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Abstracts of recently accepted papers
Short-term variability of photospheric lines in the pre-main sequence Herbig Ae star
AB Aur
C. Catala1 , T. Böhm2 , J.-F. Donati1 , T. Simon3 , S. Jiang4 and F. Zhao4
1
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Toulouse, France
2
European Southern Observatory, Karl-Schwarzschildstrasse 2, D-85748 Garching bei München, Germany
3
Institute for Astronomy, University of Hawaii, 2680 Woodlawn Drive, Honolulu, Hawaii 96822, USA 4 Beijing
Astronomical Observatory, Zhong-Guan-Cun, Beijing 100080, China
E-mail contact: catala@obs-mip.fr
During the multi-site MUSICOS 92 campaign, the pre-main sequence Herbig Ae star AB Aur was monitored primarily
in the He I 5876 Å line, but two of the telescopes were equipped with cross-dispersed echelle spectrographs. The wide
spectral domain covered by these instruments allows us to study simultaneously the variability of many photospheric
lines.
These data are supplemented with additional observations obtained at Observatoire de Haute-Provence 2 years later.
We find that the photospheric lines of AB Aur have variable profiles, and that distortions cross the line profiles from
blue to red, on a time scale of a few hours. These distortions tend to extend significantly blueward of the projected
rotation velocity boundary of the line. This implies that localized outflows with velocities of the order of 100 kms−1
must be present in the photosphere and affect photospheric line formation.
The photosphere of AB Aur may be affected by azimuthal structures creating the observed variability through the
effect of stellar rotation, as are the overlying chromosphere and wind, although more data are needed to establish this
point unambiguously.
Accepted by A&A

IRAS 20050+2720: An Embedded Young Cluster Associated with a Multipolar Outflow
H. Chen1,2 , M. Tafalla1 , T.P. Greene3 , P.C. Myers1 , and D.J. Wilner1
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Center for Astrophysics, 60 Garden St. Cambridge, MA 02138, USA
Steward Observatory, University of Arizona, Tucson, AZ 85721, USA hchen@as.arizona.edu
Institute for Astronomy, University of Hawaii, 2680 Woodlawn Dr., Honolulu, HI 96822, USA

We obtained near-IR images at 1-5 µm of IRAS 20050+2720, a very red far-infrared source with a multipolar outflow
(Bachiller et al. 1995). Of the 212 sources we detected, half of them are probably members of an embedded cluster
around the IRAS source. More than 50% of the cluster members show near-IR excesses, suggesting that they are premain sequence stars with circumstellar emission. The luminosity functions of the cluster show turnovers and slopes
consistent with pre-main-sequence model predictions for an average cluster age of ∼1 Myr. Three subclusters are
identified within the cluster. One of them (subcluster A) appears to be associated with denser molecular gas and higher
extinction than the other two subclusters. It also coincides with the IRAS source, a compact millimeter continuum
source, and the center of the multipolar CO outflow. We identified in subcluster A several deeply embedded sources
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with sharply rising spectral energy distributions. These results strongly support the suggestion that the multipolar
outflow is the result of simultaneous star formation within 0.1 pc of the IRAS source. We suggest that the cluster was
formed in several episodes of star formation over the last ∼1 Myr, and that subcluster A represents the most recent
episode in which multiple young stars were formed within ∼0.1 Myr.
Accepted by The Astrophysical Journal

The Structure and Emission of Accretion Disks Irradiated by Infalling Envelopes
Paola D’Alessio1 , Nuria Calvet2,3,4 and Lee Hartmann3
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E-mail contact: dalessio@astroscu.unam.mx
We calculate the emission from steady viscous disks heated by radiation from an opaque infalling protostel lar envelope.
For typical envelope parameters used to explain the spectral energy distribution s of protostellar sources, we find that
the envelope heating raises the outer disk temperature dramatically. The resulting temperature distribution in the
disk is a complicat ed function of both radial distance and vertical height above the disk midplane. We show that
the visibility flux at λ = 0.87 mm and the spectral energy distribution from submm to radio wavelengths of the flatspectrum T Tauri star HL Tau can be explained by emission from an accretion disk irradiated by its infalling envelope,
whereas thermal emission from an infalling envelope or radiation from a steady viscous accretion disk cannot explain
the observations. Our results suggest that the radiation fields of collapsing protostellar envelop es may strongly affect
the structure of pre-main sequence accretion disks.
Accepted by Astrophysical Journal

3-D Simulations of Protostellar Jets in Stratified Ambient Media
Elisabete M.de Gouveia Dal Pino
1
2
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and Mark Birkinshaw
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University of São Paulo, Inst. Astronômico e Geofı́sico, Av. Miguel Stéfano, 4200, São Paulo, SP 04301-901, Brazil
Department of Physics, University of Bristol, Bristol, UK

