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Abstracts of recently accepted papers

Speckle Masking Observations of the Young Binary Z CMa

W. Barth1, G. Weigelt1, and H. Zinnecker2

1 Max–Planck–Institut für Radiostronomie, Auf dem Hügel 69, 53121 Bonn, Federal Republic of Germany,
internet: weigelt@mpifr-bonn.mpg.de
2 Institut für Astronomie und Astrophysik der Universität Würzburg, Am Hubland, D–97074 Würzburg, Federal
Republic of Germany, Internet: hans@astro.uni-wuerzburg.de

We present the first speckle masking observations of the pre-main sequence binary system Z CMa at optical wavelengths
(narrow-band R filter and edge filter RG 610). The diffraction-limited images confirm that Z CMa is a binary with a
separation of 0.100′′ ± 0.008′′ at position angle 305◦ ± 2◦. The intensity ratio of the stars is 7.2 for the narrow-band
R filter and 7.7 for the RG 610 filter. The south-eastern component is the brighter component (i.e. the FU Ori
object), in agreement with the results of Koresko et al. (1991) based on near-infrared speckle data. However, our
optical detection of the north-western component (the infrared companion) would not have been expected according
to Koresko et al.’s analysis. One possible explanation could be scattered light. This agrees with recent polarimetric
evidence from Whitney et al. (1993) that scattering plays a role in seeing the infrared companion. We discuss the
possibility that both components of the Z CMa system may be FU Ori objects.

Accepted by Astronomy and Astrophysics

Collapse and Fragmentation of Molecular Cloud Cores. II. Collapse Induced by Stellar
Shock Waves

Alan P. Boss

DTM, Carnegie Institution of Washington, 5241 Broad Branch Road, NW, Washington, DC 20015, USA

The standard scenario for low-mass star formation involves the “inside-out” collapse of a dense molecular cloud core
following loss of magnetic field support through ambipolar diffusion. However, isotopic anomalies in presolar grains
and meteoritical inclusions imply that the collapse of the presolar cloud may have been triggered by a stellar shock
wave. This paper explores “outside-in” collapse, that is, protostellar collapse initiated directly by the compression of
quiescent dense cloud cores impacted by relatively slow stellar shock waves. A second-order accurate, gravitational
hydrodynamics code has been used to study both the spherically symmetrical and three dimensional evolution of
initially centrally condensed, isothermal, self-gravitating, solar-mass cloud cores that are struck by stellar shock waves
with velocities up to 25 km s−1 and post-shock temperatures of 10 to 10,000 K.

The models show that such mild shock waves do not completely shred and destroy the cloud, and that the dynamical
ram pressure can compress the cloud to the verge of self-gravitational collapse. However, compression caused by a
high post-shock temperature is a considerably more effective means of inducing collapse.

Shock-induced collapse produces high initial mass accretion rates (> 10−4M� yr−1 in a solar-mass cloud) that decline
rapidly to much lower values, depending on the presence (∼ 10−6M� yr−1) or absence (∼ 10−8 − 10−7M� yr−1) of
an infinite reservoir of mass. Stellar mass accretion rates ∼ 10−7M� yr−1 have been previously inferred from the
luminosities of T Tauri stars; balanced mass accretion (stellar rate = envelope rate) at ∼ 10−7M� yr−1 could then be
possible if accretion occurs from a finite mass reservoir.
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Fluid tracers are used to determine what fraction of the stellar shock material is incorporated into the resulting
protostellar object and disk; roughly half the impinging material is injected into the collapsing cloud core when there
is a high post-shock temperature. The models are consistent with a scenario where an AGB star wind triggered the
collapse of the presolar cloud while injecting about 0.01 M� of matter derived from the AGB star envelope, as has
been separately inferred on the basis of nucleosynthesis calculations.

