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ABSTRACT

The North Ecliptic Pole (NEP) Wide survey covered about 5.4 deg2, a nearly circular area
centered on the NEP, using nine passbands of InfraRed Camera (IRC). We present the photometric
properties of the data sets, and the nature of the sources detected in this field. The number of
detected sources varied according to the filter band: with about 109,000 sources in the NIR, about
20,000 sources in the MIR-S, and about 16,000 sources seen in the MIR-L channel. The 5σ detection
limits are about 21 mag in the NIR and 19.5 – 18.5 mag in the MIR bands in terms of the AB
magnitude. 50% completeness levels are about 19.8 mag at 3 µm, 18.6 mag at 9 µm, and 18 mag
at 18 µm band (in AB magnitude), respectively. In order to validate the detected sources, all of
them are confirmed by matching tests with those in other bands. The ‘star-like’ sources, defined
by the high stellarity and magnitude cut from the optical ancillary data, appear statistically to
have a high probability of being stars. The nature of the various types of extragalactic sources in
this field are discussed using the color-color diagrams of the NIR and MIR bands with the redshift
tracks of galaxies providing useful guidelines.
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1. INTRODUCTION

The NEP survey of AKARI (Murakami et al., 2007)
is composed of two parts: a wide (NEP-Wide) and a
deep (NEP-Deep) survey. The area observed by the
NEP-Wide survey is about 5.4 deg2 with a circular
shape (about 1.25 deg radius) centered on the NEP
(α = 18h00m00s, δ = +66◦33

′
38

′′
). Using the nine IRC

bands providing continuous coverage from 2 to 25 µm,
the NEP-Wide survey carried out 446 pointed observa-
tions, with the field of view (FoV) of each individual
frame being 10 ′× 10′. The survey coverage comprises
seven concentric circles and a partial rim in the outer-
most part as shown in Fig. 1(a).

Details of the strategy, the observational plans for
the coordinated pointing surveys, the scientific goals
and the technical constraints were described in Mat-
suhara et al. (2006). The initial results and the catalog
for NEP-Deep survey have been reported by Wada et
al. (2008). The data characteristics and basic proper-

ties of the sources have been presented using a subset of
NEP-Wide data by Lee et al. (2009). Here, we present
the entire data set of NEP-Wide and detailed analysis
of the photometric results. The purpose of this article
is to present the detailed properties of the entire NEP-
Wide data sets and the nature of the sources found in
this field. More detailed description on the data reduc-
tion and the catalogue contents can be found in Kim
et al. (2012).

2. DATA REDUCTION

2.1. Pre-Processing

Each pointing data was reduced by the IRC imaging
pipeline (Lorente et al., 2008) implemented in the IRAF
environment. The pipeline performs various procedures
such as subtraction of dark current, linearization of de-
tector response, and correction for flat fielding, and so
on. After these procedures, the pipeline calculates the
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Fig. 1. (a) The coverage map of the NEP-Wide field showing a final mosaic produced by a weighted image combine

procedure. The survey consisted of 446 pointing observations with half of its field of view (FOV) overlapped by neighbouring

frames. The dark box and blue lines represent the regions covered by optical surveys. (b) A closer look of selected sample

area (green square) showing the results of the image correction for muxbleed. The upper panels and lower panels show

before and after the correction, respectively.

relative shifts and rotations among the frames in order
to match the attitude of the frames. Also, the estima-
tion of the sky levels and the adjustment for stacking
were done at this stage. After stacking frames for indi-
vidual pointing data, the ‘putwcs’ of the pipeline calcu-
lates astrometry by matching the point sources in the
IRC image against the reference objects in the 2MASS
data (Skrutskie et al., 2006). The ‘putwcs’ was run au-
tomatically on the N2 to S9W images. However, this
task did not work well for longer wavelength bands than
S9W , because of the insufficient number of sources hav-
ing 2MASS counterparts. For that reason, astrometry
of those longer wavelength bands were derived by com-
paring with the frames from the shorter wavelength
band data whose WCS solutions had already been re-
solved. For example, we used S7 – L15 bands for the
astrometry of L18W data. The pointing direction of
the MIR-L channels is ∼ 20.6′ apart from that of the
MIR-S while NIR and MIR-S share the same field of
view. Therefore, in order to find the astrometry for
MIR-L bands, we used the pertinent region extracted
from the mosaicked image of shorter wavelength data.
Finally we obtained satisfactory astrometric solution
using WCS deriving tasks, except for a few frames from
N2 – L18W and ∼ 10% of the L24 data that were un-

usable for source detection and photometry.

