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Abstract. We compiled and investigated the infrared/sub-mm/mm SED of the new outburst star IRAS 05436—-0007 in quiescent
phase. The star is a flat-spectrum source, with an estimated total luminosity of Lyo =~ 5.6 L, typical of low-mass T Tauri stars.
The derived circumstellar mass of 0.5 M, is rather high among low-mass YSOs. The observed SED differs from the SEDs of
typical T Tauri stars and of 4 well-known EXors, and resembles more the SEDs of FU Orionis objects indicating the presence
of a circumstellar envelope. IRAS 05436—0007 seems to be a class II source with an age of approximately 4 x 10° yr. In
this evolutionary stage an accretion disk is already fully developed, though a circumstellar envelope may also be present.
Observations of the present outburst will provide additional knowledge on the source.

Key words. stars: formation — stars: circumstellar matter — stars: individual: IRAS 05436—0007 — infrared: stars

1. Introduction

On 23 Jan. 2004 the amateur astronomer McNeil discovered
a new nebula towards the Orion B molecular cloud, close to
the diffuse nebulosity Messier 78 (McNeil et al. 2004). The
object was not visible in either of the two Palomar Surveys
(1951, 1990), but a photograph taken in 1966 for the book
“The Messier Album”! (Mallas & Kreimer 1978) shows a
bright nebulosity very similar to the one of today. Also in the
very deep [SII] image of Eisloffel & Mundt (1997), taken in
October 1995, parts of the nebula are clearly visible though
fainter than in 1966. The alternation of active and quiescent
periods, suggested by these earlier observations, indicates that
the event, probably the eruption of a pre-main sequence star,
may be similar to the well-known EXor-type outbursts.

At infrared and sub-millimetre wavelengths, however, the
source was observable also during the quiescent periods (IRAS,
2MASS, Lis et al. 1999; Mitchell et al. 2001). At these wave-
lengths the emission is due to thermal radiation of circumstel-
lar dust. The infrared/sub-mm/mm data offer a possibility to
study the circumstellar matter — which is likely responsible for
the explosion via a sudden rise of the accretion onto the star
(Hartmann & Kenyon 1996) — prior to an outburst.

In this paper we collect all infrared/sub-mm observations
available in the literature and compile a spectral energy distri-
bution (SED) representative of the quiescent phase. The SED
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! http://www.seds.org/messier/

will be analysed, and compared with SEDs of pre-main se-
quence stars, including several known FUORs and EXors.

2. Infrared/sub-mm/mm data

From the literature one can collect several infrared and
sub-mm/mm flux values for the new outburst star:

The 2MASS All-Sky Catalog of Point Sources (Cutri et al.
2003) contains a source coinciding with the optical position
of the new star. We adopt the coordinates of this source,
J05461313-0006048, as the position of the outburst object:
@00 = S"46™13313, y000 = —0°6’4”8. Table 1 presents the
2MASS JHK; fluxes, which are all flagged as high quality data
in the catalogue.

In the ISO Data Archive? there are two mid-infrared maps,
taken by the ISOCAM instrument, which covers the position
of the star. Checking the source lists available in the FITS
file headers, it was possible to identify a point source coincid-
ing with the 2MASS source. Its flux densities (produced by
ISO’s automatic off-line processing software) are also given
in Table 1.

The outburst star was identified with the IRAS source
05436-0007 by Eisloffel & Mundt (1997). We adopted the 12
and 25 pum flux densities from the IRAS Point Source
Catalogue (Table 1). At longer wavelengths the PSC gives only
upper limit, therefore we determined new IRAS fluxes using
the SCANPI Processing Tool at IPAC?. At 60 um it was

2 http://www.iso.vilspa.esa.es/IDA
3 http://irsa.ipac.caltech.edu/applications/Scanpi
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Table 1. Infrared/sub-mm/mm observations of IRAS 05436-0007
collected from the literature (Sect. 2). No reddening correction was
applied. We adopt the coordinates of the 2MASS source, @00 =
5M46™ 13213 S99 = —0°6’4”8, as the position of the outburst star.

