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Figure 8. The 30 HeFoCS galaxies detected at 250 pm. The beam size is shown in the lower-left corner. The grey ellipses indicate the optical extent (Ds) of

each galaxy.

a substantially higher dust-to-stellar mass ratio for their detection.
6 per cent (11) of dwarf galaxies are detected, whereas we would
expect to detect 18 per cent (33) of the dwarf galaxies if they had
dust-to-stellar mass ratios of log (Mpys/Msis) = —3, similar to

MNRAS 440, 1571-1589 (2014)

a typical late-type galaxy. The right-hand panel of Fig. 11 shows
where these galaxies are projected spatially in the cluster. The FIR-
detected dwarf galaxies generally appear on the outskirts of the
cluster. To quantify this, Table 5 lists the average projected cluster
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Figure 9. A histogram of optical magnitude mpt of the FCC galaxies — the
black and cyan bars are the total and FIR-detected galaxies, respectively.

Table 3. Detection rates of all the FCC galaxies in the Herschel
bands. 237 FCC galaxies fall into the SPIRE maps and 200 fall into
both PACS and SPIRE in total.

Band (um)  Number of detections (N)  Detection rate (per cent)

100 19 9
160 18 8
250 30
350 28 12
500 21

centric radius as a fraction of the virial radius (R, = 0.7 Mpc)
for FIR-detected and undetected galaxies. On average, detected
dwarf galaxies are found at a 0.84 R.;;,, Whereas undetected are at
0.50 Ryisia1- These detected dwarf galaxies are found on the outskirts
of the cluster in a similar position to the transition dwarfs identified
in the Virgo cluster by De Looze et al. (2013).

Only 21 per cent of all early-type galaxies are detected by
Herschel at 250 pm, with some of the extremely dust deficient
early types having dust-to-stars ratios of below log (Mpys/Mstars) =
—6.6. Early-type galaxies appear very centrally concentrated when
compared to the dwarf and irregular-type galaxies. However, both
detected and undetected galaxies are found at an average projected
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Figure 10. The morphologies of the Fornax and Virgo galaxies in red and
blue, respectively. The upper panel represents the percentage detected in
SPIRE 250 pm band. The lower panel shows the overall morphological
make up of each cluster. The bins are as follows: dwarf (dE/dS0), early
(E/S0), late (Sa/Sb/Sc/Sd), and irregulars (BCD/Sm/Im/dS).

cluster centric radius of ~0.5 Ry . It would appear that cluster cen-
tric radius has no perceivable effect on whether or not an early-type
galaxy is detected by Herschel.

There are nine late-type galaxies in the Fornax cluster and
they are all detected except for FCC 299. In order to be de-
tected at 250 pm, the latter would require a dust-to-stars ratio
greater than log (Mpust/Msiars) = —3 due to its low stellar mass
of log (Msurs/M) = 7.8. The detected galaxies have a mean pro-
jected cluster centric radius of ~0.56 R, and no late-type galaxy
has a radius less than 0.3 Ry,

The majority of irregular-type galaxies would be detected at
250 pm if they had dust-to-stars ratios of log (Mpysi/Msiars) = —3.
Instead, approximately 31 per cent of the irregular-type galaxies are
detected, preferentially with higher stellar masses. There is no obvi-
ous trend to where they are located in the cluster, both detected and
undetected galaxies having a mean projected radius of ~0.6 Ry,

4.1.1 FCC2I5

From 185 dwarf galaxies identified in the FCC, only 11 were de-
tected in the 250 um band, and only FCC 215 was detected in three
or more Herschel bands. FCC 215 has a very high dust-to-stars ra-
tio [approximately log (Mpys/Mswrs) = —1] and a very faint optical
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Table 4. A comparison of detection rates in the SPIRE 250 um band, between the
Virgo and Fornax clusters. Errors are simply root N. The galaxies have been split into
dwarf (dE/dS0), early (E/S0), late (Sa/Sb/Sc/Sd), and irregular (BCD/Sm/Im/dS).

Morphological Virgo Fornax
type Total detected Per cent Total detected Per cent
dE/dSO 314 14 4+1 185 11 6+2
E/SO 86 29 34+6 29 6 21 +£8
Sa/Sb/Sc/Sd 152 138 91 £38 10 9 90 + 30
BCD/Sm/Im/dS 157 74 47+5 13 4 31£15

magnitude (mpr ~ 19), making it an interesting object worthy of
further inspection.