Accepted by the Astrophysical Journal

ROSAT X-ray sources embedded in the ρ Ophiuchi cloud core

Sophie Casanova1, Thierry Montmerle1, Eric Feigelson2 and Philippe André1

1 Service d’Astrophysique, Centre d’Etude de Saclay, 91191 Gif-sur-Yvette Cedex, France
2 Dept. of Astronomy and Astrophysics, Pennsylvania State University, University Park PA 16802, USA

We present a deep ROSAT PSPC image of the central region of the ρ Ophiuchi star-forming region. The selected
area, about 35’ × 35’ in size, is rich with dense molecular cores and young stellar objects (YSOs). Fifty-five reliable
X-ray sources are detected (and up to 50 more candidates may be present) above ∼ 1 keV, doubling the number of
Einstein sources in this area. These sources are cross-identified with an updated list of 88 YSOs associated with
the ρ Oph cloud core. A third of the reliable X-ray sources do not have optical counterparts on photographic plates.
Most can be cross-identified with Class II and Class III infrared sources, which are embedded T Tauri stars, but three
reliable X-ray sources and up to four candidate sources are tentatively identified with Class I protostars. Eighteen
reliable, and up to 20 candidate, X-ray sources are probably new cloud members. The overall detection rate of the
bona fide cloud population is very high (73% for the Class II and Class III objects).

The spatial distribution of the X-ray sources closely follows that of the molecular gas. The visual extinctions AV

(estimated from near-IR data) of the ROSAT sources can be as high as 50 or more, confirming that most are
embedded in the cloud core, and are presumably very young. Using bolometric luminosities Lbol estimated from J
magnitudes, a tight correlation between Lx and Lbol is found, similar to that seen for older T Tauri stars in the Cha I
cloud: Lx ∼ 10−4Lbol. A general relation Lx ∝ Lbol ∝ LJ seems to apply to all T Tauri-like YSOs. The near-equality
of the extinction in the IR J band and in the keV X-ray range implies that this relation is valid for the detected fluxes
as well as for the dereddened fluxes. The X-ray luminosity function of the embedded sources in ρ Oph spans a range
of Lx ∼ 1028.5 to ∼> 1031.5 erg s−1, and is statistically indistinguishable from that of X-ray detected visible T Tauri
stars. We estimate a total X-ray luminosity Lx,Oph ∼> 6× 1032 erg s−1 from ≈ 200 X-ray sources in the cloud core,
down to Lbol ∼ 0.1L� or M? ∼ 0.3M�.

We discuss several consequences of in situ irradiation of molecular clouds by X-rays from embedded YSOs. These X-
rays must partially ionize the inner regions of circumstellar disk coronae, possibly playing an important role in coupling
magnetic fields and wind or bipolar outflows. Photon-stimulated desorption of large molecules by YSO X-rays may
be partly responsible for the bright 12µm haloes seen in some molecular clouds. Because YSO X-ray emission exceeds
cosmic ray ionization as the principal source of ionization in molecular cloud cores, it may play an important role as
a feedback agent in the self-regulation of star formation.

Accepted by The Astrophysical Journal

On The Massive Star-Forming Capacity of Molecular Clouds

José Franco1, Steven N. Shore2, and Guillermo Tenorio-Tagle3

1 Instituto de Astronomı́a, UNAM, Apdo. Postal 70-264, México D. F., México
2 Dept. of Physics and Astronomy, Indiana University South Bend, 1700 Mishawaka Ave, South Bend, IN 46634-7111
USA
3 Instituto de Astrof́ısica de Canarias, c/v́ıa Láctea s/n, 38200, La Laguna, Tenerife, España

Assuming that photoionization is the self-limiting process for continued star formation, we estimate the maximum
number of massive (OB) stars that can form within a molecular cloud. The most efficient cloud destruction mechanism
in the early stages of H II region evolution is the evaporation of the cloud by stars located near the cloud boundary.
The maximum number of OB stars is of order 1 per 104 M� of average molecular gas, or 10 per 104 M� of dense
molecular gas. The resulting star forming efficiencies within cloud complexes range from 2 to 16 %, depending on
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both the location of the stars in the cloud and the details of the initial mass function, with an overall value of about
5 % for average molecular gas.

