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Abstract. FIR photometry (from 15 um to 200 um) of NGC 3079 which is resolved by ISOPHOT at 60 um is presented.
With the assumption of an unresolved core plus an extended disk component, good consistency with /RAS and SCUBA data is
found. The SED of the total flux between 60 um and the submm can be modelled by the superposition of three dust components
with temperatures of 32 K, 20 K and 12 K. The emission of the extended disk component is 1/3 of the unresolved core compo-
nent in the 60—180 um range, from 200 um onwards its relative contribution increases. The resulting dust mass of 3.8 x 107 M,
is consistent with a total gas-to-dust mass ratio of 200, close to the canonical value found for the Milky Way. These results
demonstrate an appropriate way to disentangle and characterize the main dust components by combining ISOPHOT FIR data

from the ISO Data Archive with submm data from SCUBA.
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1. Introduction

NGC 3079 is an edge-on spiral galaxy with a LINER nucleus.
It is highly inclined with an axis ratio of 7/9x 14 and it
shows large amounts of dust irregularly distributed through-
out its disk with a large reddening towards its nucleus. A very
detailed view of these features is presented on HST WFPC2
images published by Cecil et al. (2001). Being a source in
the CfA Seyfert sample it became a target for FIR observa-
tions with ISOPHOT (Lemke et al. 1996) on the Infrared Space
Observatory (ISO) (Kessler et al. 1996) to study the relative
contribution by either an AGN or a starburst in heating the dust
(Pérez Garcia et al. 1998). Stevens & Gear (2000) combined
IRAS and submm/mm observations with SCUBA and IRAM to
construct its SED and reported that these data are inconsistent
with the ISO data published by Pérez Garcia et al. (1998). In
particular the SO 200 and 180 um fluxes were in excess by a
factor of 2-3 relative to those from their model fit. Since one
of us (UK) is in charge of the overall ISOPHOT calibration
consistency and the scientific validation of the ISOPHOT ob-
serving modes, we re-analyzed the ISOPHOT photometric data
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sets of NGC 3079 also taking into account the extended nature
of the source with regard to the ISOPHOT resolution.

2. Observations and data reduction

ISOPHOT FIR observations of NGC 3079 were performed
with the array cameras C100 (3 x 3 pixels, f.0.v. 138" x 138")
at 60 um and C200 (2 x 2 pixels, f.o.v. 184" x 184"") at 120,
150, 180 and 200 um, respectively. MIR observations at 15
and 25 um were obtained with the aperture photometer using a
180" aperture. The ISO roll angle for these observations was
311deg, so that the diagonals of the arrays (3/25 for C100
and 4’3 for C200) were nearly parallel with the major axis of
the galaxy. Due to the brightness of the source the observer did
not perform a separate FIR background measurement.

We retrieved the data sets listed in Table 1 from the ISO
Data Archive (Kessler et al. 2000) requesting on-the-fly repro-
cessing with the automatic data reduction pipeline OLP V10.0
using the calibration data set CALG V7.0. The ISOPHOT OLP
data reduction steps are described in Laureijs et al. (2002).
Typical calibration accuracies in staring mode for sources in
the brightness range of NGC 3079 are better than +15% (Klaas
& Richards 2002). The chopped observations, which have been
scientifically validated only with OLP V10.0 have a calibration
accuracy of +30% (Abrahém et al. 2001; Klaas & Richards
2002).
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Table 1. ISOPHOT data sets used for the NGC 3079 IR photometry.

product name AOT Comments

PPAP14300523.FITS P03 chopped

180" chop throw

1 main galaxy axis
staring,

no background measurement
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Fig.1. Overlay of the I[SOPHOT apertures on a contour plot of the
DSS?2 red image. The C200 array (2 X 2 pixels) gives the outer bound,
the PHT-P circular aperture is located inside it, circumscribing the
C100 array (3 x 3 pixels). The cross westward of the optical intensity
peak marks the position of the peak in the SCUBA maps from Stevens
& Gear (2000). Below we indicate the relative positions of the C100
and C200 array pixels.

Figure 1 shows the positions and orientations of the
ISOPHOT measurement apertures with regard to an optical im-
age of the galaxy. It is obvious that the single pointings do not
cover the complete galaxy, hence some flux loss, in particular
for the C100 measurement, must be taken into account. The re-
sulting flux on the arrays is very likely a mixture of a central un-
resolved source and extended disk emission. Furthermore, the
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Table 2. FIR fluxes of NGC 3079 background derived from
COBE/DIRBE weekly maps.

filter COBE surface integrated flux
brightness (interpolated)  on ISOPHOT array

(uam) (Mlysr™) {dy)

60 8.0 5.55

120 35 6.90

150 2.8 5.08

180 2.6 4.67

200 24 3.88

central positions of the ISOPHOT apertures are shifted west-
ward off the optical nucleus by 25”.