FCC 215 has a dust mass of log,,(Mgus,/M@) = 5.2 and a stellar
mass of log,,(Myus/M@) = 6.5. It is just detected in the three
SPIRE bands at S/N < 5. The SED fit is quite poor with x2,_; =
9.94. The SED appears very flat, which may indicate that it is a
background galaxy with a synchrotron component. However, it is
listed in NED as having a velocity of 1964kms~!, which places
it inside the cluster. Its optical colour is very blue, B — R = 0.36,
suggesting that the galaxy is undergoing/has undergone an episode
of recent SF. Assuming that this is a bona fide detection, how could
it have such a high dust-to-stars ratio? Is it possible for a galaxy
to produce this much dust? Using a closed box model of a galaxy,
i.e. no inflow or outflow of material, Edmunds & Eales (1998)
derive Anaxt = npflog (1/f), where A, ¢ is the maximum mass
of dust a galaxy could possess with a gas fraction f, a fraction of
metals in the dust 1, and a stellar yield p. The stellar yield is the
fraction of metals produced per unit mass of gas freshly formed in
nucleosynthesis. Its value has been estimated to lie between 0.004
and 0.0012 (Vila-Costas & Edmunds 1992). The fraction of metals
in the dust n has been estimated by Meyer, Jura & Cardelli (1998)
and more latterly by Davies et al. (2014) as 0.5. The gas fraction is
[ = Mga/(Mars + Mause + Myys), so using the equation above we
can estimate the gas mass required, for FCC 215 to have a dust-to-
stars ratio of log (Mpust/Msiars) = —1.5. The gas-to-stars ratio would
have to be 1 and thus a gas mass of logio(Mg.s/M@) = 6.5, making
it also very gas rich. Currently, the only 21 cm survey that covers
this region of sky is the H1 Parks All Sky Survey (HIPASS; Barnes
et al. 2001). HIPASS does not detect FCC 215, yet their estimated
rms noise of ~15 mJy beam™' approximately corresponds to an H1
gas mass log,,(Mu,/M) = 8 at the distance of Fornax, meaning
that HIPASS would be unable to detect FCC 215 even if all the
gas content was locked up in H1. The HeFoCS has secured time
to map the Fornax cluster, using the Australia Telescope Compact
Array. The estimated survey detection limit is My, ~ 107 Mg at
the distance of Fornax, very close to our predicted upper estimate
of the gas mass of FCC 215.

4.2 Analysis of SED fits, dust masses, and temperatures

4.2.1 Environmental effect on dust in galaxies

For the following analysis, we split the sample into early- and late-
type galaxies and initially consider only the 22 galaxies detected
in at least three Herschel bands. ‘Early’ was classified as anything
earlier than Sa and ‘late’ as anything later than (and including) Sa.
The SED of all galaxies was fitted with a single temperature modi-
fied blackbody with 8 = 2. Only two galaxies, FCC 215 (discussed
above) and FCC 306, were poorly fitted using this emissivity, with
Xa—3 = 9.94 and 18.65. The average for the entire sample was
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(X3 r—3) = 2.92. If FCC 215 and 306 are removed, then the average
for the sample falls to (x2,_;) = 1.78. In Table A2, we include all
galaxies with measured dust mass and temperature. Fig. B1 shows
the SED fits for each galaxy.

Detected late-type galaxies have dust masses ranging from
logio(Mgus/M@) = 5.5 to 8.2 and temperatures of 11.2 to 23.7K,
with mean values log;o(Maus/M@) = 6.5 and 17.5K. By con-
trast, detected early types have a narrower range of dust masses
of logio(Mau/M@) = 5.4 to 6.6 and temperatures of 14.9 to
25.8 K, with mean values log;o(Maus/M@) = 5.8 and 19.3K. De-
tected Fornax galaxies have mean dust-to-stellar mass ratios of
log10(Maust/Mstars) = —3.87 and —2.93, for early and late types,
respectively. As expected from our previous results for Virgo, late
types have a richer and cooler dust reservoir, and early types have a
relatively depleted and warmer ISM.

