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1. Introduction

When and how did galaxies form ? In order to understand this important problem in astrophysics,
many observational studies have been conducted so far. Deep survey observations in the optical
are powerful for detecting very faint sources in the high-z universe The observed surface density of
such high-z star forming galaxies may, however, be smaller than the value expected from the local
density of luminous galaxies (e.g., Lanzetta et al. 1996; Steidel et al. 1996) and it is possible that
we are missing classes of objects with substantial reddening and have not yet sampled fully the
high-z counterparts of typical nearby galaxies. Since the nearby, well evolved galaxies consist of
old low-mass stars, it is important to find galaxies with numerous low-mass stars. These stars emit
their energy from the optical to near infrared (NIR) mostly, implying that they are more luminous
in the NIR and MIR (mid-infrared) than in the optical if they were present at high redshifts.

Since there are many massive elliptical galaxies in the local universe, it is very important to find
their high-z counterparts. The standard galactic wind model for elliptical galaxies (Arimoto and
Yoshii 1987) suggests that the forming phase before the galactic winds could be heavily obscured
by abundant gas and dust inside the system. If these galaxies were commonly present at high
redshifts, they can never been found by the existing deep optical and NIR surveys because of
the heavy extinction in the rest-frame ultraviolet and optical wavelength regions (Taniguchi et al.
1994). However, if we perform a very deep survey in the’MIR, it is possible to detect such high-z
reddened populations. At present, only ISO (Kessler et al. 1996) allows us to perform such a deep
survey since ISOCAM has a very high sensitivity in the MIR (Cesarsky et al. 1996).

2. Very deep surveys in the mid infrared

A couple of very deep MIR surveys have been made using ISOCAM (Rowan-Robinson et al. 1997;
Taniguchi et al. 1997). A brief summary of the two surveys is given in Table 1. Rowan-Robinson et
al. (1997) made the ISOCAM observations of the Hubble Deep Field (HDF, Williams et al. 1996)
at 7 and 15 pm. Combined with the optical multi-color photometry, these MIR data have been used
to investigate the star formation properties of galaxies. Rowan-Robinson et al. (1997) modeled the
spectral energy distribution of 14 HDF galaxies with redshifts from 0.3 to 1.6 and found indeed
that 10 galaxies show the strong MIR excess, providing evidence for intense starbursts in these
galaxies' (see also Oliver 1997 in this volume).

Another MIR deep survey program has been made by Taniguchi et al. (1997) whose main aim
is addressed to the discovery of heavily reddened populations at high redshifts. Their target field
is selected in the Lockman HI hole, LH-NW [(2000) = 10" 33™ 55.5° and 6(2000) = 57° 46’
18", because the Galactic HI column density, ~ 4 x 10*® cm™2, is the lowest value found over the
entire sky, providing the best cosmological window for any extragalactic deep survey observations
(Jahoda, Lockman, and McCammon 1990). The background fluctuation of the central part of the
final mosaiced image is 0.09 uly arcsec™?, corresponding to a 3 o detection limit of ~ 9.7uly
beam~? (the beam size = 6" x 6"). This limit is very close to the expected value in the ISOCAM

!Recently Aussel et al. (1997) analyzed the ISO-HDF data independently using the PRETT (Pattern REcognition
Technique for ISOCAM) method developed at Saclay.
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Figure 1. The final 7 pm mosaiced image of the LH-NW area (halftone; darker is brighter). The contours show the
NIR (HK) image taken with the University of Hawaii 2.2 m telescope. Although the seeing size in the NIR image is
very good (FWHM = 0.8 arcsec), the image is blurred in order to make the comparison between the LW2 and the
NIR images easier. The two sources labeled by A and B have NIR counterparts and thus they may be real sources.
North is up and east is left.
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observers manual. Thus their deep imaging observations have confirmed the very high in-flight
performance of ISOCAM. Although they detected 55 sources (27 sources are above 5 o), they
described the nature of only 15 sources with quite high significance (see Figure 1).

Among the 15 sources, one source is not observed in their NIR observations because the position
angle of the LW2 image is shifted by ~ 30° from those of the NIR images. Among the remaining 14
sources, twelve sources have NIR counterparts while two objects have no apparent NIR counterpart
[the center position is significantly different (~ 4”) between the LW2 and NIR images). The latter
class of objects may be heavily reddened populations which have not been detected by existing
optical and NIR deep surveys.

The observed flux ratios between LW2 and K’ [R = f,(LW2)/f,(K")] scatter from ~ 0.2 to
7.4 although most of them are less than ~ 1. Since typical late-type dwarf stars show no MIR
excess in their rest-frame spectra, the objects with smaller ratios (e.g., R < 0.5) may be Galactic
stars or early type galaxies with moderate redshifts. On the other hand, starburst galaxies and
active galactic nuclei usually show a MIR excess (e.g., Rowan-Robinson et al. 1997). Therefore the
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objects with the larger ratios may be such galaxies with moderate redshifts. Most of the sources
have K magnitudes between 16 and 20 and thus they may have properties similar to the faint NIR
galaxies studied by Cowie et al. (1996). If this is the case, the majority of these 7 um sources may
be galaxies or active galactic nuclei with 0.2 < z < 2 (Cowie et al. 1996).

The most important conclusion is that ISO enabled us to perform the source detection at a
level of ~ 10 pJy at 7 um. These MIR deep survey projects have provided a new frontier in the
study of star formation history of galaxies at high redshifts.
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TABLE 1. Very deep surveys in the mid infrared

Rowan-Robinson et al.  Taniguchi/Cowie et al.

Field HDF LH-NW SSA 13
Filter Lw2 LW3 LW2 LW2
Acenter (pm) 6.75 14.5 6.75 6.75
TDT* (hours) 6.5° 6 13.4 18
PFOV? (arcsec) 3 6 6 6
Area (arcmin?) 5 15 9

f(5aems) (wly)  40° 2004 16 —
No. of sources 27¢ 224 55 —

¢ Target dedicated time.

® Another 6.5-hour integration has been obtained recently
(Rowan-Robinson 1997, private communication).

¢ Pixel field of view.

¢ Goldschmidt et al. (1996). See also Aussel et al. (1997).

“ Not yet reduced.
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