Since no dedicated background measurement was per-
formed, we estimated the background brightness in the FIR
filters using the COBE/DIRBE weekly maps (Hauser et al.
1998). The surface brightness was integrated over the effective
solid angle to derive the flux per pixel (Table 2). The back-
ground contribution makes up 4-5% of the total flux in the 120
to 200 um range and 11.5% at 60 ym.

After background subtraction the fluxes were color cor-
rected according to the fitted models of modified black bodies,
see Table 3 for details. The color correction implies changes to
the v X F, = const. fluxes of less than 10%.

3. Results

The final ISOPHOT fluxes depend on the assumed source ge-
ometry. In the case of a point source a correction for the flux
outside the array with the corresponding point spread function
fraction has to be applied (this correction factor is implicitly
applied by OLP, if the observer specified point source photom-
etry). Below we derive fluxes for the condition that the FIR
source was unresolved for ISOPHOT — this was assumed by
Pérez Garcia et al. (1998) — as well as by a simple approach to
decompose an extended component from a central point source.

3.1. Point source photometry

Table 3 lists our photometry of NGC 3079, assuming that the
flux comes exclusively from a point-source. While the 60
to 150 um fluxes published by Pérez Garcia et al. (1998) agree
with ours within 25%, their 180 um flux is too high by a factor
of 1.4 and their 200 um flux by a factor of 1.9. At the time when
Pérez Garcia et al. (1998) analysed these data sets, the standard
products generated by the OLP (V6) were not yet scientifically
valid. Therefore, they did an interactive processing using the
ISOPHOT Interactive Analysis software (PIA) V6.1. It should
be noted, however, that data products generated with OLP 6.3.2
on 15-Feb.-1998 yielded 180 and 200 um fluxes within 15% of
our new ones. This argues in favour of the general ISOPHOT
calibration not being the source of error, but rather the individ-
ual interactive processing. Pérez Garcia & Rodriguez Espinosa
(2001) report fluxes for NGC 3079, reduced by them using
PIA V7. Again the fluxes derived by them have been signif-
icantly influenced by their individual interactive processing;
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Table 3. Combined integral IR and submm photometry of NGC 3079.
References: SBNS89 = Soifer et al. (1989); BEA97 = Braine et al.
(1997); SGO0 = Stevens & Gear (2000); OLP10 = this work. IR fluxes
are color corrected (cc) assuming SED shapes of modified black bod-
ies. The OLP 10 fluxes are corrected for beam effects assuming a pure
point source. The 850 um and 1220 um fluxes are corrected for contri-
butions by the CO(3-2) and CO(2-1) lines.

Ae colour correction cc factor cc fluxes reference
(um)  for SED shape dy)
12 none - 2.62 SBNS89
12 none — 2.81 BEA97
15 A2 B (100K) 1.026 1.80 OLP10
25 A2 B (100K) 0.968 6.38 OLP10
25 A2 B (100K) 0.933 3.84 SBNS89
25 A2 B (100K) 0.933 3.79 BEA97
60 A12B (30K) 0.987 44.1 OLP10
60 A2B (30K) 0.899 55.8 SBNS89
60 A2B (30K) 0.899 58.7 BEA97
100 A12B (30K) 0.978 105.7 SBNS89
100 A2B (30K) 0.978 98.7 BEA97
120 A2B (25K) 1.000 135.7 OLP10
150 A2B (22K) 0.982 126.5 OLP10
180 A2B (22K) 1.034 97.1 OLP10
200 A2B (22K) 1.009 71.8 OLP10
450 none - 7.86 SGO0
850 none - 1.14 SG00
1220 none - 0.35 BEA97
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Fig.2. Measured SED of NGC 3079 (total fluxes) from IRAS,
ISOPHOT, SCUBA and IRAM. The meaning of the symbols is the fol-
lowing: asterisks: IRAS (12-100 ym), SCUBA (450 and 850 um) and
IRAM (1220 um), squares: ISOPHOT point source photometry. IRAS
and ISOPHOT fluxes are colour corrected, see Table 3 for details. The
solid line is the superposition of two modified blackbodies (& o 172)
with T; = 30K (dotted curve) and T, = 22 K (dashed curve).

the 180 um and 200 um fluxes agree better with our fluxes, the
150 um flux agrees less well.

