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ABSTRACT. We present data for Seyfert and normal galaxies
in the Reviged Shapley-Ameeg Cataloq. The type 2 Seyferte are
stronger CO and Far-IR emitters (by factors of 2-4) than
either normal galaxiee or type 1 Seyferte. The Seyfert CO
line-wvidthes correlate with both the 2l1cm HI and [0OIIX15007
line-widthe. Interferometer mape show that in many Seyferts
the CO emiesion is strongly concentrated within radii of
100-1000pc of the nucleus. The implications of these resulte
are briefly discussed.

1. INTRODUCTION
1.1 Scientific Motivation

The inveestigation of molecular gas in active galaxies is
directly relevant to many of the "Big Questions" addressed
in thies Symposium. Howv and with what is the central engine
fuelled? In many spiral galaxies the interetellar medium in
the innermost kpc is largely molecular (1]. It is important
then to determine whether Seyfert galaxies have an unusually
bountiful (or dynamically peculiar) supply of circum-nuclear
molecular gas. :

What ie the relationship between star formation and the
Seyfert phenomenon? Star formation could be a cause or
effect of nuclear activity (2,3,41, and has even been
proposed ag the fundamental energy source in Seyferts ([(5].
The study of molecular gas - potential fuel for the central
engine and the ravw wmaterial for star formation - will play a
crucial role in answering this question.

What ie the origin of the far-IR emiegsion in Seyfert
galaxies? In many, the far-IR dominates the luminous output,
yet ite origin is controvereial [6]. In normal and starburst
galaxies the far-IR emission and molecular gas are closely
related. Comparing their relationship in Seyfert vs. non-
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Seyfert galaxies should be enlightening.
1.2 The J=1-0 115GHz Line of CO

Thie is the line of choice for investigating molecular gas
in Seyfert galaxiee. Firet, it ie relatively bright and
easily observed. Second, there is a large 115GHz CO database
for normal galaxiee which can be compared to the Seyfert
data. Third, the CO line luminosity is a tracer of the total
molecular mass. In normal Giant Molecular Clouds (GMC’s) in
the digk of our galaxy, the CO luminosity can be rather
reliably used to measure the GMC wmase (7]. Thies may not be
true for molecular gas in the unusual environment of an
active nucleue however (cf. 81.

2. THE DATA
2.1 CO Single-Diesh Survey

We (Heckman, Blitz, Wilson, Armue, and Miley) have used the
NRAO 12m telescope to search with 1 arcmin resolution for CO
emission from 43 Seyfert galaxies and have detected 18.
Similar data from the literature exiete for 12 more Seyferte
(8 more detections). We have then assembled CO data for the
29 Seyferte (and for 47 normal galaxies) that are in the
Reviged Shapley Ameg Catalog and which have Hubble types
from S0O/a to Sbec ("RSA CO Seyferts" and "RSA CO Normals").

2.2 Far-Infrared Data

We (Heckman, Kirkpatrick, and Wileon) have used the IRAS
database (co-added or pointed obeervationeg) to derive total
far-IR (40-120 micron) luminosities for all 42 known
Seyferte in the RSA and for a control sample of 42 normal
galaxiee with the same dietribution in Hubble type, absolute
magnitude, and distance as the Seyferts ("RSA FIR Seyferts"
and RSA FIR Normals).

2.3 Interferometric CO Maps

We (Heckman, Blitz, Meixner, Puchalsky, and Wright) have
used the Berkeley-Illinois-Maryland Array (BIMA) at Hat
Creek to map the CO emission from three Seyfert galaxies
(NGC3227, NGC5033, and NGC7469) with a resolution of 2-3
arceec. Similar Owens Valley Radio Observatory (OVRO) data
exiet in the literature for the Seyferts NGC1068 (9], MS51
101, and the Far-IR galaxy Arp220 which may have a "buried"
Seyfert nucleue [11,12].
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3. RESULTS AND CONCLUSIONS
3.1 Single-Dish CO Survey

We have compared the CO properties of the RSA type 1
Seyferts, type 2 Seyferts, and normal galaxies. Normalized
to the blue luminoesity of the galaxy, the type 2 RSA
Seyferts have (on-average) twice as strong CO emission a=
the normal galaxies. Normalized to the mass of HI in the
galaxy, the type 2 RSA Seyferts 4 times stronger CO emission
than the normal galaxies. In contrast, the CO properties of
the RSA type 1 Seyferte are indistinguishable from those of
the normal galaxies.

We have also compared the line-widthe of the CO, HI 2icm,
and (0III15007 emiesion-lines for all the Seyfert galaxies
with relevant data. The CO line-widthe are well-correlated
with the HI line-widths and with the sine of the galaxy
inclination, esuggesting that the CO is configured in a
rotating disk that i co-planar with the large-scale
HI/optical disk of the galaxy. When the CO line-widths are
corrected for inclination, they then correlate well with the
uncorrected (0III1S5007 line-widthe. Thies implies that
gravity playe an important role in the dynamice of the NLR,
but the NLR ies evidently not configured as a rotating disk
that is co-planar with the galaxy’s largescale disk [(see
also 13, 141.