In Table 6, we use the Kolmogorov—Smirnov two sample test
(KS) to make a more quantitative comparison between Virgo and
Fornax’s early- and late-type galaxy populations with respect to dust
mass, dust-to-stars ratio, and dust temperature. Here, we use 140 of
the Auld etal. (2013) galaxies that had SEDs modelled identically to
our sample using a single temperature component with a fixed g =
2 emissivity. For Virgo, we use stellar masses calculated using H-
band magnitudes and SDSS g — r colours from Davies et al. (2014).
Virgo, like Fornax, has early types that have lower dust masses and
higher temperatures than its late types. However, a KS test shows
that for a given morphological type the FIR properties of galaxies in
Fornax and Virgo are statistically identical [with the caveat that we
are only sampling the massive galaxies, logio(My../Mp) > 8.2].
The above results suggest that the different cluster environments
have had very little effect on the dust properties of early- or late-
type galaxies.

Auld et al. (2013) compared the Virgo cluster to the HRS (Boselli
et al. 2010; Cortese et al. 2012; Smith et al. 2012). The HRS is a
volume-limited (15 < D <25), K-band (K > 8.7) selected sam-
ple. It covers a range of environments from the field to the core of
the Virgo cluster, making it an ideal comparison sample. Auld et al.
(2013) showed that early-type galaxies in the Virgo cluster and HRS
field show very similar dust properties. However, late-type galaxies
typically have larger dust masses in the field. Auld et al. (2013)
concluded that the difference in dust mass between field and cluster
late-type galaxies was due to dust removal in the cluster environ-
ment. The implication of this result, as well as the results presented
in this paper, is that early-type galaxies appear identical in their FIR
properties irrespective of what environment they originated from.
Furthermore, the larger dust reservoirs of late-type galaxies in the
field and the lack of difference in FIR properties between Fornax
and Virgo suggests that this change in dust mass likely occurred
before they entered the cluster environment.

It is worth noting that ‘global’ environment on its own may not
be the best tracer of the action of physical processes. A quantity
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Figure 11. Histograms of stellar mass for four morphological types: dwarf (dE/dS0), early (E/S0), late (Sa/Sb/Sc/Sd), and irregular (BCD/Sm/Im/dS). The
black and coloured histograms are for undetected and detected galaxies at 250 pum, respectively. The vertical dashed lines represent our estimated stellar mass
detection limits for the indicated dust-to-stars mass ratio. Note the change in the Y-scale for the dwarf galaxies panel. The adjacent plots show the locations
within the cluster of the undetected and detected galaxies, with empty and filled markers, respectively.
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Table 5. A comparison of galaxies detected
and undetected in the SPIRE 250 um band.
Projected radii are given as a fraction of the For-
nax cluster virial radius of 0.7 Mpc (Drinkwa-
ter et al. 2001).

MorphOIOgical <Rdetecled> <Rundetecled>
type (R/Ryirial) (R/Ryiria1)
Dwarf 0.84 £0.04 0.50+0.01
Early 0.56 £0.05 0.50 +£0.02
Late 0.56 £ 0.02 0.83
Irregulars 0.61 £0.06 0.57 £0.01

more sensitive to direct interaction with the cluster environment is
the H1 deficiency. Cortese et al. (2012) compare the FIR properties
of galaxies, separated in both Hi-deficiency and global environ-
ment. They found an ~8c¢ difference in log (Mpys/Mswrs) When
comparing Hi-normal and H 1-deficient galaxies, whereas only an
~3¢ difference is found between samples separated based on the
environment (i.e. field and cluster members).

4.2.2 Origin of dust in galaxies

In order to extend our analysis of dust and stellar mass to lower
limits, and to study how the dust-to-stars ratio changes with lower
dust and stellar masses (Fig. 12), an additional nine galaxies were
included in the analysis. These galaxies had insufficient SED data
to be fitted by a modified blackbody and so the 250 um flux density
was used as a proxy for dust mass (described in Section 3.2). The
diagonal dash line in Fig. 12 indicates the minimum dust-to-stellar
mass detected, given our previous estimate of a minimum detectable
dust mass of logjo(Mgus/M@) = 5.1 (Section 4.1). The same mor-
phological categories are used — ‘early’ was classified as anything
earlier than Sa and ‘late’ as anything later than, and including, Sa.
Fig. 12 shows early and late-type galaxies designated by red and
blue markers, respectively, from both clusters. Fornax galaxies are
indicated by a marker set on to a black square. We have measured the
correlation between My, and My, using the Pearson correlation
coefficient (PCC). Late-type galaxies have a PCC of 0.84; early-

