PASJ: Publ. Astron. Soc. Japd®, S543-S555, 2007 October 10
(© 2007. Astronomical Society of Japan.

Optical Identification of 15 um Sourcesin the AKARI Performance
Verification Field toward the North Ecliptic Pole

Hideo MATSUHARA,! Takehko WADA,* Chris P. EARSON? Shinki OvABU,* Myungshin M,?
Koji | MAI,* Toshnobu TAKAGI,! Eugene KaNG,% Narae HVANG,?> Woong-Seob HoNG, *
Hyung Mok LEE,2 Myung Gyoon LEE,? Soojong Rk, Stephen SRJIEANT,* Takao NAKAGAWA
Hitoshi HANAMI ,® Hanae NAMI 1! Takashi QuakA 8 Naofumi FuJISHIROY™ Daisuke BHIHARA,®
Yoshifusa IrA,* Hirokazu Kataza ,* Woojung KiM,! Toshio MATSUMOTO,! Hiroshi MURAKAMI
Youichi OHYAMA ,! Itsuki SAKON,® Toshihiko TANABE,” Kazunori UEMizu,* Munetaka WNO,2 and Hidenori VATARAI®
1 nstitute of Space and Astronautical Science, Japan Aerospace Exploration Agency,

3-1-1 Yoshinodai, Sagamihara, Kanagawa 229-8510
maruma@ir.isas.jaxa.jp
2Department of Physics & Astronomy, FPRD, Seoul National University,

Shillim-Dong, Kwanak-Gu, Seoul 151-742, Korea
3Kyung Hee University, 1 Seocheon-dong, Giheung-gu, Yongin-si Gyeonggi-do 446-701, Korea
4Department of Physics and Astronomy, The Open University, Milton Keynes, MK7 6AA, UK
Slwate University, 3-18-8 Ueda, Morioka 020-8550
6Department of Astronomy, School of Science, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033
7| nstitute of Astronomy, The University of Tokyo, 2-21-1 Osawa, Mitaka, Tokyo 181-0015
8Department of Earth Science and Astronomy, Graduate School of Arts and Sciences, The University of Tokyo,
3-8-1 Komaba, Meguro, Tokyo 153-8902
90ffice of Space Applications, Japan Aerospace Exploration Agency, Tsukuba, Ibaraki 305-8505
10190 Data Centre, ESA, Villafranca del Castillo, Madrid, Spain
HDepartment of Space and Astronautical Science, The Graduate University for Advanced Studies,