E-mail contact: dalpino@astro1.iagusp.usp.br
We present fully three-dimensional hydrodynamical simulations of radiative cooling jets propagating into stratified
isothermal ambient media with power-law density and pressure distributions. The parameters used are mainly suitable
for protostellar jets but results applicable to extragalactic jets are also presented. Comparisons are made with previous
simulations of jets through homogeneous media. We find that for radiative cooling jets propagating into regions where
the ambient medium has an increasing density (and pressure) gradient, the ambient gas tends to compress the cold,
low-pressure cocoon of shocked material that surrounds the beam and destroy the bow shock-like structure at the
head. The compressing medium collimates the jet and promotes the development of Kelvin-Helmholtz instabilities
which cause beam focusing, wiggling and the formation of internal traveling shocks, close to the head, via pinching
along the beam. This remarkably resembles the structure of some observed systems (e.g. Haro 6-5B northern and HH
24G jets). These effects are larger for jets with smaller density ratio between jet and environment η (tested for η=1,
3, and 10) and larger Mach number Ma = vj /ca (tested for Ma =12 and 24, where vj is the jet velocity and ca the
ambient sound speed). In an ambient medium of decreasing density (and pressure), the beam is poorly collimated
and relaxes, becoming faint. This could explain ”invisible” jet sections, like the gap between the parent source and
collimated beam (e.g., in HH30 jet). Although, on average, jets propagating into an increasing (decreasing) density
environment are decelerated (accelerated) by the increasing (decreasing) ram pressure of the ambient medium, we
find that their propagation velocities have an oscillating pattern. The internal traveling shocks that develop in jets
propagating into positive density gradient environments display a similar velocity variation, in qualitative agreement
with recent measurements of fluctuations in the tangential velocity of the knots of Haro 6-5B jet. Finally, runs of
adiabatic jets into similar stratified environments indicate that they are less affected by the effects of stratification
than the cooling jets because their higher pressure cocoons are better able to preserve the beam structure.
Accepted by Astroph. J. (Nov. 10, vol. 471, 1996 issue)
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Water in Galactic Hot Cores
P.D. Gensheimer1 , R. Mauersberger1,2,3 and T.L. Wilson1
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We have detected the quasi-thermal 313 − 220 line of H18
2 O with a 12 resolution in 13 of 26 galactic sources of massive
star formation. No lines were detected toward 6 evolved stars. We also made searches for deuterated water, HDO, in
the 422 − 423 and 312 − 221 transitions, detecting 9 sources of HDO emission. Using an LTE analysis, we infer that
the average fractional abundance of gas phase water, [H2 O]/[H2 ], toward the sources in our sample is ∼ 10−5 . The
ratio [HDO]/[H2 O] is ∼ 3 × 10−4 . The inferred [HDO]/[H2 O] ratio should be much more reliable than the [H2 O]/[H2 ]
ratio since the column density of H2 is rather uncertain. Our maps of H18
2 O and HDO toward Orion IRc2 and Sgr B2
indicate that the emission from these sources is small compared to the size of the telescope beam. Toward Sgr B2, the
<
emission from H18
2 O peaks on Sgr B2(N); if there is any emission toward Sgr B2(M), it is ∼ 25% the intensity of the
emission from Sgr B2(N). The inferred abundances, compact sizes and distributions of the emission regions lead us
to believe that evaporation of grain mantles in the hot cores of massive star forming regions must play an important
role in the formation of interstellar gas phase water in these regions. Implications concerning the oxygen budget of
the interstellar medium and the cooling of hot molecular cloud cores are also discussed.

Accepted by A&A

Linear and Circular Imaging Polarimetry of the Chamaeleon Infrared Nebula
T.M. Gledhill, A. Chrysostomou and J.H. Hough
Department of Physical Sciences, University of Hertfordshire, College Lane, Hatfield, Herts. AL10 9AB
E-mail contact: tmg@star.herts.ac.uk
We present linear and circular imaging polarimetry observations of the Chamaeleon Infrared Nebula, a bipolar reflection
nebula in the Chamaeleon I dark cloud, at near infrared (JHKn ) wavelengths. These are amongst the first imaging
circular polarimetry results of a star forming region. The detection of both high degrees of linear polarization and a
significant degree of circular polarization in the extended nebulosity allows us to comment on the scattering geometry
and the range of particle sizes present. We develop a model incorporating a polarized source which can successfully
account for the observed linear and circular polarimetry and for the asymmetries in nebular brightness (the ‘bright
rim’ structures) seen in this and other objects (e.g NGC2261/R Mon). In order to do so, the model requires a nonaxisymmetric illumination of the nebula and we discuss possible origins for this asymmetry including disruption of a
circumstellar disc by binary protostars.
Accepted by M.N.R.A.S.
Preprints available from http://star.herts.ac.uk/preprints.html

