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A b s t r a c t

We report on the status of our long-
term project aimed at characterising the
nature of a new population of galaxies
that has emerged from various ISO-
CAM surveys1. In September 1999, we
used ISAAC on UT1 and under very
good seeing conditions over two nights
we obtained the first near- i n f r a r e d
spectra for a sample of ISOCAM galax-
ies drawn from a deep ISO survey of
the Hubble Deep Field South. The Hα
emission line was detected in 11 out of
the 12 galaxies we looked at, down to a
flux limit of 7 × 10–17 erg cm–2 s–1, cor-
responding to a line luminosity of 1041

erg s–1 at z = 0.6 (for an H0 = 50 and Ω
= 0.3 cosmology). The rest frame
R-band spectra of the ISOCAM galax-
ies we observed resemble those of
powerful dust-enshrouded starbursts.
The sample galaxies are part of a new
population of optically faint, but infrared
luminous starburst galaxies. T h e s e
galaxies are also characterised by an
extremely high rate of evolution with
redshift up to z ~ 1.5 and significantly
contribute to the cosmic far-IR extra-
galactic background.

1. New Facts from Deep Sky Ex-
plorations at Long Wa v e l e n g t h s

Observations at wavelengths longer
than a few µm are essential to study dif-
fuse media in galaxies, including all
kinds of atomic, ionic and molecular
gases and dust grains. By definition,
they are particularly suited to investi-
gate the early phases in galaxy evolu-
tion, when a very rich ISM is present in
the forming systems.

Unfortunately, the IR and sub-milli-
metre constitute a very difficult domain
to access: astronomical observations
are only possible from space, apart
from a few noisy atmospheric windows
at λ ~ 10 and 850 µm where they can
be done from dry sites on the ground.

1.1 Discovery of the Cosmic
Infrared Background

During the last few years, a variety of
observational campaigns in the far-
IR/sub-mm have started to provide re-
sults of strong cosmological impact, by
exploiting newly implemented ground-
based and space instrumentation.

One important discovery in the field
during the last few years concerned an
intense diffuse isotropic flux detected at
far-IR/sub-mm wavelengths in the all-
sky maps imaged by the Cosmic Back-

ground Explorer (Puget et al. 1996;
Hauser et al. 1998). The isotropy of
this background (henceforth the Cos-
mic IR Background, CIRB) was imme-
diately interpreted as due to an extra-
galactic source population, but its in-
tensity turned out to be far in excess of
the level expected from local galaxies,
as observed by IRAS and by millimetre
telescopes (e.g. Franceschini et al.
1998). What is remarkable in this con-
text is that the bolometric CIRB flux is
at least a factor of two larger than the
integrated stellar light from galaxies at
any redshifts, as sampled by the HST
in ultra-deep imaging surveys.

Then the only viable interpretation
for the CIRB was to correspond to an
ancient phase in the evolution of
galaxies characterised by an excess
emission at long wavelengths, natural-
ly interpretable as an effect of a rich
and dusty interstellar medium. T h e
large energetic content of the CIRB
compared to the optical already sets
interesting constraints on galaxy evo-
lution in very general terms, as our
team will report in due course.

1.2 Deep SCUBA surveys resolve
part of the CIRB at the mm

Particularly relevant have been the
deep explorations performed by the

1ISOCAM was a mid-infrared camera, one of the
four instruments on board the Infrared Space Ob-
servatory (ISO).
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Sub-millimetre Common User Bolome-
ter Array (SCUBA), an imaging camera
operating on the JCMT mostly at 850
µm, and by the Infrared Space Obser-
vatory (ISO) over a wide wavelength in-
terval from 5 to 200 µm.

Deep  surveys  by  the  two  obser-
vatories have started to provide crucial
information on faint distant infrared
sources.  Because  of  the  different  K-
corrections, the two source selections
probed rather complementary redshift
intervals. SCUBA detected at 850 µm
redshifted dust-emission from tens of
galaxies over a wide redshift interval,
mostly between z Q 1 and z Q 3, al -
though  a  completely  reliable  identifi-
cation of these faint sub-m i l l i m e t r i c
sources is still to be definitely estab-
lished. The most serious limitation of
this approach is due to the large error-
box  for  faint  SCUBA sources, com-
bined  with  the  extreme  optical  faint-
ness of their majority, which imply
a  significant  chance  of  misidentifica-
tion.