To appear in The Astrophysical Journal Dec. 1st issue

The velocity field of the L1551 IRS5 jet

C.V.M. Fridlund1, R. Liseau2,3

1 Astrophysics Division, Space Science Department of ESA, ESTEC, 2200 AG Noordwijk, The Netherlands
2 Stockholm Observatory, S-133 36, Saltsjöbaden, Sweden
3 CNR-Istituto di Fisico dello Spazio Interplanetario, Casella Postale 27, I-00044 Frascati (Rome), Italy

High spatial resolution imaging observations of the L1551 IRS5 jet have been performed. The system has continued to
evolve since it was observed by Neckel & Staude (1987). The tangential velocities of individual features within the jet
suggest the presence of three different velocity systems. These velocities have all been constant over the past ten years
of observation, although there is some indication that one of the components has recently been re-accelerated. The
geometry suggested by the observational evidence is that of a conical volume, which is inclined towards the observer
by some 30◦. The jet knots appear to run along narrower channels near the surface of the cone. The flow times of
the individual knots exhibit a regular pattern, which indicates precession of the jet and/or ejection of the knots with
periods of about 20 years. The force required to accelerate the observable knot material to the inferred space velocities
is of the order of 10−6 M� km s−1 yr−1, which is very much smaller than the average momentum transfer rate to the
molecular material in the immediate surroundings of the jet.

Accepted by Astronomy & Astrophysics

Ammonia Downstream from HH 80 North

José M. Girart1,2, Luis F. Rodŕıguez3,4, Guillem Anglada2,5, Robert Estalella2,5, José M. Torrelles6,
Josep Mart́ı2, Miriam Peña4, Sandra Ayala4, Salvador Curiel1 and Alberto Noriega-Crespo7

1Harvard-Smithsonian Center for Astrophysics, 60 Garden St., M. S. 42, Cambridge, MA 02138, USA
2Departament d’Astronomia i Meteorologia, Universitat de Barcelona, Av. Diagonal 647, E-08028 Barcelona, Spain
3National Radio Astronomy Observatory, P. O. Box 0, Socorro, NM 87801, USA
4Instituto de Astronomı́a, UNAM Apdo. Postal 70-264 México, DF, 04510, Mexico
5Also Laboratori d’Astrof́ısica, Societat Catalana de F́ısica, IEC, Spain
6Instituto de Astrof́ısica de Andalućıa, CSIC, Apdo. Correos 3004, C/ Sancho Panza s/n, E-18080 Granada, Spain
7Infrared Processing and Analysis Center, Caltech-JPL, Pasadena, CA 91125, USA

HH 80-81 are two optically visible Herbig-Haro objects located about 5′ south of their exciting source IRAS 18162−2048.
Displaced symmetrically to the north of this luminous IRAS source, a possible HH counterpart was recently detected
as a radio continuum source with the VLA. This radio source, HH 80 North, has been proposed to be a member of
the Herbig-Haro class since its centimeter flux density, angular size, spectral index, and morphology are all similar
to those of HH 80. However, no object has been detected at optical wavelengths at the position of HH 80 North,
possibly because of high extinction, and the confirmation of the radio continuum source as an HH object has not been
possible. In the prototypical Herbig-Haro objects HH 1 and 2, ammonia emission has been detected downstream of
the flow in both objects. This detection has been interpreted as a result of an enhancement in the ammonia emission
produced by the radiation field of the shock associated with the HH object. In this paper we report the detection of
the (1,1) and (2,2) inversion transitions of ammonia downstream HH 80 North. This detection gives strong support
to the interpretation of HH 80 North as a heavily obscured HH object. In addition we suggest that ammonia emission
may be a tracer of embedded Herbig-Haro objects in other regions of star formation. A 60-µm IRAS source could
be associated with HH 80 North and with the ammonia condensation. A tentative explanation for the far-infrared
emission as arising in dust heated by the optical and UV radiation of the HH object is presented.