3-1-1 Yoshinodai, Sagamihara, Kanagawa 229-8510

(Received 2007 May 27; accepted 2007 August 20)
Abstract

We preent the results of optical identifications 57 mid-infrared sources detected with a deeprbsurvey
over appoximatdy 80 arcmirt area in the AKARI performance verification field near the North Ecliptic Pole.
The 15um fluxesof the sources range from 1 mJy down to 40y, gpproximately one half of which are below
100 nJdy. Optical counterparts were searched for within”a2 radius in both theBVRi’z’ catalog generated by
using the deep Subaru/Suprime-cam field, which covers one-third of the performance verification field, and the
g'r'i’z' catalog based on observations made with MegaCam at CFHT. We found thatthieand R — z’ colors
of sources with successful optical identifications are systieally redder than that of the entire optical sample in
the same field. Moreover, approximately 40% of theutd sources show colors witlR— L15 > 5, which cannot
be explained by the spectral energy distribution (SED) of normal quiescent spiral galaxies, but are consistent with
SEDs ofredshifted £ > 1) starbursor ultraluminous infrared gakies. This result indicates that the fraction of the
ultraluminous infrared galaxies in our faint 18n sample is rach larger than that in our brighter 18n sources,
which is consistent with the evolvingidiinfrared luminosity function dered by recent studies based on Spitzer
24 um deep surveys. Based on an SED fitting technique, the nature of the fgimhiburces is further discussed
for a selected number of sources with availakileband data.
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1. Introduction fluxes and large infrared luminositieg(,; > 10'' L, Elbaz
et al. 2002) atz > 0.5. The 15um source counts obtained
Finding new populations of faint high-redshift galaxies is awith the 1ISO surveys implied strong evolution in the galaxy
important step to unveil the Cosmic star-formation history gdfopulation (Genzel & Cesarsky 2000; Aussel et al. 1999;
the Universe. Deep mid-infrared (especially at/ %) and Seajeant et al. 2000; Gruppioni et al. 2002; Oliver et al. 2002).
far-infrared (at 90, 17Qum) surveys with the Infrared SpaceNot only the source count models for mid-IR counts, but also
Obsevatory (ISO, Genzel & Cesarsky 2000, and referencéise X-ray data (Manners et &004) and subsequent spectro-
therein) discovered a distinct population with faint opticadcopic studies (Rowan-Robinson et al. 2004) confirmed that
the bulk of he ISO sources were starburst galaxies not AGNSs.
* Present address : Cybemet systems Co. Ltd., Bunkyo-ku, Tokyo The Spitzer_S_p_gce _Telescope (Werner et al. 2004) also offers
112-0012. excellent sensitivities in the four IRAC wavebands between 3.6
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and 8.0um (Fazio et al. 2004) and at MIPS 24nm (Rieke etal. 2. The Data and the Results of Identification
2004), and has revealed that the key epoch to understand the .
formation and evaltion of massive ¢/ > 10'' M) galaxies éq AKARI/IRC Mid-Infrared Data
is atz = 1-2; the star formation activity of massive galaxies The NEP deep survey is centred on a circle at
at z ~ 2 is one hundred-times larger than that at preseRA = 17"55724°, Dec= +66°3732’. However,during the
(Chary 2006; Caputi et al. 2006). These ultra-luminoyserformance-verification phase (2006 April 13—May 8) of the
(L > 102 L) infrared galaxies (ULIRGS) may be progenitorsAKARI mission, a pilot survey of the NEP over a single field of
of present-day massive galaxies. In order to reveal their natwiw of the IRC (approximately 1810, herafter referred to
we require complete, uniform samples of massive star-formiag the performance verification field) at RA17"57™3, Dec
galaxies atz = 1-2. Although the Spitzer 24m deep = +66°54'3, tenpointings eep in the IRAL15 band (i.e., in
surveyscan probe galaxies at this redshift range, deep surveape 15.m band) was carried out.
at shorter mid-infrared wavelengths (10-2én, in the gap Here we briefly rport on observations and the data
betweenthe IRAC 8 um band and the MIPS 24m band) reduction; full details are described in Wada et al. (2007). The
are very important to unveil their nature, since the strortpta for this work were taken using the IRC05 Astronomical
6.2 and 7.7um PAH features prominent in the mid-infraredObservation Template (AOT) mode, which is optimized for
spectra of sr-forming galaxies can enter the MIPS 24n  deep survey observations. Note that the IRC05 AOT minimizes