1.3 A population of fast-evolving IR
sources discovered by ISO

The IR camera (ISOCAM, P.I. C.J.
Cesarsky) on board ISO, with its broad-
broad-band filter LW3 sensitive be-
tween 12 and 18 µm, provided the most
sensitive and spatially accurate way of
sampling the far-infrared sky. While de-
signed as an observatory-type mission,
the vastly improved sensitivity offered
by  ISOCAM  with  respect  to  the  pre-
vious IRAS surveys incited us to pro-
pose that a significant fraction of the
ISO observing time be dedicated to
deep surveys (ISOCAM Guaranteed

Time Extragalactic Surveys, IGTES, P.I.
C.J. Cesarsky). The aim was to parallel
optical searches of the deep sky with
complementary observations at wave-
lengths where dust is not only far less
effective in extinguishing photons, but
is even strongly emissive (in particular
through a set of broad emission fea-
tures peaking at λ Q 6 to 9 µm by as yet
unidentified grain species).

Careful corrections of some transient
effects in the detector responsivity (due
to the very low temperature and slow
electron mobility) and of the non-gauss-
ian noise induced by cosmic-ray im-
pacts are now possible using various
independent methods (PRETI devel-
oped at the Service d’Astrophysique de
Saclay, Stark et al. 1998; a method de-
veloped in Bologna by Lari et al. 2000;
and one by Desert et al. 1998), all pro-
viding consistent results. All this re-
quired quite an extensive amount of
work (including Monte Carlo simula-
tions of the complex behaviour of the
detectors) and fairly long time, but
eventually we are in a position to claim
that we have now an accurate sampling
in the LW3 filter of several independent
sky areas down to very faint flux densi-
ties and producing highly reliable and
complete source catalogues including
more than one thousand sources
(Elbaz et al. 1999). We report in Table 1
a summary of the surveys performed
with ISOCAM during the 2.5 years of
the mission lifetime.

An example of the imaging quality
achieved is reported in Figure 1, which
is the LW3 map of an area centred on
the Hubble Deep Field South (Aussel et
al. 2000a).

The Euclidean-normalised differen-
tial counts provide simple but powerful
and robust statistics, useful to eviden-
ciate  evolutionary  properties  in  the
selected sources. A collection of the
LW3 differential counts is reported in
Figure 2 based on eight samples of in-
dependent sky areas. The first remark
is that the counts from all of them are

Name λ Area depth # objects Ref. coord.(2000)
(µm) (′2) (mJy) (a)

CAM parallel 7, 15 1.2e5 5 >10000 1 –
ELAIS 7, 15 4e4 1.3 ~1000 2 –
Marano2 FIRBACK 15 2700 1.4 29 3 03 13 10 –55 03 49
Lockman Shallow 15 1944 0.72 180 4 10 52 05 +57 21 04
Comet Fields 12 360 0.5 37 5 03 05 30 –09 35 00
Lockman Deep 7, 15 500 0.3 166 6 10 52 05 +57 21 04
CFRS 14+52 7, 15 100 0.3 23, 41 7 14 17 54 +52 30 31
CFRS 03+00 7, 15 100 0.4 8 03 02 40 +00 10 21
Marano2 Deep 7, 15 900 0.19, 0.32 180 9 03 13 10 –55 03 49
A370 7, 15 31.3 0.26 18 10 02 39 50 –01 36 45
Marano Ultra-deep 7, 15 90 0.14 142 11 03 14 44 –55 19 35
Marano2 Ultra-deep 7, 15 90 0.1 115, 137 12 03 13 10 –55 03 49
A2218 7, 15 16 0.12 23 10 16 35 54 +66 13 00
ISOHDF South 7, 15 25 0.1 63 13 22 32 55 –60 33 18
ISOHDF North 7, 15 24 0.05, 0.1 7, 44 14 12 36 49 +62 12 58
Deep SSA13 7 9 15 13 12 26 +42 44 24
Lockman PG 7 9 0.034 15 16 10 33 55 +57 46 18
A2390 7, 15 5.3 0.030 32, 31 17 21 53 34 +17 40 11

Table 1. ISOCAM surveys

(a) If only one number appears, it refers to the longer-λ survey.

