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Abstract

This letter presents the first results of the mid-infrared spectrum (4.5-11.7 pm) of the diffuse emission
near to the galactic plane (I ~ 50°; |b] < 5°) obtained by the mid-infrared spectrometer on board the
Infrared Telescope in Space mission. The results clearly demonstrate the presence of unidentified infrared
emission (UIR) bands at 6.2, 7.7, 8.6, and 11.3 pum in the diffuse galactic emission. The distribution of the
UIR bands correlates well with the IRAS 100 um map, suggesting that the UIR-band emitting material
is well mixed with the classical dust grains in general interstellar space. The present results indicate that
more than 70% of the IRAS 12 um flux diffuse emission is emitted in the spectral range 8-11.7 pm, and
that most of the 12 ym excess comes from the features associated with the UIR bands.
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1. Introduction

The IRAS observations have shown that there is excess
emission in the IRAS 12 ym band in the diffuse interstel-
lar clouds, emission greater than that expected from the
classical interstellar dust grains of submicron size that
give rise to the far infrared emission (Boulanger et al.
1985). This excess has been interpreted in terms of very
small dust grains with fluctuating temperature (Draine,
Anderson 1985), or alternatively may be due to emission
from the so-called unidentified infrared (UIR) emission
bands, rather than a smooth continuum (Puget et al.
1985). The UIR bands are a family of emission bands
which have been observed in various celestial objects, in-
cluding planetary nebulae, reflection nebulae, and HI11
regions. The main components of the UIR bands are lo-
cated at 3.3, 6.2, 7.7, 8.6, and 11.3 um, and are generally
thought to be of carbonaceous origin.

Observations by a balloon-borne experiment, AROME,
have detected the 3.3 um UIR emission band in the dif-
fuse galactic emission, supporting the idea that the carri-
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ers are present in general interstellar space (Giard et al.
1988, 1989). Recently Ristorcelli et al. (1994) have also
reported the detection of the 6.2 pm band in the diffuse
galactic emission by the AROME experiment. The UIR
bands at 7.7, 8.6, and 11.3 pm, which are in the IRAS
12 pm passband, and would therefore contribute to the
TIRAS 12 pm excess directly, have however not yet been
measured in the diffuse galactic emission. The detection
of the 3.3 and 6.2 um UIR bands strengthens the signifi-
cance of a spectroscopic study of diffuse emission in order
to elucidate the nature of the 12 pm excess emission.
Various candidates have been proposed for the origin
of the UIR bands. Among them are polycyclic aromatic
hydrocarbons (PAH; Léger, Puget 1984; Allamandola et
al. 1985), a quenched carbonaceous composite (QCC;
Sakata et al. 1984, 1987), hydrogenated amorphous car-
bon (HAC; Duley, Williams 1981; Borghesi et al. 1987),
and coal grains (Papoular et al. 1989). The relative spa-
tial distributions of the UIR bands in various interstellar
conditions, if they do exist in general interstellar space,
should provide important information to identify the car-
rier as well as the emission mechanism of the UIR bands.
This letter presents the first results concerning the
mid-IR spectrum (4.5-11.7 pm) of diffuse emission ob-
tained by the Mid-IR Spectrometer (MIRS) on board
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the Infrared Telescope in Space (IRTS). The results pro-
vide the mid-IR spectrum of the diffuse emission around
the galactic plane for the first time, and unambiguously
demonstrate the presence of the 6.2, 7.7, 8.6, and 11.3 um
UIR bands. The 3.3 um band in the diffuse galactic
emission has been observed by the Near-IR Spectrome-
ter (NIRS) on board the IRTS, and is reported separately
(Tanaka et al. 1996).

2. Observations and Data Reduction

The design and flight operations of the IRTS mission
have been described by Murakami et al. (1994, 1996).
This letter reports on an analysis of the data around the
galactic plane (|b] < 5° and 44° < | < 54°), where ac-
curate pointing information is presently available. The
MIRS is a low-resolution spectrometer with a field of view
of 8 x 8, and covers the spectral range of 4.5-11.7 um
with 32 discrete detectors. The spectral resolution is ap-
proximately 0.3 pm and has been optimized for the spec-
troscopic study of extended objects. Details concerning
the MIRS design and expected performance are given in
Roellig et al. (1994).