passband only at > 2. Spitzer/IRS (Houck et al. 2004) hasoverheads by usinghe minimum numbe of resets, no
an imaging capability at 1am via its peak-up camera; with filter change ad moreover no dithering operation during
this camera deep 16m surveysover 150 arcmin in each of the 10-minute integration time for one pointing. Therefore,
GOODS-North and GOODS-South fields have been carried dbe dithering is performed ammg the individual pointing
to depths of 50-8%Jy (30) (Teplitz et al. 2005; Teplitz et al. observations to remove the effects of dead/hot pixels and
2006). However, the areal coverage is not yet comparablecmsmic rays, etc. The total net exposure time of the ten pointing
the survgs at 24um due to the relativgl small fidd of view observations was 4417 seconds. The data from individual
1.2 arcmirt of the IRS peak-up camera. frames for each pointing were reduced using the standard
The AKARI satellite, launched on 2006 February 21 (UT)RC data-reduction pipeline version 0608G4ithin the IRAF
has acapability for deep mid-infrared imaging in the Spitzeenvironmen€ The IRC pipeline splits pointings into individual
wavelengh desertbetween &m and24 um through one of frames and corrects for instrument characteristics by masking
its focal-plane instruments, the InfraRed Camera (IRC, Onakkaomalous/dead pixels, and then applies dark subtraction,
et al. 2007). The IRC incorporates three infrared cameraginearity correction, saturation, a distortion correction, and
covering nine bands between 2 and 2 sutable for deep flat fielding, etc. Astrometric ata (world coordinate system,
cosmological surveys. Note that due to the nature of the orl#itCS) is applied by matching bright stars within the data with
of AKARI (Sun-synchronous), the visibility of any point on the2MASS counterparts. Identification of bright point sources in
sky is a strondgunction of theecliptic latitude and thus deepthe deep optical image (T. Wada et al. 2007 in preparation, see
surveys are only possible at the ecliptic poles. The AKARdbsection 2.2) by eye suggests that the positional accuracy of
North Ecliptic Pole (NEP) survey is a major legacy of théhe WCS is much better than two pixels’)5 The resulting
AKARI mission, consisting of a deep 0.4 square degree asthcked images for the individual pointing observations are
shallow 6.2 squa degree survey in all 9 IRC bands (Matsuharhen co-added by identifying the relatively bright sources in
et al. 2006). The AKARI NEP surveys, especially at 11, 1®ach processed image of one niig. Finally, the edge
and 18.um, are well matched to the Spitzer2¢ surveys (e.g., of the image, where the signai-noise ratio is worse, was
Papovich et al. 2004), sampling similar cosmological volumesiimmed, resulting in a final image size of 2B arcmii. We
and are more sensitive to high redshift star-formation activitysed SExtracter (Bertin & Arnouts 1996) for source detection,
than the shorter wavelength Spitzer/IRAG8 band. and source fluxes were evaluated by aperture photometry with
In this paper we describe a selection of initial results from radius of 13. In tatal, 257 sources were extracted between
the deep extragalactic survey around the NEP region, whilé5 = 16 and 20 magnitudes, of which 110 sources were
focusing on the optical nature of the faint 18n sources fainter than 19 mag.
detected in the performance verification phase of the AKARI At present, the depth of the finlal5 image & goproximately
mission. The 15:m sample is egxially unique, since more 42 1 Jy in 3, probably due to the fact th#te source-extraction
than 100 sources are fainter than 101y, a limit below tednique is not yet optimized. The completeness analysis
that obtained with ISO. In section 2, we briefly describeesult implies that the number of sources below 18Iy is
the AKARI data as well as the optical data obtained withubstantially underestimated, but, once detected, the source
Subaru/Suprime-cam and CFHWiégacam, and identification detedion is reliable down td.15 = 20 mag (or 36uJy; Wada
resuts of the optical counterparts. In section 3, we discust al. 2007). This is justified since 60-80% of the sources
the natue of the 15um sample hsed on the optical- fainter thanL15 = 18 mag can be identdd in the optical
mid-infrared colors. Section 4 gives a summary of the paper.
Throughout the paper we use the AB maginitude systefn, AKARI IRC Data Users Manuakhttp://www.ir.isas.jaxa.jp/ASTRO-F/
unless otherwise explicitly noted; 20 AB magnitude corre- Observation/#DUN.