Accepted by The Astrophysical Journal Letters
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An Infrared Counter-flow in the HH 111 Jet Complex

Roland Gredel and Bo Reipurth

European Southern Observatory, Casilla 19001, Santiago 19, Chile

A near-infrared K-band mosaic of the HH 111 system shows a highly collimated infrared counterflow to the HH 111 jet,
on the opposite side of the driving VLA source. Near-infrared long-slit spectra demonstrate that the newly detected
knots are emission line objects with no continuum emission. The knots seen in the counter-flow show a strikingly
symmetric spatial correspondence to knots seen in the HH 111 jet, making the system the most symmetric bipolar
HH flow known. This remarkable symmetry provides evidence that the knots in the jets result from disturbances
originating in the energy source, rather than from Kelvin-Helmholtz instabilities in the flow.

Accepted by Astronomy and Astrophysics Letters

The β Pictoris phenomenon among young stars. I. The case of the Herbig Ae star UX
Ori.

V.P. Grinin1, P.S. Thé2, D. de Winter2, M. Giampapa3, A.N. Rostopchina1, L.V. Tambovtseva4 and
M.E. van den Ancker2

1Crimean Astrophysical Observatory, Crimea, 334413 Nauchni, Ukraine
2Astronomical Institute “Anton Pannekoek”, University of Amsterdam, Kruislaan 403, 1098 SJ Amsterdam, The
Netherlands; E-mail: psthe@astro.uva.nl
3National Solar Observatory, Tucson, AZ 85726, USA
4Astrophysical Institute, Alma-Ata 480068, Kazakhstan

In this paper we present the first results of the study of very young stars having non-periodic Algol type brightness
minima. It is based on cooperative observations between the Crimean Astrophysical Observatory (CAO), the European
Southern Observatory (ESO) and the National Solar Observatory (NSO). In August-September, 1992, a very deep
(∆V = 2.m5), long lasting minimum of the light of the isolated Herbig Ae star UX Ori occurred. At this event the star
was observed photometrically at the CAO, and spectroscopically (high resolution: Hα and NaI D) at the ESO. The
spectroscopic observations were continued at the NSO with the McMath solar/stellar telescope in October-December,
1992, when the star returned to maximum brightness and again at the ESO in July and October, 1993, when the star
was bright.
The main results of our observations can be briefly summarized as follows: 1) The photometric and polarimetric re-
sults are in agreement with the model according to which UX Ori is surrounded by an edge-on circumstellar disk-like
envelope, and its variability is caused by variable obscuration of the star by opaque circumstellar dust clouds, 2) The
double-peaked Hα profile observed at maximum light changed to single-peaked at deep minimum; obscuration of a
part of the circumstellar gas by an optically thick dust cloud is causing this variation, 3) the inverse P Cygni profiles
and variable redshifted absorption components have been observed in the NaI D lines indicating infall of cool gas onto
the star.
We believe that such as in the case of the star β Pictoris, violent comet-like activity takes place in the young proto-
planetary disk of UX Ori which causes the observed variability.

Accepted by Astronomy and Astrophysics

[Fe II] 1.53 and 1.64 µm Emission From Pre-Main Sequence Stars

Fred Hamann1, Michal Simon2, John Carr3, and Lisa Prato2

1The Center for Astrophysics and Space Sciences, University of California - San Diego, Mail Code 0111, La Jolla, CA
92093-0111, I:hamann@ucsd.edu
2Astronomy Program, State University of New York at Stony Brook, Stony Brook, NY 11794-2100, USA
3Department of Astronomy, The Ohio State University, 174 W. 18th Avenue, Columbus, OH 43210-1106, USA

We present flux calibrated profiles of the [Fe II] 1.53 and 1.64 µm lines in five pre-main sequence stars, PV Cep, V1331
Cyg, R Mon, and DG and HL Tau. The line centroids are blueshifted in all five sources, and four of the five have
only blueshifted flux. In agreement with previous studies, we attribute the line asymmetries to local obscuration by
dusty circumstellar disks. The absence of redshifted flux implies a minimum column density of obscuring material.
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The largest limit, NH > 3× 1022 cm−2, derived for V1331 Cyg, suggests disk surface densities >0.05 g cm−2 and disk
masses >0.001 M� within a radius of ∼200 AU.

