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ABSTRACT

We present a summary of our spectroscopic redshift catalogue of 404 sources in the AKARI Deep
Field South (ADF-S). We have used the AAOmega spectrograph to target mid-infrared and far-infrared
sources selected primarily from AKARI observations in this field for which we were able to obtain optical
counterparts. Our sources with identified redshifts include 316 with Ha detections at z < 0.345 and 15
sources at z > 1 with MglI or Ly« emission lines. About 13% of our z < 0.345 sources are dominated by
active galactic nuclei (AGN) emission, although many show emission from both star formation and AGNs.
The median Balmer decrement is 5.9. Ultra-luminous infrared galaxies (ULIRGs) were found only in the
higher-redshift sources. Optical and near infrared data will be available shortly, enabling calibration of

pISSN 1225-1534
eISSN 2287-6936
https://doi.org/10.5303/PKAS.2017.32.1.281

the line luminosities and spectral energy distribution (SED) fitting for these sources.
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1. INTRODUCTION

The AKARI Deep Field South (ADF-S) is located close
to the South Ecliptic Pole and has the advantage of very
low cirrus and zodiacal dust, which makes it an ideal
field for extragalactic observations. The original field
was observed by the AKARI Space Telescope (Murakami
et al. 2007) in the far-infrared (Matsuhara et al. 2006;
Matsuura et al. 2011) and covered a rectangular area of
~12 deg? centred on RA 04 44 00, Dec -53 20 00 (J2000).

We will describe the results of an AAOmega spec-
troscopy campaign using targets chosen primarily from
the AKARI catalogues in the central 3.14 deg? of this
field from which we have identified redshifts for 404

sources. Multi-wavelength observations made in this
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field will be available shortly enabling spectral energy
distributions (SEDs) to be fitted to these sources.

2. METHODS: AAOMEGA SPECTROSCOPY
2.1. Choice of targets

Our targets were chosen primarily from sources in three
AKARI catalogues: the 90 pum catalogue of AKARTs
Far-Infrared Surveyor (FIS; Kawada et al. 2007) and the
15 pm and 24 pm catalogues of AKARIs InfraRed Cam-
era (IRC; Onaka et al. 2007). We also chose targets from
submillimetre catalogues ASTE/AzTEC (Hatsukade et
al. 2011) at 1100 pm and the Balloon-borne Large Aper-
ture Submillimeter Telescope (BLAST; Valiante et al.
2010) at 250, 350 and 500 pm.

Sources were targeted only where we could find opti-
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Table 1
Summary of results of spectroscopic observations with AAOmega in the ADF-S. Inactive fibres include pointings for guide

stars and the blank sky and unused fibres.

Run  Observation Exposure Active Redshifts Redshifts Redshifts Total

date time fibres 2z <0.345 0.345 < 2<1.0 1.0 < z  Redshifts

hr:m:s Ha range [OIII)/HS range Mgll or Ly«

1 29 Oct 2007 2:30:00 262 115 32 9 156
2 30 Nov 2007 1:23:40 291 52 15 1 68
3 3 Jan 2008 2:00:00 316 44 33 3 80
4 27 Nov 2008(a) 1:46:40 352 75 5 3 83
5 27 Nov 2008(b) 0:26:40 271 63 2 1 66
Multiple detections -33 -14 -2 -49
Total 1,492 316 73 15 404

FIS Redshift Sources in the AKAR| Deep Field South
51 T T T T 3

Dec / degrees
I I I
L L [}
B R

|
n
[

|
L
[}

5.0 4.5 4.6 4.4
RA / hours

Figure 1. All AKARI-FIS sources in the ADF-S (black dots)
over-plotted with spectroscopic redshift sources (plus sym-
bols).

cal counterparts. We used the Bj-band APM catalogue
for optical cross-matching of the chosen sources, and
optical identifications were then checked to R-band im-
ages from the Digitised Sky Survey (DSS) and (where
available) images from the CTIO 4m telescope. For our
targets, we used a sparse sample based on the AAOmega
fibre configuration. The area covered was 7 degrees (one
AAOmega field-of-view). Most of the cross-identified
optical sources were point sources, 94% of which fell
within 10", and all of which fell within 16”of the AKARI
coordinates.