n W mol —03. Qx =0. IRAF is distributed by the National Optical Astronomy Observatory,
3%13 0 3%‘|J(¥n gel :/ldgsjlacos ology df, =0.3, £, =07, which is operated by the Association of Universities for Research in
0= -

Astronomy, Inc., under cooperative agreement with the National Science
Foundation.
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Table1l. Summary of i@ntifications in the Subaru image’(&arch radius).

15um Nunber of Number of sources inside  Number of sources with
magnitude total 15um sources the Subaru image czessful identification

16-18 44 18 15(0)

18-19 103 40 33(2)

19-20 110 47 32(7)

* All 18 sources have conterparts withifi Search radius. Numbers in the parentheses are those with two or
more optical counterparts.

15 micron sources in NEP PV field (optical ID: Subaru)
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Fig. 1. Observed optical- mid-infrared color vs 1am magnitide (AB) for all 15um sources with successful identifidan on the $ibaru/Suprime-cam
source catalog. Black squares represent the ffd¥ources detecteditv the ISOCAM LW3 15um deep survey (Oliver et al. 2002; Mann et al. 2002).

images (see subsection 2.3). view centered on the NEP; therefore, the whole performance
. verification field is covered by th CFHT imagng data. The

2.2 Optical Data depth of the CFHT image is estimated to ge~ 26.4 mag,
Approximately one third of the performance verificatiom’ ~ 25.9mag;j’ ~ 25.3 mag, and’ ~ 24.0 mag at 3@ overan

field is covered by &ingle Subaru Suprime-cam field of viewaperture with1”0 diameter, but effectively the source counts

(916 arcmid) to B = 28.4,V = 27, R = 27.4,i’ = 27, are complete only down to a limit of about 1.5 magnitudes

7/ =26.2 (I, ABmagniude, T. Wada et al. 2007, inbrighter than the above numbers. The absolute astrometric

preparation). The observations were carried out in 2003 Juexecuracy of the CFHT mosaic data was measured to be about

and September with a typical seeing ¢D1 r.m.s~ 074. More deails on the CFHT images can be found
The remaining two thirds of the performance verificatiom Hwang et & (2007).

field is covered byg’, r’, i’, z/-band images taken with

the MegaCam instrument omthe Canada—Rnce—Hawaii

Telesope (CFHT). The MegaCam observation was carried The result of the identification within & Zearch radius is

out in 2004 August/September to support the AKARI NEBhown n table 1. Due tohte partial coverage of the Subaru

survey. Theobserved field covers roughly28 by 1° field of image, onlyl05 sources are inside the Subaru image. Between

2.3. ldentification with Subaru/Suprime-Cam Source Catalog
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Fig. 2. Observedptical (B — R) color for all z’-band selected Subaru/Suprime-cam selwatalog in the field (top) and for the 4%n sources with
successful identifiation on the Subaru/Suprinoam source catalog (bottom).
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Table 2. Summary of idetifications in the CFHT imagé.

15um Number of sources inside  Number of sourcesin  Number of sources in

magnitude the CFHT image 3 search radius " s&arch radius
16-18 42 39(13) 27(3)
18-19 99 61(10) 50(5)
19-20 108 67(7) 49(4)

* Numbers in parentheses are those witb or more optical counterparts.

R-L15 (AB)

B-R (AB)

Fig.4. B — R vs R—L15 plot for the 15um sources with successful identifications in the Subaru/Suprime-cam source catalog. Dark-blue, light-blue,
ard purple, circles represent the 16-18, 18-19, 19-20 AKARIM5AB magnitudes respectively. Color—color tracks for 4 SED templates are presented.
Black squares represent the HDF-S sources detected with the IBIQGM3 deep survey (Oliver et al. 2002; Mann et al. 2002). Green, a normal
quiescent spiral galaxy (M 51 template); blue, a star-forming galaxy (M8dlate); red, an ultraluminous infrared galaxy (ULIRG) Arp 220 template

orange, an ULIRG, HR 10 template. The large colored squares are the zero redshift points for the SED templates and the markers along the template

color tracks represents steps of 0.5 in redshift.

L15 = 16 and 18 magnitudes, all thréd5 sources without source with no optical counterpart, but it is located near the
optical matches are found to be a blend of several sourcesgdge of the_15 image where the signal-to-noise ratio is low.
a part of a lage, brght galaxy. The blend of several sourceBetweenL15= 19 and 20 magnitudes, 12 souces out of 15 with
in L15 causes the coordinates to be calculated as the meamofoptical counterpart are again, blend of multiple sources,
the multiple sources, making it escape from tlienfatching inside optically brignt galaxies, or probably spurious objects
radius. Betweeh15 = 18 and 19 magnitudes, six out of sevemear the edge of thel5 image. The remaining threel5

L15 sources without optical matches are found to be a part sfurces may be genuine optically faint sources. Overall, of
a bright optical counterpart, or located near the edge, or a bledL15 sources without optical matches, only three or four are
of multiple sources. The remaining source is found near tlieund to be sources without optical counterparts, which are
edge of theL15 image. It could be a genuine mid-infraredwvorth being carefully investigated by multi-color images taken
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Fig. 5. Rest-frame optical to far-infrared spectral energy distribution templates for: dashed line, a normal quiescent spiral galaxy (M 51 tentplate); soli
line, a star-forming galaxy (M 82 template); dotted line, an ultralumiriafrared galaxy (ULIRG), Arp 220 temple; dash-dash-dot-dot, an ULIRG,

HR 10 template. Model templates are taken from Efstathiou and Rowam$wb{2003) for the normal galaxy template, Efstathiou et al. (2000) for the
star-forming and Arp 220 templates and Takagi et al. (2003b) for the HR 10 template.

during the NEP survey program. The rest &b detetion 2.4. Identification with CFHT/Megacam Source Catalog
of multiple sources, sources within optically bright galaxies, or

The result of a cross-identification with & &arch radius
erroneous matches near the edges.

