
ISSN 1225-1534 (Print)

http://dx.doi.org/10.5303/PKAS.2012.27.4.117

Publications of the Korean Astronomical Society

27: 117 ∼ 122, 2012 September

c© 2012. The Korean Astronomical Society. All Rights Reserved.

LIFECYCLE OF THE INTERSTELLAR DUST GRAINS IN OUR GALAXY
VIEWED WITH AKARI/MIR ALL-SKY SURVEY

D. Ishihara1, H. Kaneda1, A. Mouri1, T. Kondo1, S. Suzuki1, S. Oyabu1, T. Onaka2,

Y. Ita3, M. Matsuura4,5, and N. Matsunaga6

1Graduate School of Science, Nagoya University, Furo-cho, Chikusa-ku, Nagoya, Aichi 464-8602, Japan
2Graduate School of Science, University of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo 113-0033, Japan

3Astronomical Institute, Tohoku University, 6-3 Aramaki, Aoba-ku Sendai 980-8578, Japan
4UCL-Institute of Origins, Department of Physics and Astronomy, University College London, Gower Street,

London, WC1E 6BT, UK
5UCL-Institute of Origins, Mullard Space Science Laboratory, University College London, Holmbury St. Mary,

Dorking, Surrey, RH5 6NT, UK
6Kiso Observatory, Institute of Astronomy, University of Tokyo, 10762-30 Mitake, Kiso, Nagano 397-0101, Japan

E-mail: ishihara@u.phys.nagoya-u.ac.jp
(Received July 01, 2012; Accepted August 20, 2012)

ABSTRACT

The interstellar dust grains are formed and supplied to interstellar space from asymptotic giant
branch (AGB) stars or supernova remnants, and become constituents of the star- and planet-
formation processes that lead to the next generation of stars. Both a qualitative, and a com-
positional study of this cycle are essential to understanding the origin of the pre-solar grains,
the missing sources of the interstellar material, and the chemical evolution of our Galaxy. The
AKARI/MIR all-sky survey was performed with two mid-infrared photometric bands centered at 9
and 18 µm. These data have advantages in detecting carbonaceous and silicate circumstellar dust
of AGB stars, and the interstellar polycyclic aromatic hydrocarbons separately from large grains of
amorphous silicate. By using the AKARI/MIR All-Sky point source catalogue, we surveyed C-rich
and O-rich AGB stars in our Galaxy, which are the dominant suppliers of carbonaceous and silicate
grains, respectively. The C-rich stars are uniformly distributed across the Galactic disk, whereas
O-rich stars are concentrated toward the Galactic center, following the metallicity gradient of the
interstellar medium, and are presumably affected by the environment of their birth place. We
will compare the distributions of the dust suppliers with the distributions of the interstellar grains
themselves by using the AKARI/MIR All-Sky diffuse maps. To enable discussions on the faint
diffuse interstellar radiation, we are developing an accurate AKARI/MIR All-Sky diffuse map by
correcting artifacts such as the ionising radiation effects, scattered light from the moon, and stray
light from bright sources.
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1. INTRODUCTION

The interstellar dust grains are formed and supplied
from low- to intermediate mass stars, which eject mate-
rial into their surroundings during their mass-loss AGB
phase. These ejecta then become incorporated into

stars and planets through the next generation of star
formation, and this cycle is repeated. This scenario is
widely accepted on a qualitative basis. However, there
still remain many questions and mysteries concerning
the physical processes and composition of the mate-
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Fig. 1. Relative response curves of the AKARI 9 µm

band and 18µm band. Typical spectra of C-rich (top) and

O-rich (middle) AGB stars and the interstellar medium

(bottom) are overlaid as references.

rial. Recently, dust injection from a Type Ia supernova
has been suggested, based on the AKARI observation
(Ishihara et al., 2010b), and the importance of SNRs is
re-visited. However, AGB stars are still believed to ac-
count for the majority of mass-injection in our Galaxy.

In this study, we have investigated the spatial dis-
tributions of Carbon-rich (C-rich) and Oxygen-rich (O-
rich) AGB stars in our galaxy, which are the domi-
nant suppliers of interstellar carbonaceous and silicate
grains, respectively. The AKARI mid-infrared (MIR)
all-sky survey point source catalogue (PSC; Ishihara
et al., 2010a) is now potentially the largest database
for studies of Galactic AGB stars. Furthermore, C-rich
and O-rich AGB stars can reliably be identified by us-
ing the AKARI/MIR 9µm and 18 µm bands, because
the silicate features of O-rich AGB stars around 10 and
18 µm are well-covered by both bands, while the car-
bonaceous features of C-rich AGB stars around 11 and
30 µm contribute less (Figure 1).

