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ABSTRACT

The absorption features due to interstellar ices, especially H2O and CO2 ices, provide us with
crucial information on present and past interstellar environments, and thus the evolutionary histo-
ries of galaxies. Before AKARI, however, few detections of ices were reported for nearby galaxies.
The AKARI’s unique capability of near-infrared spectroscopy with high sensitivity enables us to
systematically study ices in nearby galaxies. Thus we have explored many near-infrared spectra
(2.5 – 5 µm) of the 211 pointed observations, searching for the absorption features of ices. As a
result, out of 122 nearby galaxies, we have significantly detected H2O ice from 36 galaxies and CO2

ice from 9 galaxies. It is notable that the ices are detected not only in late-type galaxies but also
in early-type galaxies. We find that CO2 ice is more compactly distributed near the galactic center
than H2O ice. Finally, we suggest that the gas density of a molecular cloud and UV radiation may
be important factors to determine the abundance of ices.
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1. INTRODUCTION

Absorption features due to ices are seen in near- and
mid-infrared spectra. Generally, ices are formed on the
surface of dust in dense molecular clouds, forming ice
mantles. Particularly in a near-infrared spectrum, we
can observe deep absorption features due to H2O ice
(3.05 µm), CO2 ice (4.27 µm) and CO ice (4.67 µm).

Ices can provide many pieces of information on the
interstellar environment. First, ices have different sub-
limation temperatures (90, 50, and 16 K for H2O, CO2,
and CO ice, respectively; Tielens 2005). Therefore we
can estimate the thermal history of dust from the pres-
ence or absence of ices. Ices also provide information
about interstellar chemistry. Shimonishi et al. (2010)
showed that CO2/H2O ice abundance ratios are sig-
nificantly different between YSOs in our Galaxy and
those in the LMC. Shimonishi et al. (2010) suggested
that this difference might be caused by difference in

metallicity. We can also use ices as a probe of the
radiation environment. Based on laboratory experi-
ments, Watanabe et al. (2007) showed that CO2 ice
is produced from a H2O-CO ice mixture by radiation.
Therefore, ices are useful tracers of the interstellar en-
vironment.

So far, ices have been studied very well only in our
Galaxy and the LMC. Here we show an expansion of
these methods to the interstellar medium in nearby
galaxies. In fact, there are only a few detailed stud-
ies about ices in nearby galaxies (NGC 253: Yamagishi
et al., 2011; NGC 4945: Spoon et al., 2003). There-
fore extensive search for ices is necessary. For this pur-
pose, AKARI is a very useful tool, since AKARI can
obtain spectra continuously covering a near-infrared
range with high sensitivity.
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Fig. 1. Example of the observed spectra for NGC 3256.

The red curve and blue arrows represent the best-fit con-

tinuum model and the spectral ranges used to fit the con-

tinuum model, respectively.

2. OBSERVATION AND RESULTS

We used near-infrared slit spectroscopic data of the
AKARI/IRC between 2.5 and 5 µm. We analyzed the
observed data of 211 regions in 122 galaxies which were
taken from the AKARI archives1. For example, our
sample includes the following famous nearby galaxies;
M 31, NGC 253, NGC 6946, M 101, M 51, NGC 2768,
Centaurus A (Cen A), IC 10, and NGC 205. An exam-
ple of the observed spectra is shown in Fig. 1, which
shows several prominent features: emission features
due to polycyclic aromatic hydrocarbons (PAHs) at 3.3
µm, hydrocarbon sub-features at 3.4 – 3.6 µm, Brα at
4.05 µm, Brβ at 2.63 µm, Pfβ at 4.65 µm, and absorp-
tion features due to H2O ice at 3.05 µm and CO2 ice
at 4.27 µm.

We search for the absorption features due to ices
based on the following method. First, we fit a contin-
uum spectrum by a multi-temperature (200, 400, 800,
1,600, and 3,200 K) blackbody model using the regions
least contaminated by the spectral features (rest wave-
length ranges of 2.65 – 2.70, 3.80 – 4.00, 4.10 – 4.22,
4.32 – 4.55, and 4.75 – 4.95 µm). Then we obtain an
optical depth spectrum and fit it by the model spectra
of H2O and CO2 ices. We derive the column density,
N , from the equation

N =
∫

τdν/A, (1)

where A, τ , and ν are the band strength of each
1 http://darts.jaxa.jp/ir/akari/.

Table 1.

Summary of the Galaxies with Ice Detected

Late type

M 31 M 63 M 64 M 83

M 90 M 94 M 104 NGC 253a

NGC 891 NGC 1097 NGC 1291 NGC 1566

NGC 1808 NGC 2146 NGC 3079 NGC 3190

NGC 3627 NGC 3628 NGC 4041 NGC 4258

NGC 5430 NGC 6946

Early type

Cen A IC 1459 IC 3370 NGC 1316

NGC 3557 NGC 3904 NGC 4697 NGC 5018

NGC 5044

Irregular

ESO 495-21 M 82 NGC 1614 NGC 3256

NGC 7727

a The galaxies with CO2 ice detected have their names
in boldface.

ice feature measured in the laboratory, an optical
depth, and a wavenumber, respectively. The band
strengths of 2.0 × 10−16 cm molecule−1 and 7.6 ×
10−17 cm molecule−1 are used for H2O and CO2 ices,
respectively (Gerakines et al., 1995). For example,
for NGC 3256 (Fig. 1), we obtain column densities of
3.6×1017 cm−2 and 5.8×1016 cm−2 for H2O and CO2

ices, respectively.

