
ar
X

iv
:1

40
3.

79
66

v1
  [

as
tr

o-
ph

.G
A

] 
 3

1 
M

ar
 2

01
4

Mon. Not. R. Astron. Soc. 000, 1–7 (2014) Printed 1 April 2014 (MN LATEX style file v2.2)

Black hole accretion preferentially occurs in gas rich

galaxies⋆

F. Vito1,2,3,4†, R. Maiolino3,4, P. Santini5, M. Brusa1,2,6, A. Comastri2, G. Cresci7,

D. Farrah8, A. Franceschini9, R. Gilli2, G. L. Granato10, C. Gruppioni2, D. Lutz6,

F. Mannucci7, F. Pozzi1, D. J. Rosario6, D. Scott11, M. Viero12, C. Vignali1
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ABSTRACT

We have investigated the gas content of a sample of several hundred AGN host galaxies
at z<1 and compared it with a sample of inactive galaxies, matched in bins of stellar
mass and redshift. Gas masses have been inferred from the dust masses, obtained
by stacked Herschel far-IR and sub-mm data in the GOODS and COSMOS fields,
under reasonable assumptions and metallicity scaling relations for the dust-to-gas
ratio. We find that AGNs are on average hosted in galaxies much more gas rich than
inactive galaxies. In the vast majority of stellar mass bins, the average gas content
of AGN hosts is higher than in inactive galaxies. The difference is up to a factor of
ten higher in low stellar mass galaxies, with a significance of 6.5σ. In almost half of
the AGN sample the gas content is three times higher than in the control sample
of inactive galaxies. Our result strongly suggests that the probability of having an
AGN activated is simply driven by the amount of gas in the host galaxy; this can be
explained in simple terms of statistical probability of having a gas cloud falling into the
gravitational potential of the black hole. The increased probability of an AGN being
hosted by a star-forming galaxy, identified by previous works, may be a consequence of
the relationship between gas content and AGN activity, found in this paper, combined
with the Schmidt-Kennicutt law for star formation.

Key words: methods: data analysis – galaxies: active – galaxies: ISM

1 INTRODUCTION

During the past decades several studies have revealed a
connection between the mass of Black Holes hosted in
galactic nuclei and the properties of their host galaxies

⋆ Herschel is an ESA space observatory with science instruments
provided by European-led Principal Investigator consortia and
with important participation from NASA.
† E-mail: fabio.vito@unibo.it

(e.g. Magorrian et al. 1998; Ferrarese & Merritt 2000;
Marconi & Hunt 2003). Moreover, the redshift evolution of
the cosmic Star Formation Rate (SFR) and SMBH accre-
tion rate density are very similar (Boyle & Terlevich
1998; Granato et al. 2001; Marconi et al. 2004;
Hopkins & Beacom 2006; Silverman et al. 2009; Aird et al.
2010). This “co-evolution” has led various authors to
investigate a possible connection between the presence of
Active Galactic Nuclei (AGN, which traces the SMBH
growth) and the star formation properties of galaxies. A
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correlation was indeed observed between star formation
and nuclear activity in numerous works at high AGN
luminosities (e.g Lutz et al. 2008, 2010; Shao et al. 2010;
Rosario et al. 2012), while at low AGN luminosities this
link is more debated, with Silverman et al. (2009) reporting
no significant difference in the SFR between active and
inactive galaxies, while Santini et al. (2012) found a slight
enhancement for AGN-hosting galaxies. They also reported
that the enhancement of star formation activity in AGN
with respect to the bulk of inactive galaxies disappeared if
quiescent galaxies were discarded, i.e. AGN are more likely
hosted in star forming galaxies.

The gas content is often regarded as a more fundamen-
tal property of galaxies, with respect to the SFR. The SFR
is tightly related to the gas content through the Schmidt-
Kennicutt relation (Schmidt 1959; Kennicutt 1998, SK re-
lation hereafter). Currently, one of the most favored scenar-
ios is that the cosmic evolution of the star formation rate
in galaxies is mostly a consequence, through the SK rela-
tion, of the more fundamental evolution of their (molecular)
gas content (e.g. Obreschkow & Rawlings 2009; Lagos et al.
2011).

