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ABSTRACT

We have performed a systematic study of interstellar dust grains in various environments of
galaxies. AKARI has revealed the detailed properties of dust grains not only in star-forming
regions but also in regions not relevant to star formation, some of which are found not to follow our
old empirical knowledge. Because of its unique capabilities, AKARI has provided new knowledge
on the processing of large grains and polycyclic aromatic hydrocarbons (PAHs). For example, we
detect PAHs from elliptical galaxies, which show unusual spectral features and spatial distributions,
demonstrating importance of material processing in the interstellar space. We find that copious
amounts of large grains and PAHs are flowing out of starburst galaxies by galactic superwinds,
which are being shattered and destroyed in galactic haloes. We discover evidence for graphitization
of carbonaceous grains near the center of our Galaxy, providing a clue to understanding the activity
of the Galactic center. We review the results obtained from our AKARI program, focusing on the
processing of carbonaceous grains in various environments of galaxies.
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1. INTRODUCTION

Many infrared (IR) observations have revealed that
small grains including polycyclic aromatic hydrocar-
bons (PAHs) as well as large grains are ubiquitous
and well mixed in the interstellar media (ISM) in our
Galaxy and nearby galaxies. In particular, in star-
forming regions, dust and PAHs absorb stellar ultra-
violet photons and re-radiate in the IR, where PAHs
are responsible for ∼ 10% of the re-emitted IR fluxes.
Hence the IR luminosities due to dust and PAH emis-
sion are both powerful tools to trace star-forming ac-
tivities in galaxies. Beyond such star-formation trac-
ers, however, spectral information on the dust and PAH
emission would have much deeper physical implications
for understanding the properties of the ISM.

We have performed a systematic study of interstellar

dust grains in various environments of galaxies includ-
ing our Galaxy, within the framework of the AKARI
mission program, ”ISM in our Galaxy and nearby
galaxies” (Kaneda et al., 2009). AKARI has revealed
the detailed properties of dust grains in regions not rel-
evant to the star formation as well, some of which are
found not to follow our old empirical knowledge. Be-
cause of its unique capabilities, such as near- and far-IR
spectroscopy, the fine allocation of many photometric
bands, and all-sky coverage, AKARI has provided new
knowledge on the processing of dust and polycyclic aro-
matic hydrocarbons (PAHs) in the interstellar space.

The top panel in Fig.1 shows the Galactic plane 9 µm
map of an area of about 175◦×60◦ (l = −80◦ ∼ +95◦,
|b| < 30◦), which is created from the IRC all-sky survey
data. The middle panel shows the 90 µm map from the
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Fig. 1. (Top) Positions of spectroscopic observations with the IRC, overlaid on the Galactic plane 9 µm map for an

area of about 175◦×60◦ (l = −80◦ ∼ +95◦, |b| < 30◦) created from the IRC all-sky survey data. (Middle) Positions of

spectroscopic observations with the FIS, overlaid on the 90 µm map from the FIS all-sky survey for the same area as the 9

µm map. (Bottom) Typical spectrum of the Galactic diffuse emission taken with the IRC at 2–13 µm and the FIS at 70–160

µm, along with the photometric data points at 9 and 18 µm from the IRC and 90 and 140 µm from the FIS all-sky survey.

The curves represent an SED model consisting of the PAH, warm and cool dust components.

FIS all-sky survey for the same area as the 9 µm map.
The positions of spectroscopic observations with the
IRC and FIS (FIS-FTS) are plotted on the 9 µm and
90 µm maps, respectively. The bottom panel shows a
typical spectrum of the Galactic diffuse emission taken
with the IRC at wavelengths of 2–13 µm and the FIS at
70–160 µm, along with the photometric data points at
9 and 18 µm from the IRC and 90 and 140 µm from the
FIS all-sky survey. The figure clearly demostrates that
a far-IR spectrum is almost feature-less while a near-to
mid-IR spectrum is rich in features. The former is at-

tributed to modified blackbody emission by large amor-
phous grains, while the latter is mostly PAH emission
due to their discrete vibrational modes. We performed
∼ 600 and∼ 6,000 spectroscopic observations at 70–160
µm and at 2–13 µm or 2–5 µm (Phase 3; warm mission
phase), respectively. As can be seen in Fig. 1, AKARI
reveals that PAHs are widely distributed, similarly to
large grains; PAHs and large grains exhibit an excel-
lent spatial correlation on various scales. The spectral
properties of the ISM are also similar from region to re-
gion. However, in some specific interstellar conditions,
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we find that the situations are quite changeable, as will
be shown below.