Concerning the results reported here, the sensitivity of
shorter wavelength channels of the MIRS (< 6 pm) has
been calibrated based upon the standard stars observed
on orbit whose calibrated spectra have been provided by
a systematic investigation of infrared calibration sources
for space missions (Cohen et al. 1995). A calibrated
spectrum of Ceres, taken at about the same time as the
MIRS observations (Cohen, private communication), was
used for calibrating the longer MIRS wavelength chan-
nels (> 6 um). Details concerning the signal processing
of point sources are described in Yamamura et al. (1996).
The flight-beam pattern has also been determined based
on the observed profile of point sources. Including the
errors in the absolute calibration, based on the standard
objects and those in the beam-pattern, we estimate that
the current absolute accuracy of the MIRS for diffuse
emission is approximately 30%. The error comes mostly
from the beam-pattern correction. Although the beam
pattern shows a gradual dependence on the wavelength
(20% between both ends of the spectral range), the spec-
tral features within a narrow wavelength range are not
affected by the correction. The wavelength calibration
is based on a pre-flight measurement. The estimate of
the UIR band strengths should not be affected by minor
changes in the wavelength calibration.

The data were rearranged into 4’ x 4’ grids in the re-
gion observed in 44° <[ < 54° and |b] < 5°. We used
the time-differentiated signal at each sampling point to
maximize the spatial resolution. An improvement of the
signal-to-noise ratio is expected in future data processing
if the integration amplifier advantage is fully employed
(Roellig et al. 1994).
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The zodiacal emission dominates the background emis-
sion in the observed spectral range. In order to ex-
tract the galactic diffuse emission as well as to reduce
any spurious features which may arise from the possible
residual dark current, we define the background emis-
sion level outside of the galactic plane and subtract it
from the data. Since the IRTS mission did not cover
the whole sky, we cannot define a baseline for constant
ecliptic longitudes. Instead, we averaged the observed
emission around 8 = 28° and 44° near to ! ~ 50°, out-
side of the target area shown in figure 2 (Plate 18), and
drew a straight line between these points as an estimate
of the combined zodiacal emission background and dark
current for each spectral channel. The galactic plane is
located around 30° < B < 42° at this galactic longitude.
Although this procedure may overestimate the zodiacal
emission by 5 x 1078 W m~2sr~! at most, it provides a
reasonable baseline for the following analysis. It does not
introduce any serious errors in the estimate of the band
strengths.

3. Results and Discussion

The spectra obtained as described in the previous sec-
tion are shown in figure 1. The galactic-plane spectrum
(solid line) is from a region located at 44° < I < 44°44’
and —0°40’ < b < 0°, which was selected to exclude
bright spots, and to sample only the diffuse emission.
The spectra taken in the 50° <1 < 53° and 1° < b < 2°,
50° <1 <53°and 2° < b < 3° and 51° <[ < 54° and
3° < b < 5° regions are also plotted by a dashed line,
a dotted line, and a dot-dashed line, respectively. These
clearly show the presence of the 6.2, 7.7, 8.6, and 11.3 um
UIR bands and the decrease in their strengths with the
galactic latitude. The “plateau” between 5.5 and 9 um
is also seen in the spectra.

The weak components of the UIR bands, such as the
5.2, 5.6, and 6.9 pm bands, which have been claimed to
belong to the UIR family (Bregman et al. 1983; Cohen et
al. 1986; Allamandola et al. 1989), are not clearly seen in
the present spectra. Further analysis is needed to confirm
a possible excess at around 5.2 ym. An upper limit of
these bands in the galactic plane region is approximately
2x 1078 W m~2 sr~!. The 5.6 and 6.9 um bands have
not been detected in all of the objects with the major
UIR band components (Cohen et al. 1989). The possible
absence of weak bands in the galactic diffuse emission
may provide a clue to identify the UIR band carrier in
interstellar space.