In the following, we discuss the lifecycle of inter-
stellar dust grains, and the chemical evolution of our
Galaxy, by comparing distributions of dust suppliers
and dust grains in our Galaxy. The AKARI FIR diffuse
maps (Doi et al., 2012 in this volume) trace the ther-
mal emission of typical interstellar dust grains, while
the AKARI 9 µm diffuse map traces the polycyclic aro-
matic hydrocarbon (PAH) emission features (Figure
1). Typical interstellar dust grains contain a significant
amount of amorphous silicate, while PAHs are formed
only in the C-rich environment.

2. DATA ANALYSIS

2.1. Selection of C-rich and O-rich AGBs from the

AKARI/MIR PSC

We classify all the AKARI 9 µm and 18 µm sources
in the colour-colour diagram (e.g., Figure 2) and pick
up C-rich and O-rich AGB stars. Firstly, we cross-
identified all of the AKARI/MIR PSC sources with
the 2MASS PSC sources, simply based on given ce-
lestial coordinates. The search radius adopted was 3′′.
We also searched the SIMBAD database to attempt to
cross-identify the AKARI/MIR PSC sources. In to-
tal, we managed to identify about 40% of the sources.
Then, we defined exclusive zones for each generic class
(e.g., O-rich AGBs, C-rich AGBs, YSOs) on the colour-
colour diagrams, based on their locations. Among the
three colour-colour diagrams, [J]–[K] vs. [K]–[9], [K]–
[9] vs. [9]–[18], and [J]–[K] vs. [9]–[18], the distinc-
tion between C-rich and O-rich objects was clearest
in the [J]–[K] vs. [9]–[18] color-color diagram. Thus,
we first classified sources using this diagram (hereafter
candidate samples), using the relevant zones from all
three of the colour-colour diagrams to form better de-
fined and more representative samples (hereafter puri-
fied samples). The candidate samples originally con-
tained 18,596 C-rich and 83,012 O-rich AGB stars,
while the purified samples contained 5,537 C-rich and
11,416 O-rich AGB stars.

We have further investigated the reliability, and
the completeness of the classified samples as described
below. The newly classified samples were composed
mainly of three types of objects: (a) correctly classified
known objects; (b) unknown objects; and (c) known
objects that should belong to another class. The lower
and upper limits to the reliability of the sample is de-
fined as na/(na +nb +nc) and (na +nb)/(na +nb +nc),
respectively, where na, nb, and nc are the numbers of
objects in cases (a), (b) and (c), respectively. The com-
pleteness is estimated as the ratio of the number of
correctly classified known objects relative to the total
number of known objects of the same class in the PSC.
For our purified samples, the reliability is 68–96% for
C-rich AGBs, and 71–96% for O-rich AGB stars. The
completeness was estimated to be 64% for C-rich AGB
stars and 29% for O-rich AGB stars. Figure 2 indicates
that the C-rich, and O-rich AGB stars which have bluer
[9]–[18] colours, are mixed with each other, while the
redder stars are clearly separated. The bluer stars have
lower mass-loss rate, while redder stars have higher
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Fig. 2. Distributions of the known (identified in the

SIMBAD database) members of C-rich AGBs (red), O-rich

AGBs (blue), S-stars (black), and post-AGBs and plane-

tary nebulae (black) are shown in contours, as examples,

on the [J]–[K] versus [9]–[18] colour-colour diagram. The

zones indicated by the borders are defined based on the dis-

tributions of the known samples. All the AKARI sources

are clasified exclusively based on these zones (Ishihara et

al., 2011).

mass-loss rate. It is important to separate redder stars
in view of the total mass-loss rate in our Galaxy.

2.2. AKARI/MIR All-Sky Diffuse Map Development

We have improved the AKARI/MIR all-sky diffuse
maps to obtain accurate intensity and distribution of
PAH emissions in our Galaxy. The newly developed
method includes a correction of the ionizing radiation
effects in the South Atlantic Anomaly (Mouri et al.,
2011), a correction for scattered light from the moon
(Mouri et al. 2012 in this volume), the correction of
seasonal variation of the Zodiacal light, and finally, the
removal of the stray light of bright sources.

The intensity calibration of the diffuse map was
made by comparing the map taken from the all-sky
observations, with a pointed calibrated image of the
same region (NGC 7021) with the same detector and
the filter combination. The reference intensity calibra-
tion of the pointed observations was ultimately based
on observations of standard stars.