2. ORIGINS OF DUST AND PAHs IN ELLIPTI-

CAL GALAXIES

It is known that the band ratios of the PAH emission
features are almost the same among star-forming galax-
ies (Smith et al., 2007), indicating that the structures
of PAHs are well organized and not disordered. How-
ever, with Spitzer and AKARI, we find that the PAH
emission in elliptical galaxies exhibit unusual band ra-
tios (Kaneda et al., 2008). Examples of AKARI 3–13
µm spectra of elliptical galaxies are displayed in Fig.
2, where the same diffuse ISM spectrum as in Fig. 1 is
arbitrarily scaled and shown together for comparison.
As can be seen in the figure, the usually strongest 7.7
µm feature is notably weak, whereas the 3.3 µm and
11.3 µm features are relatively strong. We concluded
that neutral PAHs, rather than ionized ones, become
dominant in very soft radiation field typical of ellitical
galaxies, which causes the faint C-C vibration features
at 6–8 µm. It should be noted that the PAH 3.3 µm and
11.3 µm emission does not represent any star-forming
activity in this case. The AKARI detection of the PAH
3.3 µm feature further implies that very small PAHs do
exist, heated by the soft radiation causing the unusual
faintness in the 7.7 µm feature.

Fig. 2 shows strong absorption features around 4–5
µm. We identify them as blending of SiO (4.30 µm)
and CO (4.66 µm) absorption due to K- and M-type
O-rich stars (Mori et al., in this volume). The spec-
tra also reveals a silicate emission feature around 10
µm. Both of them suggest that silicate grains, but
not carbonaceous grains, are currently supplied into
the ISM by stellar mass loss from old stars. Then,
where do the PAHs come from? Fig. 3 shows the
spatial distributions of large grains and PAHs in the
elliptical galaxies, NGC 4125 and NGC 4589. The dis-
tribution of the PAH 11.3 µm emission is obtained
with the Spitzer/IRS spectral mapping observations
(Kaneda et al., 2011), while that of the dust emission
is obtained by the AKARI/FIS slow-scan observations.
The figure reveals that the PAHs exist only near the
galactic centers, while the large grains are distributed
much more widely, even considering the difference in
the spatial resolution. PAHs must have been created
by other process than the current stellar mass loss; one
possibility is that they were reprocessed by fragmen-
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Fig. 2. AKARI 3–13 µm spectra of the elliptical galax-

ies, NGC 1316 and IC 3370, where stellar continuum com-

ponents are subtracted. For comparison, the same diffuse

ISM spectrum as in Fig.1 is shown in the red solid curve.

tation of larger carbonaceous grains near the centers.
It seems, at least, that graphitized (aromatized) grains
are relatively abundant near the galactic centers of the
elliptical galaxies.

3. STRUCTURAL CHANGES OF HYDROCAR-

BONS IN SHOCKED REGIONS

The properties of hydrocarbon grains can be probed
by AKARI near-IR spectroscopy of the 3.3 µm main
feature and 3.4–3.6 µm sub-features. Both of them
are attributed to the C-H vibration mode of carbona-
ceous grains. The former is due to aromatic (sp2) hy-
drocarbons, while the latter is probably attributed to
aliphatic (sp3) hydrocarbons (Duley & Williams, 1981).
They are likely to come from mixed aromatic-aliphatic
organic nano-particles (Kwok & Zhang, 2011). It has
been believed that their intensity ratios do not vary
much in the ISM. However AKARI reveals that they
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Fig. 3. AKARI 3 µm images of (top) NGC 4125 and

(bottom) NGC 4589 with the maps of the 90 µm dust emis-

sion in the thin white contours and the PAH 11.3 µm emis-

sion in the thick red contours. The sizes of the images are

about 2′.5 × 2′.5. The contour levels are logarithmically

spaced from 80 to 10% for the 90 µm emission, while they

are from 90 to 3% (NGC 4125) or 6% (NGC 4589) for the

11.3 µm emission.

considerably change, depending on interstellar condi-
tions, which implies structural changes of the organic
matter.

Fig. 4 shows AKARI 2.5–4.5 µm spectra of M82 for
various regions including the center, disk, and halo re-
gions. With AKARI, we find that copious amounts of
large grains and PAHs are flowing out of the disk by
galactic superwinds (Kaneda et al., 2010). With the
near-IR spectroscopy, we clearly detect the PAH 3.3 µm
emission and the 3.4–3.6 µm features in halo regions,
which are located at a distance of 2 kpc away from the
galactic center, thus confirming the presence of very
small PAHs even in the harsh environment of the M82
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Fig. 4. AKARI 2.5–4.5 µm spectra of M82 from the

center, disk, southern halo, and northern halo region from

top to bottom (Yamagishi et al., 2012).

halo (Yamagishi et al., 2012). Similar results are also
obtained for a filamentary outflow of NGC 1569 (Onaka
et al., 2010). However the observed spectral properties
are quite different from those commonly understood.
In comparison with the spectra of the galactic center
and disk regions (Fig. 4) as well as the spectrum of the
diffuse ISM (Fig. 1), the 3.4–3.6 µm features are unusu-
ally abundant in the halo, suggesting the dominance of
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aliphatic structures over aromatic ones by shattering of
hydrogenated amorphous carbon grains in shocks.