Within the context of AGNs, gas is the fundamental in-
gredient both for nuclear activity and star formation. Possi-
ble differences in terms of star formation properties between
AGNs hosts and inactive galaxies could be due to more fun-
damental differences in terms of gas content, as recently ar-
gued by Santini et al. (2012) and Rosario et al. (2012, 2013).
Therefore, it is most important to obtain information on the
gas content of AGN host galaxies, possibly as a function of
galaxy properties (e.g. stellar mass) and redshift.

The molecular gas content can be inferred from the lu-
minosity of the CO millimeter transitions, by assuming a
proper CO-to-H2 conversion factor. However, CO observa-
tions are very time consuming, and surveys of large samples
are extremely difficult and time demanding. Alternatively,
the total (molecular and atomic) gas mass can be derived
from the dust content, inferred from the FIR-submm SED,
by assuming a dust-to-gas ratio (DGR; e.g. Eales et al. 2010;
Leroy et al. 2011; Magdis et al. 2011). The uncertainties on
the dust-to-gas ratio and its dependence on metallicity are
similar to those affecting the CO-to-H2 conversion factor,
making the two methods comparable in terms of accuracy, at
least at metallicities 12+log(O/H)>8.0 (Bolatto et al. 2013;
Rémy-Ruyer et al. 2013).

In this work we exploit the dust method for measur-
ing the gas masses in AGN host galaxies. In particular, gas
masses are obtained from the dust mass derived from the
FIR SED of several hundred AGN host galaxies at z<1,
along with a control sample of normal galaxies selected in
the same stellar mass and redshift ranges. The aim of this
work is to investigate differences in terms of gas content
between AGN hosts and the bulk of the galaxy population
(i.e. star forming and quiescent galaxies), in bins of stellar
mass and redshift, to avoid potential biases caused by the
dependency of the gas content on these two quantities. We
make use of a stacking procedure to increase the luminosity
completeness of the studied samples (§ 3.2).

2 DATA SET AND SAMPLE SELECTION

We selected a sample of AGN at z 6 1 (as well as normal
galaxies for the control sample) in the COSMOS, GOODS-S
and GOODS-N fields. The choice of these fields was driven
by the wide multiwavelength coverage provided by a num-
ber of surveys, which is crucial to derive reliable properties
(redshift, stellar mass, star-formation rate and dust mass).

We used the Far-Infrared (FIR) data from the
PACS Evolutionary Probe (PEP, Lutz et al. 2011) and
the Herschel Multi-tiered Extra-galactic Survey (HerMES,
Oliver et al. 2012) programs, which cover the three fields
used in this work. The former was performed with the PACS
camera (70, 100 and 160µm; Poglitsch et al. 2010) while
the latter with the SPIRE camera (250, 350 and 500µm;
Griffin et al. 2010), both on board of the Herschel Space
Observatory (Pilbratt et al. 2010). Herschel catalogues are
based on prior information on MIPS 24µm positions and
fluxes. The PEP catalogue was described by Lutz et al.
(2011) and Berta et al. (2011), while the HerMES cata-
logue was presented by Roseboom et al. (2010, 2012). Since
only the GOODS-S field was observed at 70 µm, following
Santini et al. (2013, S13 hereafter), who reported that the
exclusion of that band does not significantly affect the re-
sults, we will not use the 70 µm data, to use a consistent
procedure among all the fields.

For the GOODS-S field we used the optical/near-
IR photometric data from the GOODS-MUSIC catalogue
(Grazian et al. 2006; Santini et al. 2009) and the X-ray
counterpart information from the 4 Ms Chandra Deep
Field South (CDF-S) main catalogue (Xue et al. 2011).
In the GOODS-N field we collected the multiwavelength
data from the PEP team catalogue (Berta et al. 2011)
and the X-ray data from the 2 Ms Chandra Deep Field
North catalogue (Alexander et al. 2003; Bauer et al. 2004).
Finally, in the COSMOS field we used the Ilbert et al.
(2009) and McCracken et al. (2010) multiwavelength cat-
alogues and the Chandra (Civano et al. 2012) and XMM
(Brusa et al. 2010) COSMOS optical identification cata-
logues, complemented by the photometric redshifts pre-
sented by Salvato et al. (2011). All the catalogues are
supplemented with spectroscopic or photometric redshifts.
Photometric redshift for inactive galaxies in COSMOS
and GOODS-N lacking redshift information in the above-
mentioned catalogues were computed by using the EAZY
code (Brammer et al. 2008).

