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Abstract. The Galactic continuum spectrum from 5-96 cm™! is derived
from COBE! /FIRAS observations. The spectra are dominated by warm
dust emission, which may be fit with a single temperature along each line
of sight in the range 16-21 K. A widespread, very cold component (4-7 K)
with optical depth that is spatially correlated with the warm component is
also detected. The nature of the cold component and its implications for
the amount of very cold material in the Milky Way are discussed.

1. Introduction

The all-sky observations by the Far Infrared Absolute Spectrophotome-
ter (FIRAS) aboard the Cosmic Background Explorer (COBE), provide
the first complete coverage of the wavelength range from 4.5mm through
104um. Here we present observations of the galactic continuum spectrum
and its variation both in the galactic plane and at high galactic latitude.
Full details of this, work are presented in [6].

2. Observations and Method

The FIRAS has a 7° beam and it detects frequencies 2.2-96 cm™! (wave-
lengths 4.5mm-104pum), with a spectral resolution of 0.57 cm™! over the

1The National Aeronautics and Space Administration/ Goddard Space Flight Center
(NASA/GSFC) is responsible for the design, development, and operation of the Cos-
mic Background Explorer (COBE). Scientific guidance is provided by the COBEScience
Working Group. FSDC is also responsible for the development of the analysis software
and for the production of the mission data sets.

567

L. Blitz and P. Teuben (eds.), Unsolved Problems of the Milky Way, 567-573.
© 1996 International Astronomical Union. Printed in the Netherlands.

https://doi.org/10.1017/50074180900230349 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900230349

568 WILLIAM T. REACH

entire spectral range; see [3] for details. The spectra are dominated by
the cosmic background radiation, interstellar medium, and zodiacal light
(at high frequencies). The cosmic microwave background radiation was re-
moved from each spectrum by subtracting a blackbody. The zodiacal light
was modeled using Diffuse Infrared Background Experiment observations,
to which a parameterized model of the density and temperature of inter-
planetary dust was fitted. Spectral lines were avoided by eliminating the
appropriate frequencies.

Coaddition was necessary in order to reduce the noise in the spectra at
high galactic latitude. The spectra were combined into 120 longitude bins
in the galactic plane and 26 high-latitude regions. Two sample spectra,
toward (I = 45°,b = 0°) and (90° > [ > 0°,—30° > b > —60°) are shown in
Figures 1(a) and 2(a).

The spectrum for each region was fitted by one or more modified black-
bodies, with a power-law emissivity, ¢, = (v/19)*. In the low-frequency
limit, the Kramers-Kronig theorem can be used to show that a is an even
positive integer [9], although it is not yet known below which frequency this
limit applies. The results of using a v? emissivity, a v* emissivity, and a 2

emissivity with two temperatures are shown for the two sample spectra in
Figures 1(b-d) and 2(b-d).

3. Results

In the galactic plane, the FIRAS spectra cannot be modeled by a single
modified blackbody with a power-law emissivity. Neither are the spectra
well fitted by a continuous distribution of temperatures centered on the
temperature of the dominant component at 16-21 K. Rather, the observa-
tions indicate an excess that can be reproduced by a second temperature
component at much lower temperature (4-7 K). Just off the galactic plane,
in the 10° < b < 30° zone, the very cold component is also required to
match the spectra. At the highest galactic latitudes, the spectra are fit
equally well by a two-temperature model or a single-temperature model
with a power-law emissivity with a ~ 1.5. Because it is unlikely that the
grain properties are significantly different at high latitude, we consider the
two-component model to be valid there as well.