References:  (1)  Siebenmorgen  et  al.  (1996);  (2)  Oliver  et  al.  (1999);  (3),  (4),  (6),  (9),  (11),
(12): IGTES, see Elbaz et al. (1999); (5) Clements et al. (1999); (7), (8): Flores et al. (1999); (10): Altieri
et al. (1999); (13) Elbaz, D., et al, (1999); Oliver et al. submitted (14) Aussel, H., et al. (1999); (16) Taniguchi
et al. (1997).

Figure 1: Contours of the ISOCAM LW3 image (15 m, Aussel et al. 2000) overlaid on the
NTT-I band image of Dennefeld et al. (2000).
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nicely consistent and support within the
statistical uncertainties the accuracy of
the adopted methods for source selec-
tion. The fact that the observed counts
are a factor ten higher around a flux
density of 0.3–0.4 mJy provides the first
uncontroversial evidence for a drastic
increase of the far-infrared emissivity of
galaxies going back in cosmic time.

This result is quite consistent with the
independent evidence, provided by the
CIRB intensity, in favour of very rapid
evolution of IR flux from cosmic
sources. Indeed, by assuming for the
faint ISOCAM sources in Figure 2 the
far-IR spectrum of a typical starburst,
then these sources would be expected
to contribute a substantial part of the
CIRB at 140 microns.

Aussel et al. (1998) and Flores et al.
(1998) have produced early attempts to
identify the ISOCAM sources and to de-
rive their redshifts at the fluxes where
the peak excess in the LW3 counts of
Figure 2 is observed. Mostly due to the
combined effect of K-correction and
evolution, these sources are found to
range from z ~ 0.4 to z ~ 1.2, with a me-
dian around z = 0.7–0.8 (see below).

However, the origin of this energy, ei-
ther due to stellar nucleosynthesis in
star-forming galaxies or to gravitational
accretion onto giant black holes as in
quasars, is largely unknown. We clear-
ly need a deep spectroscopic survey of
these sources to progress in their un-
derstanding.

2. The ISOCAM Survey
in the HDFS

The Hubble Deep Field South was
observed by ISOCAM at two wave-
lengths, LW2 (6.75 µm) and LW3 (15
µm), as part of the European Large
Area ISO Survey (P.I. M. Rowan-
Robinson; see Oliver et al. 2000). ISO-
CAM detected 63 sources (from the
data reduction of Aussel et al. 2000), all
brighter than S15µm = 100 µJy in the
LW3 band. Out of this source list we se-
lected the sample for ISAAC follow-up.
The selected sources satisfied the fol-
lowing criteria:
(a) they had a reliable LW3 detection,
(b) Hα in the wavelength range of
ISAAC and, (c) a secure counterpart in
the I-band image (Dennefeld et al. 2000)
and/or in the K-band image (ESO-EIS

Deep, DaCosta et al. 1998). The refer-
ence sample contains about 25 galax-
ies with 15 µm flux densities in the
range 100–800 µJy and is therefore a
fair representation of the strongly evolv-
ing ISOCAM population near the peak
of the differential source counts (Elbaz
et al. 1999). From these 25 sources we

selected randomly 12 sources for our
first ISAAC follow-up spectroscopy
(hereafter ISOHDFS galaxies).

For the observations and the selec-
tion of the exact near-infrared band (Z,
SZ, J or H) we used spectroscopic red-
shifts from optical spectra, where avail-
able for z < 0.7 (Dennefeld et al. 2000)

Figure 2: Differential number counts from eight different ISOCAM surveys (from Elbaz et al.
1999).