A Flux Obs. Name, reference
pm [mly] date
1.25 1.997 1998  2MASS J05461313-0006048
1.65 13.94 1998  2MASS J05461313-0006048
2.17 5096 1998  2MASS J05461313-0006048
6.7 267 1997  ISOCAM map, ISO_id: 68901103
14.3 559 1997  ISOCAM map, ISO_id: 68901122
12 527 1983  IRAS 05436-0007, PSC
25 1200 1983  IRAS 05436-0007, PSC
60 2000 1983  IRAS 05436-0007, Scanpi
350 2500 1997 LMZ12, Lis et al. (1999)
850 180 1998  Ori B smm 55, Mitchell et al. (2001)
1300 93 1998 LMZ12, Lis et al. (1999)

possible to extract an estimated 2 + 1 Jy, but at 100 um no
meaningful flux or upper limit could be determined due to the
complex background of the Orion B molecular cloud. In the re-
maining of this paper we use the IRAS name when referring to
the new outburst star.

Three sub-mm/mm measurements can be assigned to
IRAS 05436—-0007 at 350 and 1300 um (Lis et al. 1999) and
at 850 um (Mitchell et al. 2001), taking into account the spa-
tial resolutions of the used instruments. At 1300 um the source
was unresolved, while at 850 um a ~20" object was visible.
The total integrated fluxes, taken from the papers, as well as
the names the authors gave to the object are given in Table 1.

3. Quiescent periods of the source

IRAS 05436—-0007 was not visible in either of the two Palomar
Surveys (1951, 1990), showing that the source was in quies-
cence. In order to define better the active and quiescent periods
of the star, we checked the photographic archive of the Konkoly
Observatory (containing more than 13 000 Schmidt plates) and
discovered two — a blue sensitive and an approximately visual —
photographs for the area of the outburst star. From a visual in-
spection of the plates we concluded that the source was not vis-
ible either in 1964 October or in 1976 October (the estimated
detection limit was 17.5 = 0.5 mag in both plates). Thus the
eruption recorded in 1966 on the photograph in “The Messier
Album” (Sect. 1) was not long-lasting. From the listed data one
may probably conclude that IRAS 05436—0007 was mainly in
quiescent phase throughout the second half of the last century.

4. The infrared SED

In Fig. 1 we plotted all data points listed in Table 1. It is not
obvious — due to their different epochs — if they form a physi-
cally consistent SED representative of the quiescent phase. In
the near-infrared regime, however, the 2MASS images do not
reveal any extended nebulosity suggesting that the source was
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Fig. 1. Spectral energy distributions of IRAS 05436—0007. The fluxes
are taken from the literature and are listed in Table 1.

inactive at that date. In the mid-infrared there exist observations
of two different epochs (IRAS, ISOCAM), whose good agree-
ment suggests a similar activity level — probably quiescence —
at the two epochs. At far-infrared wavelengths our study of
7 FU Orionis-type stars (Ko6spal et al. 2004) suggests that the
flux densities of eruptive stars are practically independent of
the outburst stage, and probably the same is true for the sub-
mm/mm regime. Thus combining our multiepoch data into a
single SED seems to be justified. In the following we discuss
the different wavelength regimes of this SED separately.

Near-infrared: the unusually high J—H and H—-K indices indi-
cate that the central source is heavily extincted. Figure 2 shows
the location of the star on a J—H vs. H-K diagram. A back-
ward projection parallel to the reddening path onto the locus of
the classical T Tauri stars (Meyer et al. 1997) gives dereddened
colour indices of (J—H)p = 1.15 mag and (H-K)y = 1.08 mag.
The near-infrared reddening is E(J—H) = 1.43 mag, and using
the relationship of Rieke & Lebofsky (1985) this result gives
a visual interstellar extinction of Ay ~ 13 mag. One should
keep in mind that the observed near-infrared colours could
be affected by scattering within the circumstellar environment,
therefore the derived extinction value (and also the result of the
reddening correction in Fig. 3) should be taken with some cau-
tion. The (J—H)y and (H-K)y values indicate the presence of
a significant amount of circumstellar matter.

