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Table 2. The mean luminosity and luminosity density in each band for the Virgo and Fornax bright galaxy samples.
The Virgo luminosity density is that for the whole sample which lies over a distance range of 17–32 Mpc. Values in
parentheses are for the sample of galaxies with distances of 17–23 Mpc (see Davies et al. 2012). The Fornax values
are for the whole sample with values in parentheses with NGC 1437B, which has a somewhat discrepant distance
(10.3 Mpc), removed. Errors on these values are difficult to assess because of the unknown distance errors and our
definition of the cluster volume. Errors on the measured flux densities are given in the text.

Band Mean luminosity Luminosity density Mean luminosity Luminosity density
(µm) (Virgo) (Virgo) (Fornax) (Fornax)

× 1022 (W Hz−1 sr−1) × 10−45 (W m−3 Hz−1) × 1022 (W Hz−1 sr−1) × 10−45 (W m−3 Hz−1)

100 3.4 6.5(19.7) 9.4 24.5(39.9)
160 4.4 8.3(25.9) 8.3 25.2(40.3)
250 2.4 4.6(14.8) 4.3 14.2(23.1)
350 1.0 1.9(6.3) 1.9 6.1(9.9)
500 0.4 0.7(2.3) 0.6 2.2(3.6)

highlight a similar problem when relating PACS and Spitzer data.
The IRAS/PACS colour corrections are negligible. NED gives ISO
150 and 170 µm flux densities of 194 and 167 Jy, respectively, for
NGC 1365. The mean of these is 181 Jy which compares with our
value of ∼205 Jy at 160 µm, again consistent within our calcu-
lated errors. The Planck consortium have released a point source
catalogue of bright sources which, at 350 µm, contains five of the
galaxies in our list. In Fig. 2, we also compare these 350 µm flux
densities (we use the Planck GAUFLUX value for extended sources)
with our SPIRE data – there is a reasonably close agreement be-
tween the SPIRE and Planck values, with only NGC 1437B being
slightly discrepant (see Fig. 2). The SPIRE/Planck colour correction
is small (F SPIRE

350 /F Planck
350 = 0.99) and has been ignored, Ciesla et al.

(2012). For NGC 1365 we also have a Planck detection at 550 µm
of 13.62 Jy. For a typical dust temperature of 20 K a correction of
∼1.2 is necessary to transform this to what is expected at 500 µm
(Baes et al., in preparation). Carrying out this correction leads to a
value of 16.34 Jy compared to 17.66 Jy measured from our SPIRE
data, this value is again consistent within our quoted errors – the
SED of NGC 1365 is discussed further in Section 3.

3 TH E D E R I V E D PA R A M E T E R S O F TH E
SAMPLE GALAXIES

3.1 Luminosity and luminosity density

Given the apparent shape (peaked) of the Virgo cluster luminosity
distributions we decided to characterize each distribution solely by
its mean values (Davies et al. 2012). With so few galaxies in this
sample this is also about all we can justifiably do for Fornax. Mean
values are given in Table 2, where they are also compared to Virgo.
It is clear that the majority of the far-infrared energy of the cluster
is being produced at the shortest of these wavelengths. The mean
luminosity of galaxies in Fornax is higher than that of Virgo because
of the total dominance in the far-infrared of NGC 1365. For example
at 250 µm, 76 per cent of the luminosity of the cluster is produced
by just this one galaxy.

For Virgo the luminosity distributions turned over at both the
faint and luminous ends and so we could make an estimate of the
luminosity density in each band. Based on the same assumption
(we have too few Fornax galaxies to conclusively demonstrate this)
we can in the same way calculate a luminosity density for Fornax.
The volume sampled over 16 square degrees of sky is ∼12.9 Mpc3

for galaxies between the extremes of distance of 10.3 and 20.9 Mpc.
This seems a little large for a cluster, in which case it is the distance
of NGC 1437B that is discrepant. Removing NGC 1437B from

the sample the volume is ∼7.9 Mpc3 (galaxies between 16.2 and
20.9 Mpc). Densities calculated with NGC 1437B removed from
the sample will be given in parentheses after the value for the whole
sample. As explained in Davies et al. (2012), Virgo cluster members
in the HeViCS sample extend from 17 to 32 Mpc, which is also a
large distance compared to what is normally assumed for the size
of a cluster. So, all densities quoted for Virgo will be given using
both the whole sample and only those with distances between 23
and 17 Mpc given in parentheses.

