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Abstract. We present a 2.4–45 m spectrum of the center of
our Galaxy obtained with the Short Wavelength Spectrometer
(SWS) on board ISO. The wide range of ionic fine structure
lines observed yields an average effective temperature for the
ionizing stars of 35000 K, with a small contribution of significantly hotter stars, consistent with ageing of an active period
of massive star formation that took place a few million years
ago. Several absorption features from the foreground cold ISM
are detected for the first time. The extinction law towards the
Galactic center lacks the expected deep minimum in the 4–8m
range. From the detection of OH 34.6m absorption, we infer
that radiative pumping is likely the major excitation mechanism
for OH emission from the Galactic center. We discuss the rich
spectrum of iron and nickel and conclude that the [Fe II] spectrum is inconsistent with pure collisional excitation. This calls
for caution in interpretation of [Fe II] emission in sources, such
as starburst galaxies, which contain intense radiation fields.
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1. Observations
A 2.4–45m spectrum of the Galactic center was obtained with
ISO-SWS on Feb. 19, 1996. The slowest version of the fullscan
observing mode (SWS01, de Graauw 1996) was used. For an extended source like the galactic center, the wavelenght dependent
spectral resolving power will be slightly less than the values between about 700 and 2000 which are found for a compact source
observed in SWS01 mode. The spectrum was reduced with the
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SWS interactive analysis system (IA), using calibration files as
of June 25 and additional tools to improve flatfielding and to
remove fringes.
The aperture was centered on Sgr A , with the long axis
oriented at position angle -1.4 . The 1400  2000 aperture for
the short wavelengths also included some of the well-known
mid-infrared sources like IRS3 and IRS1, much of the ionized
‘bar’ including the ‘mini-cavity’ region, and part of the ionized
northern arm. For longer wavelengths, more of the ionized minispiral is covered by the larger (2000  3300 ) aperture. We did not
attempt to correct for this in the spectrum displayed in Fig.
1, leading to jumps in the spectrum where the aperture size
changes. The aperture size was however taken into account by
dividing by 2 all fluxes for lines beyond 30m when interpreting
line ratios.

2. Ionizing continuum and stellar population
The detection of fine structure lines of [Ne II], [Ne III], [S III],
[S IV], [Ar II], [Ar III], [O IV] allows a detailed diagnostic of the
ionized medium and the exciting continuum. We have used the
photoionization code CLOUDY version 84.12 (Ferland 1993)
updated with the [Ar II] collision strength of Pelan and Berrington (1995) to infer the average effective temperature of the ionizing stars from the observed ratios of lines from different ionization stages of the same element. We have adopted an ionization
parameter U  1 constrained by the density of 3000 cm 3
obtained from the [S III] and [Ne III] line ratios, the Galactic center ionizing flux of 31050 s 1 (see e.g. Genzel and
Townes 1987) and a typical distance of 0.5 pc to the ionized
clouds. To estimate the impact of the adopted stellar spectra, we
have used stellar atmosphere models of both Kurucz (1992) and
Sellmaier et al. (1996). Using this and the three independent ratios [SIV]/[SIII], [ArIII]/[ArII], [NeIII]/[NeII] we infer that the
average effective temperature is 350002000K, with the error
estimate dominated by the effect of the adopted model atmospheres and the extinction correction within the silicate feature.
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Fig. 1. SWS spectrum of the Galactic center. The aperture size used changes at 12.35, 27.5, and 29.5 m

Our observations improve the quantitative basis with respect to
similar analyses based on a more restricted set of lines (e.g.
Lacy 1980). A scenario with high densities and a harder stellar
continuum (Shields and Ferland 1994) is difficult to reconcile
with the measured line ratios.
The detection of weak [O IV] 26m implies that the Galactic center must have an additional source of excitation, since
nebulae illuminated by main sequence stars of the temperatures
discussed above will not show sufficient [O IV]. While [O IV]
emission can arise in a variety of sources - AGN, ionizing shocks
or even planetary nebulae - the most conservative assumption
in view of the direct near-infrared detection of Wolf-Rayet stars
(Krabbe et al. 1995) is that locally there are regions centered
on very hot stars in which the excitation is high enough to produce some [O IV]. The soft average radiation field, with a small
harder component from evolved (WR) stars, indicates that the
Galactic center has recently ( 3 to 9106 yrs ago) experienced
a period of significant star formation, but is now forming stars
at a lower rate.
3. Absorption features
The SWS spectrum contains a number of new as well as known
interstellar absorption features, which are listed in Table 1. We
do not detect ‘PAH’ emission features, unlike spectra at positions on the circumnuclear ring. The carriers of the ‘PAH’ features are likely destroyed in the intense central radiation field
(FUV (GC)  106:5 FUV (ISRF)). The small number of transitions detected in the R and P branches of the CO fundamental
is proof that this absorption originates in cold foreground gas.