Figure 3: ISAAC-VLT spectra of ISOCAM
galaxies, showing two low-z and two high-z
sources. The resolution of 600 corresponds
to a resolution of about 12Å at the source
distance. The H and [NII] lines are resolved
in three of the spectra. Clockwise from top
left: source ISOHDFS 53, at zspec = 0.58,
source ISOHDFS 39 at zspec = 1.27, source
ISOHDFS 25 at zspec = 0.59, and source
ISOHDFS 38 at zspec = 1.39 (the H /[NII] < 1
implies that this source is an AGN) (spectra
from Rigopoulou et al., 2000).                         E
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or photometric redshift estimates. Pho-
tometric  redshifts have been estimated
by using the model PEGASE (Fioc and
Rocca-Volmerange 1997). Our photo-
metric redshift determination turned out
to be accurate to ∆z = ±0.1 and provid-
ed a very useful tool for the ISAAC fol-
low-up spectroscopy.

3. The ISAAC Observations

We carried out observations (P.I. A.
Franceschini) during 20–24 September
1999 (we observed during the first half
of the night). The seeing varied be-
tween 0.4–1.00 arcsec and the condi-
tions were generally very good. The
good seeing helped us to acquire the
very faint objects relatively quickly, our
elementary integrations consisted of
1–2 minutes exposure in the H-band.
For the observations we used the low-
resolution grating Rs ~ 600 and a 1-arc-
sec × 2-arc min long slit. We positioned
the  slit  in  such  a  way  as  to  include
on average two galaxies at any given
orientation. The choice of filter was dic-
tated by our aim to detect the Hα emis-
sion  line.  Based  on  the  redshift in-
formation  we  had  at  hand  (photo-
metric  or  spectroscopic)  we  used  the
Z (0.83–0.97 µm), SZ (0.98–1.14 µm),
J (1.1–1.39 µm) or H (1.42–1.83 µm) fil-
ters accordingly.

The H magnitude of our targets (tak-
en from the ESO-EIS Deep) reached
down to 22 mag. The very faint objects

were acquired by offsetting from a
bright  star  in  the  field.  The  individ-
ual exposures ranged from 2 to 4 min-
utes. Most of the spectra were acquired
within 1 hour, except for the very faint
ones (H M 20.5 mag) for which we inte-
grated  for  nearly  2  hours.  For  each
f i l t e r, observations of spectroscopic
standard stars were made in order to
flux calibrate the spectra. The data
were reduced using several ECLIPSE
applications (Devillard 1998) and stan-
dard routines from the IRAF package.
We extracted spectra using IRAF-
APEXTRACT.

In total we observed 12 galaxies and
Hα was successfully detected in all but
one of them. [NII] emission is also seen
in some spectra. Figure 3 shows some
representative spectra.

4. Nature of the Faint ISOCAM
Galaxies

Prior to our VLT-ISAAC observations
no near-infrared (rest-frame R-band)
spectroscopy had been carried out for
the ISOCAM population, mostly due to
the faintness of the galaxies. Optical
spectroscopy (rest-frame B-band) has
been done for Hubble Deep Field North
(Barger et al. 1999) and the Canada
France Redshift Survey (CFRS) field
(Flores et al. 1999). The ISOCAM
HDF-N galaxies have been cross-cor-
related with the optical catalog of Barger
et al. (1999) resulting in 38 galaxies

with confirmed spectroscopic redshifts
(Aussel et al. 1999). Flores et al. have
identified 22 galaxies with confirmed
spectroscopic information. In both of
these samples the median redshift is
about 0.7–0.8. Our VLT ISOHDFS sam-
ple contains 7 galaxies 0.4 < z < 0.7
and 5 galaxies with 0.7 < z < 1.4. Thus
our sample has a z-distribution very
similar to the HDF-N (Aussel et al.) and
CFRS (Flores et al.) samples. 

Rest-frame B-band spectra host a
number of emission and absorption
lines related to the properties of the
starburst in a galaxy. Based on these
features,  galaxies  can  be  classified
according to their starburst history.
Strong  Hδ,  Hε Balmer  absorption  and
no emission lines are characteristic of
passively evolving k+A galaxies. The
presence of significant higher level
Balmer absorption lines implies the
presence  of  a  dominating  A-star  pop-
ulation. Such an A-star population may
have been created in a burst 0.1–1 Gyr
ago (post-starbursts). The simultane-
ous  presence  of  Balmer  absorption
and  moderate  [OII]  emission,  known
as e(a) galaxies, may be characteristic
of somewhat younger, but still post-
starburst systems or, alternatively, an
active  but  highly  dust  absorbed  tar-
bursts. As we will show, the ISOCAM
galaxies  are  in  fact  powerful  star-
bursts hidden by large amounts of ex-
tinction.