Mid-infrared (7-25 um): based on the IRAS and sub-mm data
points, Lis et al. (1999, their Fig. 6) modelled the SED as
a sum of two modified Planck functions with 7 = 165 K
and T = 30 K. The inclusion of the ISOCAM fluxes, how-
ever, does not support this simple model, but indicates that
IRAS 05436-0007 is a flat-spectrum source at infrared wave-
lengths. Such a SED requires a less steep radial temperature
profile than expected from an optically thick, geometrically
thin circumstellar disk, and can be the result either of a flared
disk (Adams et al. 1988) or of an extended envelope. Detailed
modelling of FU Ori-type objects (Turner et al. 1997) showed
that flared disks alone may not be able to produce a flat spec-
trum over an extended wavelength range, thus in many cases
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Fig. 2. The location of IRAS 05436—0007 (star) on a near-infrared
colour—colour diagram. Overplotted are the unreddened main se-
quence (solid line) and giant sequence (dotted line), the reddening path
of the main sequence (dashed line), and also the locus of the dered-
dened classical T Tauri stars (dashed-dot line, Meyer et al. 1997).

envelopes are invoked to explain the SEDs of the flat-spectrum
sources in the infrared.

Far-infrared: the flat spectrum declines at longer wavelengths.
This part of the SED was fitted by Lis et al. (1999) assum-
ing a modified Planck-function B,(THW? with T ~ 30 K and
B ~ 1.0. Including the 850 um data point of Mitchell et al.
(2001) does not change the fit. The turning point in the spectral
shape, which marks the transition between optically thick and
thin emission, is probably between 100 and 200 um. Since in
many classical T Tauri stars the turning point is in the range
of 60 to 100 um (e.g. D’ Alessio et al. 1999), the fit results in-
dicate the presence of a large amount of cold material in the
outer part of the IRAS 05436—0007 system. The submillimetre
spectral slope, characterised by S ~ 1, shows that the average
particle size is larger than the typical value in the interstellar
medium (8 ~ 2), probably due to grain evolution in the cir-
cumstellar environment.

In order to compute the luminosity of IRAS 05436—-0007,
we applied a reddening correction on the SED of Fig. 1 assum-
ing Ay = 13 mag. The result is shown in Fig. 3. Integrating
over the corrected SED between 1 and 1300 ym gives a to-
tal infrared-to-submillimetre luminosity of 5.6 Ly (for the dis-
tance of the OriB cloud d = 460 pc was adopted). This
value is higher than the estimate of Lis et al. (1999, Ly, ~
2.7 L) but the discrepancy is explained by the inclusion of
the new near-infrared data points and by the reddening cor-
rection. The obtained luminosity of 5.6 Ly clearly shows that
IRAS 05436-0007 is a low-mass T Tauri-like object.

From the sub-mm flux densities it is possible to estimate the
circumstellar mass. Lis et al. (1999) computed 0.4 M, while
from the measurement of Mitchell et al. (2001, Eq. (4)) we de-
rived ~0.6 M. The obtained mass is rather high compared to
typical T Tau values of ~0.01 M, (e.g. Beckwith et al. 1990).
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Fig. 3. Spectral energy distributions of IRAS 05436—-0007 after cor-
recting for an interstellar extinction of Ay = 13 mag.

5. Discussion
5.1. Comparison with pre-main sequence stars

In this section we compare the SED of IRAS 05436—-0007 with
a sample of SEDs of pre-main sequence stars. We focus on
the 4 > 10 um spectral range, because at optical/near-infrared
wavelengths the variation of circumstellar extinction with in-
clination angle introduces a diversity in the spectral shapes.

T Tauri stars. The median SED of 39 young stars from
the Taurus-Auriga star-forming region was constructed by
D’Alessio et al. (1999). Their Fig. 5 reveals that the median
SED declines towards longer wavelengths in the 10-100 ym
range, which is clearly inconsistent with the flat spectrum of
IRAS 05436—-0007.

EXors. The infrared SEDs of 4 well-known EXor-type ob-
jects (EXLup, DR Tau, UZTau, VY Tau) in quiescent phase
were derived from ISOPHOT observations by Stringfellow
et al. (2004). Similarly to the T Tauri stars, these objects
also exhibit SEDs declining towards longer wavelengths, sig-
nificantly differing from the SED of IRAS 05436—-0007. On
the other hand, the intermediate-mass young star PV Cephei,
which is sometimes classified as an eruptive EXor-like vari-
able (e.g. Teodorani et al. 1999) shows an approximately flat
SED (Abrahdm et al. 2000).

