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The starburst galaxy NGC 6090: from 2.5m to 200m?
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Abstract. We have carried out broad band photometry system in the process of being merged (see Fig 1). The sepof the interacting galaxy system NGC 6090 from 3.6 to
200 m using ISOPHOT. This is complemented by a low
resolution spectrum in the wavelength range 2.5-11.5 m:
The IR spectral energy distribution of a starburst galaxy
is shown with unprecedented detail. From our Far Infrared measurements we can demonstrate that the starburst component is the dominating energy source in this
object. 84% of the total IR output is in the wavelength
range below 120 m, while 16% is in the 120 to 240 m
range. Emission in the PAH bands is an essential radiation
mechanism in the wavelength range shortward of 10m for
this object. We discuss various published starburst models
and their applicability to NGC 6090.

aration of the two nuclei is 6.400 , corresponding to a projected distance of 3.6 kpc, and they have similar brightness
(Mazzarella & Boroson 1993). Optical spectroscopy indicates that both nuclei can be classi ed as HII region{like
(Veilleux et al. 1995).
NGC 6090 has also been observed at 1300 m (Chini,
Krugel, & Kreysa 1993) and in the UV (Kinney et al.
1993). Our study in the 2.5 to 200 m range complement
these previous observations, making it an excellent object for a multiwavelength discussion. In this paper we
describe our observations, which include the wavelength
region where NGC 6090 is expected to be most luminous.

starburst { galaxies interactions { infrared galaxies

Observations were carried out with ISOPHOT (Lemke et
al. 1996) using the full wavelength range of this instrument. Raster observations with the ISOPHOT cameras in
the 60 m to 200 m range (C100 and C200 arrays) were
carried out on ISO's 13th revolution. These were e ectively a by{product of the testing of the timing of the
instrument command sequences. The same sequence of
measurements was repeated twice, once from Villafranca
ground station and once from Goldstone. Both sequences
were performed on the best part of the revolution around
apogee. Photometry between 3.6 m and 60 m using the
7900 aperture (ISOPHOT-P) and Spectroscopy in the range
2.5 m to 11.6 m (ISOPHOT-S) were carried out later.
The photometer aperture and the coverage of the raster
maps relative to an optical image are shown in Fig. 1.
The data were reduced using the ISOPHOT Interactive Analysis. Starting from Edited Raw Data (ERD) level
we have corrected for a number of e ects in the data: Non{
linearity of integration ramps, glitch events, and drift sta-
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1. Introduction
NGC 6090 is an entry of the IRAS Bright Galaxy Sample (Soifer et al. 1989), being a luminous galaxy with an
IR luminosity larger than 1011L . IRAS only marginally
resolved it at 12 m and 25 m.
The galaxy is at a distance of 117 Mpc (we adopt
H0 = 75km s 1Mpc 1 throughout this paper). In the optical NGC 6090 appears as a strongly interacting galaxy
Send o print requests to : jacosta@iso.vilspa.esa.es
?
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Left: Overlay of ISOPHOT apertures and raster positions on a POSS image. Solid lines represent C100 pixel positions,
dashed lines the C200 pixel positions, and the circle represents the 79 aperture. Right: Raster map from the C100 array
observation using the 60 m lter. Same orientation as optical image but not rotated.
Fig. 1.
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bility analysis. For non{chopped measurements we have
subtracted the standard dark current. A background subtraction for chopped measurements was done constructing the di erence between on and o beams. Fig. 1 shows
that our observations detect extended emission at 60 m;
which is consistent with the distribution of objects in our
eld of view. For C100 rasters we derived the background
signal from the edge pixels of the rasters. C200 rasters
were not large enough to measure the background signal
alone. In this case we disentangled the relative source and
background contribution considering the projection of the
point spread function onto the individual raster pixels.
2.1. Broad band IR Photometry
The ux calibration was carried out using responsivities
for all detectors derived from measurements of several celestial standard sources. Responsivity drift along the orbit
was checked using measurements from internal calibrators.
We found a variation of less than 10% for our set of measurements. The uncertainty of the responsivity values is
around 20-30 %: The total errors are estimated by adding
quadratically the measurement error of the signal and the
systematic errors in the standard models.
An empirical signal correction needed to be applied to
the chopped 11.5 m and 60 m measurements presented
here to correct for transient behaviour. This is due to the
fact that the signal cannot reach a stable value during one
chopper plateau period. In order to compare with models
we also applied colour corrections to the bandpasses longwards of 60 m; assuming a blackbody spectrum with a
temperature of 35 K.