It is not easy to define the size of a given cluster so that real-
istic comparisons can be made between clusters of different sizes.
Ferguson (1989b) gives the core radii of Virgo and Fornax as ≈0.6
and ≈0.3 Mpc, respectively. This is a ratio of a factor of 4 in area,
just the same as the ratio of field sizes between the HeViCS and
HeFoCS surveys and so we will compare cluster properties using
galaxies detected in both cases over the full survey area.

Luminosity densities calculated in the above way are given in
Table 2. Far-infrared luminosity densities are higher by about a
factor of 3 in Fornax compared to Virgo. This is consistent with
the factor of 2.5 times larger central number density of galaxies
in Fornax compared to Virgo (Ferguson 1989a). Comparisons of
luminosity densities with other surveys are discussed by Davies et al.
(2012), but of particular interest is the Saunders et al. (1990) value
for the mean local luminosity density. In the range 42.5–122.5 µm,
they derive a value of 4.0 × 107 L� Mpc−3. Using this bandpass
and our 100 µm luminosity density, we can make an approximate
comparison with the Saunders et al. (1990) value.3 We calculate
a value of 5.8(8.6) × 109 L� Mpc−3 for Fornax compared with
1.1(3.3) × 109 L� Mpc−3 for Virgo. The Fornax value is 145(238)
times larger than the local mean value measured by IRAS.

The far-infrared luminosity of each galaxy can be calculated using
non-overlapping bands corresponding to each Herschel wavelength
(not necessarily centred on the nominal wavelength because of the
uneven band spacing). As in Davies et al. (2012), we define the
Herschel far-infrared luminosity as

L100−500 = 3.1 × 104d2
Mpc[(f100�f100) + (f160�f160)

+ (f250�f250) + (f350�f350) + (f500�f500)] L�,

where f100, f160, f250, f350, f500, �f100 = 18.0, �f160 = 8.9, �f250 = 4.6,
�f350 = 3.1 and �f500 = 1.8 are the flux density (Jy) and bandwidth

3 Note that the Saunders et al. value is derived from both IRAS 60 and 100 µm
flux densities. The 60 µm flux density in particular may be influenced by a
warmer dust component associated with star formation that is not included
in the fits to our data.
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(1011 Hz) in each band, respectively, and we have taken the solar
luminosity to be 3.9 × 1026 W. Calculating the luminosity in this
way means that it does not depend on any particular fit to the SED,
i.e. it is valid for galaxies well fitted by a single modified blackbody
with any value of emissivity power index (β), those that require two
components or more and those that do not have a thermal spectrum.
Far-infrared luminosities (L100−500) for each galaxy are listed in
Table 3. Comparing the average far-infrared SED of the galaxies
in the sample, we find that the highest flux density occurs almost
equally in the 100 and 160 µm bands, with the flux density about
one-third of the total in each case.

Simply multiplying the luminosity densities given in Table 2 by
the bandwidths, as above, we obtain a Fornax 100–500 µm far-
infrared luminosity density of 5.8(9.5) × 109 L� Mpc−3 using a
solar luminosity of 3.9 × 1026 W. This is a little over three times
higher than the Virgo value of 1.6(7.0) × 109 L� Mpc−3 (Davies
et al. 2012).

In Davies et al. (2012) we define the apparent stellar luminosity
from 0.4 to 2.5 µm as

L0.4−2.5 = 3.1 × 107d2
Mpc[(fg�fg) + (fr�fr ) + (fi�fi)

