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Abstract. We present the spectral energy distribution (SEpresence of high ionization emission lines (e.g. \WNe\3426).
between 10 and 20@m obtained for the prototype narrow-Genzel et al[(1998) report the detection of both high-ionization
line X-ray galaxy NGC 7582 with ISOPHOT, the photomefe.g. [OIV] A25.9um, [N V] A14.3um) and low—ionization
ter on board thénfrared Space Observatariffhe emission is (e.g. [NelI] A12.8um, [SIII] A18,m) emission lines with the
spatially extended and we separated for the first time the i8O short-wavelength grating spectrometer (SWS). The low-
clear and extranuclear infrared SEDs. The nuclear luminosionization lines may be produced either by a starburst or by
(Lir ~ 4.5 x 10! L) is dominated by coldll ~ 32K) dust an AGN (Radovich et al.”1998). A composite model, where
emission mainly due to star formation activity; warffi (~ high-ionization lines are produced in gas ionized by the AGN
122 K) dust emission is also present and is probably relatedaiod the low-ionization lines are enhanced in starburst regions,
the active nucleus. In addition to a cold component of 30 K, tliealso possible and would explain the JQ] A\5007/H3 ratio
extranuclear SED (g ~ 1.7 x 10'° L) shows emission by of ~ 3 (Storchi-Bergmann et al._1995), lower than usually ob-
colder (I' ~ 17 K) dust: this very cold component compriseserved in AGNs. According to the ‘unified model’ (Antonucci
90% of the total dust mass 6f8 x 107 M. 1993), broad emission lines are extinguished in Seyfert 2 galax-
ies by a dusty torus located &t 100 pc from the nucleus, but
Key words: galaxies: active — galaxies: Seyfert — galaxies: ithey should be scattered into our line of sight by free electrons
dividual: NGC 7582 around the torus and should be observed in polarized light. How-
ever, Heisler et al[ (1997) did not detect broad emission lines in
the polarized spectrum of NGC 7582: they attributed the non-
1. Introduction detection of polarized broad lines to the fact that our line of sight
passes through an amount of dust in the torus which is larger
NGC 7582 (z=0.00525) is a highly inclined { 60°) barred than in Seyfert 2s with polarized broad lines.
spiral galaxy; its blue luminosity corrected for galactic and in-  The presence of strong star formation activity in the central
ternal extinction is 3.5 x 10" L, (Claussen & Sahai 1982) kpc was concluded from other indicators. Morris et al. (1985)
with a Hubble constant{+ 75 kms™' Mpc™". Itwas classified showed thatin the inner kpc thesHemission suggests a rotating
by Mushotzky [(1982) as a narrow-line X-ray galaxy (NLXG}isk of HIlI regions in the plane of the galaxy. Recently Aretx-
due to its high X-ray luminosity, L(2-10keV} 7 x 10° Lo, aga et al.[[1999) reported the appearance of broad (FWHM
typical of low-luminosity Seyfert 1 galaxies, but with narrow; 0000 km s'!) permitted lines in the period July - October 1998:
(FWHM < 200km ') emission lines, more typical of Seyfertihey explained it as the result of supernova explosions in the cir-
2 or starburst galaxies. cumnuclear starburst, rather than as a change of the reddening
Recent ASCA observations (Schachter et al. 1998, Xuejgthe torus which would allow to see the inner nuclear regions.
al.[1998) revealed high variability on short ©.5 hours) time The non-thermal radio emission probably originates in many
scales inthe hard X-ray range (2-10 keV), typical of an AGN; &upernova remnants associated with this starburst, as found by
particular, Schachter et al. (1998) report a hard X-ray flux drgyrbes & Norris[(1998). In the infrared, the 8-1% emission
by 40% in~ 6 ks, implying a source size ef 2 x 10'*cm. s characterized by the presence of polycyclic aromatic hydro-
In addition, the existence of an active nucleus is SUggeStEddafbon (PAH) features as revealed by ground-based (Froge| et
the detection of an ionization cone in [DI] AS007 narrow— ga|.[1982, Roche et &l. 1984) and, more recently, by ISO SWS
band images (Storchi-Bergmann & Bonétto 1991) and by tB@servations (Genzel et Al. 1998). Their strength is much more
typical of starbursts rather than of AGNs: in fact, Genzel et al.

