K %

FAL (2 4y )

¥R F T

AL G- A AF

PN G DA

FAL A SCE H

i L A& A

FHE —
i (FL2)

b K E 1709 =5
VR 26429 H 29 H

W B R AT SE R T R
%

AL HR I B 6 5% 5 1 TH A% Y

Studies in mid-infrared properties of galaxies at intermediate

redshift based on the AKARI North Ecliptic Pole surveys
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Summary of thesis contents

In this thesis, mid-infrared properties of galaxies are investigated with data from the
AKARI North Ecliptic Pole surveys (NEP-surveys). For many years, for the
understanding of galaxy evolution and formation, many researches have been conducted
in various ranges of wavelengths. However, previous studies did not pay much attention
to dust features in galaxies at intermediate redshift due to sparse filter sampling of
previous telescopes, although the dust features have much information of the
star-formation and physical conditions of the interstellar matters. On the other hand, the
AKARI NEP-surveys have been carried out with a continuous mid-infrared wavelength
coverage of Infrared Camera on-board AKARI satellite. With this survey data, three
studies are carried out in this thesis.

First, the catalogue of the AKARI NEP-Deep survey is revised by devising new image
analysis methods. Although this survey has an unique advantage of continuous filter
coverage from 2 to 24 pm over nine photometric bands, the initial version of the survey
catalogue left room for improvement in the image analysis stage; the original images
were strongly degraded due to anomalous behaviour of the detector and the optical
system. In this study, new image analysis methods are devised and all the images are
reanalysed for the improvement of the detection limit and the reliability of the source
extraction. The scattered light and stray light from the Earth limb are removed, and
artificial patterns in the images are corrected by creating appropriate templates. Artificial
sources due to bright sources are also removed by using their properties or by masking
them out visually. Detection images are produced by stacking six mid-infrared bands for
the mid-infrared source extraction. This reduces the sky noise and faint sources can be
extracted more reliably. As a result, the detection limits of all mid-infrared bands are
improved by [120%, and the total number of detected objects is increased from 7300 into
9560. The 5 ¢ detection limits in the catalogue are 11, 9, 10, 30, 34, 57, 87, 93 and 256
ply in the N2, N3, N4, S7, SOW, S11, L15, L18W and L24 bands respectively. The 1 o
astrometric accuracies of these band detections are 0.48, 0.52, 0.55, 0.99, 0.95, 1.1, 1.2,
1.3 and 1.6 arcsec respectively. The false-detection rate of all nine bands is decreased to
less than 0.3%.

Second, the galaxy-number counts of the nine AKARI/IRC bands are presented. We
perform source extraction on the revised images in order to produce reliable number
counts. Completeness and difference between observed and intrinsic magnitudes are
corrected through a Monte Carlo Simulation. Stellar contribution is subtracted by using
stellar fraction estimated with optical data. The resultant source counts are provided
down to the 80 % completeness limit; 0.18, 0.16, 0.10, 0.05, 0.06, 0.10, 0.15, 0.16, and



(GekR= 2)
(Separate Form 2)

0.44 mlJy in the 2.4, 3.2, 4.1, 7, 9, 11, 15, 18 and 24 pm bands. At bright side of the
counts of all bands, the counts show a flat distribution, consistent with the Euclidean
Universe while the faint side shows a deviation, which suggests an evolution in the
galaxy population at early universe. The counts are compared with the previous galaxy
counts at similar waveband, and they are consistent with each other. The counts are also
compared with evolutionary models, showing good agreements with each other. The
model with spectral energy distribution (SED) evolution implies that ULIRGs at z[]1
have a local LIRG SED. By integrating the models down to the 80% completeness limits,
it is calculated that the AKARI NEP-survey revolved 20-50% of the cosmic infrared
background, depending on the wavebands.

Finally, the behaviour of the polycyclic aromatic hydrocarbon emission is investigated at
redshift range of z=0.3-1.4. This study is conducted with 1868 samples from the revised
catalogue of the AKARI North Ecliptic Pole Deep survey. The continuous filter coverage
at 2-24 pm enables the measurements of 8 pm luminosity, which is dominated by
polycyclic aromatic hydrocarbon emission, for galaxies at up to z = 2. The IR8 (=
Lir/L(8)) and 8 pm to 4.5 pm luminosity ratio (vL(8)/vL(4.5)) are compared with the
starburstiness, Rss, defined as a ratio of specific star-formation rate to that of main-
sequence galaxy. All AGN candidates are excluded from the present sample by using an
SED fitting. It is found that vL(8)/vL(4.5) increases with starburstiness at log Rss < 0.5
and stays constant at log Rss > 0.5. On the other hand, IR8 is constant at log Rsg < 0
while it increases with starburstiness at log Rss > 0. This behaviour is seen in all redshift
range of the current study. These results indicate that starburst galaxies have a deficit in
polycyclic aromatic hydrocarbon emission compared with that in main-sequence galaxies.
It is also found that galaxies with extremely high vL(8)/vL(4.5) ratio have only moderate
starburstiness. These results suggest that starburst galaxies have compact star-forming
regions with intense radiation that destroys PAHs, and/or have dusty HII regions

resulting in lack of UV photons.
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Summary of the results of the doctoral thesis screening
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