Similar results, i.e., notably strong aliphatic fea-
tures, have so far been obtained for the foot points of
CO molecular loops near the Galactic center (Kaneda
et al., 2012a) and the inner bar connecting the starburst
ring and the central AGN in NGC 1097 (Kondo et al.,
2012). The CO molecular loops were found by NAN-
TEN; Fukui et al. (2006) suggested that the molecu-
lar loops were formed by the buoyant rise of magnetic
loops due to magnetic flotation driven by the Parker
instability. Our result calls for such a condition in the
magnetic flotation picture that the falling speed of the
gas along the loop should be fast enough to alter the
properties of hydrocarbon grains by shocks at its foot
points. The detection of the strong aliphatic emission
from the inner bar of NGC 1097 indicates that the gas
and dust in the bar are in a turbulent motion, likely
fueling the central AGN from the starburst ring.

4. GRAPHITIZATION OF DUST IN THE GALAC-

TIC CENTER

AKARI is capable of far-IR (70–160 µm) spectral map-
ping with FIS-FTS, thereby we simultaneously ob-
tained the line and continuum maps in spatially and
spectrally continuous ways, which contain important
information about the ISM. For the Galactic center, we
investigated spatial variations in the spectral shapes,
focusing on dust continuum emission (Kaneda et al.,
2012b). For this purpose, we reduced the spectral res-
olution to increase the signal-to-noise ratio of the dust
continuum emission. The spectral fitting shows that
two modified blackbody components with temperatures
of ∼20 K and ∼50 K can reproduce most of the contin-
uum spectra. For some spectra, however, we find that
there is a significant excess on top of a modified black-
body continuum around 110–130 µm (Fig. 5). The ex-
cess emission probably represents a dust feature, which
is found to be spatially correlated with the OH ab-
sorption and a CO cloud. Possible origins of the dust
feature were discussed in Kaneda et al. (2012b): car-
bon onions or micron-sized graphite grains, based on
graphite materials. We find that the dust model in-
cluding the large graphite grains can at least reproduce
the observed spectrum with the dust feature fairly well.
The detection of the excess feature from this region
might be related to the (past) activity of the Galac-
tic center, because intense UV heating is needed to
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Fig. 5. (Top) Area of the Galactic center mapped by the

spectroscopic observations with the FIS array, overlaid on

the 90 µm all-sky map in Galactic coordinates (same source

as in Fig. 1). The field of view of each pixel is shown in

the small box. (Bottom) FIS-FTS spectrum of the region

toward the Arches cluster (l ' 0◦.12, b ' 0◦.02). The result

of the two-temperature modified blackbody model fitting is

shown together, where the wavenumber ranges correspond-

ing to the emission lines ([OIII], [NII], and [CII]) and the

excess feature (80 to 90 cm−1) are masked in the fitting.

graphitize carbonaceous grains. This result may also
be related with the abundant PAHs in the centers of
elliptical galaxies as mentioned above, because many
elliptical galaxies are known to possess galactic nuclei
with declining or ceased activity like our Galaxy.

5. SUMMARY

AKARI has revealed various phenomena of processing
of carbonaceous grains in harsh environments of galax-
ies. From elliptical galaxies, we detect unusual spec-
tral features and spatial distributions of PAHs. PAHs
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exist only near the galactic centers, while large grains
are distributed widely. The large grains are probably of
stellar mass loss origin and mostly made of silicate. The
PAHs must have been created by other process such as
fragmentation of larger carbonaceous grains near the
centers. From the galactic superwind of M82, the in-
ner bar of NGC 1097, and the foot points of molecu-
lar loops near the Galactic center, we detect unusually
strong aliphatic features at 3.4–3.6 µm relative to the
3.3 µm aromatic feature, which suggests shattering of
carbonaceous grains by shocks. From the Galactic cen-
ter, we detect a far-IR dust feature on top of a modified
blackbody continuum around 110–130 µm. We discuss
possible origins of the dust feature based on graphite
materials, i.e., carbon onions and micron-sized graphite
grains. The detection of the dust feature from this
region might be related to the (past) activity of the
Galactic center.
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