Send offprint requests td. Radovich (radovich@mpia-hd.mpg.de) X .
* Based on observations with ISO, an ESA project with instrumer‘{%ggs’) foundthatthe typical strength of the 7 PAH feature,

funded by ESA Member States (especially the Principal Investigat$¢fined in their Table 1, is 0.04 in AGNs and 3.6 in starbursts;
countries: France, Germany, Netherlands and the United Kingdofify find a value of 2.5 in NGC 7582. Multi-aperture observa-
and with the participation of ISAS and NASA. tions performed by Frogel et al. (1982) showed that thgrh0
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emission comes from a region smaller thdh But its origin
is still unclear. Using the FIR to X-ray luminosity correlation
for normal and starburst galaxies, Turner et[al. (1997) found
that the maximum contribution of a starburst to the 0.5-4.5 keV
emission is~ 34%. According to Xue et al[(1998), the soft X- 21"
ray emission (0.5-2 keV) is the sum of scattered emission from
the nucleus and emission from the starburst, the latter being
10-20%. In their Hubble Space Telescope imaging survey of
nearby AGNs, Malkan et al.(1998) detected dust lanes running
across the nucleus of NGC 7582, at a distance of some hun-
dreds of parsecs: this dust component external to the torus may
contribute to obliterate the broad polarized lines whereas the
scattered X-ray photons may still be observed. 23’
There is therefore strong evidence that NGC 7582 con-
tains a ‘buried’ AGN with the active nucleus residing in a
dusty environment and coexisting with a circumnuclear star; o
burst. Schachter et al. (1998) suggested that all NLXGs are
obscured AGNSs. Because of its prototype nature and brightness .
we observed the infrared SED of this object with ISO (Kessler R S
et al[1996) to determine the relative contribution of the various 23"18M35% 30° 253 20° 15°
components to the total energy budget. a (2000.0)

20’

)

00.0

22’

5 (20

Fig. 1. The positions of the circular PHT-P aperture and of the C100
2. Observations and data reduction (3x3) and C200 (2x2) arrays are overplotted on a J-band image of NGC

582 obtained from the SkyView survey analysis system.
NGC 7582 was observed with ISOPHOT (Lemke et al. 1996) |7n Y Y yoIS sy

staring mode with the multi-filter AOTSs (Astronomical Obser:I'able 1. Pointing of the observations. The on-position was centered
vation Templates) PHTO3 (PHT-P) and PHT22 (.P.HT'C) (Kla the object, the off-position was used for background subtraction.
et al.[1994) on the target and on one off-position (Table 1).
: . y )
The.ape.rture size used Wlth PHT-P wasg 99)n—spurce inte- \-me Date RA (2000) DEC (2000)
gration times were 64s with PHT-P and 32s with PHT-C; the Py ”
same times were used for the off-source measurement. The G% ;ggg O;‘f ;:DDGCSJ Zégmggi 'jgggﬂ/,
reduction was performed using the ISOPHOT Interactive AndlS 0 ec - B
ysis tool (PIA, version 7.2) together with the calibration data
set V 4.0 (Laureijs et dl. 1998): corrections were made for non- . , . e
linearity effects of the electronics, disturbancies by cosmic ra Eloo'“m (size< 2:8). The intensity distribution in the C100

(deglitching) and signal dependence on the reset interval ti fay after background subtraction is displayed in Hig. 2. For

The flux calibration is based on measurements with the therr{3['Parson we show in Figl 3 the patterns expected from a
fine calibration sources (FCS) on board. There was one F n.tllke source. Thdeft patterr) is thabbservedfor a star,
measurement per detector in the a8, 25.m, 100um and t er_lght pattern wagleneratedising f[he calculated mon_ochrot
150um filters. The photometric accuracies for this observi atic footprint yalues of Tablgl 2; in both cases the intensity
mode and brightness range ase10% in the absolute calibra-" the central pixel was matched to that found in NGC 7582

tion (FCS inthe same filter) and30% in the relative calibration (ﬁours fllter)(.j The t_vvold(ljstrlbuftfmns :E\)re sllgr|1|tly |d|fferent since
(no FCS in this filter), see Klaas et 4l (1998). the observed one includes effects by small telescope pointing

offsets and chromatic effects within the width of the bandpass
of the 60um filter. It can be seen that the intensity distribution

in NGC 7582 is not that expected from a pointlike source. Pixels
3.1. Spatial decomposition 2 and 8, which are aligned along the major axis of the galaxy,