type galaxies have a PCC of 0.43. The correlation between dust
and stellar mass in late-type galaxies most likely finds its origins in
the mass—metallicity relation (Lequeux et al. 1979; Tremonti et al.
2004; Lara-Lopez et al. 2010; Hughes et al. 2013). These authors
have shown that gas phase metallicity correlates with stellar mass
and so we might also expect this to be true for the metals in the dust.

Early-type galaxies in Fornax and Virgo have a very large range
of dust-to-stellar mass ratios, —1.3 > log;o(Msar/Maust) = —6.2,
and the weak correlation of dust to stellar mass could be due to
the imposed limiting dust mass, artificially creating a correlation,
as shown in Fig. 12. However, the PCC for early-type galaxies is
far lower than we found for late-type galaxies, implying that stellar
mass is far less if at all correlated with dust mass in early-type
galaxies.

A clue about origin of these two different correlations may lie in
the distribution of the dust within early- and late-type galaxies. We
have calculated the ratio of the FIR to optical size for Fornax cluster
galaxies, where this ratio is defined as the FIR diameter of emission
Drir as defined in Section 2.3 divided by the optical diameter D»s.
We will use the FIR diameter as measured at 250 um, and thus we
will for the rest of this section refer to Dgg as D,so. Only 1 of 7
early and 2 of 13 late types have FIR emission that is smaller than
the FWHM of the Herschel 250 pm beam and are thus measured
as point sources with a D,sp equal to the 250 um beam size. As
the majority have D,sy greater than the PSF FWHM, we can use
them to measure the distribution of the dust in comparison to the
stars. The FIR/optical size ratio is 0.464 and 0.903, for early- and
late-type galaxies, respectively. In order to further test the effect
of the Herschel beam, we restricted the sample to galaxies with
an optical diameter greater than 3 times the 250 um beam FWHM.
This results in an FIR/optical size ratio of 0.305 and 0.917 for early-
and late-type galaxies, respectively, thus showing that the beam size
has a limited effect on the overall result. This shows that dust in
early-type galaxies is very centrally concentrated in comparison to
late-type galaxies. This has been demonstrated previously for early-
type galaxies by Smith et al. (2012) and Di Serego Alighieri et al.
(2013). Cortese et al. (2010a) showed that H 1-deficient galaxies in
the cluster environment also had smaller FIR/optical size ratios,
suggesting that dust had been stripped from these galaxies; this

Table 6. A statistical comparison of Fornax and Virgo galaxies using dust mass,
dust-to-stellar mass, and dust temperature. Early types include E and SO, while
all other galaxy types are classified as ‘late’.

Sample 1

Sample 2 ni(oy)

na(or) KS test
Value  Pyane

Dust mass (log(Mpust/M@))

Virgo early Virgo late 6.18(0.12) 6.68(0.06) 0.488  0.011
Fornax early Fornax late 5.82(0.2) 6.54(0.19) 0.571  0.113
Virgo early Fornax early 6.18(0.12) 5.82(0.2) 0.6 0.102

Virgo late Fornax late 6.68(0.06) 6.54(0.19) 0.179 0.784

Dust mass/Stellar mass (Mpust/ Mstellar)

—3.62(0.19) —2.76(0.04) 0.611  0.001
—3.89(0.27)  —2.94(0.08) 0.929  0.001
Fornax early  —3.62(0.19) —3.89(0.27) 0.364  0.645
—2.76(0.04)  —2.94(0.08) 0.332 0.104

Virgo early Virgo late
Fornax early Fornax late
Virgo early

Virgo late Fornax late

Dust temp. (K)

Virgo early Virgo late 21.65(0.94) 19.27(0.24) 0.442  0.028
Fornax early Fornax late 20.82(1.77) 17.47(0.96)  0.443  0.355
Virgo early Fornax early 21.65(0.94) 20.82(1.77) 0.236  0.975