As a result, we detect H2O ice from 36 galaxies
(> 3σ) and CO2 ice from 9 galaxies (> 2σ) out of
122 galaxies. A summary of the ice detected galax-
ies and their morphologies is shown in Table 1, where
the galaxies with CO2 ice detected have their names in
boldface. It is notable that the ices are detected not
only in late-type galaxies but also in early-type galax-
ies. We find that H2O ice is detected in ∼ 30% of our
sample galaxies.

3. DISCUSSION

3.1. Spatial Distributions of the Ices

We examine the spatial distributions of H2O and CO2

ices within the galaxies NGC 253 and M 82, which
are nearby edge-on starburst galaxies. Because these
galaxies are very close to us, we can perform spatially
resolved studies.

Based on the spectra, we created the maps of the
column densities of H2O and CO2 ices (Fig. 2). Fig. 2
clearly shows a difference in the spatial distribution be-
tween H2O and CO2 ices. H2O ice is widely distributed
in the galaxies, while CO2 ice is detected only near the
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Fig. 2. Maps of the column densities of H2O ice and CO2

ice for NGC 253 (upper panels) and M82 (lower panels),

normalized to their peaks. The peak value of each map is

7.4×1017 cm−2 (H2O ice in NGC 253), 1.3×1017 cm−2 (CO2

ice in NGC 253), 4.9×1017cm−2 (H2O ice in M82), and 7.3×
1016 cm−2 (CO2 ice in M82). Each long rectangle represents

the observed slit position. Within the slit aperture, there

are some sub-apertures. The contours are AKARI all-sky

survey 9 µm and AKARI 7 µm images for NGC 253 and

M82, respectively.

galactic center. As described above, radiation is needed
to produce CO2 ice. Our results suggest that the dif-
ference in the distribution between H2O and CO2 ices
may be caused by the different radiation environment
between the center and arm/halo regions.

3.2. CO2/H2O Ice Abundance Ratio

In Fig. 3, we plot the column densities of CO2 ice ver-
sus those of H2O ice. As can be seen in the figure,
there is a global correlation between the column densi-
ties. Although some data points have large error bars,
our sample galaxies show CO2/H2O ice abundance ra-
tios systematically lower than the LMC (0.36 ± 0.09,
Shimonishi et al., 2010). Most spectra have abundance
ratios of 0.1–0.2. Thus, in terms of the abundance ra-
tio, our results roughly agree with those obtained for
the YSOs in our Galaxy (0.17 ± 0.03, Gibb et al., 2004)
rather than those in the LMC. Since the range of metal-
licity in our sample galaxies is rather limited, we cannot
discuss the metallicity dependence on the abundance
ratio.

Fig. 3. Column densities of CO2 ice plotted against those

of H2O ice. The diamonds in red, the squares in blue, and

the asterisks in black represent the results of M82, NGC 253,

and other CO2 ice detected galaxies, respectively. The four

solid lines correspond to the abundance ratios of 0.05, 0.1,

0.2, and 0.4.

3.3. The Role of Gas Density and UV Radiation

What is an important factor to determine whether ices
are detected or not? Among various spectral param-
eters obtained in the spectral fitting, we find that the
Brα line intensity is weakly correlated with the column
density of H2O ice (Fig. 4; the logarithmic correlation
coefficient R = +0.72 for 78 data points). Since the
Brα line intensity is related to star formation activity,
this result suggests that star formation activity may
be an important factor to determine the abundance
of H2O ice. This correlation, however, appears to be
strange because Brα represents HII regions, which are
harsh for the survival of H2O ice. This situation may
be interpreted indirectly via gas density; H2O ice is
formed in a dense molecular cloud and star formation
may be associated with such a dense gas region.

Fig. 5 shows the fractional numbers of the galaxies
with H2O and CO2 ice detected, the galaxies with only
H2O ice detected, and the galaxies without ice detec-
tion as a function of the Brα intensity. As can be seen
in these histograms, the Brα intensity is significantly
stronger in the galaxies with CO2 ice detected. These
results suggest that some star-formation activity may
be needed to create CO2 ice in nearby clouds. Our
results support the formation mechanism of CO2 ice
described in Watanabe et al. (2007).
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Fig. 4. Column densities of H2O ice plotted against the

Brα intensities.

4. SUMMARY

We have analyzed AKARI near-infrared spectra of 211
regions in 122 nearby galaxies and searched interstellar
ices. As a result, we detect H2O ice in 36 galaxies and
CO2 ice in 9 galaxies. The ices are detected not only in
late-type galaxies but also in early-type galaxies. We
find that CO2 ice is more compactly distributed near
the galactic center than H2O ice. CO2 to H2O ice abun-
dance ratios are between 0.1 and 0.2, which are similar
to the values observed for YSOs in our Galaxy, but sig-
nificantly lower than those in the LMC. We find that
the column density of H2O ice is weakly correlated with
the Brα intensity, and that Brα is significantly stronger
in the galaxies with CO2 ice detected. We suggest that
gas density in a molecular cloud and UV radiation may
be related to the abundance of the ices.
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