FUORs. In Fig. 4 we collected the infrared SEDs
of 6 FU Ori-type objects published in Kdspdl et al. (2004),
which are in the post-outburst phase. All these SEDs are flat
(vF, ~ const.) or even raising with increasing wavelength in
the 10100 um spectral range. These SEDs resemble more
the SED of the new outburst star (Fig. 1) than do either the
SEDs of the T Tau-stars or the EXors. Especially the 3 sources
with flat mid-infrared spectra: V346 Nor, V1057 Cyg, and
Z. CMa, look similar to IRAS 05436—-0007 (though in the case
of ZCMa the companion, a Herbig Ae/Be star, might also
contribute to the SED).
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Fig. 4. Spectral energy distributions of 6 FUORs (from Késpal et al.
2004). The presented data are based on observations obtained by
ISOPHOT, the photometer on-board the Infrared Space Observatory,
supplemented by IRAS, MSX, 2MASS, and sub-mm/mm data. In case
the SED changed between 1983 and 1997 (Késpal et al. 2004) only the
more recent data set was plotted.

The fact that IRAS 05436-0007 was bright also in 1966
(Sect. 3) suggests multiple active periods, i.e. an EXor-like
nature. Its luminosity of 5.6 Ly (Sect. 4) is also more typi-
cal for the T Tau-like EXors than for the 5-100 times more
luminuous FUORs (Sandell & Weintraub 2001). However,
on the basis of the shape of the spectral energy distribution,
IRAS 05436—-0007 is more similar to the FU Orionis objects.
The flat spectra of the FUORSs are usually interpreted in terms
of extended circumstellar envelopes (Kenyon & Hartmann
1991; Turner et al. 1997), whose material is falling onto the
outer parts of the accretion disk. Thus IRAS 05436-0007
might also be surrounded by an envelope, which — together
with the unusually large circumstellar mass of =0.5 Mg
(Sect. 4) — would make this object relatively unique among
the known EXors. Observations of the present outburst, includ-
ing measurements of the infrared SED with the Spitzer Space
Telescope, will provide more data to compute detailed models
of the circumstellar structure.

5.2. Evolutionary stage of IRAS 05436—-0007

Based on the submillimetre-to-bolometric luminosity ratio Lis
et al. (1999) proposed that IRAS 05436—0007 is a relatively
young and embedded Class O source, though some observa-
tions (e.g. the lack of molecular outflow) seemed to indicate
that the source was more evolved. In order to estimate the evo-
lutionary stage of the source, we followed the method of Chen
et al. (1995) and computed the bolometric temperature T ac-
cording to their Eq. (1). The resulting T, = 830 K and the
bolometric luminosity Ly, =~ 5.6 Ly was then compared with
the distribution of corresponding values among YSOs in the
Taurus and p Oph star forming regions (Chen et al. 1995). From
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this check we can conclude that IRAS 05436—0007 seems to be
a Class II object (close to the Class I/Class II boundary), and
its age — according to Fig. 4 of Chen et al. (1995) — is approxi-
mately 4 x 10° yr.

6. Conclusions

We compiled and investigated the infrared/sub-mm/mm SED
of the new outburst star IRAS 05436—0007 in quiescent phase.
The star is a flat-spectrum source, with an estimated total lu-
minosity of Ly, = 5.6 Lo, typical of low-mass T Tauri stars.
The derived circumstellar mass of 0.5 Mg is rather high among
low-mass YSOs. The observed SED differs from the SEDs of
typical T Tauri stars and of 4 well-known EXors, and resem-
bles more the SEDs of FU Orionis objects indicating the pres-
ence of a circumstellar envelope. IRAS 05436—0007 seems to
be a Class II source with an age of approximately 4 x 10° yr.
In this evolutionary stage an accretion disk is already fully de-
veloped, though a circumstellar envelope may also be present.
Observations of the present outburst will provide additional
knowledge on the source.
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