
over ~108 years . 

4.  Once ~5% of the disk’s mass has been redistributed into the nucleus, the bar 
is destroyed ( Norman et al., 1996, ApJ, 462, 114) . 

5.  The mass of the SMBH has increased by several to 10 times, but the fueling 
flow has been reduced, so that the AGN is now a BLS1. The outer rings take 
several x 109 years to form, and are the remnants of the earlier disturbance. 

Speculation – Evolutionary Scenario 