2.2. Observations and data reduction

We used AAOmega, the fibre-fed optical spectrograph
(Sharp et al. 2006) at the Anglo Australian Obser-
Ob-

servations were made in 2007/08 as shown in Ta-

vatory to obtain optical spectra of our targets.

ble 1. Gratings were 385R and 580V with central wave-
lengths 7250A and 4800A, and wavelength resolution
A/AX=1300. We successfully obtained 1,492 spectra.

The spectra were reduced using the standard
AAOmega pipeline 2dfdr data reduction software
(Croom et al. 2004). The combined spectra have a
range of about 3800 - 8800A. We used IRAF routine
ONEDSPEC/SPLOT to identify redshifts. We also wrote a
graphic user interface (GUI) in IDL in order to visually
inspect the spectra by moving emission line templates
across the spectra, and also to identify local lines and
artefacts present in the data. As described in Sedgwick
et al. (2011), we found several local artefacts in many of
the spectra, often relating to neon emission from street
lighting in a nearby town and identified these in our GUI
to avoid false identifications.

3. RESULTS
3.1. Redshift identifications

The redshifts identified by atomic emission lines fall into
three bands (see Table 1). The largest number of sources
were found at z < 0.345 and could be identified by their
Ha A6563 line, which fell into our spectral range at this
redshift. The nearby [NII] A\6548, 6583 lines were usu-
ally also observed, as was the [SII] doublet AA6716, 6731
unless it was redshifted out of range.

Secondly, sources at 0.345 < z < 1.0, for which
the strongest observable lines are the three H3/[OIII]/
[OIII] AX4861, 4958, 5007 emission lines (up to about
z = 0.74). Redshifts were taken only where there was
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Figure 2. Examples of three spectra at different redshifts and
the two detections from Lya lines. The potential emission
lines at this redshift are full-length dotted lines; the local
artefacts are short solid lines from top of spectra (shown in
colour online). Flux is subject to final calibration. From
top: (a) FIS408, redshift z = 0.179, from Oct-07 fibre 22.
(b) IRC3, z = 0.642, Oct-07 fibre 133. (c) IRC6, redshift
z = 1.595, Jan-08 fibre 122 (all unsmoothed). (d) IRC22
at redshift z = 2.357 Oct-07 fibre 59 (boxcar smoothed, 3
pixels); relative fluxes of the three peaks should be 100:63:29
(Francis et al. 1991). (e) L15UM257 at z = 2.858, Jan-08
fibre 265 (unsmoothed).

283

Table 2
Redshift detection of sources catalogue.

Source Wave- Total Distinct  Redshifts
length no. Sources  identified
pm  observed Observed  No. %
IRC 15 584 522 75 14%
IRC 24 319 157 82  52%
FIS 90 392 319 190 60%
BLAST  250-500 162 155 50  32%
AzTEC 1100 21 12 7 58%
Other 14 11 0
Total 1,492 1,176 404 34%

evidence for these three emission lines. In addition, the
asymmetrical [OII] emission line resulting from the close
doublet A\ 3726, 3729 was often found at the same red-
shift to support the identifications.

Thirdly, after a gap in the redshift range without
strong emission lines, there is a possibility of identifying
several broad emission lines at redshifts z > 1. At about
1.0 < z < 1.7 two strong lines are available: CIII] A1909
and Mgll A\2798. Above z ~ 2.3, Lya A1216 comes
into range, and up to z ~ 3 this can be supported by
CIV A1549 and CIII] A1909.

A total of 404 redshifts were measured for the 1,492
sources targeted (see Table 1). Examples of spectra ob-
tained showing the redshift identifications in these three
regions, and the spectra with the two highest redshifts,
are given in Figure 2.