Figure 1 shows theiR— L 15 color with 15m magitude. for optical source the CFHT images is shown in table 2.

. . We find optcal counterparts for 93% of the brightl5
Except f(_)rth_e very blue sources, which are found to be b”ggéurces (6 < L15 < 18 mag), which is cornistent with the
stars point-like sources in the Subaru image), tRe-L15

color distribution does not change with &5 magritude, and matching 'result using the Subadata. Alarge,frac'uon of
) sources with a positional offset of betweehdhd 3 turn out to
has a median value &{—L15 = 4.6 mag.

As examples showing their optical color characteristics, be multiple optical sources blended into a single object in the

figures 2 and 3 we show a comparison of Bie- R, R — 2 fYs image. For faintet.15 sources, the matching probability

2 eE0r wi . . 0
colors between all the Subaru sources in the NEP performar%jrgpS to~ 65% with a 3 matching radius and down to 50%

verification field and the 15:m sources. The optical colors " =\ W US€ a'2matching radius. The above number is
of the 15um sources sho?vL a clear trénd towgrds a reddtigilrboUt 10-30% less than the matching probability of 60-80%
color: 0.3-0.4 mag redder i — R, and 0.2-0.5 mag in or L15 sources in the Subaru image. The discrepancy mainly

o :
R— 2. This indicates that the 1m sources sample either COMeS from the fact that about 10%ldf5 sources have optical

a relatively high-redshift poputéon or a population exhibitin magnitudes of aroung ~ 26 (figure 1), for which no--band
yhig Pop apop 9 counterparts are found in the CFHT image. Thus, although the
dust reddening. Moreover, the fainter &% sources at or

, . CFHT image overs theentire performance verification field,
below 18 mag (AB) show a redd&— z’ color (approximately | h in the Sub - for di ina th
0.3 mag) than the brigher sources. This may indicate thvgtgonyuset e sources In the Subaru image for discussing the

i : nature of the faint 1xm sources.

fainter 15um sources are at relatively high redshift, since the One should note that the simple automatic identification

shift of their Balmer/4000A spectral break in between the o
and=’ bands will create reddek — =’ colors presented here also suffers from a chance coincidence. Based
' on the number counts of-band sources presented in Hwang
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Fig. 6. Optical to mid-infraredR— L15 color vs redshift for various template SEDs shown in figure 5. The SEDs were convolved with the filter-band
response curves, and then the color was derived.

et al. (2007), the chance coideince of sourc&entification investigating several selected sources with relatively reliable
is 6% and15% for a 3 search radius for sources at < 22 identifications (see subsection 3.2).
andr’ < 24, resgectively. This number drops to 3% and 7%
for a 2’ search radius. Clearly, the’Zearch radius suffers 3. Discussion
S M
much less frpm chance coincidence. However, eadius may 3.1 Colorsof the AKARI 15.m Population
be too smh in the case for some 1pm sources where the
mid-infrared flux originates from multiple sources. In figure 4 we plot theB — R vs R—L15 colors of the
N ) . AKARI 15um sources with successful étifications in the
2.5 gﬁggcggtﬁogmth KPNO/Flamingos  Near-Infrared Subaru/Suprime-cam source catalog. The AKARLBpop-
ulations are plotted over 3 magnitude rangegu(Hh5AB) from

