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ABSTRACT

We present the AKARI far-infrared (FIR) all-sky maps and describe its characteristics, calibration

accuracy and scientific capabilities. The AKARI FIR survey has covered 97% of the whole sky in four

photometric bands, which cover continuously 50–180 micron with band central wavelengths of 65, 90, 140,

and 160 microns. The data have been publicly released in 2014 (Doi et al., 2015) with improved data

quality that have been achieved since the last internal data release (Doi et al., 2012). The accuracy of

the absolute intensity is ≤ 10% for the brighter regions. Quantitative analysis of the relative intensity

accuracy and its dependence upon spatial scan numbers has been carried out.

The data for the first time reveal the whole sky distribution of interstellar matter with arcminute-

scale spatial resolutions at the peak of dust continuum emission, enabling us to investigate large-scale

distribution of interstellar medium in great detail. The filamentary structure covering the whole sky is

well traced by the all-sky maps.

We describe advantages of the AKARI FIR all-sky maps for the study of interstellar matter comparing

to other observational data.
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1. INTRODUCTION

Studies of the interstellar medium are now being revo-

lutionised by newly conducted infrared and sub-mm all-

sky photometric surveys. The Planck satellite (Planck

Collaboration , 2011a) improved the spatial resolution

at 350µm ∼ 10mm as high as 5′–33′ from 42′ square

beam of COBE/DIRBE (Boggess et al., 1992). The

WISE observations at 3.4, 4.6, 12, and 22µm (Wright et

http://pkas.kas.org

al., 2010; also see Meisner & Finkbeiner, 2014) achieved

significant improvements both in sensitivity and spatial

resolution from those of IRAS at 25µm (Neugebauer et

al., 1984).

Combining with the IRAS 100µm data (spatial res-

olution: ∼ 5′), these data give us a new insight of the

spatial distribution of interstellar dust particles. Planck

Collaboration (2011b) estimate the dust column den-

sity by fitting the Planck 350µm–2mm and IRAS 100µm

data with spectra of single modified black body (MBB)
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emission with a fixed spectrum index of β = 1.8. They

confirmed good correlation of the dust column density

with the gas column density, which is traced by H I and

CO line emissions. In addition to that, they clarified

that there is a significant excess in the dust column den-

sity where the gas column density is ∼ 1021−22[cm−2],

suggesting that there is a significant amount of interstel-

lar matter that are traced neither by H I nor by CO line

emission and is more directly traced by the dust ther-

mal continuum emission. Planck Collaboration (2014b)

released a detailed all-sky dust map by applying this

single MBB analysis with β as an additional parameter

to the newly calibrated Planck 350, 550, 850µm data

as well as IRAS 100µm data. However, infrared emis-

sion at ≤ 100µm is significantly affected by the excess

emission coming from stochastically heated small grains

(e.g., ∼ 10% by Doi et al., 2012) and thus single MBB fit

of a spectrum energy distribution (SED) could overesti-

mate the equilibrium temperature of large dust grains.

To avoid this difficulty, Planck Collaboration (2014c) fit

12–850µm data by WISE, IRAS, and Planck satellites

with a model SED, which assumes a fixed size distri-

bution of dust particles, and estimates SED profile as

a function of incident intensity of stellar radiation field.

Even with this study, the only available observation at

the peak of the dust emission (∼ 100–200µm) is IRAS

100µm and further detailed observation of this wave-

length range is thus required to make precise evaluation

of the equilibrium temperature of large dust grains.

The Herschel satellite (Pilbratt et al., 2010) observed

∼ 10% of the whole sky at 51–671µm with a spatial

resolution of 5′′–70′′. This superb spatial resolution en-

ables us to resolve the spatial structure of the infrared

cirrus component and reveals that they consist of nu-

merous filamentary structures with a virtually universal

typical width of ∼ 0.1pc (André, 2013 and the refer-

ences therein). A strong spatial correlation of star for-

mation activities with these filamentary structures are

observed, suggesting that there is a strong connection

between the filamentary structures and star formation

activities. To understand the whole process of the star

formation in the giant molecular clouds, it is of crucial

importance to study and understand the spatial distri-

bution of the filamentary structures and their formation

processes. However, observations by Herschel concen-

trated to central degree-wide regions of the Gould belt

objects and did not cover wider regions. A study of fila-

ment structures with wider spatial coverage is required

to reveal their whole formation processes and their en-

vironmental dependence.