. ) . ) clearly show an excess emission; the values in the other border
The redshift of NGC 7582 gives a projected linear scale gfxels are closer to those given by the intensity distribution of a

102 pc/arcsec. The diameter at the 25 mag arcsddue pointlike source.

isophote is 5(De Vaucouleurs et al. 1991), which is larger |n order to disentangle the extended and pointlike compo-
than both the C100 and C200 detectors2'2 and 3, respec- pents, we proceeded as follows. We assumed thtid emis-
tively, see FigldL). Indeed, a first hint that infrared emission iggn is composed of a compact central source plus extended
extended was found by Sanders et al. (1995) in the IRAS Brigission andii) the array is centered on the compact source.

Galaxy Sample data reprocessed using the HIRES algorithfe total intensity observed in each pixel is then given by:
They report extended emission in NGC 7582 at 12 andr5

(size> 0!/75) and 60um (size> 1/75), but could notresolve it I; = filyue + Lo i, ()

3. Results and discussion
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65 um Table 2. Footprint values adopted for the spatial decomposition of

N C100 (Herbstmeier, private communication) and C200 (Klaas et al., in
A preparation) data. For C100 these are calculated values from a convo-
E lution of the monochromatic point spread function with the C100 pixel
field size. For C200 they are empirically derived from a comparison
of measurements of point sources centered on the arrays with raster
y measurements centered on each pixel.
C100 Detector
Pixel  60um 65um 80um  100um
| - 10 1 0.0087 0.0132 0.0178 0.0228
| =§§:~:;° 2 0.0429 0.0423 0.0379 0.0385
-7;,:<8 3 0.0087 0.0123 0.0176 0.0228
Ele< <7 4 0.0440 0.0434 0.0377 0.0382
-iil“ii 5 0.6625 0.6587 0.6416 0.5561
3;,: <4 6 0.0440 0.0434 0.0377 0.0382
2<1,<3 7 0.0087 0.0123 0.0176 0.0228
l=ly<2 8 0.0429 0.0423 0.0379 0.0385
9 0.0087 0.0132 0.0178 0.0228

Fig. 2. Intensity distribution in the C100 array after background sub-=
traction. Intensities in the border pixels have been normalized to th&200 Detector
range 1-10, with darker colours indicating increasing intensities; thbgce| 120um  150pm  180pm  200um

intensity in the central pixel is outside the scale. 1-4 0.1435 0.1670 0.1875 0.1875

9 8 7
rejis & Klaas'1999). The comparison (see Tdble 3) with the pho-

7 0 tometric accuracies quoted in Sgdt. 2 shows however, that the
final uncertainties are dominated by systematic errors in back-
ground subtraction and relative filter-to-filter calibration which

3 > 1 affect the total measurement, rather than the individual pixel
measurements.

Fig. 3.Intensity distribution produced by a pointlike source in the C108.2. Spectral energy distribution

array. The intensity in the central pixel and the intensity scale are the .
same asthose n the fn filter for NGC 7582, displayed in Fig. Reft: N Fig[4 we show the SED of NGC 7582 from the radio to X-ray

observations of the star HR 534@ght: theoretical monochromatic frequencies, including the new ISOPHOT data points. The radio
footprint as given in Table 2. to near-IR SEDs are similar in Seyfert and starburst galaxies
(Schmitt et al. 1997). The peak of the SED is located in the far-
, ) , ) . infrared and is likely due to the dust heated by the starburst. The
wheref; is the fraction of the intensity from the pointlike sourcg;se i, the blue wavelengths of the visual range can be either due
falling on each pixel (Tablgl2)ul. is the intensity emitted by 4, e AGN or to the starburst. Schmitt et al. (1999) found that
the pointlikenuclearsource, { ; is the extended emission fromnearly 50% of the flux ak5870A is produced By a population
the extranuclear regions detected by each pixel. The total gxxars with an agec 100 Myr, and that the contribution from
tranuclear emission is defined As= >7i", I.; (C100: np=9, 0 1\ clear featureless continuum is orly%; the remaining
C200: np=4): we shall call it thelisk emission hereafter. FOr 450, comes from stars older than 1 Gyr. The ultraviolet emission
C100 we made the further assumption tha{ is the same as ;.- ¢ jetected by IUE in 80" x 20" aperture (linear projected