2.2. Image Correction

In many cases of a pointing observation, the last single
frame in the N4 filter was taken during a satellite ma-
neuver for the next pointing. They had poor data qual-
ity and were automatically rejected by the pipeline. For
that reason, those N4 data obtained only two frames
stacked by the pipeline, which caused difficulties in re-
moving cosmic rays from N4 images (and a small frac-
tion of N2 and N3 data). To remove the remaining
cosmic rays, we applied a program ‘L.A. cosmic’ which
is based on the Laplacian edge detection algorithm for
highlighting boundaries (van Dokkum, 2001).

The multiplexer’s bleeding trails (MUXbleeds) re-
mained along the horizontal direction in the NIR data,
which made serious false detections along those trails.
To mitigate such artifacts and to facilitate detection,
we masked those regions affected by MUXbleeds, at
the expense of rejecting a small number of real sources.
The method we used to mask the region with severe ef-
fects is to give a different weight according to selected
regions when we make a mosaic image with the soft-
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Table 1.

Number of Detected Sources and 5σ Detection Limits

N2 N3 N4 S7 S9W S11 L15 L18W L24

Number of detected sources 87,858 104,170 96,159 15,390 18,772 15,680 13,148 15,154 4,019

Detection limit in AB 20.93 21.09 21.07 19.48 19.33 18.97 18.59 18.70 17.98

(in µJy) (15.42) (13.30) (13.55) (58.61) (67.30) (93.76) (133.1) (120.2) (233.3)

50% completeness in AB 19.75 19.81 19.87 18.7 18.6 18.2 17.9 18.0 16.8

(in µJy) (45.71) (43.39) (41.02) (120.2) (131.8) (190.5) (251.2) (229.1) (691.8)
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Fig. 2. The detection limits and 50% compleleteness levels for each band (the left panel). The completeness estimation

for each band (the middle and right panel). The estimates for the NEP-Deep data by Wada et al. (2008) are also shown for

comparison.

ware SWarp1. We carefully determined the areas to
be masked including the sources distorted by cosmic
rays. The typical shape of the masked region around
a bright source is a circular disk centered on the cen-
troid of the source, with a narrower horizontal stripe
covering the bleeding trail. The radius of the circular
area, and the width of the stripe depend on the bright-
ness of the source. Applying these criteria on each
frame, we avoided the MUXbleeds and extremely bright
sources as well as ones deformed by the cosmic ray re-
jection procedure (Fig. 1(b)). In the MIR bands, the
MUXbleeds have less significant effects on the image
frames because the bleeding trails were rarely found,
and usually did not extend to the edge of frame. We
used small blocking patches covering the trails around
a source in order to the minimum number of pixels.

3. SOURCE DETECTION AND DATA PROPER-

TIES

By removing the cosmic rays and MUXbleed in the NIR
bands as well as other artifacts in the MIR bands, we
finally minimized spurious sources and improved the

1 See http://terapix.iap.fr/IMG/pdf/swarp.pdf.

detection reliability.

To carry out the source detection and photometry
we used SExtractor (Bertin & Arnouts, 1996) with 3σ

detection threshold. The number of detected sources
is presented in Table 1, together with the detection
limits and the completeness levels. In the NIR bands
87,800 – 104,000 sources are detected, and much fewer
sources are detected in MIR bands. We used the ellipti-
cal Kron apertures (i.e., SExtractor’s Flux AUTO) and
a single mode operation for each band in order not to
use the same aperture for different band images. This
was done because of the variable size and shape of the
sources which depend on the diffraction limited wave-
length bands and the elongated PSFs.