Virgo late Fornax late 19.27(0.24) 17.47(0.96) 0.4 0.027
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Figure 12. The upper panel shows stellar mass against dust-to-stars ratio,
the lower panel shows stellar against dust mass, for both Virgo and Fornax,
where the latter are designated by a marker set on to a black square. Early-
and late-type galaxies are shown as red and blue markers, respectively. The
dashed line represents the minimum dust mass and dust-to-stellar mass that
we can detect for a given stellar mass, for the lower and upper panels,
respectively.

would affect the late-type galaxies far more than early-type galaxies,
as the above shows that dust in late-type galaxies is held less deeply
in their potential wells.

Davis et al. (2013) and Helfer et al. (2003) measure the extent of
molecular hydrogen in early-type and late-type galaxies. They find
the size ratio of molecular gas to optical radius as ~0.25 in both
cases. In the case of late types, the spatial extent of molecular gas
is much less than that of the dust, whereas early-type galaxies have
molecular gas and dust that appear spatially coincident. This sug-
gests that the origin of dust in early types may be the same as that
of molecular gas (see below). Whereas dust in late types is coinci-
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dent with the stellar population, and as shown above, dust mass is
regulated by stellar mass (i.e. mass—metallicity relation), suggesting
an internal origin.

Dust in early-type galaxies has two possible origins, either inter-
nally produced in the atmospheres of evolved stars (Whittet 1992)
and supernovae remnants (Morgan & Edmunds 2003) or externally
obtained from mergers with other galaxies. The strongest prediction
for dust created internally is that the mass of dust and stars should
be spatially correlated. Fig. 12 shows that this is clearly not the
case for early-type galaxies. The stellar population must produce
dust, but Clemens et al. (2010) show that it is destroyed on a short
time-scale of <50 Myr. They argue that this is far shorter than the
dust-transfer time-scale, and thus dust created in outer regions of
a galaxy is effectively destroyed ‘on the spot’. However, the dust
destruction time-scale can be greatly extended if the dust is em-
bedded in a cloud of molecular hydrogen, leading to lifetimes of a
few 100 Myr (Jones & Nuth 2011). This indicates that dust created
internally cannot be the main source of dust in early-type galaxies.

If the dominant source of dust is not internal, Smith et al. (2012)
argue that it may have an external origin such as mergers with dust-
rich galaxies. Mergers of different dust masses at different times
would explain the large range of dust-to-stars ratios seen in early-
type galaxies as well as the ~75 per cent of systems which we do not
detect with Herschel. However, as shown above, the FIR properties
of early-type galaxies do not change between Virgo and Fornax
(Table 6) or the HRS field (Auld et al. 2013), suggesting that the
flow of dust into and out of these systems must be invariant with
environment. Since Clemens et al. (2010) show that the destruction
time in early-type galaxies is determined by thermal sputtering,
and thus is largely independent of the environment, our findings
would imply that the merger rate is roughly the same in all three
environments. This is at odds with the idea that the merger rate
depends on environment. For example, Mihos (2004) shows that
mergers are far less common in clusters than in groups or in the
field — thus there is a dilemma.

The mystery deepens if we compare our FIR results for early
types to the molecular gas component of the ISM. Davis et al.
(2011) show that the detection rate of the molecular ISM and the
molecular gas-to-stars ratios for early-type galaxies are invariant
to environment, mirroring the FIR results presented in this paper.
However, they discovered that the gas kinematics inside and outside
of clusters is different. They found that one third of galaxies outside
of clusters had gas kinematically misaligned to their stars, support-
ing an external origin. Interestingly, this was not seen in early types
inside the cluster.

5 SUMMARY

We have undertaken the deepest FIR survey of the Fornax clus-
ter using the Herschel Space Observatory. Our survey covers over
16 deg? in five bands and extends to the virial radius of the cluster,
including 237 of the 340 FCC galaxies. We have used the optical
positions and parameters of these FCC galaxies to fit appropriate
apertures to measure FIR emission. We have detected 30 of 237
(13 per cent) cluster galaxies in the SPIRE 250 pm band, a signif-
icantly lower detection rate than in the Virgo cluster (34 per cent;
see Auld et al. 2013).