As described above, a photometric observation at ∼
100–200µm with wide spatial coverage and high spatial

resolution is crucially important for the studies of global

characteristics and distribution of interstellar medium,

which have made great progress in recent years. We have

made an all-sky multi-band photometric observation at

50–180µm with AKARI/FIS (Doi et al., 2012, 2015). In

this work, we describe results of improvements of the

data quality for the public release (§2) and discuss its

possible impacts on the study of interstellar medium

(§3).

2. DATA QUALITY

The intensity of the FIR all-sky image is calibrated with

a internal calibration light on FIS and additional zero-

level subtraction by the dark measurement by using a

cold shutter. However, the strong non-linear behaviour

as well as long-term instability of the detector perfor-

mances affects the data quality.

Since the last internal release of the FIR all-sky maps

(Doi et al., 2012), we thus further calibrated the abso-

lute intensity by referring to the COBE/DIRBE data

at 100, 140, and 240µm. We also made efforts to re-

duce instrumental artefacts including periodical electri-

cal noise and after effects of calibration light flashing.

The achieved uncertainty of the absolute intensity as

the result of these additional calibration is estimated as

10% at the regions with intensities higher than 10, 3,

25, 25[MJy/sr] for N60, WIDE-S90, WIDE-L140, N160

bands, respectively. The uncertainty is relatively larger

at the regions with lower intensity and is estimated as

20% at the regions with intensities higher than 11 and

12[MJy/sr] for WIDE-L140 and N160 bands.

Relative accuracy is estimated by comparing the sta-

tistical variations between observations of a same re-

gion at the difference observational epoch with half year

and/or one year separation. The estimated 1σ stan-

dard deviation is ∼ 6, ∼ 1, ∼ 4, ∼ 12[MJy/sr] for N60,

WIDE-S90, WIDE-L140, N160 bands, respectively for

the regions with two observational scans. The devi-

ation has slight dependence on the number of obser-

vational scans and is estimated as, e.g., ∼ 5, ∼ 0.8,

∼ 2, ∼ 7[MJy/sr] for the regions with five observational

scans. Further details of the data calibration will be

described in Takita et al. (2015a). The data have been

publicly released (Doi et al., 2015) and are available at

a dedicated web site1.

1 http://www.ir.isas.jaxa.jp/AKARI/Archive/Images/FIS_
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3. ADVANTAGES OF THE AKARI FIR ALL-SKY Maps

3.1. Dust Map

FIR dust emission is a crucial tracer to evaluate dust

column density and the column density of the interstel-

lar matter as a whole (§1). Doi et al. (2012, 2015) in-

dicated that the multi-band photometry of the AKARI

FIR all-sky map is a beneficial estimator of the dust col-

umn density with a good spatial resolution of 1′–2′. By

fitting the multi-band photometric data at 50–180µm

with a model SED of the dust emission, e.g. DustEM

model by Compiègne et al. (2011), we can estimate ther-

mal emission from both thermally equilibrium large dust

grains and stochastically heated small dust grains, lead-

ing to a precise evaluation of column density of inter-

stellar medium and incident interstellar radiation field

intensity.

Figure 1 shows an estimation of the column density

(NH-atoms) and the interstellar radiation field (G0) in

the Taurus molecular cloud region by using AKARI

data. Dust extinction at 350µm estimated by Planck

data (Planck Collaboration , 2014b) is shown in Fig-

ure 2 as a comparison. The estimated AKARI column

density is well correlated with the Planck extinction and

reveals further details of the spatial distribution of the

interstellar medium with its improved spatial resolution.

This improvement of the spatial resolution is important

to investigate the nature of the excess in the dust column

density demonstrated by Planck Collaboration (2011b;

§1) because of its intricate spatial distribution in the in-

terstellar clouds (see Figure 4 of Planck Collaboration ,

2011b).