Orbital decay of protostellar binaries in molecular clouds
Uma Gorti, Harish C. Bhatt
Indian Institute of Astrophysics, Sarjapur Road, Koramangala, Bangalore 560034, India
E-mail contact: gorti@iiap.ernet.in
Recent discoveries of large numbers of pre-main-sequence (PMS) binary systems, in both high-mass and low-mass
star-forming regions, indicate that binaries are formed very early in the star formation process. The evolution of a
protostellar binary system is investigated while it is embedded in its parent molecular cloud core, and is acted upon by
gas drag due to dynamical friction. Approximate analytical results are obtained for the energy and angular momentum
evolution of the orbit in the limiting cases, where the velocity is much smaller than, and much larger than the velocity
dispersion of the gas. The general case is solved numerically. It is found that dissipation due to drag causes a decay
of the orbit to smaller separations in relatively short periods of time. For typical molecular cloud core parameters,
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with density ∼ 106 cm−3 and velocity dispersion ∼ 1.5 kms−1 , a one solar mass binary system with initial separation
of 104 AU decays to ∼ 1500 AU in 106 years. It is suggested that decay of the orbit due to dynamical friction can
circumvent the problem of forming close binaries, as long-period binaries get dragged and evolve to shorter periods.
Observations of MS and PMS binary systems show the presence of a distinct peak in the frequency distribution
of periods. The dynamical friction timescale, being proportional to the velocity (and hence period) of the binary
components, is different for binaries with different orbital periods. The initial frequency distribution of periods with
which the binary systems are formed, is thus expected to change with time. Binary populations have therefore, been
statistically generated and evolved, for comparison with observations of the frequency distributions with period of
MS and PMS binaries. Two initial distributions (a) equal number of binaries per separation interval, and (b) equal
number of binaries per logarithmic separation interval, were considered. It is found that in both cases, drag due to
dynamical friction causes a peak in frequency distribution, as found observationally.
Accepted by M.N.R.A.S

The Spectral Variability of the T Tauri Star DF Tau
Christopher M. Johns-Krull1 , and G. Basri2
1
2

McDonald Observatory, The University of Texas at Austin, Austin, TX 78712, USA
Astronomy Department, University of California, Berkeley, CA 94720, USA

We analyze 117 echelle spectra of the T Tauri star DF Tau, concentrating on variations in the optical continuum veiling
and the strong emission lines. Although this star was the inspiration for the original suggestion of magnetospheric
accretion in TTS, this hypothesis is only partially supported in our data. We find that variations in the Ca II infrared
triplet lines correlate with the veiling variations; there is some evidence that the broad component of the He I line does
too. The narrow component of He I is shown to arise at the stellar surface, but it correlates with the broad component.
There is a surprising lack of periodicity in the lines and it does not occur where expected when seen. The correlation
between continuum veiling and the line components expected to be most related to the veiling is poor. There is a
great deal of variability in all the lines and line components; a snapshot spectrum is a poor way to characterize the
star as a whole.
The total Balmer line fluxes are poorly correlated with the veiling, unlike previous results on a large sample of TTS.
Red-shifted absorption components are found in the weaker lines, but are not common. The strength of the blue-shifted
absorption feature in Hα is correlated with the veiling but changes in it perhaps occur before veiling changes by about
one day. This time delay supports the idea that the wind originates at some distance from the stellar surface, and is
related to accretion. Spherically symmetric wind models are unable to reproduce well the relative absorption levels on
the blue side of the Hα and Hβ lines simultaneously. Hα does not display the asymmetries expected of magnetospheric
accretion, but is sometimes suggestive of azimuthally asymmetric co-rotating structures. The line wings indicate that
the formation region of the Hα line is dominated by high turbulence. Hβ does show more of the asymmetry expected
of magnetospheric accretion.
Accepted by Astrophys. J.
e-mail contact for preprints: cmj@antaeus.as.utexas.edu
preprint on WWW: http://antaeus.as.utexas.edu/html/preprints.html

Structure of L1521B: CO observations of a dense core in Taurus
M. Juvela1 , K. Lehtinen1 , K. Mattila1 , D. Lemke2 and L. Haikala1
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Max-Planck-Institut für Astronomie, Königstuhl 17, D-69117 Heidelberg, Federal Rebublic of Germany

E-mail contact: Juvela@hylk.helsinki.fi
L1521B is a dense core near B216 in one of the long filaments of the Taurus molecular cloud complex. The core
is not associated with any known IR sources and shows no apparent signs of star formation. We have mapped the
cloud in 13 CO(1–0) and C18 O(1–0) using a grid of 1 arc minute. This area, altogether some 140 square arc minutes,
contains the density maximum as well as some parts of the filament north-west of the cloud centre. At the centre
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position we derive a column density N(C18 O)=4·1015 cm−2 and an optical depth of about 1.3 for C18 O. Using a value
of r=140 pc for the distance we estimate that the total mass contained within a radius of 3 arc minutes around the
density maximum is about 20 solar masses. The visual extinction has been estimated from the C18 O column density
and through star counts of two fields observed at 2.2µm. The extinction in the central region is AV ≈ 20m .
We have also mapped part of the B216 filament about one degree north-west of the centre of L1521B in C18 O(1–0).
This area contains two IRAS point sources which are probably associated with class I protostars.
Accepted by A&A

A Double Outflow from a Deeply Embedded Source in Cepheus
E. F. Ladd1 and K.-W. Hodapp2
1
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(ladd@wayback.phast.umass.edu, hodapp@uhifa.ifa.hawaii.edu)
2