The Subaru/Suprime-cam field around the NEP is ald®-18, 18-19, and 19-20 magnitude. The AKARI population
covered by the KPNO 2.1m/FLAMINGOS at thé and spans a brahrange in R—L15 colors fromR—L15 =1 to
K bands to a depth of = 21.6 andK; = 19.9 (¥) in 8. To investigate the colors of the AKARI 18n population
Vega magnitudes (“Field-NE” in Imai et al. 2007). Thuswve introduced a set of archetypal galaxy spectral energy
we also searched for near-infrared counterparts of therh5 distribution (SED) templates. These templates are shown
sources with optical identifications in the Subaru/Suprime-cam figure 5, and comprise a normal quiescent spiral galaxy
images. However, the performance verification field iswodeled on the SED of M 51, a dusty star-forming galaxy
located at the edge of the suyvéeld, and thus the number modeled on the SED of M 82, and ULIRGs modeled on the
of available images for staolg varies within the image, SEDs of Arp220 and HR 10. The normal galaxy template
and also additionally suffers from image distortion from thies taken from he radiative transfer models of Efstathiou
FLAMINGOS camera. As a result, among the total 81 sourcesd Rowan-Robinson (2003) and the star-forming galaxy
listed in table 1, only 27 and 28 are identified in thieand and ULIRG (Arp 220) templateare taken from the radiative
K bands, respectively, with 23 sources being identified tnansfer model®f Efstathiou et al. (2000). We also include
both theJ and K bands. Since the near-infrared data ianother ULIRG template modeled on the SED of HR 10
incomplete, we only utilized the near-infrared magnitudes f¢Graham & Dey 1996) using the starburst spectral template
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Fig. 7. B—Rvs R—Z' plot for the 15.m sources withR—L15 > 5 in the Sibaru/Suprime-cam source catalog. Daltkeh light-blue, and purple, circles
represent 16-18, 18-19, 19-20 AKARI &5 AB magnitudes, respectively. Two black squaregespnt the HDF-S sources (Oliver et al. 2002;Mann
et al. 2002). Color—color tracks for 3 SED templates are presented: blter;farsning galaxy (M 82 template); red, an ultraluminous infrared galax
(ULIRG), Arp 220 template; orange, an ULIRG, HR f@mplate. The large colored squares are the eetshiftpoints for the SED templates and the
markers alonghe template color tracks represents steps of 0.5 in redshift.

library of Takagi et al. (2003a, 2003b). HR 1¢at 1.44 isone R magntudes of> 22, > 23 respectively.

of famous Extremely Red Objects (EROs) and its best-fitting For the AKARI 15um sources with sucesful identifi-
SED model is characterized by an older age and larger steltations in the Subaru/Suprime-cam source catalog, we find
mass than those of Arp 220 (Takagi et al. 2003b). In figure &pproximately 60 (40)% of the population with-L15 > 4 (5).

we plot the R—L15 color of our model templates smoothedrhere is also a significant fraction of the population (25%) with
by the AKARI IRC filter-band response curves as a functioveryred colors ofR—L15 > 6. It is noteworthylhat the sources

of redshift. In general for any redshift, the dusty infraredetected in the ISOCAM deep surveys in the HDF-S (Oliver
sources are well separated from the normal quiescent galaxiesal. 2002; Mann et al. 2002) show mostly blug—L15 <5)
consistently havingR—L15 > 4. Figure 6 also suggests thatolors, except for two sources, perhaps due to its shallower
sources withR—L15 > 6 or 7 may be fausible candidates for depth. These red sources populate the color—color parameter
redder dusty star-forming galaxies and ULIRGSs, respectivebpace occupied by the model SED templates for high redshift
at 1< z < 2. Since atz = 1-2 the PAH enission features ULIRGs in figure 4. Mte that Rowan-Robinson et al. (2004)
at 6.2 and 7.7um from the star-forming galaxies enter thound that around~ 14% of the sources in the ELAIS
L15 passband, and thus the— L15 color become redder, final band merged catalogue$§,., > 0.7 mJy) could be
these redR— L15 colors may provide useful selection methodattributed to ULIRGs. Given the deeper nature of the AKARI
for high reashift ULIRGs. The B — R vs R—L15 colors NEP survey, we may expect a significantly larger fraction of
plotted in figure 4 show that there is indeed a significant redddLIRGs in our sample that nsd probablypopulate theR—L15
population of AKARI sources withR—L15 >4 thatcannot > 6 region of theB — R vs R—L15 color—color plane. This

be explained by the colors of normal quiescent galaxies interpretation is also supported by the evolving mid-infrared
low-redshift star-forming galaxies. For these sources witbminosity function recently derived based on the Spitzer
15um AB magntudes of 18, 19, this corresponds to 24 um deep surveys (Le Floc’'h et al. 2005gRZz-Gonalez
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Fig. 8. Example of the SED fitting (top) and the postage stamp images (botttBn B, V, R, i’, andz’ from left to right) for sources with secuis
photometric data, in the case of ID 131. The radius of the circles in all the postage stathps is 5