In order to better understand the global detection rate, we sep-
arated Fornax and Virgo galaxies into four morphological cate-
gories: dwarf (dE/dS0), early (E/SO0), late (Sa/Sb/Sc/Sd), and irreg-
ular (BCD/Sm/Im/dS). We examined the detection rate for each
morphological group in the 250 um band as it has the highest
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detection rate of all the Herschel bands. In Fornax, we detect 6,
21, 90, and 31 per cent of dwarf, early, late, and irregular, respec-
tively. These results agree with the fraction of detected galaxies in
each morphological category in the Virgo cluster, indicating that the
lower global detection rate in Fornax is due to its lower fraction of
late-type galaxies.

For galaxies detected in at least three bands, we fit a modified
blackbody with a fixed beta emissivity index of 2, giving dust masses
and temperatures for 22 Fornax galaxies. Fornax’s early-type galax-
ies show lower dust masses and hotter temperatures than late-type
galaxies. When comparing early-type galaxies from the Fornax clus-
ter to their counterparts in the Virgo cluster, their FIR properties are
statistically identical. The same is true for the late-type galaxies.
This may suggest that the effect of the cluster is more subtle than
previously thought and that the evolution of the ISM components
has mostly taken place before the cluster was assembled.

We observe dust mass to be well correlated to stellar mass for
late-type galaxies. We suggest that this correlation has its origins
in the mass—metallicity relation (Lequeux et al. 1979; Tremonti
et al. 2004; Lara-Lopez et al. 2010; Hughes et al. 2013), as the
ratio between the mass of metals in the dust and the gas has been
found to be 0.5 (Meyer et al. 1998; Davies et al. 2014). It therefore
follows that any correlation with gas phase metallicity should also
be observed between stellar and dust mass.

We find early-type galaxies to have a very large range of dust-to-
stars ratios, —1.3 > logo(Mgur/Maust) = —6.2. We argue that this
supports a scenario where the dust in early-type galaxies is from an
external origin, as has been previously suggested by other authors
(Smith et al. 2012). As FIR properties are statistically identical
between environments, therefore so must the balance between dust
input/creation and removal/destruction. However, this conclusion
is perplexing as mergers are thought to be far less common in
clusters when compared to groups or the field (Mihos 2004), and
dust destruction is largely regulated internally (Clemens et al. 2010),
thus invariant with respect to environment.
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APPENDIX A: DATA TABLES

Table Al. Five band FIR fluxes, uncertainties, and upper limits. If flux density is equal to zero, then Ep,ng represents an upper limit
for the galaxy in question, the upper limit is calculated from the 30 noise in the PSF convolved map. Some PACS fluxes are not
measured and denoted by a (-) symbol. A machine-readable version of this table is available online with this publication.

Object RA Dec. Ssoo  Esoo  S3so Esso S0 Exso S0 Ewo S0 Eioo
(hem:s) (dm:s) dy dy dy  dy  dy  dy dy  dy  dy  dy
(J2000) (J2000)
FCC32 03:24:52.50  —35:26:08.0 0.0 0.024 0.043 0.012 0.094 0.015 — - - -
FCC34 03:25:02.24  —35:13:24.2 0.0 0.022 0.0 0.016 0.0 0.015 - - - -
FCC42 03:25:46.16  —35:30:29.5 0.0 0.023 0.0 0.02 0.0 0.017 - - - -
FCC44 03:26:07.50  —35:07:45.0 0.0 0.024  0.021 0.006 0.015 0.004 0.0 0.034 0.0 0.012
FCC45 03:26:13.50  —34:33:15.0 0.0 0.032 0.0 0.023 0.0 0.015 - - - -
FCC47 03:26:32.20  —35:42:50.0 0.0 0.019 0.0 0.017 0.0 0.015 - - - -
FCC48 03:26:42.60  —34:32:57.0 0.027 0.008 0.031 0.008 0.027 0.005 - - - -
FCC50 03:26:53.30  —35:31:12.0 0.0 0.022 0.0 0.017 0.0 0.015 0.0 0.022 0.0 0.019
FCC55 03:27:17.60  —34:31:37.0 0.0 0.023 0.0 0.024 0.0 0.016 - - - -
FCC56 03:27:21.50  —36:08:50.0 0.0 0.021 0.0 0.019 0.0 0.013 - - - -

Table A2. 22 HeFoCS galaxies dust masses and temperatures given from fitting a modified blackbody

(B = 2 emissivity) to three Herschel bands or mo

re.