We report near-infrared and submillimeter line and continuum measurements toward the embedded source IRAS
23011+6126 in the Cepheus E molecular cloud. The source has a luminosity of 70 ± 10 L and is not detected in the
2µm continuum. Its spectral energy distribution is characterized by a very low bolometric temperature (Tbol = 60 K),
placing it in the Class 0 category. The source is associated with a relatively compact (0.18 pc) molecular cloud core
with a mass of 8 M . Also associated with this source are four lobes of outflowing molecular gas. These lobes can easily
be grouped into two well-collimated bipolar outflow structures with position angles differing by 52◦ . The small-scale
outflow structure is associated with strong line emission from vibrationally-excited molecular hydrogen with line ratios
consistent with C-shocks, while the large-scale outflow structure shows no associated molecular hydrogen emission. If
one source is responsible for both flows, then the outflow mechanism must be both temporally and angularly variable.
An alternate possibility is that the observed luminosity and outflow structures are generated by two sources, separated
by less than 104 A. U. on the sky. These two sources must both be very deeply embedded, and presumably quite
young.
Accepted by Ap. J.

(A preprint of this work is available at http://www-fcrao.phast.umass.edu/.)

Maps of the 36 GHz Methanol Emission
S. Lichti1 , T. L. Wilson2
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We have used the Effelsberg 100-meter telescope to map the 36 GHz 4(-1)-3(0) methanol transition in galactic star
forming regions where methanol masers were previously detected. In most sources, the emission consists of one or
several narrow (maser) features superimposed on a broader, presumably quasi-thermal component. The line shapes
and positions of the narrow features are often similar to to those observed in the other Class I methanol maser
transitions (at 25, 44, 84 and 95 GHz), but with some exceptions. Our observations confirm that, unlike the strong
Class II methanol masers (at 12.2 and 6.6 GHz), the Class I methanol masers are offset from the compact HII regions,
infrared sources and OH/H2O masers. In outflow sources, these are located at he edge of the molecular lobes.
Accepted by Astron. & Astrophys.

Thermal Radio Emission From Disk-Driven Centrifugal Winds
Steven C. Martin1
1

Department of Astronomy and Astrophysics, University of Chicago, 5640 S. Ellis Ave, Chicago, IL 60637, USA

E-mail contact: smartin@jets.uchicago.edu
Disk-driven centrifugal winds can produce considerable bremsstrahlung radiation that could account for the radio
observations of many low-luminosity young stellar objects. The wind is generated by ions which are centrifugally flung
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out along magnetic field lines threading the disk. Collisional drag between ions and neutrals heats the gas, giving
n
rise to a hot (T ∼ 104 K), partially ionized ( nHH+ ∼ 0.1) region in the wind. The thermal radio emission from this
hot region is computed for several wind models, and it is shown that the flux in the radio regime (1 <
∼ν<
∼ 20 GHz)
is consistent with the observed values of and upper limits on the flux from classical T Tauri stars. Synthetic radio
maps are calculated for different observed inclinations and are found to be compatible with the observed morphologies.
Inclinations near 90◦ (edge-on to the disk) result in elongated radio maps, whereas smaller inclinations yield more
circular contours. The models considered in this study have outflow rates of ∼ 10−7 M yr−1 and electron densities
in the range inferred from observations of forbidden lines. In particular, a general parameter study within the context
of the model indicates that electron densities from ∼ 107 to ∼ 1012 cm−3 at a distance of ∼1 AU from the central
protostar are required to produce the range in observed radio luminosities and spectral shapes. The calculated wind
models turn out to be partially optically thick, implying that any peristellar nonthermal emission would in general
be unobservable. This could explain why classical T Tauri stars lack the nonthermal emission found in weak-lined T
Tauri stars.
Accepted by Astrophysical Journal, to appear in Dec 20 1996 issue

A Sub-Millimeter-Wave “Flare” from GG Tau?
Gerald H. Moriarty-Schieven1 and Harold M. Butner2
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Joint Astronomy Centre, 660 N. A’ohoku Place, Hilo, HI 96720, USA
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DC 20015, USA
2

E-mail contact: gms@jach.hawaii.edu
We have monitored the millimeter and submillimeter emission from the young stellar object GG Tau, a T Tauri binary
system surrounded by a massive circumbinary disk. We find that between 1992 and 1994, the flux has increased
significantly at 800, 1100, and 1300 µm, resulting in a steepening of the observed spectral energy distribution at those
wavelengths. Such an increase appears consistent with a modest increase in disk luminosity (a factor of two). The
increase in the effective disk temperature might arise from a slight change in the disk heating processes. Alternatively,
the flux increase may reflect a sudden change in the underlying dust optical properties.
Accepted by Astroph. J.