et al. 2005). Although we do not show the track for the AGI8.2. Nature of the Selected 15 m Sources
template SED, it should be noted that the power-law SEDs ofIf the 15 um sources are located at > 1, quantitative

dusty obscured AGN can satisRy-L15 > 5 for the power-law studies of the 15um sources require near-infrared (and

indexa < —1.5 (f, cv®). Alonso-Herrero et al. (2005) present,, :
a sample bsuch AGNSEDsfrom a = —0.5 down tay = —2 8. K,-band) photometry, since the Balmer or 4000 A break of

L . . the galaxy’s SED is mshifted beyond optical wavelengths.
Thus, itis likely that a fraction of our 16m sources may in fact : . ;
be highly obscured AGN. For example, we maglassify the 15.m sources ito either

. . Extremely Red Objects (Mannucci et al. 2002; Miyazaki et al.
So far the_ spectroscc_)p_ledshlfts for the rgd Lpm Sources .2q03) or BzKs (Daddi et al. 2004) based on their color—color
are n_qt available, and Itis not easy 'tp estimate their phySICc"’}neria. Unfortunately, theK-band data available so far is
quantities, such as infrared Iummosme_s, af‘d. stellar MaSS¢3und to be too shallow to extract the BzK population at a high
However, for near-futre follow-up studies, it is valuable to

present a crude picture of the sources via optical colorrfg.dSh'ft.(1’4 <= 25 Daddi et al. 2.004)' However, we
Figure 7 shows & — R vs R — =/ plot for the 15,m sources ound six sources satisfyg the ERO criterion R — K > 3

with R—L15 > 5, compared with the ED templates of the in AB magnitude), and thus we attempted SED fittings of

these sources in order to estimate their photometric redshifts,
starburst (M 82), ULIRGsArp 220, HR10). The red 1am infrared luminosities, and SED types.

sources are distributed widely over the color parameter SPACey, . fitted the observed SEDS using the Bayesian photometric
but & least we can say that the colors can be explained by Slrzel:)dshift code of Beméz (2000). For the SED templates to
templates withz < 2. Of corse the ED templates presented | b

here are not unique, and there exists a wide variety of SED P ¢ with the data, we adopted 100 SEDs of IR luminous
que, . . y laxies from Chary and Elbaz (2001). These SEDs were mod-
shams for starburst galaxies (see also Takagi et al. 200

. g . ) .Ifled by goplying galactic extinction corrections @&(B — V)
Thus, optical and near-infrared spectroscopic follow-ups W'{L 0,041, estimated from the far-infrared brightness of the NEP
ground-based telescopes are essential to understand the n

of these red 15m sources ? crﬁlegel et al. 1998) using antaction curve of Calzetti
' et al. (2000). After fitting, we obtained an estimate of the
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Fig. 9. Example of the SED fitting (top) and the postage stamp images (bottom), in the case of ID52. See figure 8 caption for an explanation of the
figures.

photometric redshifas well as the best-fit SED template. Theeems to be too weak to explain the observed fluxes. Therefore,
infrared luminosity was calculated by integrating the fluxese propose that the SEDs can be explained by a composite
beyond the rest-frame sm of thebest-fit SED tenplate. We SED of the E/SO-like stellar population plus the dusty starburst
found that the formal errors in the photometric redshifts fromopulation. As shown in figure 10, middle, the SED of ID 151
the fitting program are under 20%)cthe uncertainty in the IR can be fitted by 0.8 Gyr-old [after a burst of star-formation over
luminosity to be on the order @t least a factor of a few. The 0.1 Gyr produced by the 1996 version of Bruzual & Charlot
estimates, however, might have a larger uncertainty if an obj€t893) models] stellar population and a dusty starburst with
has a more complex SED than a simple, single-compondntz = 10'2L, whichcontributes 20% of th&-band flux. In
SED, as demonstratddr the object ID 151 described below.this case we obtain,,.. = 1.474 0.10. At the moment, both
We expect thatthese uncertainties will be reduced when wéts seem to be acceptable. Measurements in the intermediate
have data between thé-band and the 1am, and o0 at bands (3—1Lm) soon available from the AKARI “NEP-Deep”
24 um at the end oftte NEP survey. survey will help to beak this degeneracy.
3.2.1. Dusty starburst candidates The AKARI NEP survey (Matsuhara et al. 2006) is
Among the six 15um sources satisfiyng the ERO criterion, continuing and will achieve congpable md-infrared depths
two sources (ID131 and ID52) can be fitted well withto those described in this pap@ver nhe bands between 2
z ~ 1 dusty starburst templates. In figures 8 and @nd 24um. Since the “NEP-Deep” field covers approximately
the results are shown: for ID131, the SED fitting givea 20-times larger area than the femarce verification field,
aphotometric redshiftf,.¢) of 1.064-0.14, and total infrared we can expectto discover about 2000 faintl(00 ;. Jy) sources,