in pixels 2 and 8167_5 = (I_e? + Ie;S) /_2; this seems plausible g, ¢ of ¢ kpcx2 kpc). Heckman et al[ (1995) suggested that
from the observed intensity distribution on the array (Eg. 2). o steep ultraviolet continuunfy o« A'7, may be produced

For C200 thi§ approach was not feasible due to the lagk 5 yery dusty starburst. This was later confirmed by Bonatto
of a central pixel: we extrapolated the nuclear fliix,() from ot 5 1998), who reproduced the ultraviolet continuum of a
the blackbody fit of the decomposed nuclear C100 values. Ti&.,je of nearby spiral galaxies by stellar population synthesis
extranuclear component was then obtained usinglEg. 1 with Q}"rad concluded that in the case of NGC 7582 the UV light is
footprint scaling for C200 (Tablg 2): dominated by recent star formation with an age 500 Myr in

7 gk areddened nuclear starburst. The presence of the active nucleus
Ie,l - Il flInuc' (2 . . .
becomes evident only in the hard X-ray domain.

An estimate of the uncertainties introduced by this procedure The ISOPHOT spectral energy distribution and its decom-
was computed by propagating the statistical uncertainty of thesition into several spatial and temperature components is pre-
intensities in each pixel, which is typicallyl; /I; < 5% (Lau- sented in Fidl]5. We fitted them with a modified blackbody, i.e.
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] Fig.4. The radio to X-ray spectral en-

* ergy distribution of NGC 7582. Dia-
10 |- -~ monds: ISOPHOT data (nucleus+disk); tri-
angles: photometric data from the NASA-
M. = 1 IPAC extragalactic database (NED), the SX
: 1'0 : 1'1 : 1'2 : 1'3 : 1'4 : 1'5 : 1'6 : 1'7 : 1I8 (0.5-2keV) and HX (2—-10keV) fluxes are
from Xue et al. [I998B). Uncertainties are

log v (Hz) plotted if available.

100
Fig. 5. Decomposition of the SED of NGC
7582. Filled symbols: nuclear fluxes; open
symbols: disk fluxes. Squares: PHT-P; cir-
cles: C100; triangles: C200 (the 1pfh
disk and nuclear points have been slightly
shifted in wavelength to avoid overlap-
ping). Diamonds: IRAS data from Sanders
et al. [1995). Asterisks: ground-based ob-
o servations from Roche et al. (1984). The
J black body fits are indicated as follows. Nu-
cleus: dashed-dotted lines (PHT-P and PHT-
' C components); the thick line gives the sum
A \ { ofthetwo components. Disk: dashed (C100)
and dotted (C200) line; the thin line shows
the sum of the two components. The lower
panel displays the deviation of the measured
A (um) ISOPHOT photometric data from the fit.
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30