Interferometric Imaging of IRAS 04368+2557 in the L1527 Molecular Cloud Core: A
Dynamically Infalling Envelope with Rotation
Nagayoshi Ohashi1,2 , Masahiko Hayashi3 , Paul T.P. Ho1 , and Munetake Momose4
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We report new interferometric observations of IRAS 04368+2557 (L1527) in 13 CO (J = 1 − 0), C18 O (J = 1 − 0),
and 2.7 mm continuum emission using the Nobeyama Millimeter Array. The continuum map shows a well defined
emission peak with slightly extended features. The extended features are consistent with an 800 µm continuum map.
The 13 CO map shows blueshifted and redshifted outflowing shells characterized by a bipolar V-shape structure with
a wide opening angle toward the east and west of the central source. Near the systemic velocity, a slightly blueshifted
X-shaped condensation was detected in 13 CO with its peak coincident with the central source. The symmetrical
distribution of the X-shaped condensation centered on the central source suggests that it is a circumstellar envelope
surrounding the central source. The C18 O map shows a flattened structure elongated in the north-south direction,
perpendicular to the outflow axis, centered on the central source. This flattened strucuture spatially correlates with
the 13 CO X-shaped condensation. Both eastern and western edges of the flattened structure are concave as the 13 CO
X-shaped condensation also shows, and are spatially well anti-correlated with the distribution of the outflowing shells
in both blueshifted and redshifted velocities. The flattened structure is hence naturally interpreted as a disklike
flattened envelope with an almost edge-on configuration. Its radius and gas mass are estimated to be ∼2000 AU and
∼0.038 M , respectively.
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The edge-on flattened envelope has both rotational and radial motions with the latter dominant. The large specific
angular momentum carried by the envelope gas implies that the radial motion can be infall rather than outflow. The
infall and rotation velocities are ∼0.3 km s−1 and ∼0.05 km s−1 , respectively, at the envelope radius of 2000 AU.
The flattened envelope is clearly not supported by rotation, but is dynamically infalling. Its mass infall rate is
∼ 1.1 × 10−6 M yr−1 at 2000 AU in radius. This mass infall rate is consistent with that estimated from the
bolometric luminosity of 1.4 L and the mass of 0.1 M of the central star. On the assumption that the mass infall
rate is constant with time, the age of the central star is estimated to be ∼ 105 yr, which is comparable to the typical
age of protostars in Taurus, even though the central star in L1527 is identified as a very young Class 0 source. The
rotating motion of the flattened envelope is opposite to the large scale rotation of the L1527 cloud, suggesting that
the rotation of the flattened envelope did not originate from the large scale rotation.
Accepted by Astrophys. J.

The nature of the Molecular Line Wing Emission in the Rosette Molecular Complex
N. Schneider1 , J. Stutzki1 , G. Winnewisser1 and L. Blitz2
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Dep. of Astronomy, University of Maryland, College Park, Md. 20742-2421, USA

E-mail contact: schneider@ph1.uni-koeln.de
We present 12 CO and 13 CO J=3→2 and J=2→1 observations of the Rosette Molecular Complex. These observations
show that broad line wings, originally observed in CO J=1→0, also exist in the higher–J lines in high signal-to-noise
spectra towards individual positions and in positionally averaged spectra. We show that the wing emission can be
explained by the superposition of individual high and low velocity clumps, some of which are spatially resolved at high
angular resolution, and at least two embedded outflow sources. Our results call in question an earlier interpretation
of this weak line wing emission as originating from a low density, ubiquitous, molecular interclump gas. A multiline
analysis implies that the wing emission originates in gas with densities comparable to the density of the bulk emission.
We note that the physical conditions derived from this relatively simple single component excitation analysis do not
give a fully consistent picture of these clumps, leaving any conclusion on their dynamical state and evolution rather
speculative.
Accepted by Astrophysical Journal Letters

A Study of the Mutual Interaction Between the Monoceros R2 Outflow and Its Surrounding Core
M. Tafalla1,3 , R. Bachiller2 , M.C.H Wright3 , and W.J. Welch3
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Harvard-Smithsonian Center for Astrophysics, MS 42, 60 Garden St., Cambridge, MA 02138, USA
Observatorio Astronómico Nacional, Apartado 1143, E-28800, Alcalá de Henares (Madrid), Spain
Radio Astronomy Laboratory, University of California at Berkeley, 601 Campbell Hall, Berkeley, CA 94720, USA

E-mail contact: tafalla@cfa.harvard.edu
We present high resolution (12-2400 ) 12 CO(J=2–1), 13 CO(2–1), CS(2–1), CS(3–2), and CS(5–4) maps of the central
40 × 40 of Mon R2 and study the bipolar outflow, the dense core, and their mutual interaction. The high velocity
12
CO and 13 CO emissions, that trace the bipolar outflow, show that the outflow lobes are limb-brightened shells of
accelerated gas that have the Mon R2 IR cluster near their apex and extend approximately towards the north and
south. These shells of gas are clumpy, and their emission at the highest velocities arises from discrete condensations
that move with the flow but each has a slightly different speed. The CS data, on the other hand, trace the ambient
core at low velocities, but also trace the accelerated gas of the outflow at higher speeds. The ambient CS emission
shows that the core has a cavity along the path of the outflow, and that the walls of this cavity coincide in position
and orientation with the shells of the bipolar flow. The accelerated CS emission concentrates along the cavity walls
and arises from the same clumpy shells of gas that form the outflow lobes in 12 CO and 13 CO. This outflow material,
therefore, is rather dense, and a solution of the CS radiative transfer shows that it is as dense as the gas in core
(≈ 4 × 105 cm−3 ), suggesting that what we see as outflow is in fact gas from the dense core that has been set into
motion.
7