The optical depths of the warm and cold components are compared in
Figure 3. The correlation is not exactly linear: the slope becomes steeper
at fainter levels (corresponding to higher latitude). Also, the temperature
of the very cold component has significant variation across the sky. In a
principal components analysis of the FIRAS data, Barnes [1] identified the
very cold component as an eigenspectrum with a spatial variation similar
to but distinct from that of the warm dust.
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Figure 1.  (a) Spectrum of interstellar emission in the galactic plane toward longi-
tude ! = 45°. Other than the identified spectral lines, the spectrum is dominated by
emission from warm dust, which peaks around 65 cm™ (150pm). (b) Residuals after a
single-component modified blackbody with o = 2 was subtracted. The residual intensity
at each frequency was divided by the uncertainty at that frequency. The excess emission
at 7-20 cm™! (1400-500pm) is evident. (c) Residuals after a single component with the
best-fitting emissivity index was subtracted. (d) Residuals after a two-component model
was subtracted. The very cold emission is now adequately fit.
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Figure 2. (a) Spectrum of interstellar emission in the region with —30 > b > —60° and
90° > 1 > 0°. Only a weak C?t spectral line and the warm dust continuum are evident.
(b) Residuals after a single-component modified blackbody with a = 2 was subtracted.
The excess emission at 7-20 cm™' (1400-500pm) is evident. (c) Residuals after a single
component with the best-fitting emissivity index (a = 1.4) was subtracted. (d) Residuals
after a two-component model was subtracted. It is not possible to clearly distinguish
whether panel (c) or (d) are better fits to the data.

4. Nature of the Very Cold Component

The nature of the very cold component identified in the FIRAS spectra
is of great importance, because the existence of very cold material in the
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Figure 8. Comparison of the optical depths of the warm and cold components.

Milky Way has implications for the ‘missing mass’ problem, the composi-
tion of the halo, and the reservoir of material available for star formation.
One obvious hypothesis is that the cold component is due to dust grains,
similar to those that produce the warm component, but illuminated by a
much-reduced radiation field. The existence of the cold component at high
galactic latitude seems to preclude this hypothesis, because there are in-
sufficient dark regions at high galactic latitude within which to shield the
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dust. The strong variation of the cold component with galactic coordinates
(as reflected in Figure 3) precludes its being produced exclusively in the
halo, although a small halo contribution remains possible [4].

Three more hypotheses for the nature of the very cold component are
emission from large grains (~ 102 pm), very small grains (< 0.02 ym), or
fractal grains. Large and fractal grains are cold because they emit relatively
efficiently in the far-infrared and submillimeter, and very small grains are
cold (most of the time) because they cool rapidly in between successive ab-
sorptions of photons. The large-grain hypothesis runs into abundance con-
straints on the heavy elements they contain, but at least one grain model
has been able to incorporate relatively large grains without violating cos-
mic abundances [7]. The very small grain hypothesis requires some heating
mechanism to keep the grains from cooling all the way to the cosmic back-
ground temperature; this issue has not been addressed yet. Fractal grains
can attain a wide range of temperatures due to their geometry alone.

Another hypothesis for the cold component is that it is due to an emis-
sivity enhancement in the submillimeter due to the optical properties of
the constituent material. The variations in the cold component relative to
the warm component would require that the composition change across the
sky. This hypothesis is being explored further, in an attempt to determine
the emissivity of interstellar dust by inverting the FIRAS spectra.

5. Implications for Cold Gas in the Milky Way

The lack of substantial power emitted by dust with temperatures in the
4-15 K range places strong constraints on the amount of very cold mate-
rial in the interstellar medium. The discovery of CO absorption lines from
clouds in the outer galaxy led to the suggestion that very cold molecular
clouds, which would have been very difficult to detect by CO emission, may
be an important, massive component of the Galaxy [5]. The power of all
starlight incident on such cold clouds would be reemitted within the FIRAS
bandpass. In fact, there is little power emitted besides that contained in
the warm component: the cold component contains less than 0.05% of the
power in the Solar neighborhood interstellar radiation field. Models for the
interstellar medium including a substantial increase in the abundance of
dark clouds, such as those required to harbor cold gas, must comply with
the constraint that very little power is emitted by cold dust. Evidence for
star formation in the far outer galaxy [2] suggests both that dust forma-
tion (in stellar outflows and supernovae) occurs there and that the radiation
field will not be negligible; power absorbed from the extragalactic radiation
field is also detectable.
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