We applied two selection criteria to the parent sample
in the three fields: 1) signal-to-noise ratio (SNR) > 10 in the
K-band; 2) z 6 1. The K-band selection ensures that we can
derive reliable estimates for the stellar mass (following S13),
while the redshift cut ensures that the Herschel bands are
not probing rest-frame wavelengths that may be significantly
affected by AGN heating and reprocessing (which may affect
our estimation of the dust masses). Indeed, Rosario et al.
(2012) have shown that out to z∼1 the PACS colors are
consistent with those typical of star forming galaxies, while
some AGN contamination to the 100µm may occur at higher
redshift.

Once these selections are applied, we divided the result-
ing objects into AGN and a galaxy samples. In COSMOS, we
considered an X-ray detected object to be an AGN follow-
ing its optical classification (Brusa et al. 2010; Civano et al.
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2012) or best-fitting SED template (Salvato et al. 2011)
or if its absorption-corrected luminosity in the rest-frame
2− 10 keV band, where available, is LX > 1042erg s−1. This
threshold is a compromise between the sample size and
the contamination by purely powerful star-forming galax-
ies (Ranalli et al. 2003). The luminosities were collected
from Lanzuisi et al. (2013) and Mainieri et al. (2007, 2011),
who performed a spectral analysis on a sample of bright
sources in the Chandra-COSMOS (Elvis et al. 2009) and
XMM-COSMOS (Cappelluti et al. 2009) catalogues, respec-
tively. Intrinsic luminosities of all the XMM-COSMOS se-
lected sources were also derived by the XMM-COSMOS
team using the observed fluxes and Hardness Ratio HR
(see Merloni et al. 2013). In GOODS-S we assumed the
Xue et al. (2011) classification and luminosity for the X-
ray sources. In GOODS-N we used the X-ray detected AGN
sample of Bauer et al. (2004). The luminosities of the X-ray
selected AGN for which this information could be retrieved
are in the range 1041 . LX < 1045erg s−1, and only ∼ 5
per cent of them have LX > 1044erg s−1. Given the lim-
iting fluxes of the X-ray samples, the most obscured AGN
can still remain undetected. In order to at least partially
recover them, we applied the IRAC power-law selection by
Donley et al. (2012). The resulting AGN sample consists in
801 objects, of which 631 X-ray selected ( in any X-ray band
considered in the above-mentioned catalogues; 486 in COS-
MOS and 145 in GOODS-S+N) and 255 IRAC selected (241
in COSMOS and 14 in GOODS-S+N). Eighty-five AGN (78
in COSMOS and 7 in GOODS-S+N) are in common between
the two selections. All the sources which do not satisfy any
of the AGN selection criterion in each field are automatically
classified as inactive galaxies (∼ 175000 objects).

3 PARAMETERS DERIVATION

In this section we describe how the physical parameters for
our sample of AGN and galaxies were derived. In order to
avoid selection effects due to redshift, stellar mass and lu-
minosity affecting the dust mass (and hence the gas mass)
measurement and distribution, we adopted a stacking tech-
nique to derive the average FIR fluxes in bins of stellar mass
and redshift. This method ensures a high level of complete-
ness, since only a small fraction of sources are individually
detected by Herschel, especially in the longest wavelength
bands.

3.1 Stellar Mass

Stellar masses for AGN-hosting galaxies in the sample were
derived using the same method as in Santini et al. (2012),
where several consistency tests were also performed. The
observed optical photometry was fitted with a combined
library of stellar synthetic templates (Bruzual & Charlot
2003) and pure AGN emission templates affected by lev-
els of absorption (Silva et al. 2004) associated with different
column densities NH .

In order to break the degeneracies between the differ-
ent fit parameters, the AGN were classified into Type I (un-
absorbed) and Type II (absorbed) sources on the basis of
optical spectroscopic classification (where available), best-
fitting Spectral Energy Distribution (SED) template from

Salvato et al. (2011) and intrinsic absorption derived from
X-ray data analysis (Lanzuisi et al. 2013; Mainieri et al.
2007, 2011; Bauer et al. 2004). Sources for which all these
priors are lacking, as well as X-ray undetected AGN (i.e.
Spitzer selected AGN) were considered as Compton-Thin
Type II AGN. Moreover, by averaging the two templates
of moderate absorption, the four Silva et al. (2004) tem-
plates were reduced to three: unabsorbed (NH < 1022cm−2),
Compton-Thin absorbed (1022 < NH < 1024cm−2) and
Compton-Thick absorbed (NH > 1024cm−2). Only the most
suitable template, based on the above classification, was fit-
ted to each AGN. In particular, the unabsorbed, absorbed
Compton Thin and absorbed Compton Thick templates
were used for 100, 694 and 7 sources, respectively.