With the same radiative transfer analysis of the CS lines, we estimate that from a total of 1000 M of dense gas in
the core, more than 170 M have been accelerated and incorporated into the bipolar flow. In addition, the CS spectra
show a systematic enhancement of the line width towards the IR cluster that suggests the outflow has increased the
gas turbulence in its vicinity. The amount of kinetic energy contained in both the bipolar and turbulent motions is
comparable to the total binding energy of the dense gas, and this shows that the action of the outflow on the core
can be strong enough to affect the distribution of dense gas in the core. We therefore propose that the cavity in the
dense gas is the result of the evacuation of a channel by the outflow, and that the material initially filling its volume
has been accelerated and incorporated into the flow. The Mon R2 system therefore, illustrates how bipolar molecular
outflows form through the acceleration of ambient molecular gas, and that the process of molecular outflow formation
is accompanied by a partial destruction of the dense gas environment of the newly formed stars.
Accepted by The Astrophysical Journal
Preprint available from ftp://cfa0.harvard.edu/outgoing/tafalla

A Search for Larson-Type Relations in Numerical Simulations of the ISM. Evidence for
Non-Constant Column Densities
E. Vázquez-Semadeni, J. Ballesteros-Paredes & L.F. Rodrı́guez
Instituto de Astronomı́a, UNAM, Apdo. Postal 70-264, México D.F., 04510, México
E-mail contact: enro@astroscu.unam.mx
We present results from a statistical study of clouds in two-dimensional numerical simulations of the interstellar
medium. The clouds in the simulations exhibit a differential mass spectrum dN (M )/dM ∼ M −1.44±0.1 and a velocity
dispersion-size relation ∆v ∼ R0.41±0.08 . However, the clouds do not exhibit a clear density-size relation. At a given
mean density, clouds span a range of sizes from the smallest resolved scales up to a maximum given by a Larson-type
relation Rmax ∼ ρα , with α = −0.81 ± .15, although numerical effects cannot be ruled out as responsible for the latter
correlation. Clouds span a range of column densities N of two orders of magnitude, supporting the suggestion that
the observational density-size relation may be an artifact of survey limitations. In this case, the ∆v–R relation can
be interpreted as a direct consequence of a k −2 turbulent spectrum, characteristic of a field of shocks, verified in the
simulations, rather than of virial equilibrium of clouds with a ρ ∝ R−1 law. However, we also discuss the possibility
that the clouds are in balance between self-gravity and turbulence, but with a scatter of at least a factor of 10 in the
∆v–R relation, and of 100 in the density-size relation, according to the equilibrium relation ∆v ∼ (N R)1/2 . Finally,
we compare these results with observational data. We propose a simple model suggesting that recent results finding
nearly constant column densities for dark IRAS clouds may be an artifact of a temperature gradient within the clouds
induced by external radiative heating. As a consequence, we emphasize that IRAS surface brightness maps are not
appropriate for measuring column densities.
Accepted by Ap. J.
Gzipped postscript file available at ftp://kepler.astroscu.unam.mx/incoming/enro/papers/lowdens.ps.gz. Mpeg video
of Run 28 available at http://www.astroscu.unam.mx/hp/Movies/den.mpg.

The peculiar B[e] star HD 45677: I. Photometric observations
D. de Winter1,2 , M.E. van den Ancker1 , M.R. Pérez3 , J.-P. Swings4 , P.S. Thé1 , S.B. Johnson5 , F.J.
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This short paper presents previously unpublished, as well as new, photometric observations of the peculiar B[e] star
HD 45677. The photometric measurements were made in the Walraven W U LBV , Strömgren uvby, Johnson/Cousins
U BV (RI)C and the ESO JHKLM photometric systems between 1977 and 1994. Together with all the previously
published photometry, these data will be analyzed in a separate paper, which will also investigate the spectroscopic
behaviour of this fascinating object.
Accepted by Astronomy & Astrophysics Supplement Series
A preprint of this paper is available via the WWW at http://www.astro.uva.nl/preprints/preprints.html

The peculiar B[e] star HD 45677: II. Photometric behaviour and spectroscopic properties
D. de Winter1,2 , M.E. van den Ancker1
1