3.2. Flux calibration of spectra

The AAOmega spectra were not calibrated (this part
of the reduction pipeline was not in place, and no flux
calibration data were observed on the five nights). To
enable calibration, we are using broadband photometric
data from the LaSilla/WFI R-band catalogue for the
field (Baronchelli et al., in prep). Choosing sources at
z < 0.1 so that the H-alpha emission line falls within the
high-throughput region of the WFI filter, and applying
the AAOmega grating throughputs and WFI R-band
filter, we integrate the AAOmega counts over the WFI
broadband region and compare the result to the WFI
flux. When results are finalised, we anticipate providing
line luminosities for all observed lines.
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4. DISCUSSION
4.1. Luminosity function

An earlier paper (Sedgwick et al. 2011) used 130 of these
spectroscopic-redshift sources to prepare a luminosity
function of star-forming galaxies selected at 90 pm at
0 < z < 0.25. The result agreed well with a prediction
by Serjeant & Harrison (2005), and also with predic-
tions from a model by Gruppioni et al. (2011).

4.2. Proportions AGNs and LIRGs

For the 320 sources at z < 0.345, the FWHM of the

Ho lines showed only two sources over 1000 km s~!,

and the majority under 500 km s—!

, suggesting few of
An-
other method for discriminating between AGNs and
star-forming galaxies (SFGs) is the BPT diagram (Bald-

win et al. 1981), shown in Figure 3 (top). This shows

these sources are dominated by AGN emission.

a minority (~13%) of sources dominated by AGN, with
a significant fraction in the intermediate region showing
evidence of both SFGs and AGNs. This is broadly con-
sistent with previous results e.g. Manners et al. (2004),
who found 19% for 15 pm-selected sources and Caputi
et al. (2007), who found 17% for 24 pm-selected sources.

4.3. Star formation rates and Balmer decrement

I were found for

Star formation rates over ~ 10% Mgyr—
higher-redshift sources; local galaxies were typically <20
Mgyr~! (see Fig. 3, middle). The Balmer decrement
Ha/Hp is shown in Fig. 3 (bottom) for sources at z <
0.345. This shows very slight increase with redshift, and

a median decrement of 5.9 with a large scatter.

4.4. Multi-wavelength data for spec-z sources

Multi-wavelength data already available for the ADF-S
include AKAREFIS (Shirahata et al. in prep.), AKARL
IRC (Davidge et al. in prep.), Spitzer-MIPS (Clements
et al. 2011; Scott et al. 2010), BLAST (Valiante et
al. 2010), Herschel:SPIRE (HerMES DR2; Oliver et
al. 2012), submillimetre ASTE/AzTEC (Hatsukade et
al. 2011) and radio ATCA (White et al. 2012) as well
as studies matching AKARI to public data (Malek
et al. 2010, 2014). Data will soon be available for
Spitzer-IRAC (Baronchelli et al. in prep.), Herschel
PACS (Hatsukade et al. in prep.; HerMES), and optical
and NIR data from CTIO, WFI, VST and VISTA in the
UBVIRgizYJHKg bands. The optical and NIR will en-
able SED template fitting to our spectroscopic sources,
so that further properties including age, mass, metallic-
ity and extinction may be estimated for our sources.
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Figure 3. Top: BPT diagram for the 192 sources for which
the two ratios have been determined by the AAOmega spec-
troscopy. The area between the solid line (Kauffmann et al.
(2003)) and the dashed line (Kewley et al. (2006)) indicates
composite AGN-SFG sources. Middle: Plot of FIR luminos-
ity and SFR based on Lpir for sources detected at 24 um by
Spitzer-MIPS in ADF-S. Lyir was estimated using the M82
SED, and SFR (right-hand axis) was estimated from this
using the Kennicutt (1998) formula. Bottom: The Balmer
decrement for sources at z < 0.345. Note indicative error
bar on right of figure.
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