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ABSTRACT

We present the properties of all the galaxies detected
by ISO at 7, 15 and 90pm in ELAIS northern fields. The
spectral energy distribution (SED) of those 20 galaxies
with IRAS detections can generally be well fitted by a
predominant cirrus component plus a modest starburst
contribution. Follow-up spectroscopy has shown that all
the objects are emission-line galaxies but without a very
intense star formation event. Most of the galaxies analyzed
by means of optical R band photometry result to host
an important exponential disk component, in good agree-
ment with the SED IR modelling. We note that galaxies
with morphological signs of perturbations seem to show
slightly higher f15/fs 7 ratios, indicating that star forma-
tion could be more important in them. One of the objects
is a broad-line, radio-quiet quasar at z=1.099; its spectral
energy distribution indicates that it is a hyperluminous
infrared galaxy (HLIG), the first HLIG detected in the
ELAIS areas.
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1. INTRODUCTION

The European Large Area ISO Survey (ELAIS) was the
largest single Open Time project conducted by ISO. It
mapped an area of 12 square degrees at 15um with ISO-
CAM (Cesarsky et al. 1996) and at 90pm with ISO-PHOT
(Lemke et al. 1996), together with a coverage of 6 and
1 square degrees at 6.7um and 175um, respectively. One
of the main goals of the project was to be able to ob-
tain greater understanding of the cosmological history of
star formation, since ISO allowed to detect galaxies with
high rates of star formation at much higher redshifts than
IRAS. The complete description of the ELAIS survey is
given in Oliver et al. (2000). The production of CAM
and PHOT source catalogues are discussed by Serjeant
et al. (2000) and Efstathiou et al. (2000), respectively. In

this contribution, we study ELAIS galaxies detected at
the three ISO bands. The final sample of 25 galaxies re-
sults from the cross-correlation of the PHOT catalogue
(285 sources) with the CAM catalogues (with 1322 and
2203 sources at 6.7 and 15um, respectively), by perfom-
ing a search within a radius of 35”, and excluding the only
star found. The nature of the sample galaxies is analyzed
by means of their infrared colors together with follow-up
information on both their optical morphology and their
physical properties as derived from optical spectroscopy.
The complete version of the analysis will be presented in
a forthcoming paper (Morel et al. 2001).

2. COLOR-COLOR DIAGRAM OF ELAIS SOURCES

It has been shown that most emission in the LW2 filter
comes from strong emission features at 6.3, 7.7, 8.6, 11.3
and 12.6pm, believed to arise from PAH carriers (Tie-
lens et al. 1999). On the other hand, the emission in the
LWa3 filter mailnly comprise continuum emission from very
small grains of hot dust (100-200 K) transiently heated
by UV photons (Sellgren 1984) with a possible contribu-
tion from [NelI] 12.8pum or [Nelll] 15.6um. In regions with
very strong X-ray/UV radiation field or shocks PAHs may
be dissociated leading to a reduced flux in LW2 (Tele-
sco, Decher & Joy 1989; Lutz et al. 1998; Laurent et al.
1999). Under such conditions, the heating of the very small
grains also results in an increased level of continuum emis-
sion in LW3. Therefore, the combination of these two ef-
fects makes R(15,7) = f,(15um)/f,(6.7um) a good dis-
criminant between galaxies with a low level of star forma-
tion and starburst galaxies. On the other hand R(90,15) =
£, (90um) /f, (15um) traces the relative emission from cold
to hot dust.

In Fig. 1 the position of the galaxies in the color-
color diagram R(90,15) versus R(15,7) is shown for the
20 galaxies for which optical morphology is available !,
but the results are applicable to the sample as a whole
(Morel et al. 2001). By comparing the values obtained for
these galaxies with those from model predictions for cir-

! In Sect. 4 we assign such morphologies.
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rus (Efstathiou et al. 2000), starburst (Efstathiou et al.
2000) and active galaxies (see Efstathiou et al. 1995), we
find that their colors are well fitted by considering a large
cirrus component plus a modest contribution from a star-
burst. There is only a small tendency for higher R(15,7)
ratios in distorted/interacting objects, implying that our
sample is in general not made up of systems in the star-
bust phase (Charmandaris et al. 2000). On the other hand,
their R(90,15) ratios as a group are clearly indistinguisable
from those of galaxies without any sign of disturbance.
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Figure 1. R(90,15)/R(15,7) diagram for the galaxies with op-
tical morphology. Disk galazies are shown as green stars, dis-
torted/interacting objects as red squares and compact galaxies
as blue triangles.