Astronomical Institute “Anton Pannekoek”, University of Amsterdam, Kruislaan 403, NL-1098 SJ Amsterdam, The
Netherlands
2
Dpto. Fı́sica Téorica C–XI, Facultad de Ciencias, Universidad Autónoma de Madrid, Cantoblanco, E–28049 Madrid,
Spain (E-mail contact: dolf@astro1.ft.uam.es)
The photometric behaviour of the peculiar B[e] star HD 45677 over the last 25 years is investigated. We conclude that
the photometric variations (V = 7.m 22–8.m 85) on such a time scale can be well explained by obscurations, possibly due
to large (> 1 µm) circumstellar (CS) dust grains which were created after an explosive event around 1950. Intermediate
time scale variations are also identified and can be well explained by infall of CS material.
Evidence is also found for smaller, pulse-like, amplitude variations. The time scale of this “flickering” ranges from
days down to hours and is explained by instabilities in accretion flows towards HD 45677. The accretion mechanisms
can be the origin of the hypothesized existence of a bipolar flow.
HD 45677, seen edge-on, shows evidence for the presence of a circumstellar disk. The significant accretion flows in
this disk probably increased some time after the 1950 event, either due to a fall-back of part of the ejected material
by a blow-out around 1950 or either due to the explosive dissociation of a large cometary-like body. Dynamic effects
of such infalling and outflowing material close to the stellar surface are also detected by high resolution spectroscopy
in the Hα and He i profiles. These short time scale variations are also seen in the cool material as detected by the
variations in the violet part of the Na i D profiles, which are probably due to collisions of the outflowing material with
the outer disk.
The presence of a disk is often indicated and here by the emission of the sodium lines with a strong absorption
component at the systemic velocity (about 20 km s−1 ). Most detected lines, except Hα, are well centered at this
velocity. Apart from the red [Sii] lines, all other nebular lines as well as many other emission lines, including the Fe ii
emission spectrum, were seen in spectra taken far before and after the 1950 event as well as in the latest spectra. So,
the situation of the gaseous stellar environment seems to be stable in spite of the large photometric variations. The
Fe ii emission lines are double peaked with a velocity separation of about 32 km s−1 . This could mean that the inner
disk material, in which these lines are thought to be formed, rotates with about 16 km s−1 . In our 1992 data this
rotation velocity seems to range up to 30 km s−1 , which could be due to material accelerated by the 1950 event.
We discuss in this paper the evolutionary status of HD 45677. Because of its rather isolated position in the sky and
because of the very fast evolution of a B2 type star, we think that HD 45677 could be young, but not in the sense of
being a pre-main sequence object. Options like an evolved object such as a LBV or PN are not suitable because of the
probable luminosity class III, IV or V and its rather cool central source, respectively. HD 45677 shows no evidence
of any companion. The slight possibility of it being symbiotic can be added as well as instabilities in its unknown
post-main sequence phase and the option that HD 45677 could be a hot post-AGB star.
Accepted by Astronomy & Astrophysics Supplement Series
A preprint of this paper is available via the WWW at http://www.astro.uva.nl/preprints/preprints.html
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Broad Band X-Ray Observations of the Orion Region with ASCA
Shigeo Yamauchi1 , Katsuji Koyama2 , Masaaki Sakano2 and Kyoko Okada3
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Faculty of Humanities and Social Sciences, Iwate University, 3-18-34, Ueda, Morioka, Iwate 020, Japan
Department of Physics, Faculty of Science, Kyoto University, Sakyo-ku, Kyoto 606-01, Japan
The Institute of Space and Astronautical Science, 3-1-1 Yoshinodai, Sagamihara, Kanagawa 229, Japan

E-mail contact: yamauchi@hiryu.hss.iwate-u.ac.jp
Broad band X-ray images and spectra of the Orion nebula region were obtained with the X-ray satellite ASCA. Fifty
two point-like sources were resolved, including the Orion Trapezium. A large fraction of the optical counterparts of
the ASCA sources were classified as G-M type stars. Spectral model fits and count ratios (flux ratio between soft
and broad bands) revealed that most of the point sources exhibit high-temperature plasma of ∼2–5 keV. Model fits
of X-ray spectra from extended regions around the Orion nebula (M 42), the reflection nebula NGC 1977, and the
sky between these nebulae required at least two-temperature components of typically 0.7–1 keV and 3–5 keV. ¿From
selected high-flux sources, we also found that the model of a 2-temperature thin thermal plasma is more likely than
that of a single-temperature. X-ray light curves from these sources were time variable but showed no large flares. We
thus suggest that the hard X-rays are generated even in relatively quiescent states.
Accepted by Publ. Astron. Soc. Japan

Detection of Infall Motion from the Circumstellar Disk associated with the Exciting
Source of HH 111
Ji Yang1,2 , Nagayoshi Ohashi1,3 , Jun Yan2 , Caipin Liu2 , Norio Kaifu4 , and Hiroshi Kimura2
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Harvard-Smithsonian Center for Astrophysics, Mail Stop 78, 60 Garden Street, Cambridge, MA 02138, U.S.A.
National Astronomical Observatory, Osawa 2–21–1, Mitaka 181, Japan