Figure 4 shows the average B-band
spectrum of the CFRS galaxies (from
Flores et al. 1999). The spectrum
shows moderate [OII] emission and
quite prominent deep Balmer absorp-
tion features Hδ, Hε reminiscent of A
stars. Based on this spectrum, Flores et
al. suggested that these galaxies look
like post-starburst systems. In Figure 5
we plot the B-band and R-band spec-
trum of the well-known starburst galaxy
M82 (spectra from Kennicutt 1992). We
note a very similar behaviour: the B-
band spectrum of M82 displays charac-
teristics of an e(a) system. At the same
time the R-band spectrum displays
strong Hα emission with large equiva-
lent widths implying an active on-going
star formation. Differential extinction
lies at the heart of this apparent dis-
agreement (Poggianti et al 2000): large
amounts of dust exist within the HII re-
gions where the Hα and [OII] line emis-
sion originates. [OII] emission is affect-
ed more than Hα simply because of its
shorter wavelength. The continuum is
due to A-stars. This A-star signature
comes from earlier (0.1–1.0 Gyr) star-
formation activity that is not energeti-
cally dominant; in fact, it plays a small
role once the dusty starburst is dered-
dened. Such a scenario implies that
these galaxies undergo multiple burst
events: the less extincted population is
due to an older burst while in the heav-
ily dust enshrouded HII regions there is
ongoing star formation. Therefore, ISO-
CAM galaxies are actively star-forming,

Figure 4: Restframe B-band “averaged” spectrum of ISOCAM galaxies from the CFRS field
(from Flores et al. 1999). H and H Balmer absorption features are prominent, alongside a
moderately strong [OII] emission.
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dust-enshrouded galaxies, akin to local
LlRGs (e.g. NGC 3256, Rigopoulou et
al. 1996).

5. Evaluating the Star Formation
Activity

Being the strongest of all Balmer
lines, the Hα emission line has been tra-
ditionally used to derive quantitative star-
formation rates in galaxies. However,
for z M 0.2–0.3, Hα redshifts into the near-
infrared where spectroscopy with 4-m-
class telescopes is inherently much
harder and thus less sensitive than in
the optical. This is why measurements
of the star-formation rates in high red-
shift galaxies have relied on measure-
ments of the [OII] λ3727 doublet. The
advent of 8-m-class telescopes such as
the VLT allows us for the first time to
use Hα as a measure of the star-forma-
tion activity in distant galaxies.

In ionisation bounded HII regions,
the Hα luminosity scales directly with
the ionising luminosity of the embedded
stars and is thus proportional to the
star-formation rate (SFR). The conver-
sion factor between ionising luminosity
and SFR is computed with the aid of an
evolutionary synthesis model. T h e
prime contributors to the integrated ion-
ising flux are massive stars (M > 20
M0) with relatively short lifetimes (m 10
million years). Using any stellar synthe-
sis model (we have used the code of
Sternberg 1998) for solar abundances,
a Salpeter IMF (1–100 M0) and for a
short-duration burst (a few 107 yrs) we
obtain:

SFR(M0/yr) = 
5 × 10–42L(H )(ergs–1).       (1) 

Using this formula we estimate that
the SFR rates in our ISOHDFS galaxies
range between 2–50 M0/yr, correspon-
ding to total luminosities of ~ 1–10 ×
1 04 2 erg s–1 (assuming H0 = 50
km/s/Mpc, Ω = 0.3).

The SFR estimates based on eq. (1)
represent only a lower limit of the real
SFR in these galaxies. To get an esti-

mate of the extinction, we use V–K
colour indices (magnitudes taken from
the ESO-EIS survey) and using STAR-
BURST99, the evolutionary synthesis
code of Leitherer et al. (1999), for vari-
ous star-formation histories we calcu-
lated the range of intrinsic (extinction-
free) colours. By comparing the ob-
served V–K colours to the model-pre-
dicted ones we derive a median extinc-
tion AV of 1.8 assuming a screen mod-
el for the extinction. This AV value cor-
responds to a median correction factor
for the SFR(Hα) of ~ 4.