+ (fJ �fJ ) + (fH �fH + (fK�fK ))] L�,

where fg, fr, fi, fJ, fH, fK, �fg = 1.9, �fr = 1.1, �fi = 1.6, �fJ = 0.9,
�fH = 0.3 and �fK = 0.5 are the flux (Jy) and bandwidth (1014 Hz)
in each band, respectively. The g, r and i band data (λg = 0.48,
λr = 0.62, λi = 0.76 µm) were taken from the Sloan Digital Sky
Survey (SDSS). For the Fornax galaxies, we do not have SDSS data
or any other uniform optical data and so we have had to rely on the
near-infrared (NIR) data only. In Davies et al. (2012), we showed
that about 73 per cent of the observed stellar radiation is emitted in
these NIR bands and so we have multiplied the calculated stellar
luminosity by a factor of 1.36 to account for this. For NGC 1427A
and NGC 1437A, we do not have NIR data and so we have just used
the blue-band magnitude and an absolute blue-band magnitude of
the Sun of 5.45. In the NIR, the values used are from the two
Micron All Sky Survey (2MASS) which lists J, H and K band
(total) magnitudes (λJ = 1.25, λH = 1.65, λK = 2.17 µm). The
2MASS website gives the following zero-points for the conversion
of magnitudes to Jy: KJ = 8.01, KH = 7.53, KK = 7.06.

Summing the contribution from all the galaxies leads to an optical
luminosity density of ρ0.4−2.5 = 8.6(14.1) × 109 L� Mpc−3 just 1.5
times larger than the far-infrared value given above. The optical
luminosity (uncorrected for extinction) is found to be about three
times that of the far-infrared in Virgo (Davies et al. 2012).

The optical and far-infrared luminosities can be used to make a
crude estimate of the ‘typical’ optical depth (〈τ 〉) experienced by
a photon as it leaves a galaxy, based on a simple screen of dust
model:

〈τ 〉 = ln

(
1.0 + L100−500

L0.4−2.5

)
.

Values of 〈τ 〉 are listed in Table 3. The mean value for galaxies in
this sample is 〈τ 〉mean = 0.4 ± 0.1 so on average the optical energy is
emerging from regions of intermediate optical depth (neither totally
optically thin or thick) – the mean value found for Virgo was just the
same. Individual values of 〈τ 〉 also have a similar range to Virgo of
0.06–1.10. Interestingly NGC 1365, the brightest far-infrared source
in both Virgo and Fornax, has a far-infrared luminosity almost the
same as its optical luminosity, and the typical photon originates
from an optically thick (τ = 1.11) region. As pointed out in Davies
et al. (2012), the two ‘optically thick’ galaxies with 〈τ 〉 greater
than unity in the Virgo sample are both relatively face-on late-type
spirals – NGC 4234 (Sc) and NGC 4299 (Scd); this is also now
true for Fornax (inclinations to the plane of the sky are 56◦, 40◦

and 20◦ for NGC 1365, NGC 4234 and NGC 4299, respectively).
As galactic dust is typically confined to a relatively thin disc, the
value of τ should be dependent on the inclination of each galaxy to
the line of sight. It is therefore surprising that the highest values of
τ are associated with relatively face-on galaxies. The above value
of 〈τ 〉mean is very close to the value given in Saunders et al. (1990)
derived in a similar way using IRAS data (〈τ 〉IRAS

mean = 0.3 ± 0.1). The
value we find implies that on average ∼33 per cent of the stellar
radiation of a galaxy is absorbed by dust. The value is in agreement
with what was found by Popescu & Tuffs (2002) using a sample of
late-type Virgo galaxies observed with ISO.

3.2 Dust mass and temperature

In order to derive dust mass and temperature, we have fitted the SED
of each galaxy, as defined by the flux densities given in Table 1, with

Table 3. The Fornax Cluster Survey bright galaxy Sample – (1) name, (2) absolute B magnitude, (3) stellar mass, (4) H I mass, (5) dust mass, (6) dust
temperature, (7) stellar luminosity from 0.4 to 2.5 µm, (8) far-infrared luminosity from 100 to 500 µm, (9) mean optical depth, (10) stellar to atomic gas
mass ratio and (11) atomic gas to dust mass ratio. Optical and near-infrared magnitudes where required are taken from the NED data base. NGC 1427A and
NGC 1437A were not detected by 2MASS and so their stellar mass has been calculated using just their B-band magnitude and an absolute magnitude of the
Sun of MB� = 5.47 (for the same reason they do not have an integrated optical luminosity). NGC 1399 only has a measurement at 500 µm and so we are not
able to calculate a dust mass. The early type galaxies NGC 1386, NGC 1387 and NGC 1399 have not been detected at 21 cm.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
Name MB Log(MStars) Log(MH I) Log(MDust) Td Log(L0.4 − 2.5) Log(L100 − 500) 〈τ 〉 MStars/MH I MH I/MDust