The fit was performed through a χ2 minimization up to
5µm rest-frame, since the Bruzual & Charlot (2003) tem-
plates do not include emission from dust reprocessing, as-
suming an exponentially declining star-formation history
and a Salpeter IMF for the stellar component. Each flux
was weighted by the inverse of the photometric error and
the redshift of each object was fixed during the fit. The stel-
lar mass was derived by the best-fitting stellar component
alone.

3.2 Stacking procedure

AGN and galaxies are divided into 6 stellar mass bins (from
log(M∗/M⊙) = 9 to 12) and 4 redshift bins. The number of
AGN and galaxies in each bin is reported in Table 1. Here-
after, the stellar mass corresponding to each bin is assumed
to be the mean stellar mass of the objects in the bin, with un-
certainty equal to one standard deviation (typically ∼ 0.14
dex for both AGN and galaxies). We adopt the stacking pro-
cedure implemented by S13, where details on the stacking
procedure are given (see also Shao et al. 2010, Rosario et al.
2012 and Santini et al. 2012). However, in contrast with San-
tini et al., we do not bin in Star Formation Rate (SFR), since
our goal is to investigate if differences in terms of gas con-
tent between AGNs and normal galaxies may actually be
at the origin of their claimed SFR differences, hence we do
not want to include any a priori selection or binning on the
SFR.

Details on the stacking procedure are given in S13
(2013). Here we only briefly summarize the basic steps. For
each Herschel band we excluded areas on the map where the
integration time is lower than half the maximum, to avoid
regions of high noise level. Then, for each z−M∗ bin contain-
ing at least 10 objects, we stack on the residual image (in
which all the 3σ detected objects were subtracted) of each
Herschel band at the position of the undetected sources in
the bin, weighting with the inverse of the square of the error
map. Fluxes on the stacked images were measured through
a PSF fitting (for the PACS bands) or from the value of the
central pixel (on the SPIRE images). Errors on the stacked
fluxes were computed through a bootstrap procedure. Fi-
nally, the average flux S in each Herschel band is computed
as:

S =
Sstack ×Nstack +

∑Ndet
i=1

Si

Nstack +Ndet

(1)

where Sstack is the stacked flux of the Nstack undetected
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Table 1. Number of AGN and galaxies (between brackets) stacked in each z −M∗ bin (see § 3.2). The bins that fulfil the conditions in
§ 3.3 are in boldface.

z log(M∗/M⊙)
9-10 10-10.5 10.5-11 11-11.25 11.25-11.5 11.5-12

0.0-0.3 10 (3120) < 10 (735) 17 (496) < 10 (125) < 10 (37) < 10 (< 10)
0.3-0.6 48 (13800) 32(3881) 65 (2795) 42 (801) 22 (414) 16 (117)
0.6-0.8 29 (10621) 24 (5065) 61 (3071) 43 (1018) 42 (504) 16 (199)
0.8-1.0 17 (6767) 19 (6209) 72 (4393) 70 (1372) 53 (754) 30 (295)

objects in the bin and Si is the flux of each of the Ndet

detected objects at the 3σ confidence level.

3.3 Dust Mass

FIR emission in star forming galaxies is mainly due to galac-
tic cold dust, heated by young stars. The dust mass can be
inferred by fitting dust emission models to the FIR fluxes
varying the temperature distribution and normalization of
the far-IR SED. We considered only z−M∗ bins in which the
stacked flux has a 3σ significance in at least three Herschel
bands, at least one of which between the 350 and 500µm
bands. This requirement ensures a good sampling of the
dust emission peak and, hence, reliable estimates of the dust
mass.