3. RESULTS

3.1. Galactic Distributions of C-Rich and O-Rich

AGBs

Figure 3 shows the spatial distributions of our candi-
date samples (i.e., the objects selected in the [J]–[K]
vs. [9]–[18] color-color diagrams) in density maps in
Galactic coordinates. Dwarfs and giants show rela-
tively uniform distributions because their detection vol-
ume is limited to the local space (<1 kpc). Nearby star-
forming regions such as Orion, Taurus, and ρOph are
recognised in the panel for YSOs. The S-stars, C-rich
AGBs, and O-rich AGBs are distributed in the Galac-
tic disk, and the Large and Small Magellanic Clouds.
These maps reproduce well-known major characteris-
tics of the spatial distribution of each Galactic object.

We have investigated the distributions of our puri-
fied C-rich and O-rich AGB samples in the projection
onto the Galactic plane. The distances (D; kpc) of in-
dividual samples were estimated empirically from their
AKARI 9µm fluxes and [K]–[9] colours as follows. The
observed flux (F9µm) is inversely proportional to the
square of the distance (F9µm ∝ L9µm ×D−2). The in-
trinsic luminosity (L9µm) is a function of the amount
of circumstellar dust, and thus a function of the mass-
loss rate (Ṁ ; M¯ yr−1) as L9µm ∝ Ṁγ , where γ is a
parameter. By combining these equations, the distance
is described as a function of F9µm and Ṁ as,

log D = C1 + C2 log(Ṁ)− 0.5 log (F9µm), (1)

where C1 and C2 are parameters. The Ṁ for individual
stars were derived empirically from their [K]–[9] colours
using the relation (log(Ṁ) = log(3.8×([K]−[9])−0.4)−
8.0) which was derived from the [K]–[9] colour of well
studied sub-samples (Zhang et al., 2010, and Le Bertre
et al., 2003) for which the mass-loss rate was obtained
from independent observations. C1 and C2 in Eq.(1)
are derived as 6.1±0.06 and 0.35±0.01, respectively,
using the same sub-samples. Figure 4 shows that the
O-rich AGB stars are concentrated toward the Galactic
center (hereafter G. C.), while C-rich AGB stars have a
relatively uniform distribution across the Galactic disk.

3.2. Improved AKARI/MIR All-Sky Map

Figure 5 demonstrates the improvement of the map
construction process by showing the 9 µm diffuse map
around the G.C.. Striping artifacts resulting from high-
energy particle hits are significantly improved. Bright
features due to stray light from the Moon, as seen in the
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Fig. 3. Spatial distributions of the AKARI/MIR sources in density maps in Galactic coordinates of the Aitoff projection

(Ishihara et al., 2011). The color scales are linear from 0% to 50% of the peak value and given in units of deg−2.

Fig. 4. Spatial distributions of the C-rich (red) and O-rich

(blue) stars in the Galactic disk (|b| < 10◦) projected onto

the Galactic plane viewed from the north pole. The Sun is

located at the origin. The G.C. is to the right of the Sun

and located at (X,Y)=(8.5,0).

lower left and upper right corners, are also significantly
improved. We use this improved 9 µm diffuse map as a
map of PAH emission in the discussion (Sec. 4.5).

4. DISCUSSION

4.1. Radial Profile of the Density Distribution

For more quantitative discussion about the difference
between the spatial distributions of C-rich and O-rich
AGB stars, we plot the areal number density of our
samples as a function of Galactocentric distance in Fig-
ure 6. Each count is corrected for the survey depth of
our sample. The smaller errors indicate Poisson statis-

Fig. 5. Improvement of AKARI 9 µm diffuse map, which

includes the G.C. region. Before (top) and after (bottom)

applying our new correction methods.

tics in the counts of each bin while the larger errors
indicate uncertainty of the survey depth. C-rich stars
again show a rather flat distribution from the G.C. to
the outer Galaxy, whereas the areal density of O-rich
stars increases toward the G.C., and the areal densities
for both populations become comparable close to the
Sun.

4.2. Mass Budget Analysis

We compare the radial distributions of the total mass-
injection rate from AGB stars, the star formation rate
(SFR), and the gas density in Figure 7. The mass-loss
rate for individual stars were empirically derived based
on the amount of their infrared excesses (see Sect. 3.1).
The radial distribution of the SFR at the current epoch
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Fig. 6. Areal densities of the number of the C-rich

(red) and O-rich (blue) AGB samples in the Galactic plane

(|b| < 10◦) as a function of Galactocentric distance (Rg).