(M�) (M�) (M�) (K) (L�) (L�)

NGC 1351A −17.39 9.41 8.80 7.04 ± 0.07 17.1 ± 1.1 8.93 8.85 0.61 4.1 57.5
NGC 1350 −20.44 10.71 9.15 7.68 ± 0.15 16.8 ± 2.0 10.26 – – 36.3 29.5
NGC 1365 −21.03 10.87 10.08 8.35 ± 0.07 22.0 ± 2.6 10.50 10.80 1.10 6.2 53.7
NGC 1386 −18.96 10.24 – 6.73 ± 0.07 23.6 ± 2.8 9.76 9.33 0.32 – –
NGC 1387 −19.50 10.55 – 6.58 ± 0.07 24.2 ± 2.3 10.00 9.20 0.15 – –
NGC 1399 −20.71 11.05 – – – 10.55 – – – –
NGC 1427A −17.63 9.23 9.18 6.54 ± 0.10 16.4 ± 1.8 9.23 8.08 0.09 1.1 436.5
NGC 1437A −17.23 9.07 8.70 6.56 ± 0.13 14.8 ± 9.07 7.89 0.06 2.3 138.0
NGC 1436 −19.00 10.00 8.17 7.18 ± 0.07 18.5 ± 1.2 9.54 9.15 0.35 67.6 9.8
NGC 1437B −16.08 8.85 8.08 6.56 ± 0.08 14.6 ± 1.0 8.29 8.15 0.55 5.9 33.1
ESO358−G063 −18.78 9.91 9.26 7.38 ± 0.07 19.8 ± 1.3 9.45 9.49 0.74 4.5 75.9
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Figure 3. Herschel SEDs of the Fornax bright galaxy sample. The SEDs
are ordered with the coldest galaxy at the top.

a single temperature modified blackbody. The method is identical
to that used for the Virgo galaxies and is fully described in Davies
et al. (2012). In summary, we use a power-law dust emissivity
κλ = κ0(λ0/λ)β , with spectral index β = 2 and emissivity κ0 =
0.192 m2 kg−1 at λ0 = 350 µm. The monochromatic flux densities
measured from the images, as reported in Table 1, come from the
pipeline calibration. They have been derived from the passband-
weighted flux density (measured by the instruments), applying a
colour correction for a flat energy spectrum (Fν ∝ ν−1). When
doing the fit to the data points, we first remove this correction and
then apply our own colour correction to the pipeline monochromatic
fluxes densities. The colour corrections are given in table 3 of Davies
et al. (2012). The model fit to the data was obtained with a standard
χ2 minimization technique.

Plotting the data given in Table 1 shows that the majority of galax-
ies are simply and well fitted by this single temperature-modified
blackbody curve with fixed emissivity index; the fits are shown in
Fig. 3 (ordered by increasing temperature). This good correspon-
dence of the data with a single modified blackbody curve is essen-
tially the same result we obtained for Virgo (Davies et al. 2012;
see also Boselli et al. 2012; Dale et al. 2012). The most notable
discrepant point is that at 100 µm for NGC 1437B. As with many
Fornax galaxies when compared to Virgo, there is no literature dis-
cussion of NGC 1437B that we can find. It is described as an I0
galaxy in NED and as an edge-on Sd in Thomas et al. (2008). There
is a GALEX image that shows that there is star formation in bright
‘clumps’ and it clearly looks as though it has been disturbed in
some way by the local environment. Presumably the excess 100 µm
emission is due to warm dust heated by this on-going star forma-
tion. NGC 1427A and NGC 1437A both have what might be excess
emission at 500 µm, but it is difficult to be sure because there are

only four data points and the modified blackbody fit is not so good.
Note that NGC 1399 is omitted from Fig. 3 because we only have
one flux density measurement at 500 µm.