The narrow high velocity lines in PV Cep, V1331 Cyg and HL Tau require formation in well collimated winds. The
maximum full opening angles of their winds range from <20o in V1331 Cyg to <40o in HL Tau. The [Fe II] data also
yield estimates of the electron densities (ne ∼ 104 cm−3), hydrogen ionization fractions (fH+ ∼ 1/3), mass loss rates
(∼10−7 to 2 × 10−6 M� yr−1), and characteristic radii of the emitting regions (∼32 to ∼155 AU). The true radial
extents will be larger, and the mass loss rates smaller, by factors of a few for the outflows with limited opening angles.
In our limited sample the higher mass stars have stronger lines, larger emitting regions, and greater mass loss rates.
These differences are probably limited to the scale and “energetics” of the envelopes, because the inferred geometries,
kinematics and physical conditions are similar.

The measured [Fe II] profiles sample both “high” and “low” velocity environments. Recent studies indicate that these
regions have some distinct physical properties and may be spatially separate. The [Fe II] data show that similar sizes
and densities can occur in both environments.

Accepted by The Astrophysical Journal

Isolated Star-Forming Regions Containing Herbig Ae/Be Stars I:
The Young Stellar Aggregate Associated with BD+40◦ 4124

Lynne A. Hillenbrand1, Michael R. Meyer1, and Stephen E. Strom1

1 Five College Astronomy Dept., University of Massachusetts, Amherst, MA 01003, USA

We use optical and infrared photometry in combination with red optical spectra to study the star-forming region
associated with the two Herbig Ae/Be stars BD+40 4124 and V1686 Cyg. We identify a partially embedded, dense,
isolated cluster of pre-main sequence stars concentrated within 0.15 pc of the two young high-mass stars. The cluster
is isolated in that it is separated by approximately 0.7 pc from a surrounding Hα-bright rim and lies at the center of
a molecular core with peak column density corresponding to 45 magnitudes of visual extinction. The fraction of the
stellar population with evidence for circumstellar activity is 100% amongst the optically visible cluster members and at
least 50% amongst the embedded sources. This small region is characterized by an age spread of approximately 3 Myr
with evidence for both high- and low-mass stars forming relatively simultaneously (within several hundred thousand
years). Comparison of the derived stellar mass distribution to that expected from monte-carlo sampling of the solar
neighborhood mass spectrum reveals that this region is producing an unusually large number of intermediate- and
high-mass stars. Our result suggests that not all star formation sites yield identical mass spectra, and that “universal”
mass functions may be produced only when integrating over large spatial areas and/or over many star formation
epochs. Furthermore, our data appear to exclude for the BD+40 4124 region, the popular scenario that low-mass
star formation proceeds quietly and stochastically for several-to-ten Myr until the birth of an early type star, and its
subsequent dynamical interaction with the cloud, ends all star formation processes in the core. Instead, we consider
the hypothesis that star formation was induced in this region by the propogation of an external shock wave into the
cloud core. This picture is similar to that invoked for other star-forming sites displaying a “bright-rim” morphology
on optical images and cometary molecular structure, as we see in the vicinity of BD+40 4124.

Accepted by Astron. J.

A New Optical Extinction Law and Distance Estimate for the Taurus-Auriga Molecular
Cloud

Scott J. Kenyon, Danuta Dobrzycka, and Lee Hartmann

Harvard-Smithsonian Center for Astrophysics, 60 Garden St, Cambridge, MA 02138, USA

This paper presents optical spectrophotometry of field stars projected on the Taurus-Auriga molecular cloud. We
derive extinction laws for heavily reddened stars in this sample and show that the reddening law through the dark
cloud is nearly identical to the standard law for λλ3600–6100 and AV < 3 mag. Our spectroscopic parallaxes suggest
a distance of 140 ± 10 pc for the northern portion of the cloud and show no compelling evidence for a substantial
variation in distance across the leading edge of the cloud.

to appear in Astron. J., Nov. 1994
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Study of L 1340: a star forming cloud in Cassiopeia