Fig. 7. Comparison of radial profiles of the total mass-

injection rate from AGB stars (this work), the star forma-

tion rate (SFR; Dwek, 1998), and the gas density (Dame,

1993).

(Dwek, 1998) shows a similar profile to that of mass-
injection rate but the absolute value is higher than
the injection rate. We can easily tell that the mass
consumption through star formation exceeds the mass
supply from mass-losing stars at all Galactocentric dis-
tances. The gas density profile of our Galaxy at the
current epoch (Dame, 1993) shows a similar profile to
those of the mass-injection rate and SFR in a distance
range of 4 < Rg < 15 kpc. Comparing the gas density
distribution, the SFR, and the mass-injection rate, we
can conclude that without any additional in-fall or sup-
ply, the interstellar medium (ISM) of our Galaxy will
be exhausted within next 10 Gyrs, assuming that the
SFR, and the mass-injection rate remain constant.

4.3. Reason of the Difference in the Distributions

Why do the distributions of C-rich and O-rich AGB
stars differ? One possible reason may be that the

Fig. 8. Logarithmic ratio of the number of C-rich

stars to the number of O-rich stars, as a function of the

metallicity. Crosses indicate nearby galaxies (Mouhcine &

Lacon, 2003). Red circles indicate our results of our Galaxy

for Rg=2–14 kpc.

metallicity of the ISM at their birthplace affects the
chemical composition of their photospheres. The exis-
tence of a metallicity gradient with Galactocentric dis-
tance has been reported by many authors. The slope
ranges from −0.04 to −0.1 dex kpc−1 at the range of
Rg = 2–14 kpc. The C/M ratio, which is the number
ratio of C-rich stars to O-rich stars in our results (de-
rived from Figure 6) has a slope of about 0.1 dex kpc−1.
It is inversely proportional to the metallicity gradient.
This anti-correlation between the metallicity and the
C/M ratio has also been studied for the nearby galax-
ies (e.g., Cioni et al., 2009). Figure 8 shows that our
result is consistent with them; while covering a range
of higher metallicities ([Fe/H]>0).

4.4. Comparison with the Distributions of PAHs and

Large Grains

How does the difference between the spatial distribu-
tions of C-rich and O-rich AGB stars affect the ISM in
our Galaxy? We compare the spatial distributions of
PAHs and typical dust grains in our Galaxy using the
AKARI diffuse maps. We compare the surface intensi-
ties of AKARI 9 µm map with AKARI 90 µm map after
the subtraction of the Zodiacal light component (Figure
9).The intensity ratio of AKARI 9 µm over 90 µm fluxes
show a slight difference between the inner part and the
outer part of our Galaxy. It suggests a different density
ratio of PAHs compared to typical dust grains between
these regions. In a future work, we will investigate this
point more strictly by improving the accuracy of the
identifications of PAH emission and thermal emission
from large grains, and by removing the effects of the
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Fig. 9. AKARI 9 µm map (left top) and AKARI 90 µm

map (left bottom) of the Galactic plane. The Zodiacal light

is subtracted from both images. AKARI 90 µm intensity

versus AKARI 9 µm intensity which represent cold dust

emission and PAH emission, respectively (right).

radiation field.

5. SUMMARY

We have classified all of the detected objects in the
AKARI/MIR (9 and 18µm bands) PSC based on their
locations in the colour-colour diagrams. Galactic C-
rich and O-rich stars are clearly distinguished due to
their infrared properties of circumstellar dust features.
We have investigated their spatial distributions in our
Galaxy. C-rich AGBs are uniformly distributed across
the Galactic disk, while O-rich AGB stars are concen-
trated toward the G.C.. We attribute this difference to
the Galactic metallicity gradient. We have also com-
pared the mass-injection rate from AGB stars in our
Galaxy with the SFR and the gas density. The mass
consumption through star formation exceeds the mass
supply from mass-losing stars at all Galactocentric dis-
tances. The ISM of our Galaxy will be exhausted
within the next 10 Gyrs, assuming that the SFR and
mass-injection rates remain constant. We have im-
proved the AKARI/MIR all-sky diffuse maps, applying
newly developed special reduction processes to obtain
accurate distributions of emissions of the interstellar
PAH and typical dust grains. The AKARI 9µm map
traces PAH emission, which is formed in carbon-rich en-
vironment, while the AKARI 90 µm map traces thermal
emission from typical interstellar grains, which contains
a significant amount of amorphous silicate. The inten-
sity ratio of AKARI 9µm over 90 µm shows a slight
excess in the outer part of our Galaxy, which implies
a correlation with the number density ratio of C-rich
AGBs over O-rich AGB stars.
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