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Introduction and Motivation

•OO Serpentis is a deeply embedded young star which
brightened by 5 mag in K-band between 1994 and
1995, and gradually faded afterwards. In many re-
spects the star and its outburst is very similar to the
well-known young eruptive stars (FUors and EXors).

•Outbursts of young eruptive stars are closely con-
nected to the circumstellar material, thus infrared
observations are essential in understanding the
physics of these objects. Since very few outbursts
have ever been documented at infrared wavelengths,
we monitored OO Ser for 20 months with the In-
frared Space Observatory (ISO) in the 3.6 − 100 µm
wavelength range. We complemented this dataset
with new (ground-based and spaceborne) infrared
observations from 2004, and constructed the light
curve of the outburst at 10 different wavelengths,
as well as pre-outburst, outburst, and post-outburst
spectral energy distributions.

• In our study we analyse the wavelength dependence
of the brightness changes during and after outburst,
as well as establish whether OO Ser returned to its
pre-outburst state by 2004. The timescales of light
curves at different wavelengths put strong contraints
on models about eruptive young stellar objects.

Observations and Data Reduction

• ISOPHOT: Observations with ISOPHOT, the photometer on-
board ISO were done at 10 different epochs, covering a period
of 20 months between February 1996 and September 1997. Multi-
filter photometric measurements with 9 different filters in the 3.6 –
200µm range and spectrophotometry in the 2.47 – 11.62µm range
were taken. The data reduction was performed with PIA V10.0.
The absolute flux calibration at λ ≤ 25µm was done by adopting
the default responsivity of the detector. The precise relative cali-
bration of the measurements with a certain filter was done using a
new method developed in Konkoly Observatory especially for the
fine relative calibration of ISOPHOT data. Absolute calibration
at λ ≥ 60 µm was performed by comparing the source flux with
the on-board fine calibration source (FCS). During data reduction,
special attention was paid to source confusion. Due to the rela-
tively large aperture sizes used in the ISOPHOT measurements of
OO Ser, at λ ≥ 12µm the beam contained not only OO Ser, but
also other nearby sources. The flux contribution of these sources
was subtracted using flux estimates from Spitzer measurements.

• LIRIS/WHT: The KS-band image presented below was obtained on
June 11, 2004 with the infrared camera/spectrograph LIRIS, mounted
on the 4.2 m William Herschel Telescope. Data reduction was per-
formed in IRAF with a package developed by the LIRIS team. Then
psf-photometry was obtained in IRAF. Photometric calibration was
done using the 2MASS magnitudes of 44 field stars.

•TIMMI2: Images with TIMMI2 mounted on the ESO 3.6 m telescope
at La Silla were taken on October 21, 2004 with the N11.9-OCLI
filter (λc = 11.66µm), using a chop-and-nod technique. Photometric
calibration was done using the standard star HD 96171.

• Spitzer: Observations with the Spitzer Space Telescope were obtained
on April 4, 2004, with the IRAC (between 3.6 and 8 µm) and MIPS
(24 and 70µm) instruments, as part of the Spitzer Legacy Program
‘From Cores to Disks’. IRAC photometry was taken from the published
catalogue of Evans, while MIPS fluxes were derived by our psf/aperture
photometry.
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Results

•The image to the right shows a part of our KS-
band frame from 2004. OO Ser can be found near
the centre of the image, and other nearby sources
are also indicated. OO Ser is surrounded by a faint
triangle-shaped nebula. During the outburst, this
nebula became much brighter, while in 2004 it was
again very similar to the pre-outburst image of Ho-
dapp (1999).

•The graphs to the left show the outburst history of
OO Ser at 6 different wavelengths between 2.2 and
60µm. These light curves were constructed using
our ISOPHOT, LIRIS and TIMMI2 data, comple-
mented with IRAS, 2MASS, and Spitzer measure-
ments. The outburst caused bightening at all wave-
lengths ≤ 60µm, and the brightening only shows
weak wavelength dependence. The fading between
1996 and 2004, however, shows strong wavelength
dependence: at 2.2µm the source had already re-
turned to the pre-outburst state, while at longer
wavelengths the fading is significantly slower, and
is still in progress.

•The spectral energy distributions (SEDs) to the right
show that while the pre-outburst and the outburst
SEDs have roughly similar shape, the post-outburst
SED is steeper due to the wavelength dependence
of the fading.
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Discussion

OO Ser offers a unique possibility to investigate the long-term be-
haviour of an eruptive young stellar object. In 1995 the initial rise
of OO Ser seemed to be the beginning of a typical FUor outburst.
The subsequent fading, however, was faster than that of FUors, and
OO Ser returned to the pre-outburst state at 2.2 µm by 2004. This
implies that the duration of the outburst was approximately 5 to 10
years, which differs both from that of FUors (several decades or a
century) and that of EXors (some weeks or months), suggesting that
OO Ser is an intermediate type object between FUors and EXors.

The magnitude of the luminosity change during outburst is
another argument in favour of OO Ser being an intermediate
object. Hurt & Barsony (1996) estimated an upper limit of
Lpre = 8L� for the bolometric pre-outburst luminosity of
OO Ser. Based on our ISOPHOT data we could derive an
Loutburst = 31L� as a bolometric outburst luminosity. Thus,
OO Ser brightened by about a factor of 4. This factor is
significantly lower than the respective value for FUors, which
usually brighten by a factor of 100.

Difference in the viscosity. Bell & Lin (1994) modelled FUor out-
bursts as self-regulated accretion events in protostellar accretion
discs. In this model the risetime of the outburst, the subsequent high
state and the time between successive outbursts are dependent on α,
the viscosity parameter in the model of Shakura & Sunyaev (1973).
If we suppose that OO Ser is similar to FUors, but its timescales are
shorter, we can apply the Bell & Lin model to OO Ser, but with a
factor of 10 higher α value. This implies that OO Ser may differ from
classical FUors in a way that its disc has higher viscosity.

A new class of young eruptive stars

Based on the fading timescale and the magnitude of the outburst, we propose that OO Ser is an intermediate-type object between FUors and
EXors. There exists another star, V1647 Ori, which was also classified as an intermediate object, based on the outburst timescale (2 years) and the
amplitude of its brightening (a factor of 8). Therefore, OO Ser and V1647 Ori show similar outburst properties, and may represent the first two
members of an intermediate class between FUors and EXors.
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