Table 1. Absorption features
Wavelength
[m]
3.0
3.4
4.26
4.66 (various)
4.77 (various)
6.1
6.8
7.3
7.7
9.7
15.2
18
34.6




Identification
O-H stretch
Hydrocarbons
CO2 ice
12
CO fundamental
13
CO fundamental
O-H stretch
Hydrocarbons/methanol
Hydrocarbons
Methane
Silicate
CO2 ice
Silicate
OH

Similarly, the presence of ices like CO2 and methane indicates
that part of the extinguishing column must be in a molecular
cloud environment rather than in the diffuse ISM (see Whittet et al. (1996) for a discussion of the CO2 ice features). Our
spectrum does show a smooth broad 6.1m feature, but not the
substructures at 5.5 and 5.8m ascribed to carbonyl groups by
Tielens et al. (1996). Several of the features are ascribed to hydrocarbons, including the 7.3m feature expected on the basis
of the presence of the 6.8m feature (Tielens et al. 1996).
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Fig. 2. Expanded display of selected regions from the Galactic center spectrum

4. Extinction law
We have used the hydrogen recombination lines detected between 2.5 and 9 m to probe the extinction law in this wavelength range. For the Galactic center and the spatial scale of
the ISO aperture, one can ignore problems that might arise in
such an analysis in case of poorly known or inhomogeneous
extinction. To determine an extinction law by comparison between observed fluxes and expected fluxes predicted from case
B, it is necessary to know the extinction at one particular wavelength. We adopted the K band extinction of 3.47 mag inferred
by Rieke, Rieke and Paul (1989) and extrapolated to the ‘pivot’
wavelength 2.625m (Brackett ) assuming a  1:75 extinction
law. The resulting extinction curve is shown in Fig. 3. We confirmed our result against effects of calibration uncertainties by
comparing the line fluxes to H line fluxes measured in NGC7027
with SWS and reduced in the same way. Our finding of high extinction is unaffected by a stellar wind contribution to the H
lines since already Brackett is almost exclusively of nebular
origin.
The extinction law measured towards the Galactic center
clearly lacks the pronounced minimum in the 4–8m region expected for standard graphite-silicate mixes (e.g. Draine, 1989).
Additional contributors to the extinction must be present. Part
of these may be the carriers of the absorption features like the
3m ‘ice’ feature, which appears to imprint on the extinction
curve, but a more continuous component due to e.g. iron/metal
sulphides or metal oxides might also be involved. Since most
of the extinction to the Galactic center arises in the foreground

Fig. 3. Extinction law towards Sgr A , derived from SWS H recombination line data

ISM rather than locally, it is likely that the new extinction curve
is more widely applicable.
5. OH absorption and pumping of OH emission
An unresolved absorption feature with an equivalent width of
0.0011m (10 km/s) is detected at a wavelength of 34.6m. The
absorption is due to the blended 2 3=2 ; J = 3=2 !2 1=2 ; J =
5=2 transitions of OH. Genzel et al. (1985) discussed the role
of this transitions for the radiative pumping of longer wave-
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Table 2. Fluxes of selected emission lines
Identification
[FeII]
[FeII]
[FeIII]
[FeII]
[NiII]
[ArII]
[NiIII]
[ArIII]
[SIV]
[NeII]
[NeIII]
[FeII]
[SIII]
[FeIII]
[OIV]
[FeII]
[FeIII]
[FeII]
a

Lambda
[m]
1.533
1.644
2.218
5.340
6.636
6.985
7.349
8.991
10.51
12.81
15.55
17.93
18.71
22.93
25.89
25.99
33.03
35.34

Corrected to a 1400

Measured
[W cm 2 ]
DePoy ’92
DePoy ’92
Lutz et al. ’93
1.6e-18
8.9e-19
4.4e-17
2.4e-18
8.1e-19
(SWS02) 1.1e-19
8.7e-17
5.7e-18
3.4e-19
1.6e-17
7.2e-18
5.2e-19
2.8e-18
9.5e-18
2.0e-18

a

Corrected
[W cm 2 ]
4.4e-18
1.3e-17
5.9e-19
5.5e-18
3.1e-18
1.6e-16
9.6e-18
1.4e-17
1.9e-18
2.5e-16
1.1e-17
7.8e-19
3.7e-17
1.3e-17
8.3e-19
3.5e-18
6.7e-18
1.9e-18

 2000 aperture and for extinction.

The observed [Fe III] lines fit well the explanation of Lutz,
Krabbe and Genzel (1993) for the bright near-infrared [Fe III]
emission. [Fe III] is excited under H II region conditions with
electron temperature below 10000 K in the ‘mini-cavity’ region
which has an increased gas phase iron abundance due to grain
destruction by a past shock. A higher electron temperature, as
required for direct shock excitation, is ruled out by the ratio of
ISO lines to near-infrared lines.
Ni+ and Ni++ have very similar excitation and ionization
energies to Fe+ and Fe++ and will hence be found in closely
similar regions. Under the assumption of collisional excitation,
the ratios of Ni to Fe lines indicate an overabundance of Nickel
for both ionization stages. This should however be viewed with
caution since [Ni II] emission is affected by fluorescence too
(Lucy, 1995), while the interpretation of [Ni III] is hampered by
the lack of accurate atomic data.
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(L. Lucy, priv. comm.) indicate a significant effect of fluorescence on the observed lines under Galactic center conditions.
This calls for caution in the interpretation of [Fe II] emission of
starburst galaxies, where similar radiation fields may be found.
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