3. OPTICAL SPECTROSCOPY

The data were obtained for nine of the sample galaxies
at the NOT? on August 2000 using ALFOSC. We gener-
ally posed 1800 seconds for each object. The data were
reduced and flux calibrated by using standard IRAF rou-
tines. Metallicities have been determined using empiri-
cal methods. When [OIIJA3727A was detected with high
enough S/N the calibration by Edmunds & Pagel (1984)
has been applied. For the remaining cases the metallicity
has been estimated using van Zee et al. (1998).

We note that all the galaxies show Ha emission. The
Ha luminosities correspond to moderate star forming pro-
cesses. The largest star formation rate is around
1 M® yr—!, typical of disk galaxies (Kennicutt (1983)).

2 The NOT is opetared on La Palma jointly by Denmark,
Finland, Iceland, Norway and Sweden, in the Spanish Obser-
vatorio del Roque de los Muchachos of the IAC. ALFOSC is
owned by yhe Instituto de Astrofisica de Andalucfa (IAA) and
the NBIfAFG of the Astronomical Observatory of Copenhagen.
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Figure 2. Comparison of the two star forming tracers, R(15,7)
and L. The position of the three low metallicity blue compact
object has been marked.

Both the R(15,7) ratio and Ha luminosity are tracers of
star forming activity. In Fig. 2 they are plotted together,
showing that higher Star Forming Rates correspond to
higher R(15,7) ratios. The galaxy ELAISP 163831+415339
clearly deviates from this tendency, with a small value for
R(15,7). This object is one of the blue compact galaxies
found in our sample. The positions of the other two have
been also marked in the plot. They have low metallicities
ranging from 1/15 to 1/4 Z®. Madden et al. (1999) sug-
gest that lower R(15,7) ratios are expected in low metallic-
ity galaxies, in agreement with what we have found. The
high value for ELAISP 1639234414413 seems to be the
result of a very recent process of star formation, as shown
by its bluer continuum, whereas the other two are in a
post-starburst phase (see Figs. 3 and 4), with R(15,7) ra-
tios comparable to those of NGC 7714 (O’Halloran et al.
2000).

4. OPTICAL MORPHOLOGY

Optical R-band images of 20 of the 25 galaxies in our
sample have been obtained at the INT in La Palma. The
sizes of the galaxies are obtained from these images as the
extension out to the isophote at 20 from the noise level.
In addition to the three dwarf galaxies and the QSO (with
sizes smaller than 10 kpc), four galaxies with sizes between
30 and 40 kpc are found, the rest of the sample having
sizes of normal spirals. The biggest sizes correspond to a
big edge-on spiral galaxy and three interacting systems
(in such systems a larger size can be determined due to
the presence of tidal tails extending well beyond the size
of the parent galaxy).

The surface brightness profiles have been derived by
using the task ellipse in IRAF; both exponential and r'/*
fits have been tempted. The 2D light distribution together
with the result of the best profile fitting have been used to
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Figure 3. Follow-up data of ELAISP 163928+414413. Top: R-
band image. Bottom: optical spectrum.

assign the morphological type to each object. Among the
20 objects, 7 of them are classified as distorted /interacting,
9 are normal disk galaxies and the other 4 are compact ob-
jects (the three BCGs and a quasar at z=1.09%, the only
AGN in our sample). In Fig 5 an example for each of the
subtypes is given.

As anticipated in Sect. 2, distorted/interacting objects
show a slightly stronger SF activity as given by R(15,7),
but they do not require the contribution of a very strong
burst component.

5. CONCLUSIONS

The properties of the ELAIS galaxies detected at 6.7, 15
and 90um have been analized by means of their infrared
colors and the follow-up data on optical morphology and
spectroscopy. They can be summarized as follows:

— they generally show moderate SF process, as it can be
derived from either their R(15,7) ratios or their optical
emission-line properties.

— half of the galaxies are compatible with being normal
spiral galaxies.

— seven of them are distorted/interacting, but they do
not harbor a large SF event.

— three low metallicity dwarf galaxies have been found;
one of them departures form the expectation of a low

3 This broad-line radio-quiet quasar results to be the first hy-
perluminous infrared galaxy (HLIG) in the ELAIS areas with
Lrrr = 1.2 x 10%3 hgfL@; qo = 0.5 (Morel et al. 2000).
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Figure 4. The same as in Fig. 3 for ELAISP 163831+415339
(top) and ELAISP 163844+415227 (bottom)

value for R(15,7), a result that can be explained when
taking into account that this galaxy is suffering a re-
cent starburst event.
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Figure 5. R-band example images for the morphological classi-
fication. Top: Interacting galaxy; middle: spiral galazy; bottom:
compact. The compact object is que only quasar (at z=1.09) in
our sample, that results to be the first hyperluminous infrared
galazy (HLIG) in the ELAIS areas (see Morel et al. 2000). The
tips in the 1mages correspond to arcseconds.