In Fig. 2 we plotted the photometric data points and mod-
elled the dust emission by the superposition of several modified
(& o« A72) black bodies. The dominant source beyond 100 um
is a 22 K component. In comparison with the /RAS photometry

913

\ 4

Fig. 3. Left: grey-scale representation of the logarithmic intensity dis-
tribution on the C100 array at 60 um normalized to the peak flux (the
lowest intensity level appears in white). The orientation of the array
is like in Fig. 1, with pixel 1 at the bottom and pixel 9 at the top.
Right: expected intensity distribution for a pure point source centered
in pixel 5.

we notice that the ISO 60 um flux is lower, as expected due
to the less complete coverage of the source, however, the 120
and 150 um fluxes are considerably (by 30%) above the total
IRAS 100 um flux. This is an indication that the correction fac-
tors applied for the point source PSF are too strong.

3.2. Decomposition of core and disk component

Figure 3 shows the intensity distribution on the C100 array
which is clearly different from that of a pure point source.
While there is a strong peak in the central pixel 5, in partic-
ular pixels 4, 8 and 9 show relatively strong excess emission,
while pixel 3 shows no excess at all. All this can be understood
from the location of the pixels relative to the plane of the galaxy
(Fig. 1). For the decomposition of the core and disk component
we followed a procedure described by Radovich et al. (1999):
F(i) = Fa(i) + fpst(D) X Fe. (1)
F (i) is the measured flux per pixel i, F4(i) the disk component
and fpse(i) X F the fraction of the point source flux F. scaled
with the footprint of pixel i. The extended component in the
central pixel 5 can be described as the average of the extended
components in pixels 4 and 9 which are fully located on the
disk:

Fa(5) = (Fa(4) + Fa(9))/2. @)

This yields the following expression for F:

2x F(5) — F(4) - F(9)
Fe=> - - ' 3)
X fpst(3) = fost(4) = fpsi(9)
We used the empirically determined fp(7) factors (Laureijs
1999) as listed in Table 4, however, they are strictly valid only
for a source centered on pixel 5. This has some impact on the
resulting photometric accuracy.

For the C200 array data this method does not work, because
the point source is located at the edge of one pixel, close to the
centre of the array. However, from the 60 um results and the
positional coincidence of C100 pixel 3 with the centre of C200
pixel 2 (Fig. 1), we can assume with reasonably good accuracy,
that the C200 pixel 2 sees in essence the respective fraction
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Table 4. 60 um ISOPHOT photometry of NGC 3079 for core-disk de-
composition: disk component per pixel Fy(i) and total disk flux Fy,
total core flux F. and total flux F\,. For comparison the IRAS FSC
point source flux (F.) and the total flux (Fi,) from Soifer et al. (1989)
are given. Fluxes are not color corrected.

pixel  Fo()  fosr ) Fo  Fu
dy) dy) dy)

1 0.86  0.0038

2 0.19  0.025

3 -0.09  0.0038

4 1.97  0.025

5 220 0.667

6 129 0.025

7 0.83  0.0038

8 170 0.025

9 242 0.0038

total 114 274 388

IRAS 5.7 445 502

Table 5. C200 ISOPHOT photometry of NGC 3079 for core-disk de-
composition: total core flux F, derived from flux in pixel 2, disk com-
ponent Fy and total source flux F. For comparison the 100 um /RAS
FSC point source flux (F.) and the total flux (Fi) from Soifer et al.
(1989) are given. Fluxes are not color corrected.

/lc fpsf (arfa}’) Fc Fd Ftnt
(pm) dy) dy) Qdy)
100 (IRAS) 89.2 142 1034
120 0.489 75.7 25.8 101.5
150 0.552 748 249 99.7
180 0.601 613 21.8 83.1
200 0.667 35.1 236 587

of the PSF of the core component and only a negligible con-
tribution by extended flux. Hence, we can use the intensity in
this pixel to derive the relative point and extended source flux
contributions in the other three pixels:

Fe = F(2) * 4/ fost(array). 4

Here, fys(array) is the PSF correction for the whole array
(Laureijs 1999). The resulting fluxes are listed in Table 5.

We note, that the total 120 um ISOPHOT flux is now quite
consistent with the total /RAS 100 um flux. With regard to the
flux derivation assuming a pure point source, the fluxes are re-
duced by 20-30%.

Figure 4 shows the SED for the total flux. We can model its
shape by three modified blackbodies (¢ o« 172). The strongest
contributions come from a 32 K and a 20 K component. A weak
12 K component helps to flatten the slope longward of 500 um
and to better fit the submm/mm data. The 20 K component was
not found by Stevens & Gear (2000), because they were lack-
ing the information on the maximum of the SED. More re-
cent work by Dunne & Eales (2001), combining SCUBA data
with IRAS data for a range of galaxies, finds they need a two
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Fig.4. Measured SED of NGC 3079 (total fluxes) from IRAS,
ISOPHOT, SCUBA and IRAM. The meaning of the symbols is the
following: asterisks: IRAS (12-100 um), SCUBA (450 and 850 yum)
and /RAM (1220 um), squares: ISOPHOT photometry: sum of fluxes
from an unresolved core and an extended disk component. /RAS
and ISOPHOT fluxes are colour corrected (cc-factors: 60 um: 0.980,
120 um: 1.073, 150 um: 1.004, 180 um: 1.021, 200 um: 1.004. The
solid line is the superposition of three modified blackbodies (& o< 172)
with T; = 32K (dotted curve), T, = 20K (dotted curve) and T3 =
12 K (dash-dotted curve).

component dust model to fit to their data, with the cooler com-
ponent having a temperature of 20-21 K.