Derived dust masses and temperatures are in the range
106.54−8.35 M� and 14.6–24.2 K, respectively (106.22−8.17 M� and
12.8–27.2 K for Virgo). Prior to the availability of observations
at wavelengths longer than about 100 µm, calculated galaxy dust
masses and temperatures from surveys similar to HeViCS and
HeFoCS were typically 106.6 M� and 30–50 K, respectively (taken
from Soifer et al. 1987 where they have 31 galaxies in common
with HeViCS; see also Devereux & Young 1990). This confirms
the need for longer wavelength observations (λ > 160 µm) to sam-
ple the Rayleigh–Jeans tail of the SED and detect the colder dust
component in galaxies.

3.3 Stellar mass

We have calculated stellar masses (MStar) for each galaxy (Table 3)
using the prescription given in Bell et al. (2003), i.e.

log Mstar = −0.359 + 0.21(B − V ) + log
LH

L�
,

where LH has been calculated using an H-band absolute magnitude
for the Sun of M�

H = 3.32. MH and (B − v) values have been
taken from NED. Because of the lack of data, for NGC 1427A and
NGC 1437A the stellar masses have been calculated solely from
their B-band magnitudes using a B-band magnitude for the Sun of
M�

B = 5.47.

3.4 Gas mass

Where available (8 out of 11 galaxies), we have taken the 21 cm
spectral line flux integral (STot, Jy km s−1) for each galaxy from NED
and used the distances given in Table 1 to obtain atomic hydrogen
gas masses (MH I, M�). The masses have been obtained using the
standard formula

MH I = 2.4 × 105d2
MpcSTot.

Atomic hydrogen gas masses are given in Table 3 along with dust
and stellar mass.

Derived from CO observations there are four detections and three
upper limits on the molecular hydrogen masses of these galaxies
(Horellou, Casoli & Dupraz 1995). NC1365, NGC 1386, NGC 1436
and ESO358-G063 have Log(MH2 ) equal to 10.3, 8.3, 7.7 and 8.6,
respectively. There is almost a factor of 2 more molecular hydrogen
in NGC 1365 than atomic, and NGC 1386 is surprisingly detected
in CO, but not H I. NGC 1351A, NGC 1350 and NGC 1387 all have
upper limits on their molecular gas masses that are in each case
more than a factor of 10 less than their atomic hydrogen masses.
We have not incorporated this molecular gas data into Table 3 or
discussed it further, so this paper is directly comparable with the
equivalent paper on Virgo, where we have not included molecular
gas masses (Davies et al. 2012). In the above, we have taken XCO =
3 × 1020 cm2 (K km s−1)−1.

3.5 Mass densities

By simply dividing the total mass in each component by the vol-
ume sampled [∼12.9(7.2) Mpc3], we can calculate the cluster mass
densities. Provided the luminosity distributions in each far-infrared
band are peaked, the total cluster dust mass should be well con-
strained by our sample galaxies unless there is a significant dust
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Table 4. The mass densities in stars, gas and dust in the Fornax and Virgo clusters along with that
for the local field, represent when compared to the local field. The Virgo values are for the whole
sample, which lies over a distance range of 17–32 Mpc. Values in parentheses are for the sample of
galaxies with distances of 17–23 Mpc (see Davies et al. 2012). The Fornax values are for the whole
sample with values in parentheses with NGC 1437B, which has a somewhat discrepant distance
(10.3 Mpc), removed. References for the field values are given in the text. The final two columns
give the overdensities of Virgo and Fornax compared to the field value.

Virgo Fornax Field Virgo Fornax
(M� Mpc−3) (M� Mpc−3) (M� Mpc−3) overdensity overdensity

Stars 7.8(29.7) × 109 24.0(39.2) × 109 0.2 ± 0.1 × 109 34(129) 120(195)
Gas 0.5(1.4) × 109 1.4(2.3) × 109 0.08 ± 0.01 × 109 6(18) 18(29)
Dust 8.6(27.8) × 106 26.5(43.3) × 106 0.22 ± 0.04 × 106 39(126) 120(196)

component in the intergalactic medium. From the dust in our sam-
ple galaxies, we derive the densities given in Table 4. Values for
Virgo have been taken from Davies et al. (2012). These values can
be compared with a recent determination of the local dust mass
density for galaxies in all environments from Dunne et al. (2011).
This shows that Fornax is overdense in dust by about a factor of
120(196) while Virgo is overdense by about a factor of 39(126).