3.2. Filamentary Structures

An omnipresence of the interstellar filaments with a typ-

ical width of ∼ 0.1pc is one of the key findings of the

observations by the Herschel satellite (§1). This 0.1pc

spatial scale corresponds to 3′.4 at the distance of 100pc

and 1′.1 at 300pc, which are comparable to the spatial

resolution of the AKARI FIR all-sky maps. The fila-

mentary structures in the local interstellar clouds are

thus clearly visible in the AKARI FIR all-sky maps as

shown in Figure 3 (also see Doi et al., 2015).

As described in §1, filamentary structure is a key miss-

ing link to comprehend how the stars are being formed

from giant molecular clouds. To observe its spatial

structure and understand its formation processes, we

need to cover a wide range of spatial scales from that

AllSkyMap/.
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Figure 1. Top panel – an estimation of the column density

in units of NH-atoms in the Taurus molecular cloud region.

The image centre is at l = 170◦, b = −16◦ in Galactic co-

ordinates and the image size is 16◦ in longitude and 12◦ in

latitude. Four AKARI N60, WIDE-S90, WIDE-L140, N160

bands data are fit with DustEM model (Compiègne et al.,

2011). Dust composition for the diffuse high Galactic lati-

tude model is applied. Applying dust composition by Draine

& Li (2007) leads to an estimate of 25± 6% lower NH-atoms

values.

Bottom panel – an estimation of the interstellar radiation

field (IRSF: G0) by fitting the data with DustEM model in

the same field.

Note that point sources are not masked in these evaluations,

resulting as several dips in the column density or peaks in

the ISRF.

of giant molecular clouds (≥ 100pc) down to that of

prestellar cores (≤ 0.1pc). Nevertheless, none of the

FIR observations but the AKARI FIR all-sky maps can

cover this huge (> 103) spatial dynamic range with a

single observation (Doi et al., 2012, 2015). A successful
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Figure 2. Top panel – dust extinction at 350µm estimated

by Planck data (Planck Collaboration , 2014b) for the same

region as shown in Figure 1.

Bottom panel – correlation between the dust extinction and

the AKARI column density shown in Figure 1. A regression

line of the correlation is shown as the dashed line and the

standard deviations from the regression (±34%) are shown

as dotted lines.

extraction of filamentary structures shown in Figure 3

reveals its omnipresence in local clouds. The skeleton

shown here can be a good precursor data for the fur-

ther studies to reveal global characteristics of the fila-

mentary structures and their environmental dependence

as well as follow up observations of the detailed struc-

tures of individual filaments. Thus the AKARI FIR

all-sky maps can be a best suited precursor observation

by mapping virtually all the local filamentary structures

ubiquitously distributed in all-sky, enabling us to study

Figure 3. Skeleton picture of the filamentary structure. Tau-

rus region (top panel; the same region as Figures 1 & 2) and

Polaris flare region (bottom panel; centring at l = 121◦ and

b = 28◦ in Galactic coordinates, 15◦ × 15◦ in longitude and

latitude) are shown. The skeleton is extracted from the back-

ground AKARI intensity maps by using DisPerSE algorithm

(Sousbie, 2013).

the global nature of the filamentary structures in great

detail.

3.3. Stacking Analysis

Another important advantage of the AKARI FIR all-sky

map is its capability to detect large number of sources

thanks to its full-sky coverage. One useful approach

to utilise this advantage is to make statistical analyses,

whose representative example is to stack images of a

type of sources to detect its typical structure below the
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detection limit of the observation. Please refer to Takita

et al. (2015b) and Okabe et al. (2015) as good examples

of stacking analyses using the AKARI FIR all-sky map.

4. CONCLUSION

The AKARI FIR all-sky maps are important products

for the study of interstellar medium by providing SED

information at the peak of the dust continuum emission

with four photometric bands at 50–180µm with good

spatial resolutions of 1′–2′. Estimation of dust column

density with this high spatial resolution enables us to

make detailed investigations of the morphology of the in-

terstellar matter. At the same time, the unprecedented

wide spatial dynamic range of the AKARI FIR all-sky

maps allows us to map all the filamentary structures in

the local interstellar clouds, which can be good precursor

data to reveal global characteristics of the filamentary

structures and their environmental dependence.

The data have been publicly released and are available

at the dedicated web site.
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