We performed a χ2 minimization to the analytical SED
templates by Draine & Li (2007) (which span a broad range
of dust temperature distributions) and, in each z −M∗ bin,
the best-fitting dust mass (Md) was derived from the nor-
malization of the template corresponding to the minimum
χ2. Further details on the method are given in S13. Errors
were estimated from the range of Md covered by all the
templates within ∆χ2 = 1 from the value of the best fitting
template. Regarding the AGN sample, since emission from
AGN-heated dust could contribute to the FIR fluxes, espe-
cially in the PACS bands, we added the Silva et al. (2004)
AGN SEDs during the Draine & Li (2007) templates fit,
leaving their normalization free to vary. However, we shall
mention that the results on the dust masses are essentially
unchanged even by neglecting the AGN contribution in the
SED fitting; this is not surprising, not only because AGN
heating contribute mostly at mid-IR wavelengths (which are
not relevant for the dust mass derivation), but also because
most of the AGNs in our sample do not have extreme lumi-
nosities (see § 2).

3.4 Gas mass

The total gas mass (Mgas, which incorporates both the
molecular and atomic phases) can be inferred from the dust
mass through a dust-to-gas ratio (DGR; e.g. Eales et al.
2010; Magdis et al. 2012): Mgas = Md/DGR. In order to
derive the DGR, we assumed that a fixed fraction of met-
als is incorporated into dust grains (e.g. Draine et al. 2007
and references therein; Leroy et al. 2011; Smith et al. 2012;
Corbelli et al. 2012; Sandstrom et al. 2012) and that the
DGR scales linearly with the gas metallicity, traced by the
oxygen abundance (Draine et al. 2007):

DGR = 0.01 · 10Z−Z⊙ . (2)

This assumption is observationally found to be a good
approximation down to metallicities Z=12+log(O/H)∼8.0
(Rémy-Ruyer et al. 2013), which is certainly lower than the
metallicity range spanned by our sample. We refer to S13 for
a more extended discussion on this method to derive the gas
mass from the dust mass.

We derived the mean gas metallicity (Z) in each z−M∗

bin from the Fundamental Metallicity Relation (FMR) by
Mannucci et al. (2010, 2011), who found a narrow (scatter
of ∼ 0.05 dex) relation between M∗, SFR and Z in local and
high-redshift galaxies.

The average SFR for each z − M∗ bin was computed
from the total 8–1000µm luminosity (LIR ), derived by in-
tegration of the best-fitting dust emission template used in
§ 3.3:

SFR[M⊙/yr] = 1.8× 10−10 LIR[L⊙]. (3)

Stellar mass and SFR were converted from a Salpeter
to a Chabrier IMF (Davé 2008; Santini et al. 2012), as
Mannucci et al. (2010, 2011) assumed. Errors on Z were es-
timated considering the FMR intrinsic scatter and the er-
rors on M∗. Errors on SFR were ignored, since they are
negligible with respect to the other uncertainties (typically
∆logSFR/logSFR ≃ 0.04). Finally, errors on Md and Z
were propagated to derive the uncertainties on Mgas. We
shall mention that if the FMR is ignored and the metallic-
ities are simply inferred from the mass-metallicity relation
(Tremonti et al. 2004) and assuming a redshift evolution of
this relation (Maiolino et al. 2008; Troncoso et al. 2013), the
results remain unchanged. More generally the bulk of the
Mgas variations are due to the variations of Mdust, while
variations and uncertainties in the DGR play a secondary
role (i.e. the main results do not change even if we only
consider the dust mass instead of the gas mass, as we will
discuss later on).

We also note that the effect of the presence of an AGN
on the DGR, if any, would be to decrease its value with re-
spect to inactive galaxies. Indeed, the hard nuclear radiation
is expected to make the environment less favourable to dust
survival. Nonetheless, we assumed the same DGR for AGN
hosts as for inactive galaxies. As our results will show, this
turns out to be a conservative approach.

4 RESULTS AND DISCUSSION

Fig. 1 (left panel) shows the average gas mass as a function of
the stellar mass of the AGN and galaxy samples for each z−
M∗ bin which fulfils the requirements described in § 3.3. The
gas mass of galaxies increases with stellar mass, while the
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Figure 1. Gas mass as a function of the stellar mass for the AGN (blue symbols) and normal galaxy (red symbols) samples, in different
redshift bins (identified by different symbols; left panel) and averaged over the redshift bins (right panel). Loci of constant gas fraction,
for different values, are shown with dotted lines.

gas fraction, defined as fgas = Mgas/(Mgas+M∗), increases
towards lower stellar masses, as already reported by S13.