-30
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a blackbody with a wavelength dependent emissivity (see e.g. in the torus is heated by the active nucleus. The deviations
Hildebrand 1983); we adopted an emissivity\ 2. Colour cor- of the measured data from the fit are within the general
rection was performed in an iterative way, namely a first value calibration accuracy) < 15%, with the exception of the
of the temperature was adopted and the corresponding colour12.8um and 15:m values A ~ 30%). The contribution of
correction factors applied: the resulting SED was fitted with the [Nell] A12.8:m line cannot account for the excess in
modified blackbodies using a non-linear least squares algorithm the 12.8:m band: in fact the intensity given by Genzel et
giving new values of the temperature. The whole procedure was al. (1998) amounts only te- 3% of the integrated flux in
then repeated until convergence. The fluxes derived are listed inthis band. At\ > 60 um (C100) we see a well defined cold
Table[3, the temperature components are given in Table 4. The(T ~ 32 K) component. Since we ha# (25)/5,(60) =
fluxes measured in the PHT-P filters @5um) with the 99 0.13, whereas in Seyfert galaxie$, (25)/5,(60) > 0.2
aperture are in good agreement with the values of ground-based(Miley et al.[1985), we conclude that at these wavelengths
observations (Roche etal. 1984) with smaller apertur&s & the emission is dominated by dust heated by the starburst.
therefore conclude that an extranuclear componentis negligible. According to the colour-colour diagrams by Dopita et al.
The 12 and 2ixm I1SO fluxes are also in good agreement with  (1998), the FIR colours of NGC 7582 may be interpreted as
the peak IRAS intensities given by Sanders et[al. (1995) with the composition of substantial circumnuclear star formation
an angular resolution (width at 25% peak intensitp4” and emission plus emission from an active nucleus observed
70", respectively) comparable to that of the PHT-P aperture.  through a dusty environment .., > 3): the dust may be
The results of the decomposition of the nuclear and disk located both in the accretion torus and in the circumnuclear

SEDs are: starburst.
2. Disk— The signal in C100 is dominated by a component
1. Nucleus- The SED between 10 and 2& (PHT-P) is well whose temperature (¥ 30 K) is similar to that found in the

fitted by a warm [’ = 122 K) component which is typical ~ nucleus. The signal in C200 reveals a colder component, T
of Seyfert galaxies ez Gar@a et al! 1998), where dust
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Table 3.Central wavelengths and spectral resolutions of the ISOPHOT filter bands, total fluxes (not colour corrected) and fluxes obtained after
separation of the nuclear and disk components, blackbody fitting and colour correction; statistical uncertainties for the decomposed components
(in italics) and photometric accuracies are also given. We show for comparison the IRAS fluxes from Sanders et al. (1995); a proper colour
correction is applied only to the peak and extended values. Fluxes and uncertainties are in Jy.

ISOPHOT IRAS
Ac A)\)(\:C Total phot  Nucleus stat phot Disk stat phot Total Peak  Extended
P1 Detector
10 5.6 06 +0.2 0.6 +0.2
12 5.6 15 0.2 1.8 +0.2 23 401 21 0.9
12.8 5.3 28 +0.8 2.8 +0.8
15 1.8 26 108 2.7 +0.8
P2 Detector
20 2.3 6 +2 6 +2
25 2.6 72 £0.7 5.8 +0.6 75 04 5.1 0.7
C100 Detector
60 2.5 57 +17 42 +2 £13 11 +1 +3 52 +3 54 6
65 11 59 +18 53 +3 +£16 16 +1 +5
80 17 81 +24 64 +4 19 28 +2 +9
100 2.2 85 +9 62 +4 +6 29 +2 +3 78 +5
C200 Detector
120 24 90 +27 52 +3 +16 39 +4  £12
150 1.9 75 +8 36 +2 +4 39 +4 +4
180 2.6 59 +18 25 +1 +7 32 +3 +£10
200 3.6 50 +15 19 +1 +6 30 +2 +9

~ 17 K; due to absence of data points longward of 260) Table 4. Aperture diameters and derived projected linear sizes (radii),

the fit is not very well constrained and has an uncertainiyfrared luminosities, dust masses and star formation rates derived for
AT ~ 3K. This temperature is typical of dust heated by thi@e different components; uncertainties given by the blackbody fit are
interstellar radiation field; the presence of very cold dustsplayed.

which dominates the emission in the outer regions of the

disk has also been found in the analysis of ISOPHOT deffgerture Radius T L(1-1000m)  Maus SFR

both for active (Rrez Garta et al T998) and normal (Kgel L] [kpc]  [K] Lol [Mo]  [Moyr ]

et al.[1998, Alton et al._1998) galaxies. Nucleus

99 <5 1225 (1275) x 10° (1172) x 102 -
L 43 <2 32+0.3 (3371 x 10 (9372) x 10° 5.8%97