response function for point sources (Lemke et al. 1996).
The spectrophotometry is consistent with our broad band
photometry in the overlapping bandpasses within a factor
 2; the ISOPHOT-P photometry always giving higher
uxes. This can be explained by a beam size e ect because the ISOPHOT-S aperture covers only the central
part of the galaxy, which is extended with respect to the
strongly peaking beam pro le of the spectrophotometer.

3. Results
3.1. Spectral Energy Distribution

The Spectral Energy Distribution (SED) is shown in Fig.
2. The shape of the SED is very well constrained by our
14 data points distributed between 3.6 m and 200 m:
It is clear that most of the energy is emitted in the wavelength range from 60 m to 120 m: The C200 photometry clearly shows the SED falling o beyond 120m: A
small bump can be seen in the range 12-16m. This could
not be seen from the IRAS data, but can be seen here due
to ISOPHOT's better coverage of this wavelength range.
Our photometry matches that of the IRAS data at
25 m and 60 m (Soifer et al. 1989) within the error bars.
Our measurement with the 105 m lter is also in good
agreement with the IRAS data point, however the ux
measured in the 90 and 100m lters is too low compared
with the IRAS value. Our measured ux in the 11.5 m
lter is higher than that from IRAS measurements. Several strong emission lines (PAH feature at 11.3 m and
[NeII]12.8m) are present within the wide bandpass of our
lter, therefore our assumption of a at spectrum when
converting
from in{band power to ux density is probably
2.2. Spectrophotometry
not valid. Moreover the relative response of the ISOPHOT
The ux calibration of the ISOPHOT-S spectrum was lter/detector combination is higher at the wavelengths
done using the most up-to-date version of the spectral corresponding to these features.
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ISOPHOT-S spectrum of NGC 6090. Only the long
wavelength part (5.8{11.6 m) is shown.
Fig. 3.

2. Spectral energy distribution (S ). Filled circles: ISOPHOT-P apertures measurements; lled squares:
ISOPHOT-C measurements; open diamonds: IRAS values. The at rest wavelengths 3.3, 6.2, 7.7, 8.6 and 11.3 m , respectively. This yields a luminosity in PAH features of at least
arrows indicate the applied colour correction.
Fig.