The unit ADUs were changed to µJy according to
the Table 4.6.7 in the IRC data user manual version
1.4 (Lorente et al., 2008), and finally converted to the
AB magnitude using AB mag = −2.5 log fν + 23.9,
where fν is in-band flux (in µJy). We checked the reli-
ability of the photometry by comparing the bright (<
16 mag) sources with those in NEP-Deep data (Wada
et al., 2008; Takagi et al., 2012), and the systematic dif-
ference is not considered to be statistically significant
considering the different observing templates (IRC03
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Fig. 3. The SExtractor-derived stellarity as a function of r
′

band magnitude (the left panel). Middle panel shows the

optical colors and the right panel shows the optical to near-IR colors. Red dots represent the star-like sources defined by

the stellarity > 0.8 and r
′

< 19, the domain denoted by red dot-dashed line in the left panel. Contours show the density of

the gray points.

vs. IRC05 ) and photometric parameters.

The 5σ detection limit for each band was estimated
by measuring the flux at random positions far away
from the sources. We used aperture sizes three times2

that of the FWHM, and determined the detection lim-
its based on the value of σ derived from the sky back-
ground. The detection limits depend on the noise lev-
els of the fields, which vary from place to place, and
we present the averaged values over the entire NEP-
Wide field. In the NIR bands, the depth reaches 20.9
– 21.1 mag while the MIR detection limits are much
shallower: 19.5 – 18.9 mag for the MIR-S bands, and
18.5 – 17.8 mag for the MIR-L bands.

The 50% completeness levels are also given in Table
1. They were estimated by injecting artificial sources
and measuring the fraction of the recovered ones. In
Fig. 2, we presented the estimation of the completeness
as a function of magnitude bin and wavelength bands,
also compared with the detection limits.

4. NATURE OF THE SOURCES

We have ancillary optical data, NIR J , H band, and
radio data over a limited field of the NEP-Wide field
(Kollgaard et al., 1994; Lacy et al., 1995; Renegelink et
al., 1997; Sedgwick et al., 2009; White et al., 2010). For
each detected source, we searched counterparts in the
ancillary optical data obtained at CFHT (Hwang et al.,

2 This size is usually sufficient to measure the total magni-

tude.

2007) and Maidanak (Jeon et al., 2010) observatory, J ,
H from KPNO, and the other IRC band data in order
to cope with potential false detections which do not
have any counterpart in the other bands.

After the confirmation of the detected sources, we
generated a point source catalogue using the results
from various matching tests (Kim et al., 2012). The
point sources in this NEP-Wide catalogue are mostly
either stars or galaxies. But, AKARI’s images of dis-
tant galaxies cannot be distinguished from those of
stars because of relatively large PSFs. The optical data
for NEP-Wide were all taken with good seeing condi-
tions. CFHT and Maidanak data have typical FWHM
size of PSF smaller than 1 arcsecond. The stellarity
parameter of the optical data given by the SExtrac-
tor thus can be used to distinguish between point and
extended sources, as shown in Fig. 3. We selected the
high stellarity sources using an optical stellarity param-
eter (> 0.8) and an r

′
band magnitude cut (< 19) and

designated them as star-like objects. They form a tight
sequence in the (g

′ − z
′
) versus (u

′ − r
′
) color-color di-

agram and they are located along the lower right edge.
On the other hand, extended sources are more widely
spread and occupy the entire region above the stellar
source sequence.

Stellar SEDs are usually determined by the surface
temperature and the metal abundances. Since the stel-
lar surface temperature is usually higher than 3,000 K,
the infrared parts of stellar SEDs can be approximated
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Fig. 4. The color-magnitude and color-color diagrams of the NEP-Wide sources matching with optical data. N2 vs.

(H − N2) (left), (N2 − N3) vs. (N3 − N4) (middle), and (S7 − S9W ) vs. (S9W − S11) (right). Dark dots represent all

of the sources having optical counterparts and red dots represent the star-like sources defined by the stellarity > 0.8 and r
′

< 19.

by the Rayleigh-Jeans tail. Thus we expect the stars
will contribute less as the wavelength becomes longer.
However, infrared properties can often be modified by
the presence of circumstellar material.