If the Fornax H I mass function is peaked, similar to Virgo (Davies
et al. 2004; Taylor 2010), the H I gas in these galaxies should provide
a good estimate of the cluster total. Using the eight H I masses
available (Table 3), we derive the H I mass density shown in Table 4.
The value for Virgo is taken from Davies et al. (2012). Recently,
Davies et al. (2011) measured a local ‘field’ H I mass density of
7.9 ± 1.2 × 107 M� Mpc−3 (see also Martin et al. 2010). Thus, the
Fornax cluster is overdense in H I, when compared to the field, by a
factor of 18(29) and Virgo by 6(18).

As a check of our assumption that our sample galaxies contain the
majority of H I in the volume, we have looked at the HIPASS data
for Fornax as described in Waugh (2002). There are three galaxies
in our Herschel field that have H I detections by Waugh, but are not
in our sample (a visual inspection shows that they are all detected
in the far-infrared, but not at the required flux level). The three H I

detections are ESO358-G015, ESO358-G051 and ESO358-G060
and using their distances as listed in NED they amount to just 9 per
cent of the total atomic hydrogen in our sample galaxies.

Comparing stellar mass functions is not quite so straightforward
because of uncertainties in the faint end slope of the cluster lu-
minosity function, i.e. the numbers of faint dwarf galaxies (see
Sabatini et al. 2003 and references therein). For the stars in our
sample galaxies, we obtain the densities given in Table 4. The Virgo
value is again taken from Davies et al. (2012). Baldry, Glazebrook
& Driver (2008) recently derived the local galaxy stellar mass func-
tion and from it the field stellar mass density (Table 4). Thus, the
Fornax cluster is overdense in stars by 120(195) compared to values
for Virgo of 34(129). Where required in the above derivations we
have used H0 = 72 km s−1, m = 0.27 and � = 0.73.

The larger stellar mass density we calculate for Fornax compared
to Virgo is again roughly consistent with the factor of 2.5 higher
number density of galaxies derived by Ferguson (1989a) – Fornax
is a higher overdensity than Virgo. Interestingly, both Virgo and
Fornax represent about equal overdensities of dust and stars, but
the atomic gas is relatively much more depleted (Table 4). This
presumably indicates that atomic gas has been removed from these
galaxies without the loss of consummate amounts of dust, though
Cortese et al. (2010) show, by the clear truncation of Virgo cluster
dust discs, that some dust must be lost from the outer regions of
galaxies in the cluster environment.

We can make a simple calculation to see the effect of ram pres-
sure on both the gas and the dust. The force per unit area a particle
in the disc of a galaxy experiences is the difference between the ram
pressure and the restoring force per unit area due to the discs surface
mass density (Gunn & Gott 1972). In this case the acceleration a
particle undergoes depends on its cross-sectional area (a) and its
mass (mp) and for constant acceleration the time-scale for removal
is just proportional to

√
mp/a. Using typical values for the masses

(mg ≈ 10−27, md ≈ 10−14) and sizes (ag ≈ 10−20, ad ≈ 10−12) of
gas and dust particles leads a time-scale for dust removal about a
factor of 100–1000 longer than gas removal (this ignores viscous
drag between the gas and dust; see Davies et al. 1998). Evidence
from Virgo shows that atomic and molecular gas are also affected
very differently by the cluster environment. There is no evidence
for an H2 deficiency in Virgo but there clearly is an atomic gas
deficiency (Gavazzi et al. 2008; Young et al. 2011). So, a com-
plementary explanation for the non-removal of dust is that it is
primarily associated with dense H2 reservoirs that are very resistant
to the ram pressure stripping process.

Using the Davies et al. (2010) and Dunne et al. (2011) values for
the global H I and dust mass densities gives a local ‘field’ atomic
gas to dust ratio of 363,4 while the same ratio in the Fornax and
Virgo clusters is 52(53) and 58(50), respectively. From the above it
seems that these low values are entirely due to the loss of atomic
gas. In each case this amounts to about six times as much H I lost
from these galaxies as is presently contained within them (5 × 1011

and 1 × 1011 M�, respectively, for Virgo and Fornax). It seems
that irrespective of the different environments prevalent in these
two clusters the atomic gas loss mechanisms are equally effective.
H I complexes within the Virgo cluster, but external to previously
identified galaxies, have been found by Davies et al. (2004), Oost-
erloo & van Gorkom (2005) and Kent et al. (2007), but they only
represent a small fraction of the cluster atomic gas.