M. Kun1, A. Obayashi2, F. Sato2, Y. Yonekura3, Y. Fukui3, L. G. Balázs1, P. Ábrahám1, L. Szabados1,
J. Kelemen1

1 Konkoly Observatory of the Hungarian Academy of Sciences, P.O. Box 67, H-1525 Budapest, Hungary
2 Department of Astronomy and Earth Sciences, Tokyo Gakugei University, Koganei, Tokyo 184, Japan
3 Department of Astrophysics, Nagoya University, Nagoya 464-01, Japan

We report results of radio, optical and IRAS observations aimed at revealing some basic properties of the dark cloud
Lynds 1340 (α1950=2h26.0m, δ1950=+72o44’). Study of the cumulative distribution of field star distance moduli and
photometry of stars embedded in reflection nebulae within the cloud yield distance values close to 600 pc for L 1340.
13CO and C18O observations reveal three dense cores within the cloud having masses of 280, 470 and 180M�, respec-
tively. Young stellar object candidates, namely IRAS point sources, Hα emission stars and stars illuminating reflection
nebulae are found to be associated with the cores.

We detected 13 Hα emission stars within the area of the cloud on objective prism plates. They can be regarded as
candidate pre-main sequence stars born in the cloud. 22 IRAS point sources with flux density distribution characteristic
of young stellar objects are found in the cloud area. Seven of them can be associated with Hα emission stars. We
give objective prism spectral types and photoelectric UBV magnitudes for the stars illuminating reflection nebulosities
within the cloud.

The young stellar population associated with the cloud apparently contains four B and A type stars illuminating
reflection nebulae and 17 low and intermediate mass pre-main sequence star candidates appearing as IRAS point
sources and Hα emission stars. Nine IRAS point sources have infrared colours characteristic of deeply embedded
protostellar objects. The surface distribution of the young stellar object candidates closely correlates with the three
cores of the cloud.

Accepted by Astronomy and Astrophysics

Relative Lithium Abundances in Pre-Main Sequence Spectroscopic Binaries

C.W. Lee1,2, E.L. Mart́ın3 and R.D. Mathieu1

1 Department of Astronomy, University of Wisconsin-Madison, Madison, WI 53706, USA
2 Now at the Department of Astronomy & Astrophysics, The Pennsylvania State University, University Park, PA
16802, USA
3 Instituto de Astrofisica de Canarias, 38200 La Laguna, Tenerife, Spain

We present a study of the lithium abundance of five pre-main sequence (PMS) double-lined binaries. These binaries
are composed of weak-lined T Tauri stars having spectral types ranging from K3 to K7. For each binary, Lee (1992)
has determined domains of spectral type and luminosity for the binary components. Lithium abundances in LTE
and non-LTE are then derived from the Li i λ6707 resonance line. Considering the entire range of spectral type and
luminosity available to each binary component, we place an upper limit on lithium abundance differences between
binary components of 1.0 dex. However, within the more limited range of spectral type and luminosity where a
binary’s components have theoretical mass ratios consistent with their dynamical mass ratios we find smaller abundance
differences. For such pairs of components the lithium abundance differences are less than 0.4 dex for four of the binaries;
for the binary 162814-2427 the upper limit remains 1.0 dex. We conclude that for each binary the components formed
from similar material, and that the formation and early evolution of the binaries did not alter their relative lithium
abundances. These results are also consistent with previous suggestions that effective temperature uncertainties are
the origin of observed ranges of lithium abundances as large as 1 dex in star-forming regions. The mean non-LTE
lithium abundance of the five binaries is log N(Li) = 3.1 ± 0.4, very near the present cosmic abundance, although we
find a higher lithium abundance of 3.8 ± 0.3 for the binary P1540.