Object RA Dec. Type  Dust temperature Duss mass Stellar mass
h:m:s d:m:s (K) log(MDum/M@) log(MsMs/M@)
(J2000) (J2000)

FCC 48 03:26:42  —34:32:57 dE 8.78 (1.04) 6.48 (0.26) 7.93
FCC 67 03:28:48  —35:10:45 Sc 17.32 (0.56) 6.86 (0.05) 9.45
FCC 90 03:31:08  —36:17:27 E 20.32(0.77) 5.6 (0.08) 8.98
FCC 113  03:33:06 —34:48:27 Scd 16.29 (1.43) 5.73 (0.14) 8.88
FCC 121 03:33:36  —36:08:17 Sbc 22.85(0.44) 8.25(0.03) 11.16
FCC 167 03:36:27  —34:58:31 SO 25.77 (0.88) 6.07 (0.04) 10.98
FCC 179 03:36:46  —35:59:58 Sa 23.67 (0.79) 6.78 (0.04) 10.5
FCC 184 03:36:57  —35:30:23 SO 24.52 (0.69) 6.56 (0.04) 10.77
FCC215 03:38:37  —35:45:27 dE 15.64 (0.08) 5.23(0.84) 6.87
FCC235 03:40:09 —35:37:34 Im 15.78 (1.35) 6.62 (0.12) 9.78
FCC261 03:41:21  —33:46:12 Irr 11.25(0.73) 6.13 (0.15) 8.58
FCC263 03:41:32  —34:53:22  SBcd 21.43(0.8) 6.21 (0.06) 9.2

FCC267 03:41:45  —33:47:29 Sm 15.42 (0.82) 5.49 (0.12) 8.48
FCC282 03:42:45  —33:55:13 Im 18.04 (0.8) 5.83(0.09) 9.0

FCC285 03:43:02 —36:16:24 Sd 12.87 (0.94) 6.83 (0.14) 9.38
FCC290 03:43:37 —35:51:14 Sc 19.08 (0.45) 7.01 (0.04) 10.1

FCC306 03:45:45 —36:20:50 SBm 13.1 (1.31) 5.79 (0.25) 8.68
FCC308 03:45:54 —36:21:31 Sd 17.22 (0.53) 6.76 (0.06) 9.39
FCC312 03:46:18 —34:56:33 Scd 20.35 (0.55) 7.25(0.04) 10.04
FCC313  03:46:33  —34:41:12  dSO 8.76 (0.77) 6.52(0.19) 7.78
FCC332 03:49:49  —35:56:45 E 14.93 (1.62) 5.34 (0.24) 8.63
FCC335 03:50:36  —35:54:36 E 18.55 (0.96) 5.54 (0.11) 9.21
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APPENDIX B: SED FITS

| Fccas { Fcce7 { Fccoo FCC113 FCC121
F =023 w ¥ =191 1 \* =2.93 \* =0.43 XV;US)\q
| FCC167 1 Fcci79 | Fcciss FCC215 FCC235
L\ =346 1 =123 1 =348 \? =9.94 =311
| FCC261 1 Fcc2e3 1 Fcc2e7 FCC282 FCC285
[ ¢ =151 } =058 } =00 X’ = 0.06 = 1.89
| FCC290 { Fcc306 { Fcc3os FCC312 FCC313
F \’ = 4.63 w \’ = 18.65 1 \’ =289 = 0.72 \? =0.03 q
w0 | FCC332 { Fcesss ]
107 | X =48 i =123 ]
5 10* i « 4
ERUYS 1
T b
10" [ I ]

/

Figure B1. Modfied blackbody fits to 22 HeFoCS galaxies. The blue line represents a single temperature g = 2 fit to the data. We have only used galaxies

with at least three Herschel bands.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the online ver-
sion of this article:

Table Al. Five band FIR fluxes, uncertainties, and upper limits
(http://mnras.oxfordjournals.org/lookup/suppl/doi: 10.1093/mnras/
stu369/-/DC1).
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