luminosity (Lir) of 1.1x 10" L, while for ID52, z,,0t = from which we can construct staiisally meaningful, optical —
0.974+0.13,L1g = 2.4x 102 L. mid-infrared SED samples to further understand the nature of
3.2.2. E/Dplusdusty starburst composites? the 15um population introduced in this paper.

The optical K ;-band SEDs of the final four Jsm sources
satisfying the ERO criterionan be fitted well by not only the 4. Summary
dusty starburst templates at= 0.47 (figure 10 top), but also
by old E/SOlike SEDs. However, for the latter case theifs The results of optical identifications are presented for 257
fluxes orighating from the circumstellar dust of the AGB stard5um sources detected with a deep A& survg over
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approximately 80 arcminarea in the AKARI performance AKARI mid-infrared multi-band data other than %6m are
verification field around the North Ecliptic Pole. In comparisoressential to further constrain the nature of the faintudb
with the previous 15:m surveys \ith ISO/ISOCAM and the population.

Spitzer/IRS peak-up imaging, the AKARI 1bm sample is

particularily unique inits faint flux limit (~ 40uJy) : the This work is partly based on observations with AKARI,
15 um fluxesof approximately a half of the sample are belova JAXA project with the participation of ESA. A part
1001 Jy. Optcal counterparts were searched for withifa®2  of optical observations is based on observations obtained
search radius in both VR i'z’ catalog generated from thewith MegaPrime/MegaCama joint project of CFHT and
deep Subaru/Suprime-cam field, which covers one-third GEA/DAPNIA, at the Canala-France-Hawaii Telescope
the performance verification field, and tlgér’i’z’ catalog, (CFHT) which is operated by the National Research Council
based on a wide-area survey made with MegaCam at CFHNIRC) of Canada, the Institute National des Sciences de
We found hat the B — R and R — 2z’ colors of sources with I'Univers of the Centre National de la Recherche Scientifique
successful optical identifications are systematically redder thah France, and the University of Hawaii. We would like
that of the entire optical sample in the same field, indicatirtg thank all AKARI team members for their support on this
that the 15um sources may be located at relatively higtproject. The Korean participation to AKARI Project was
redshifts. Moreover, approximately 40% of the; 1% sources supported by the KRF Grant No. R14-2002-01000-0 and BK21
show colorsR—L15 > 5, which cannot be explained by theprogram to SNU. M.Il. and E.K. were supported by the Korea
SED ofnormal quiscent spiral galaxies, but is consistent witBcience ad Engineering Foundation (KOSEF) grant funded by
the SEDs of redshifted (> 1) starbursbor ULIRGs. This result the Korea government (MOST), No. R01-2005-000-10610-0.
indicates that the fraction of ULIRGs in the faint A& sample T. Takayi is supported by a Japan Society for the Promotion of
is much larger than that in the brighter &5 sampé. Based Science (JSPS) Fellowship for Research. H.M.L and M.G.L.
on optical to 15um SED fitings for a few sources with the were supported in part by ABRL (R14-2002-058-01000-0).
K¢-band data available so far, we found that severautd This work is partly supported by the JSPS grants (grant
sources can be explained by an SED of the dusty starbunsimbers 15204013, and 16204013).

population (ULIRGs). Deep and K;-band data as well as
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