8  109L ; which is about 10% of the luminosity between 2
and 40 m: We cannot con rm the presence of the 9.7m
3.1.1. IR Luminosity
silicate absorption feature, because of the diculty to esthe continuum level in{between the bright PAH
We have derived the total infrared luminosity using 11 tablish
features.
lters, out of the 14 measured, by constructing non{
overlapping bandpasses to cover the whole wavelength
range from 3 m to 240 m: The total IR luminosity 4. Discussion
derived for this range is 2.781011 L : For comparison A common approach to modelling the infrared emission
we also calculated the standard IRAS FIR luminosity be- from galaxies is to assume a mixture of the following 3
tween 40 m and 120 m (Lonsdale et al. 1985), which components, each with a di erent heating source (Helou
amounts to 1.39 1011 L ; or 50% of the total infrared 1986; Rowan-Robinson & Crawford 1989): cold dust or
luminosity. The Extreme FIR luminosity, beyond 120 m; cirrus emission heated by the interstellar radiation eld,
is 4.5 1010 L ; and contributes 16%: The range short- warm dust associated with star formation regions and hot
wards of 40 m gives 9.4 1010L ; which is 34% of the dust around an active nucleus. These above authors pretotal IR luminosity. We derive the formation rate of mas- sented the location of various types of galaxies on IRAS
sive stars using an expression given by Scoville & Young colour-colour diagrams, and were able to separate the
(1983) as being 21M year 1 : This value is consistent with contribution from the di erent components. The large
the one derived from the derredened H luminosity given S(60)/S(25) ratio for NGC 6090 indicates that the conin Veilleux et al. (1995) and using their conversion formula tribution from hot dust heated by an active galactic nu(17M year 1 ).
cleus is very low. This argument is also corroborated by
the presence of PAH features found in our ISOPHOT-S
spectrum (Roche et al. 1991; Voit 1992). Furthermore, it
3.2. Emission Lines
does not show any sign of Seyfert activity in the optical
The most prominent features in the ISOPHOT-SL (6 { (Kim et al. 1995).
11.5 m) spectrum of NGC 6090 (see Fig. 3) are the
Rowan-Robinson & Crawford (1989) and Xu & De
PAH emission features. We have clearly detected sev- Zotti (1989) found the ratio of the starburst emission to
eral bands: 6.2, 7.7, 8.6 and 11.3 m. It is important to the cirrus emission to be 2 to 1. Our result showing that
notice that due to the redshift the 11.3 m feature is 84% of the emission comes from the wavelength regime
only partly within our wavelength range. Its ux is cal- shortwards of 120 m also argues for very ecient heatculated assuming that half of the line ux can be mea- ing of the dust. It implies temperatures higher than about
sured, which could be underestimated. The short wave- 25 K, which cannot be accounted for by the interstellar
length spectrum (ISOPHOT-SS) is very noisy and we radiation eld alone.
only claim the marginal detection of the 3.3m PAH feaWe tried to t several di erent model spectra to our
ture because of the clear presence of other features at photometric data points (see Fig. 4). The model published
longer wavelengths. We derived the following line intensi- by Rowan-Robinson & Efstathiou (1993) cannot explain
ties: 0.73, 2.5, 7.6, 3.14 and 4.8 (in units of 10 15Wm 2 ), the bump at 16 m; the PAH features and the contin-
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Fig. 4. Model ts to SED of NGC 6090. Filled circles are the measured data points and thick solid line is the ISOPHOT-S
spectrum. Dotted line: starburst model from Rowan-Robinson & Efstathiou (1993); Dotted{dashed line: starburst model from
Krugel & Siebenmorgen (1994); dashed line: modi ed blackbody spectrum, and thick dotted{dashed line: the composite of the
last two components.

uum shape shortwards of 10 m: Krugel & Siebenmorgen
(1994) proposed a more detailed model, including PAH
features, which they applied to the central region of M 82.
Their predicted SED also shows a bump at around 16 m:
It ts our measured SED very well. Also, our measured
PAH line ratios of NGC 6090 are similar to those of M 82
(Leger, d'Hendecourt, & Defourneau 1989).
Neither model accounts for the emission from cold dust
beyond 100 m: To account for this, we added a component with a temperature of around 20 K to the model by
Krugel & Siebenmorgen (1994). We assumed a modi ed
blackbody with the shape  2 B ; which yields a total luminosity between 3 and 1300 m of 4:4  1010 L : The
1300 m point given by Chini, Krugel, & Kreysa (1992)
cannot be used as an additional con nement for the model
ts because it samples only the very central region of the
system (1100 ). Using the conversion formula given in Chini,
Krugel, & Kreysa (1992), we derived a dust mass of 108 M
for this component. This is very likely to be close to the
total dust mass of the galaxy. If we assume an average dust
temperature of the starburst component of 50 K, we derive that the dust mass involved in this emission is 106 M ;
which is approximately 1% of the previously derived total
dust mass.

5. Conclusions

The IR emission of NGC 6090 is dominated by warm
dust heated by young stars forming in the merging process. A model by Krugel & Siebenmorgen (1994) complemented by a cold dust component of T ' 20K and a mass
of 108 M describes its properties very well. NGC 6090
shows a SED similar to M 82, although it is more than
10 times brighter and its starburst region may be con-

siderably larger. For wavelengths shorter than 20m; the
contribution made by PAH molecules to the total emission
is signi cant.
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