3.3. Luminosities and dust masses Disk
Luminosities between 1 and 10pén derived for the different 138 <7 30£2 (ISE) x 10;’ (55) X 103 2t}
components are compiled in Tafile 4. The ratio of the nuclekf2 <9 1A3 (6757) x 107 (875) x 10 -

starburst to disk luminosity i8"2. Rowan-Robinson & Craw-
ford (1989) obtained a value of 2.1 fitting the IRAS values with
starburst and disk emission models: this provides a reliabiligy 5 moderate star formation activity in the inner kpc. A lower
check for the decomposition based on the spatial resolution ¥§r formation rate 2M, yr~—!, is derived for the disk.
obtained. . _ According to Claussen & Sahai (1992) the atomic and
The spatial and spectral decomposition allows an estimgl@)ecular hydrogen masses in NGC 7582 are M(H1)3 10°
which is more reliable than with IRAS of the star formation rate . and M(H) = 4.4 x 10° M, respectively. The dust to gas
and dust masses (Table 4). Star formation rates were derivedffss ratio would be- 1/600, if we considered only the warm
the cold (30K) nuclear and disk components only, accordingq cold components (nucleus + disk) detected by C100; this
to Kennicutt (1998); dust masses were computed accordingfy|d give a dust masi/y ~ 1.4x 107 M. The addition of the
Klaas & Elsasserl(1993), assuming dust grain properties asjifi k component revealed by C200 increases the dust mass by a
Hildebrand (198B) for the emissivity adopted heseX~?): factor of 7; the dust mass is naw, ~ 9.8 x 107 M, the dust
SFR = 1.7x 107 Lig /Lo [Mo yr™Y], (3) tbo gas n‘(njas; ra(tjio IS 1/9r?, close todthe cadnonical \f/aLue.dlt should
_5 —6 e noted that due to the strong dependence of the dust mass
Ma = 7.9x107(T/40)™" Lir/Le  [Mo). @ onthe temperature, th&7' = 3 K uncertainty may change the
The nuclear star formation rate of6 M, yr—! is typical of dust mass of the very cold component by a factor of 3. A more
bright IR galaxies (Kennicutt 1998), and confirms the presendetailed error calculation shows however that the final uncer-
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tainty on the dust mass is much lower (see Table 4). The ddstvaucouleurs G., de Vaucouleurs A., Corwin H.G., et al., 1991, Third
mass of the nuclear warm component, probably associated with Reference Catalogue of Bright Galaxies. Springer Verlag
the torus, isMy ~ 3 x 10% M. Dopita M.A., Heisler C., Lumsden S., Bailey J., 1998, ApJ 498, 570
Forbes D.A., Norris R.P., 1998, MNRAS 300, 757
Frogel J.F., Elias J.H., Phillips M.M., 1982, ApJ 260, 70
4. Summary Genzel R., Lutz D., Sturm E., et al., 1998, ApJ 498, 579

We obtained ISOPHOT data for the prototype NLXG NGC 758{222?21%‘ Z' Ml;h;r;y:n‘]é Telg:irlf':]e; ali’gtggispgjsgs%gw
from 10 to 20Qum and found that its emission is extended D joprand R.H.. 1983 N83 24432 o ' '
the 60 to 20:m range along the major axis of the galaxy. WRannicutt R.C.. 1998. ARA&A 36. 189

performed a spatial decomposition into a nuclear and a digkssler M.F., Steinz J.A., Anderegg M.E., etal., 1996, A&A 315, L27

component. The SED in the nucleus<{r2 kpc) amounts t0 Klaas U., Elsisser H., 1993, A&A 280, 76

70% of the total IR luminosity ofi x 10° L.; it was de- KlaasU., Kiiger H., Heinrichsen I., etal., 1994, ISOPHOT Observer's

composed into a warm (122 K) component, probably related to Manual. Version 3.1, ESA, Noordwijk, ISO Explanatory Library,

dust heated by the active nucleus, and a cold (32 K) componenthttp://www.iso.vilspa.esa.es/manuals/jsist/om311.html

coming from a circumnuclear starburst. The IR colours are cdfiaas U., Laurejis R.J., Radovich M., Schulz B., 1998, ISOPHOT Cali-

sistent with the values expected for an obscured active nucleusPration Accuracies. Version 2.0, 1SO Explanatory Library, SAI/98-

plus circumnuclear star formation. We conclude that the most g;}lgﬁghragggzzlgllvww.|so.V|Ispa.esa.es/manuals/PHT/accuraues/