The most interesting result is that the AGN hosts gas
masses are systematically higher than in the galaxy sam-
ple, in nearly all bins of stellar mass and redshift. Since this
result does not show any evident dependence on redshift,
in Fig. 1 (right panel) we show the gas mass in the differ-
ent stellar mass bins, averaged over the redshift bins us-
ing weights corresponding to the number of objects in each
bin. Largely consistent results are found by computing the
unweighted averages. The same qualitative relations hold if
one considers the directly-measured dust mass instead of the
more physically relevant gas mass. Indeed, as also reported
in § 3.4, gas mass derivation is strongly dominated by the
dust mass, with variations on the DGR being second order
effects.

Fig. 2 shows the distribution of Mgas,AGN/Mgas,gal , for
all redshift and stellar mass bins for which this comparison
can be made. Clearly, in nearly all bins (more specifically,
in 94% of them), Mgas,AGN/Mgas,gal > 1. In 44% of the bins
the gas mass in AGN hosts is higher by more than a factor
of three with respect to normal galaxies. The same result is
shown in Fig. 3 in terms of gas fractions, fgas,AGN/fgas,gal .

To better quantify the significance of the result, Ta-
ble 2 gives the mean Mgas,AGN/Mgas,gal ratio, obtained by
averaging the results in three different stellar mass ranges.
The strongest difference is clearly at log (Mstar/M⊙) < 10.5,
where the gas mass of AGN hosts is on average an or-
der of magnitude higher than in normal galaxies, with a
significance of 6.5σ. However, the difference between AGN
and normal galaxies in terms of gas masses is significant at
∼ 3− 7σ also at log (Mstar/Modot) > 10.5.

We checked that no significant change in the results are
obtained considering different mass or redshift bins. The low
stellar-mass bins can be affected by incompleteness, also be-
cause the K-band selection preferentially rejects low mass

Table 2. Mean log (Mgas,AGN/Mgas,gal) (computed in z − M∗

bins) for three different mass ranges.

log ( M∗

M⊙
) 9-10.5 10.5-11.25 11.25-12

〈log (
Mgas,AGN

Mgas,gal
)〉 1.04 ± 0.16 0.24± 0.08 0.44± 0.06

objects. However, the same level of completeness is expected
to characterize the AGN and galaxy samples, as the K-band
is dominated by the stellar component. The main conclu-
sion holds, besides the loss of statistics, even repeating the
analysis separately on X-ray detected and undetected AGN,
as well as applying different cuts in LX .

Since gas accretion onto Super Massive Black Holes
(SMBH) is the process at the origin of nuclear activity, what-
ever the mechanisms that drives the gas into the central re-
gions are, it is not surprising that AGNs are preferentially
hosted by gas rich galaxies (see also Silverman et al. 2009).
Indeed, the conditions for gas accretion are statistically eas-
ier to be fulfilled in presence of a larger gas content. Beyond
these simple statistical arguments, models have been pro-
posed that ascribe AGN secular fuelling to disk instabilities
(Bournaud et al. 2011), which are stronger in gas rich disks.
Our results support this scenario.

As discussed above, the gas content is also the funda-
mental ingredient driving star formation in galaxies, through
the SK relation. Several works have found a relation between
strong nuclear activity and enhanced SFR with respect to in-
active galaxies (e.g Lutz et al. 2008, 2010; Shao et al. 2010;
Rosario et al. 2012). Rosario et al. (2013) and Santini et al.
(2012) found that the Herschel detection fraction for AGN is
higher than for galaxies and concluded that AGN are more
likely to be hosted by star forming galaxies.

Given the dependency of the SFR on the gas content
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Figure 2. Distribution of the ratio between the gas mass in AGN
hosts and in normal galaxies, inferred within the same z−M∗ bins.

and the result obtained by us, the enhanced star formation in
AGN galaxies appears to be primarily the result of a larger
(on average) gas content, with respect to the bulk of the
galaxy population (star forming and quiescent) at similar
stellar masses, as already suggested by Rosario et al. (2012,
2013) and Santini et al. (2012). However, the differences in
terms of SFR are less clear with respect to the differences
found by us in terms of gas content, probably because of the
additional spread introduced by the SK relation, and the
contribution of triggering mechanisms (e.g. galaxy interac-
tions), which may affect the star formation efficiency per
unit gas mass. It is beyond the scope of this paper to fur-
ther discuss the level and nature of enhanced SFR in AGN
hosts.