E-mail contact: yang@nro.nao.ac.jp
Results from high-resolution interferometric observations towards the exciting source of the highly collimated bipolar
jet HH 111 in the CS (2–1) line and 98 GHz continuum are presented. Intense emission in both the line and continuum
has been detected. The continuum emission at 98 GHz is peaked at the VLA source detected by Rodrı́guez & Reipurth
(1994) while the peak of CS emission is 200 shifted to the west, consistent with the earlier 13 CO observation by
Stapelfeldt & Scoville (1993).
Detailed velocity structure of the molecular gas has been revealed under the high velocity resolution of this observation.
A molecular disk with an observed extent of ∼ 0.04 pc (=8 × 103 AU) and a total velocity range of 2.9 km s−1 around
the exciting source of HH 111 is identified from both the morphological and velocity structures of the CS emission.
This disk, resolved at different velocity channels, is oriented almost perpendicular to the collimated optical jet and to
the previously known bipolar molecular outflow and its direction of rotation has been determined.
The velocity fields of the disk can be explained in terms of both infall and rotation motions in the disk plane. From
the comparison between the observed velocity fields and those expected from simple kinematic models which involve
both the infall and rotation, The observed velocities can be fitted approximately by an infall component parametrized
as Vinf = −0.5/(r/1500 )1/2 km s−1 and a lower-amplitude rotating component as Vφ = 0.3/(r/1500 )1/2 km s−1 . The
disk infall rate deduced from the observed quantities is 6.9 × 10−6 M yr−1 , comparable with the accretion rate to
the central star at current epoch.
The orientation of the molecular disk with respect to the collimated optical jet of HH 111 suggests that the infalling disk
is associated with the driving source of HH 111. Additional support of this conclusion comes from the identification
of a blueshifted outflow component of CS along the direction of the 12 CO molecular outflow associated with HH 111.
Accepted by The Astrophysical Journal
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Isotopic CO Images Near the Young Triple Star GSS30
Qizhou Zhang1 , Alwyn Wootten2 and Paul T. P. Ho1
1
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Center for Astrophysics, Cambridge, Massachusetts 02138, USA
NRAO 520 Edgemont Road, Charlottesville, VA 22903-2475, USA

E-mail contact: qzhang@cfa.harvard.edu
We present synthesized images of gas and dust associated with the nearby, low-mass core GSS30, in the J=1-0 line
of 12 C18 O and 13 C16 O, and in 2.7 mm continuum emission. We detected a flattened core roughly orthogonal to the
major axis of the bipolar infrared reflection nebula. The core has a mass of about 0.5 M and size of 3000 × 2000 . The
molecular gas in the core forms a 2400 AU shell expanding at a speed of 0.7 km s−1 . This region seems to represent
a dense core disrupted by an episode of star formation in the recent past.
The 2.7mm continuum emission is detected toward the youngest component IRS3 (LFAM1) of the three embedded
sources. The continuum source remains unresolved at 800 .9 × 400 .6 resolution. The deconvolved size of 500 sets an upper
limit of 800 AU on the size of circumstellar material. Molecular gas emission does not peak at any of the known
infrared sources. This suggests that the dust and gas may not evolve simultaneously in the star forming cores.
Accepted by Astrophysical Journal
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Meetings

First Announcement
ISO’S VIEW ON STELLAR EVOLUTION
July 1–4, 1997
Noordwijkerhout, The Netherlands

A scientific conference to highlight new results of the Infrared Space Observatory (ISO) in the area
of stars and circumstellar matter.

Goal of the conference
The Infrared Space Observatory ISO was successfully launched on November 17, 1995 and has now entered its routine
phase operations. First results of the four focal plane instruments have been presented at a workshop in ESTEC at the
end of May of 1996. It is expected that by summer of next year (1997) many observers will have had the opportunity
to study ISO data and therefore the time would be appropriate to organise a scientific meeting in the context of ISO.
We propose to organise a symposium on stars and circumstellar matter. It has become clear in the past decade that
circumstellar matter plays a crucial role in stellar evolution, both when stars are in their infancy and when they
approach the end of their life. It is expected that ISO will provide a major break-through in our understanding of the
evolution of stars and their circumstellar environment. A large fraction of ISO’s observing time is aimed at the study
of circumstellar matter throughout the life of stars.
The conference has three major topics: (1) the birth of stars and planetary systems, (2) the winds of hot stars as
viewed from the IR, (3) late stages of stellar evolution. While these three areas cover a wide scope, we believe that
bringing researchers from these different disciplines together in the context of ISO will give important new impulses
to these fields, since the physical and chemical conditions that prevail in circumstellar matter around objects in very
different evolutionary stages are often similar, i.e. diagnostic tools are alike.

Scientific Organising Committee
Mike Barlow, Eric Becklin, Steve Beckwith, Thijs de Graauw, Harm Habing, Thomas Henning, Karel van der Hucht
(chairman LOC), Teije de Jong, Rolf Kudritzki, Pierre-Olivier Lagage, Antonella Natta, Timo Prusti, Daniel Rouan,
Takashi Tsuji, Christoffel Waelkens (co-chairman), Rens Waters (chairman)
More information on this conference can be obtained through the WWW at

http://www.astro.uva.nl/isostar/
or by sending an e-mail with the appended registration form to
isostar@astro.uva.nl
You will then receive more information in the second announcement, which we expect to send out by November. A
third and final announcement will be sent out in April of 1997. Deadline for registration and abstracts is March 1,
1997.
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Registration Form

please email this form to isostar@astro.uva.nl
Family Name............................................................
First Name.............................................................
Address: Institute/Organisation........................................
Street........................................................
City..........................................................
Postal Code...................................................
Country.......................................................
Email Address..........................................................
Phone..................................................................
FAX....................................................................
Please tick one of the following:
I am interested in this conference, please keep me informed
I plan to attend
I will definitely attend

....
....
....

======================================================================
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