Ilkely_mterpretatlon _of the NLXG nature of NGC 7_582 is thakrugel E.. Siebenmorgen R., Zota V., Chini R., 1998, A&A 331, L9

the. hlgh X-ray luminosity is produced by the active n”CI,euEaureijs RJ. Klaas U., 1999, ISOPHOT Error Budgets. Ver-

which is obscured at longer wavelengths by dust located in the gjon 1.0, SA/98-091/Dc, http://www.iso.vilspa.esa.es/ manu-

circumnuclear regions; the heating of the dust by the starburst g1s/pHT/erromudget/

produces the far-infrared emission. The availability of the dataureijs R.J., Klaas U., Richards P., Schulz B., 1998, ISOPHOT Data

longward of 10Q:m allowed the detection of a very cold (17K)  Users Manual. Version 4.0, ISO Explanatory Library, SAI/95-

component in the SED of the disk. This very cold component 220/Dc, http://www.iso.vilspa.esa.es/manualsfolim4/

is due to dust heated by the interstellar radiation field andLigmke D., Klaas U., Abolins J., et al., 1996, A&A 315, L64

dominates the dust mass of the galaxy; its inclusion increadéakan A.-M., Gorjian V., Tam R., 1998, ApJ 117, 25

the dust mass detected now by a factor of 7. Mlley G.K, Neugebaut_er G, Son_‘er B.T., 1985, ApJ 193, L11
Morris S., Ward M., Whittle M., Wilson A.S., Taylor K., 1985, MNRAS

AcknowledgementsThe ISOPHOT consortium is headed by the Max- 216, 193

Planck-Institut &ir Astronomie, Heidelberg, Germany. The ISOPHOMushotzky R.F., 1982, ApJ 256, 92

development and the postoperational phase of the ISOPHOT Data d&f€z Gara A.M., Rodiguez Espinosa J.M., Santolaya Rey A.E.,

tre of MPIA Heidelberg are funded by Deutsches Zentrint fift- und 1998, ApJ 500, 685

Raumfahrt (DLR), Bonn. PIA has been jointly developed by the ESRadovich M., Hasinger G., Rafanelli P., 1998, Astron. Nachr. 319, 325

Astrophysics Division and the ISOPHOT consortium. This resear&pche P.F., Aitken D.K., Phillips M.M., Whitmore B., 1984, MNRAS

has made use of the NASA-IPAC extragalactic database (NED) which 207, 35

is operated by the Jet Propulsion Laboratory, Caltech, under contf@efvan-Robinson M., Crawford J., 1989, MNRAS 238, 523

with the NASA. We thank the anonymous referees for their commerg@nders D.B., Egami E., Lipari S., et al., 1995, AJ 110, 1993

which improved this paper. Schachter J.F., Fiore F., Elvis M., et al., 1998, ApJ 503, L123
Schmitt H.R., Kinney A.L., Calzetti D., Storchi Bergmann T., 1997,
AJ 114,592
References Schmitt H.R., Storchi-Bergmann T., Cid Fernandes R., 1999, MNRAS

303, 173
Storchi-Bergmann T., Bonatto C., 1991, MNRAS 250, 138
Storchi-Bergmann T., Kinney A.L., Challis P., 1995, ApJS 98, 103
Turner T.J., George I.M., Nandra K., Mushotzky R.F., 1997, ApJS 113,
23
g&fe S.J., Otani C., Mihara T., Cappi M., Matsuoka M., 1998, PASJ 50,
519

Alton P.B., Trewhella M., Davies J.I., et al., 1998, A&A 335, 807

Antonucci R., 1993, ARA&A 31, 473

Aretxaga I., Joguet B., Kunth D., et al., 1999, ApJL, in press

Bonatto C., Pastoriza M.G., Alloin D., Bica E., 1998, A&A 334, 439

Claussen M.J., Sahai R., 1992, AJ 103, 1134 (Luminosities were
rived assuming a Hubble constant of 50 kit dvipc™1).



	Introduction
	Observations and data reduction
	Results and discussion
	Spatial decomposition
	Spectral energy distribution
	Luminosities and dust masses

	Summary