3.2 Far-Infrared Luminosities

We find that the type 2 RSA FIR Seyferts have an average
far-IR luminosity that is about 4 times that of the RSA FIR
Normal galaxies. The type 1 RSA FIR Seyferts are
indistinguishable from the normals galaxies in their far-IR
luminosities.

These results are reminiscent of the resulte presented
above for the CO luminoeity. Indeed, in normal and starburst
galaxies the far-IR and CO luminosities are rather well
correlated (e.g. 15]. To understand how the Seyferts fit
into this relationehip, we have compared the ratio of the CO
and far-IR luminosties for Seyfert and non-Seyfert galaxies
with similar far-IR luminosities. We find that the Seyferte
and non-Seyferts are statistically indistinguishable. This
suggests that the mechanism that produces far-IR emiession in
non-Seyfert galaxies - thermal emission from dust heated by
starlight - aleo dominates the far-IR ewission from most
Seyfert galaxies.

3.3 Interferaometer Maps=

The CO maps of NGC3227 and NGC7469 that my collaborators and
I have recently obtained with BIMA reveal that the emission
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coneiste of two componente. The firet is an oblong structure
across which a velocity gradient of several hundred km/sec
ie detected. The size of this component ies about 1.2 x 0.5
kpc in NGC3227 and 7 X 3 kpc in NGC7469. If interpreted as a
rotating structure lying in the plane of the galaxy disks,
then each must have a nonaxigymmetric form (the eccentricity
of the CO emiesion ie greater than that of the optical disk
of the galaxy).

The second component is centered on the nucleus of each
galaxy and is only marginally resolved (diameter 200-300pc
in NGC3227 and <800pc in NGC746S). Note that these
dimensionge are sgimilar to those of the classical "Narrow-
Line Region" (NLR), a region energized by the central
engine. Arp220 also has a strong central concentration of CO
emigeion [11]. However, this component ies not present in all
Seyfert galaxies. In both NGC1068 [9,16] and M51 [101, the
CO brightness peaks in arc-like structures (broken rings
and/or spiral arm segments) located 1-2kpc from the nucleus.
Even in these two cases, weak CO emission can still detected
from within a few arcsec (100-200pc) from the nucleus.

If we use the standard factor to convert J=1-0 CO
luminosities into molecular gas maseee [e.g. 171, the
implied mass within 300pc of the nucleus rangees from 10
million solar masses for NGC1068 to several billion solar
magges for NGC7469. The masses within lkpe of the nucleue
are several hundred million solar masses for NGC1068,
NGC3227, NGCS033, and M51 and about 10 billion solar masses
for NGC7469 and Arp220. It ie important to emphasize that
these masses could easily be in error by an order-of-
magnitude (or more), since they are based on the assumption
that the molecular cloude in these active galaxies are
gimilar to those in the disk of the Milky Way. Even allowing
for this uncertainty, it appeare that the molecular gas
dominates the mase of the optically-emitting ionized gas on
gimilar radial scales: the NLR - with a typical mass of only
about a million solar masses - may be only a "tip of the
iceberg" in Seyfert galaxies.

4. CONCLUSIONS AND IMPLICATIONS

The principal conclusion from the CO and far-IR survey is
that the type 2 Seyfert galaxies in the RSA are unugsually
strong CO and far-IR emitters compared to normal galaxies
with similar Hubble types, absclute magnitudesg, and HI
masses. The type 1 Seyferte - in contrast - have rather
normal CO and far-IR properties. The relationship between
the CO and far-IR emigsion in the Seyferte ie
indistinguishable from that characterizing non-Seyferts,
implying that the far-IR emission in these Seyferts is
primarily due to dust heated by starlight. These results
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suggest that the type 2 Seyferts are characterized by
abnormally high molecular gas contents and star formation
rates.

One potentially important implication of the above is that
type 2 Seyferte are intrinsically different from type 1
Seyfertse. Could the apparent over-abundance of molecular gas
be related to the material that is obscuring the Broad-Line
Region in at least some (all??) type 2 Seyferte [181%

These results also suggest some link between star
formation, molecular gaeg, and the Seyfert phenomenon. The
strong central concentration of CO emiesion seen in the
interferometer maps of several Seyferte ie very tantalizing
evidence that molecular gas might play a key role in
fuelling the activity. The molecular gas on scales of
geveral kpc has a "bar-like" morphology in NGC3227 and
NGC7469 and is directly observed to have etrongly
noncircular motions in the ovally-distorted galaxy NGC1068.
These resgults are consistent with models in which an AGN is
fuelled by radial inflow of gas driven by a nonaxisymmetric
potential (19, 20]1. Further mapping of CO in Seyferte is
required to test these ideas.

Finally, the CO data provide some fresh cluees as to the
nature of the Narrow-Line Region. Gravity apparently playe
an important dynamical role, but the NLR ie2 not a rotating
disgk that is co-planar with the largeescale galaxy disk. The
seyaetematic blue asymmetries of the NLR emission-line
profiles [13, 14] tell us that radial motions are important
in the NLR. Could the NLR be infalling? Alternatively, i=s
the NLR accelerated outward by a wind whose terminal
velocity is determined by the local escape velocity [(211%
The interferometer maps also teach us that the molecular gas
on sub-kpc scales may play a dominant role in the origin and
evolution of the NLR clouds, insofar as the molecular gase
often contains most of the gaseous mass in the circum-
nuclear region.
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