But the far-infrared luminosities can
also be used to infer SFR, especially
since the ISO-HDFS galaxies are dust
enshrouded. For the same IMF as
above, the SFR scales with the FIR lu-
minosity as:

SFR(M0/yr)  = 
2.6 × 10–44LFIR(ergs–1)      (2)

The L(FIR) in equation (2) is calcu-
lated based on the method of Fran-
ceschini et al. (2000) which uses the 15
µm flux and assumes an LFIR/LMIR ratio
of ~ 10. We find that the SFR(FIR) esti-
mates are on average a factor of 5 to 50
higher than the SFR estimates inferred
from Hα uncorrected for extinction. The
ratio SFR(FIR)/SFR(Hα) drops to 3 if we
use extinction-corrected Hα v a l u e s ,
confirming that the extinction in these
galaxies is much higher than inferred
from UV or optical observations alone.
Thus, ISOCAM galaxies are in fact ac-
tively star-forming dust-enshrouded
galaxies. We finally note that the factor
3 inconsistency noted above for the
FIR-based SFR is consistent with the
value obtained by Poggianti et al.
(2000) for a sample of luminous IRAS
starbursts.

6. Conclusions and
Future Plans

We have obtained the first near-in-
frared spectra (rest-frame R-band) of a
sample of 12 ISO selected far-IR galax-
ies from the Hubble Deep Field South.
The detection of strong Hα emission

lines with large EW in all but one is con-
sistent with these ISOCAM sources be-
ing powerful dust enshrouded starburst
galaxies.

In  only  one  object  (see  Fig. 3)  we
find evidence for the presence of an
AGN, as inferred from the inverted
NII/Hα line ratio and the peculiar and
high 6.7 µm to 15 µm flux ratio, indica-
tive of very hot AGN-like dust. In gener-
al, we do not find evidence for broad Hα
components as would be expected
from classical AGNs, but this will re-
quire further NIR spectra at high reso-
lution for confirmation. Our result
echoes recent reports about ultra-deep
C H A N D R A hard X-ray surveys of
high-z SCUBA sources, in which no
h i g h-X-r a y-energy emission was de-
tected as would be expected if even a
fraction of the FIR flux would be due to
an AGN (Hornschemeier et al. 2000).
Generalising these results, we may ten-
tatively conclude that the large energy
content of the CIRB originates from
stellar activity.

Based  on  the  Hα emission  line  in-
tensity we estimate star-formation rates
in the range 2–50 M0/yr, which are a
factor  of  5–50  times  lower  than  the
SFR  we  derive  based  on  FIR  lumi-
nosities.  If  we  correct  the  Hα for  ex-
tinction, we deduce SFR(FIR)/SFR(Hα)
~  3,  confirming  that  the  extinction  in
the ISOCAM galaxies is much higher
than can be predicted using UV or opti-
cal data alone. This result demon-
strates that deriving star-formation
rates from UV/optical data alone is in-
correct for this class of sources. A frac-
tion  of  star  formation,  hard  to  quan-
tify at the moment but probably quite
significant, is entirely missed by optical
surveys.

We  plan  to  continue  our  project  by 
increasing our statistics on ISOCAM gal-
axies. In our upcoming August 2000 run
we  will  supplement  our  sample with
low-resolution spectroscopy of new
ISOCAM targets. Meanwhile, we will
also attempt to obtain higher-resolution
spectra to probe the gas kinematics
and ionisation stage in these galaxies.