In order to estimate the UIR band strength quantita-
tively we need to define the continuum level. For our data
analysis, we drew a straight line between the edges of the
feature for each band, and extracted the flux above the
lines as the band strength. The wavelength points defined
for the straight continuum are 5.95 and 6.64 pm, 7.09 and
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Fig. 1. Spectra of the diffuse emission around the galac-
tic plane (I ~ 50°). The solid line indicates that for
the region 44° < I < 44°40’ and —0°40’ < b < 0°,
the dashed line for 1° < b < 2° (50° < | < 53°), the
dotted line for 2° < b < 3° (50° < ! < 53°), and the
dot-dashed line for 3° < b < 5° and 51° <1 < 54°.

8.22 pm, 8.22 and 9.12 pm, and 10.91 and 11.59 pym for
the 6.2, 7.7, 8.6, and 11.3 um bands, respectively. These
continuum baselines are taken just sufficiently wide to
extract the the band feature in order to minimize any
possible effect of the remaining zodiacal emission. These
fluxes may not completely include the entire emission as-
sociated with the bands, but do provide a good measure
of the band strength for studying the spatial distribu-
tions. The present definition of the band strength is dif-
ferent from that in previous work (Cohen et al. 1986,
1989; Jourdain de Muizon et al. 1990; Zavagno et al.
1992).

Figures 2a—d (Plate 18) present color maps of the 6.2,
7.7, 8.6, and 11.3 pym band strengths. In figure 2a the
IRAS Sky Survey Atlas (ISSA) 100 pm intensity con-
tour, which traces the submicron dust-grain distribution
(see below), is superposed (Wheelock et al. 1994). The
slanted stripes of the colored region indicate the scan-
ning direction and the observed area. The white spots
in the stripes indicate the positions where the data are
missing due either to a non-uniform scan coverage or to
gaps in the flight data stream. The 3.3 um band shows
a similar distribution (Tanaka et al. 1996). The bright
region at the center of the maps is the W51 complex, a
very active star-forming region located in the Sagittarius
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Fig. 3. The 7.7 pm band strength plotted against the
ISSA 100 pm intensity.

arm (Bieging 1975). The spatial distributions of the four
UIR bands are very similar to each other as well as to
the 100 ym map.

In order to investigate the correlation between the
UIR bands and the 100 ym flux more quantitatively, in
figure 3 we plot the 7.7 um band strength against the
100 pm intensity. In this figure, only the data points
with the 100 um intensity less than 1000 MJy sr—! are
plotted; also, the data in the W51 region are excluded in
order to highlight the distribution of the diffuse emission.
The correlation coefficient of the plot is 0.96. The other
bands have similar correlations. The few points located
far above the main concentration at small 100 ym in-
tensities are due to poorly-corrected cosmic-ray hits, and
should be ignored.

The 100 pm flux is understood to arise from the ther-
mal emission of “classical” submicron size dust grains.
Unless there is large variation in the temperature, the
100 pm flux should indicate the energy emitted by the
dust grains and/or their column density. The investiga-
tion of the 160 pm emission obtained by the Far-Infrared
Line Mapper (FILM) on board the IRTS suggests that
the variation in the dust temperature is restricted to
within a small range within the regions which we are
addressing in this paper (Okumura et al. 1996). It is un-
likely that there is large variation in the emission mech-
anism in the observed regions, except for the very active
regions. Thus, the good correlation in figure 3 simply
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Fig. 4. Flux in the 8-11.7 um of the MIRS spec-
trum plotted against the ISSA 12 pm intensity.
The 12 pm intensity is converted into units of
W m~2 sr~! (see text). The solid line indicates
the least-squares fit.

suggests that the UIR band carriers are well-mixed with
the classical dust-grain population, or that the carriers
exist in the submicron dust grains, themselves (Duley,
Williams 1988).