The main important result of our work is that AGN host
galaxies are characterized by much larger amounts of gas,
strongly suggesting that generally AGN activity in galaxies
is simply fostered by a larger content of gas, without invok-
ing specific triggering mechanisms.

5 CONCLUSIONS

Making use of the wide multiwavelength data available in
the COSMOS, GOODS-S and GOODS-N fields, we selected
a sample of AGN and galaxies at z < 1. A stacking proce-
dure on the Herschel maps was implemented to derive the
average Herschel fluxes in bins of stellar mass and redshift.
The stacked FIR fluxes were then used to derive the aver-
age dust mass and, under reasonable assumptions, the aver-
age gas mass of AGN hosts and normal galaxies. Finally we
compared the average gas mass of AGN hosts and inactive
galaxies in the same z −M∗ bins.

We find that, at a given stellar mass and redshift,
AGNs are hosted in galaxies much more gas-rich than inac-
tive ones. The difference is strongest at low stellar masses,
log(M∗/M⊙) < 10.5, where the gas mass in AGN hosts

Figure 3. Distribution of the ratio between the gas fraction in
AGN hosts and in normal galaxies, inferred within the same z −
M∗ bins.

is on average ten times higher than in normal galaxies (a
result significant at 6.5σ). Significantly higher gas masses,
relative to the normal galaxy population, are however also
observed in AGN hosts with stellar masses higher than
log(M∗/M⊙) > 10.5. Taken altogether, in nearly all stel-
lar mass and redshift bins AGN host galaxies have higher
gas content than normal galaxies; in almost half of the sam-
ple the gas fraction of AGN host galaxies is more than three
times higher than in normal galaxies.

Our result strongly suggests that the likelihood of hav-
ing an AGN in a galaxy is primarily given by the amount
of gas in the host galaxy, while dynamical triggering pro-
cesses (bars, galaxy mergers and interactions) likely play a
secondary role, at least in the luminosity range probed by
us. This result can be interpreted in simple statistics terms
that it is more likely that a gas cloud falls into the potential
of the supermassive black hole if there are overall more gas
clouds in the host galaxy. More elaborated models, in which
secular fuelling of AGNs is caused by disk instabilities, which
are stronger in more gas rich disks, are also supported by
our results.
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Rémy-Ruyer A. et al., 2013, arXiv, arXiv:1312.3442
Rosario D. J. et al., 2012, A&A, 545, A45
Rosario D. J. et al., 2013, ApJ, 771, 63
Roseboom I. G. et al., 2010, MNRAS, 409, 48
Roseboom I. G., et al., 2012, MNRAS, 419, 2758
Salvato M. et al., 2011, ApJ, 742, 61
Sandstrom K. M. et al., 2012, ApJ, 744, 20
Santini P. et al., 2009, A&A, 504, 751
Santini P. et al., 2012, A&A, 538, A33
Santini, P. et al., 2012, A&A, 540, A109
Santini P. et al., 2013, arXiv:1311.3670
Schmidt M., 1959, ApJ, 129, 243
Scoville N. et al., 2014, arXiv, arXiv:1401.2987
Shao L. et al., 2010, A&A, 518, L26
Silva L., Maiolino R., Granato, G. L., 2004, MNRAS, 355,
973

Silverman J. D. et al., 2009, ApJ, 696, 396
Smith D. J. B. et al., 2012, MNRAS, 427, 703
Tacconi L. J. et al., 2013, ApJ, 768, 74
Tremonti C. A. et al., 2004, ApJ, 613, 898
Troncoso P. et al., 2013, arXiv, arXiv:1311.4576
Xue Y. Q. et al., 2011, ApJS, 195, 10

This paper has been typeset from a TEX/ LATEX file prepared
by the author.

c© 2014 RAS, MNRAS 000, 1–7

http://arxiv.org/abs/1312.3442
http://arxiv.org/abs/1311.3670
http://arxiv.org/abs/1401.2987
http://arxiv.org/abs/1311.4576

	1 Introduction
	2 Data set and sample selection 
	3 Parameters derivation
	3.1 Stellar Mass
	3.2 Stacking procedure
	3.3 Dust Mass
	3.4 Gas mass

	4 Results and discussion
	5 Conclusions