3.6 The spectral energy distribution of NGC 1365

The brightest Virgo cluster galaxy at these wavelengths is NGC 4254
(F100 = 114.2 Jy, D = 17 Mpc; Davies et al. 2012), but this is totally
outshone by the Fornax cluster galaxy NGC 1365 (F100 = 213.5
Jy, D = 17.9 Mpc). Being so bright NGC 1365 is also detected
by Planck in four bands at 350, 550, 850 and 1382 µm. In Fig. 4,
we show the PACS, SPIRE and Planck data along with the best-
fitting modified blackbody taken from Fig. 3. The Planck data are

4 The local value of the gas-to-dust ratio for the Milky Way is ∼143 (Draine
et al. 2007), but our calculation neglects the molecular gas included in this
value.
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Figure 4. The far-infrared SED of NGC 1365. Black points are the PACS
and SPIRE data and the black line the best modified blackbody curve fit to
them. The red points are the Planck data.

those derived by fitting a 2D Gaussian to the data (GAUFLUX,
which should be more appropriate for extended sources) and colour
corrected using the Herschel SED and the tables in the explanatory
notes of the Planck early release compact source catalogue. The
Planck data fit remarkably well the modified blackbody all the way
out to 1382 µm. There is no significant sign of any excess emission
above that of the modified blackbody, with the point at 1382 µm
being the most discrepant.

The band centred on 1382 µm contains the CO(2–1) line and this
might explain the slight excess. According to Sandqvist, Joersaeter
& Lindblad (1995) the total CO(1–0) luminosity of NGC 1365 is
5200 Jy km s−1. For the Planck bandwidth (33 per cent of the central
frequency) and using the measured CO(2–1)/CO(1–0) = 0.8 ratio
we find that the CO(2–1) line contributes 0.045 Jy (7 per cent of
the total) to the 1382 µm flux density. If this is subtracted from the
colour-corrected data, then the 1382 µm point sits nicely on top of
the modified blackbody curve.

Over these longer, Planck wavelengths, we might also expect an
additional contribution to the observed flux density from free–free
emission (synchrotron emission only starts to become important
at wavelengths greater than ∼1 cm; Condon 1992). Combining
equations 23 and 26 from Condon (1992) we get

(
Fλ

Jy

)
= 1.2 × 10−10

(
λ

µm

)0.1 (
dMpc

Mpc

)−2 (
LFIR

L�

)
,

where Fλ is the free–free flux density in Jy at wavelength λ in µm,
dMpc is the distance in Mpc and LFIR the far-infrared luminosity
in solar units. For NGC 1365 at a distance of dMpc = 17.9 Mpc
and LFIR = L100−500 = 6.5 × 1010 L�, the predicted flux densities
at 850 and 1382 µm are 0.048 and 0.050 Jy, respectively. These
values are again much smaller than the extrapolation of the modified
blackbody curve and so free–free emission is predicted to be only
a small fraction of the emission at these wavelengths.

NGC 1365 is a powerful Seyfert (type 1.8) galaxy (Veron-Cetty
& Veron 2006), but no sign of the active galactic nucleus is seen in
its global far-infrared/sub-mm spectrum. Previous observations of
some more passive galaxies has revealed an excess at wavelengths
beyond 350 µm, particularly the Milky Way (Leitch et al. 1997)
and star-forming dwarf galaxies (Grossi et al. 2010). This emission
has been associated with an additional ‘spinning dust’ component
(Draine & Lazarian 1998a,b), but it is not observed here.

Figure 5. A part of the 500 µm image (radius ∼22.5 arcmin) centred on
the position of NGC 1399. Extended emission is seen at approximately the
position of NGC 1399. The red arrow shows approximately the position, ex-
tent and orientation of the radio jet. The centre of the galaxy when measured
in the optical and ultraviolet is indicated by the white arrow.