Figure 4 is a plot of the flux falling in the spectral
range 8-11.7 pm in the MIRS spectra against the ISSA
12 pm intensity. The ISSA intensity has been converted
to units of W m~2 sr~!, assuming a band width of 7 ym
and vF, being constant. A good correlation is also seen.
A least-squares fit, indicated by a solid line in the fig-
ure, has a slope of 1.0. If we take account of the 30%
uncertainty in the absolute calibration and assume that
the color correction in the ISSA intensity is not signifi-
cant, approximately more than 70% of the ISSA 12 pym
flux must come from the spectral range of 8-11.7 um. As
can be seen in figure 1, the emission from 8-11.7 um is
dominated by the wing of the 7.7 uym band, the 8.6 um
and 11.3 um bands, and the plateau component. Thus,
most of the ISSA 12 um excess is due to those features
associated with the UIR bands. Zavagno et al. (1992) in-
dicated that mid-IR emission in most HII regions and re-
flection nebulae is dominated by the UIR band features,
although there are large variations in the ratios of the
band feature to the underlying continuum among the ob-
jects. The present results may indicate that the mid-IR
interstellar diffuse emission is similar to that from those
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HII regions with the lowest continuum. Several points
far above the main concentration at small 12 ym inten-
sities are those from multiple observations of a strong
point source IRC +10420; the observed scatter is caused
by the large difference in the spatial resolution between
the MIRS and IRAS data.

Ristorcelli et al. (1994) reported that the 6.2 ym band
intensity (AMI,) detected by the AROME experiment
is (6.1 &£ 1.3) x 1007 W m~2 sr~! in the region of
8° < I < 35° and |b| < 1°, where the 100 ym inten-
sity (M) is 3.3 x 107> W m~2 sr™1, giving a ratio of
0.018 &+ 0.004. In the present observations, the ratio
of the 6.2 um band intensity to the 100 pm intensity
AM\(6.2 pm) /AI\(100 pm) is 0.012 + 0.0002. Taking
into account the uncertainty of the calibration and a pos-
sible underestimate of the band strength in the present
study relative to the AROME experiment, this ratio is
in agreement with Ristorcelli et al. (1994). This may
imply that the emission efficiency and/or the population
of the UIR-band carriers relative to the submicron dust
grains do not vary much over a wide range throughout
the galactic plane.

In summary, we have reported on the first results of the
IRTS/MIRS spectra of the diffuse galactic emission in the
range of 4.5-11.7 um. They clearly demonstrate the pres-
ence of the UIR bands at 6.2, 7.7, 8.6, and 11.3 ym in
the diffuse emission. Maps of the four UIR bands show
a remarkable similarity to the 100 pm intensity distribu-
tion. This suggests that the UIR band carriers are well
mixed with submicron-size dust grains in general inter-
stellar space. A comparison of the intensity of the MIRS
spectra in the range of 8-11.7 um to the ISSA 12 pm
intensity suggests that most of the ISSA 12 um intensity
comes from this spectral range, and particularly from
the features associated with the UIR bands (the 7.7, 8.6,
11.3 pm bands, and the plateau component).
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Plate 18

Galactic Latitude (degree)
o

Galactic Latitude (degree)
o

(a) 7.7 um (b) 6.2 um

54 52 50 ‘ a4 54 52 50 48 46 44
Galactic Longitude (degree) Galactic Longitude (degree)

Galactic Latitude (degree)
<
Galactic Latitude (degree)

(c)11.3um

54 52 50 48 46 44 54 52 50 48 46
Galactic Longitude (degree) Galactic Longitude (degree)

Fig. 2. Maps of the UIR bands (see text for the definition of the band strengths). a) The 7.7 um band is shown in color.
The contour is the ISSA 100 um intensity with contours ranging from 100 MJy sr~! to 1000 MJy sr—! with a step of
100 MJy sr—!. The contours larger than 1000 MJy sr—! are omitted for clarity. b) The 6.2 ym band map. c) The
11.3 pm band map. d) The 8.6 ym band map.
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