4. Discussion

Although we do not have a complete map of NGC 3079,
but only a single pointing (the goal of the observations was
to measure the nuclear and circum-nuclear components), the
ISOPHOT array camera pixels cover most of the area mapped
by Stevens & Gear (2000) in the submm and Braine et al.
(1997) in CO. Furthermore, the intensity distributions on the
ISOPHOT arrays allows us to draw conclusions on the spatial
distribution of the emission. The FWHM of a point source is
about 20” at 60 um, corresponding to 1.5kpc (D = 15Mpc
with Hy = 75kms™' Mpc™"). In the wavelength range 120—
200 um the FWHM is between 40” and 67" corresponding
to 3-5 kpc. We therefore do not resolve the nuclear and circum-
nuclear regions. All extended emission we can resolve comes
from larger radii. The flux ratio between the unresolved core
and the disk component is roughly 3:1 from 60 to 180 um. Only
at 200 um, close to the peak of the 12K component, do we
start to see a stronger contribution from the disk with the ra-
tio being reduced to 1.5:1. The fluxes of the disk component
are rather similar between 120 and 180 um, suggesting that
the 20 K component is relatively stronger here (cf. Fig. 4), how-
ever, for its 60 um flux a contribution by the 32 K component
is still necessary. At 200 um the 12 K component becomes not-
icable. The temperature range found for the FIR SED is typical
for dust heated by star formation (32 K) and for cirrus emis-
sion (20 K and 12 K). Since we do not resolve the nucleus, it is
plausible that the SED reflects the existence of circumnuclear
star formation, while the AGN component causes the excess
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emission shortward of 60 um. The images published by Cecil
et al. (2001) show a major star forming complex about 7 kpc
south of the nucleus. This significant star formation implies that
a noticable 32 K dust component exists in the disk.

The 850 um fluxes of the three dust components are 0.20Jy
(32K), 0.65Jy (20K) and 0.30Jy (12K). Using

Mg = — L D2 Ss0m 5)
" kss0 um(B)  Bsso um(T)
with K57 = 0.865 cm? g™! (Klaas et al. 2001) this yields the

following dust masses per component: Mg, (7 = 32 K) = 2.7x
10° My, Maus(T = 20K) = 1.7 x 107 My, Mg (T = 12K) =
1.8 x 107 Mo, hence Mgffftl = 3.8 x 107 Mo This is only 1/3
of the dust mass derived by Stevens & Gear (2000), corrected
for the different distance estimates. Adopting My = 5.5 X
10° Mg, from Braine et al. (1997) (their Table 1) and Mnol.gas =
2.2 x 10° M, (their Sect. 4.3) yields a total gas mass of
M2 =7.7x10° Mg and hence a gas-to-dust mass ratio of 200,
close to the canonical value for the Milky Way and the median
value found for a large sample of normal galaxies (Stickel et al.
2000).

5. Conclusion

The FIR photometry of NGC 3079 between 100 and 200 um
published previously has to be revised. The ISOPHOT
60 um photometry indicates the existence of an extended disk
component and after decomposition of an unresolved core and
the extended disk component, the fluxes are consistent both
with /RAS at the short wavelength side and SCUBA at the long
wavelength side. The SED of the total flux can be described by
the superposition of three modified black bodies (& oc 172) with
temperatures of 32K, 20K and 12 K. The 32 and 20K com-
ponents are the dominant emission components. From the rela-
tive flux contribution of the three components a total dust mass
of 3.8 x 107 M, results, leading to a gas-to-dust ratio of 200.
The dust masses related to the 20K and 12 K components are
quite similar. Between 60 and 180 um the unresolved central
component with a FWHM diameter between 1.5 and 4.5 kpc
dominates the emission (3:1), while from 200 um onwards the
very cold dust in the disk leads to a stronger contribution of
the disk. The results show the power of combined ISOPHOT
and SCUBA observations in characterising the properties of
cold dust. The results also demonstrate the quality of ISOPHOT
OLP data products: for objects of this brightness range with
calibration accuracies of better than +15%, the products can
be directly retrieved from the /SO Data Archive and used for
scientific analysis.
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