3.7 Emission from NGC 1399

With a B-band absolute magnitude of −20.7, NGC 1399 is just about
a typical (L∗) galaxy in terms of its optical luminosity. But, being an
elliptical galaxy (E1) lying at the very heart of the cluster we might
expect that NGC 1399’s interstellar medium is somewhat depleted
compared to a galaxy like the Milky Way. No atomic hydrogen
has been detected in NGC 1399, though there have been previous
detections in the far-infrared possibly associated with dust emission.
There is an IRAS detection at 0.3 Jy (NED) which would be a
marginal detection in our data dependent on the size of the source –
but we detect nothing. There is a Spitzer (MIPS) detection at 160 µm
of 0.026 Jy (Temi, Brighenti & Matthews 2009), but this is below our
detection limit. For the similar, though slightly brighter in the optical
M87, our observations gave detections in all the PACS/SPIRE bands
(Davies et al. 2012), though this was almost exclusively synchrotron
emission and not thermal emission from dust (Baes et al. 2010). For
synchrotron emission from NGC 1399, we expect the highest flux
density at the longest wavelengths, consistent with our detection
at 500 µm and our non-detection at 100 µm. For the same spectral
slope as M875 we would expect a 100 µm flux density of about 0.1
Jy, below our detection threshold and rather at odds with the IRAS
100 µm detection (which is too high) and similarly at odds with the
MIPS measurement (which would be too low).

There are radio synthesis observations (44 arcsec resolution) of
NGC 1399 at 35 cm that clearly show two opposing radio jets em-
anating from the nucleus (Jones & McAdams 1992). In Fig. 5, we
show the 500 µm image of NGC 1399 with the position and ex-
tent of the 35 cm radio jet indicated by the red arrow. The 500 µm
emission appears more extended than the jet and also the jet seems
to be off-set from it, but roughly at the same position angle. The
optical centre of the galaxy (NED) corresponds with the centre of
the jet. For M87 the far-infrared emission clearly traces the radio

5 There are actually 10 radio flux densities for NGC 1399 listed in NED, but
there is a large scatter in the values with as much as a factor of 7 difference
at the same frequency, so we have not used this data to derive a spectral
slope.

 by guest on D
ecem

ber 9, 2012
http://m

nras.oxfordjournals.org/
D

ow
nloaded from

 

http://mnras.oxfordjournals.org/


Herschel Fornax cluster 843

jet and so it is a bit of a puzzle as to why NGC 1399 is different. If
the emission is actually due to dust, and this is some form of dust
lane, then it is strange that it is not detected more strongly in the
other SPIRE bands. It also extends over some 3 arcmin (16 kpc) –
this is large for a dust feature in an elliptical galaxy – NGC 1399
does not appear in the catalogue of dusty ellipticals (Ebneter &
Balick 1985). There is also the possibility that this is some chance
alignment of background sources. The region shown in Fig. 5 is
some 20 arcmin across, specifically made this large to illustrate the
brightness and number density of sources across the field. There are
background sources that could conspire to produce the emission we
are associating with NGC 1399, and so at the moment the origin of
this 500 µm emission is not clear.

4 SU M M A RY

In this paper, we have described the HeFoCS and far-infrared obser-
vations of 11 bright cluster galaxies. We carry out aperture photom-
etry and show that our measurements are consistent with previous
data where available. For 10 of the 11 galaxies, we fit SED and
derive dust masses and temperatures. We combine dust masses with
star and gas masses from the literature to assess the global properties
of the galaxies in our sample. These global properties are similar
to those detected by us in the Virgo cluster (HeViCS; Davies et al.
2012). We have then compared Fornax and Virgo with each other
and the field. Generally, Fornax is more dense in stars, gas and dust
by a factor of 3–4 relative to Virgo. When compared to the lower
density local field of galaxies, Fornax is overdense by a factor of
about 120 in stars and dust, but only a factor of 18 in gas. Values
for Virgo are about 34 and 39 for stars and dust, reducing to 6 for
gas. Both the Fornax and Virgo clusters are relatively depleted in
gas to the same extent – gas loss does not seem to be dependent on
these two different galactic environments. We specifically discuss
two of the sample galaxies in more detail. NGC 1365 because it
is the brightest far-infrared galaxy in Virgo and Fornax combined.
NGC 1399 because it is only detected at the longest wavelength of
500 µm.
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