Figure 5: Left panel: B-band spectrum of the well-known starburst galaxy M82. Note the prominent Balmer  H and H absorption lines as well
as the moderate [OII] emission. Right panel: R-band spectrum of M82. The spectrum is dominated by the very strong H emission (spectra
from Kennicutt 1992).
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The unique combination offered by ISO
and ISAAC instruments promises a de-
cisive progress in our understanding of
the origin of the vast amount of energy
released by starburst galaxies during
their main activity phases.
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The Deep Eclipse of NN Ser
R. HÄFNER, Universitäts-Sternwarte München

The elusive nature of NN Ser was
discovered in July 1988 (Häfner, 1989a,
1989b) in the course of a search for
eclipses in faint cataclysmic variables
using the CCD camera on the Danish
1.5-m telescope at La Silla. This target
(V ~ 17), then named PG 1550+131
and thought to be such a variable,
turned out to exhibit a sine-shaped light
curve and a very deep eclipse of short
duration repeating once every 3 hours
and 7 minutes. Due to the low time res-
olution of the photometry (3.5 min), the
duration of the eclipse (separated by
half a period from maximum light) as
well as its depth could only be roughly
estimated to be about 12 min and at
least 4.8 mag respectively. During
mid-eclipse no signal from the object
was recordable. Two spectra (resolu-
tion about 12 Å) obtained near maxi-
mum light (A) and near the onset of the

eclipse (B) using EFOSC at the 3.6-m
telescope revealed mainly narrow
emission lines of the Balmer series su-
perimposed on broad absorptions (A)
and shallow Balmer absorptions with-
out emission (B). It was immediately
clear that such an object could not be a
cataclysmic system. The data were
rather interpreted in terms of a pre-
cataclysmic binary, an evolutionary pre-
cursor  of  a  cataclysmic  system, con-
sisting of a white dwarf/late main-se-
quence detached pair. Thus all ob-
served  properties  of  the  system  find
a consistent explanation: the sine-
shaped light curve (full amplitude ~ 0.6
mag) is caused by a strong heating ef-
fect, the emission lines originate in the
heated hemisphere of the cool star and
cannot be seen near primary eclipse,
the  absorption  lines  originate  in  the
hot star, the steep (ingress/egress ~ 2

min) and deep
eclipse of short
duration are due
to the obscuration
of a very hot small
object by a much
cooler and larger
star, a secondary
eclipse is not de-
tectable since the
cool star does not
contribute much
to the flux. Based
on these obser-
vations and as-
suming Mh o t =
0.58 M0 ( m e a n
value for DAwhite
dwarfs), Th o t =
18,000 K, inclina-
tion close to 90º
and a circular or-
bit, a first crude
estimate of the
system parame-
ters yielded the
following results:

separation ~ 0.92–1.03 R0, Rh o t ~
0.01–0.14 R0, Rcool ~ 0.06–0.33 R0,
Mcool ~ 0.03–0.28 M0, Tcool (unheated
hemisphere) ~ 2600–3300 K, Tc o o l

(heated hemisphere) ~ 4300–6600 K,
spectral type of cool star ~ M3–M6. The
evolution of the system into the
s e m i-detached (cataclysmic) state is
only possible via radiation of gravita-
tional waves and was estimated to take
some 109 years.

Based on optical and IUE spec-
troscopy as well as further photometry
(Wood and Marsh, 1991; Catalan et al.,
1994), the pre-cataclysmic nature of
NN Ser was confirmed and the range of
system parameters could be narrowed
down. The IUE data as well as fits of
some Balmer absorptions via model at-
mospheres hint at a white dwarf tem-
perature in the range 47,000–63,000 K,
much more than previously assumed.
But all studies so far performed were
hampered by the fact that the true
depth of the eclipse and the duration of
the totality (if any), i.e. the inner contact
phases of the white dwarf, were not
known. This crucial information, impor-
tant for the determination of the radii of
the components, could not be obtained
using telescopes of the 4-m class, as
several attempts by the author re-
vealed. Even applying sophisticated
observing methods and/or using a spe-
cial photometer, several observing runs
(ESO 3.6-m telescope, NTT and Calar
Alto 3.5-m telescope) were not suc-
cessful in this respect.

The powerful combination of the first
VLT 8.2-m Unit Telescope (ANTU) and
the multi-mode FORS1 instrument
(Appenzeller et al., 1998) offered now
the opportunity for a new experiment.
Since the HIT mode, allowing photome-
try and spectroscopy with high time res-
olution, was not yet available at the
scheduled time of observation (June
1999) another technique had to be ap-
plied: the trailing method, where the tel-Figure 1: The drift exposure of the sky field around NN Ser (arrow). 