Galaxies emit significant amounts of radiation in the
infrared. SEDs of galaxies strongly depend on galac-
tic types and star formation rates (e.g., Polletta et al.,
2007). Since our data covers a wide range in wave-
lengths, the SED fitting of individual sources could
provide useful information on their nature. However,
it is beyond the scope of the present paper. Here we
provide only general and statistical comments on the
composition of the sources.

The NIR colors such as (J−H) and (H−N2) are also
useful to distinguish the stars from galaxies (extended
sources) as shown in the right panel of Fig. 3 and the
left panel of Fig. 4.

The N2 vs. (H − N2) color-magnitude diagram in
the left panel of Fig. 4 shows that the star-like sources
are the brightest ones in the N2 band. By compar-
ing these properties in color-color plots, we can sepa-
rate stars effectively, even though we can not identify
all stars individually. The diagrams show that high-
stellarity sources are a statistically good indicator for
the selection of the stars although the criterion is not
perfect to identify all the stars.

The colors of galaxies provide us with valuable in-
formation on their composition and history (Fukugita
et al., 1995). The extended sources (low-redshift galax-

ies) show a widely spread distribution in the color-color
diagrams as shown in Fig. 4. We have plotted the red-
shift tracks of the templates (Silva et al., 1998) of the
star forming galaxy M51 and the typical ultra-luminous
infrared galaxy (ULIRGs) Arp220. Compared to those
tracks, we find that the NEP-Wide sources are located
close to the redshift sequence, although the scatter is
quite large. This could mean that the SEDs of the
galaxies are quite diverse, but a large fraction of the
NEP-Wide sources are star forming galaxies at differ-
ent redshifts. In fact, about 70% of the MIR selected
sources in AKARI’s early data are identified as star
forming galaxies through detailed inspection of the in-
frared SEDs (Lee et al., 2007). Since the NIR parts
of the SEDs of star forming galaxies are dominated by
late-type stars and thus rather homogeneous, the NIR
colors mostly are determined by the galaxies’ redshifts.
We also notice that many sources are located quite far
away from the star forming galaxy sequence. Some of
these sources with very red NIR colors are likely to be
AGNs (Lee et al., 2007).

MIR-S color-color diagrams (S7−S9W ) vs (S9W −
S11) show that the star-like sources are well segregated
from the other sources, but this feature gradually dis-
appears in the longer wavelength band colors. Most
of the stars (and the early type galaxies) detected in
NIR bands seem to fade out in MIR bands. Unlike the
NIR and MIR-S band colors, the MIR-L band colors do
not seem to be good indicators of the classification of
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sources since the MIR-L band colors do not show any
prominent features. The variation in NIR colors are
mainly due to variation in the redshift while the MIR
colors are sensitive to the star formation rate, making
the MIR color-color diagrams more wide spread. There
are no sources with high stellarity associated with faint
MIR-L sources. Also, MIR-L sources detected in only
one band, having no counterparts in our data sets could
possibly be very red objects

5. SUMMARY

We have carried out the reduction and analysis of NEP-
Wide survey data obtained by the AKARI/IRC. In
order to reduce spurious detection, we masked out
the regions affected by instrumental effects such as
MUXbleeding trails, especially in the near infrared.
The detected sources in IRC were compared with
the data at the other wavelengths, including optical,
ground-based near infrared observations, in order to
confirm the validity of the detected sources and ex-
clude the low-reliability sources. Based on the cata-
logue, we have shown the characteristics of the sources
using various color-color diagrams. Except for the star-
like objects, most of the NEP-Wide sources appear to
be various types of star forming galaxies. The sources
detected in all of the AKARI/IRC bands include inter-
esting sources such as PAH galaxies, AGNs, ULIRGs or
DOG candidates, and MIR-bright early-type galaxies.

The NEP-Wide catalogue covers moderately large
sky area with wide wavelength range. It is comple-
mentary to the NEP-Deep catalogues by Wada et al.
(2008) and Takagi et al. (2012) which has better sensi-
tivity and smaller angular coverage, but the same filter
bands.
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