Accepted by Astron. J.
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Sub-mm Observations of Herbig Ae/Be Systems

Vincent Mannings

Department of Physics and Astronomy, University College London, Gower Street, London WC1E 6BT, U.K. (e-mail:
vgm@star.ucl.ac.uk)

Pre-main-sequence intermediate-mass stars have been observed in continuum emission between 0.35 and 1.3 mm in
an effort to study the geometrical distribution of circumstellar dust. Flux measurements were made for a total of 13
Herbig Ae/Be systems and the use of 8 filter bandpasses has now essentially filled-in much of the sub-mm portion
of the spectral energy distributions of these objects for the first time. Eight of the sources are classified as Group I
(possibly disc-dominated) systems by Hillenbrand et al. (1992). The remaining five sources belong to Group II and
are characterised by substantial far-IR and mm-wave emission from dusty envelopes.

The new measurements of 1.3-mm flux provide rough estimates of the total mass of dust and gas in each source. It
is shown that flat, disc-like distributions of grains would be consistent with these masses for the Group I sources.
However, it is also found that the masses are, for the majority of Herbig Ae/Be systems studied, within a factor ≈ 2
to 3 of predictions of the masses of infalling envelopes (Ṁ ≈ 10−5 M� yr−1) observed with a 20-arcsec-FWHM beam.
To decide between the two geometries, the observed Group I sub-mm spectral energy distributions (SEDs) have been
compared with SEDs computed using a standard disc model (T (r) ∝ r−3/4).

Three of the eight Group I sources – AB Aur, MWC 147 and MWC 297 – can be modelled by assuming that a disc
either dominates or is entirely responsible for all excess emission. Other geometrical distributions are not ruled out for
these three sources, but it is claimed that a pure disc model is not inconsistent with available measurements. Four of
the Group I sources – MWC 137, LkHα 215, HD 163296 and MWC 1080 – have measured 0.35-mm or 0.45-mm flux
densities which are significantly in excess of those which can be generated even by standard discs which are entirely
optically thick at all wavelengths. A second dust component is dominating the long-wavelength emission from these
sources. Finally, it is speculated that possible optically thin mm/sub-mm disc emission in HD 163296 might provide
indirect evidence of the presence of large grains.

Accepted by MNRAS

Photoevaporating Stellar Envelopes Observed with Rayleigh Beacon Adaptive Optics

P. R. McCullough1,2, R. Q. Fugate3, J. C. Christou3,4, B. L. Ellerbroek3, C. H. Higgins3, J. M.
Spinhirne5, R. A. Cleis5, J. F. Moroney6

1Astronomy Dept., U. California, Berkeley, CA 94720, USA
2Astronomy Dept., U. Illinois, Urbana, IL 61801 USA (current address); E-mail: pmcc@sirius.astro.uiuc.edu
3Starfire Optical Range, Phillips Laboratory, 3550 Aberdeen SE, Kirtland AFB, NM 87117-5776, USA
4Steward Observatory, U. Arizona, Tucson, AZ 85721, USA
5Rockwell Power Systems, Albuquerque, NM 87185, USA
6Psychology Dept., Carnegie Mellon University, Pittsburgh, PA 15213, USA

We present H-alpha and I band images of a ∼ 1 arc minute diameter field centered on θ1C Orionis made with a unique
adaptive optics system that uses either starlight or Rayleigh-backscattered laser light to correct for atmospheric
wavefront distortion. Approximately one half of the stars in this region are positionally associated with knots of
ionized gas, which are interpreted as photoevaporating envelopes of low mass stars. The acronyms PIGs, EIDERs, or
ProPlyDs all refer to these same knots.

The H-alpha fluxes of the PIGs are proportional to their 2-cm radio continuum flux densities, and for nearly all the
ionized knots, the 2-cm brightness temperatures are consistent with θ1C Ori as the primary source of ionization. The
comet-like morphology of the bright nebulosities is modeled as the result of an equilibrium between photoionization,
recombination, and shadowing. The radii of the ionized “head” of the cometary PIGs grow with distance from θ1C Ori;
the radii range from less than about 0.05 arc seconds to ∼0.25 arc seconds. We interpret the size-distance relationship
as evidence that the envelopes all have the same density profile and mass loss rate within a factor of two. Faint,
arcuate wisps are observed 1 arc second to 2 arc seconds distant from some of the cometary nebulosities; these are
modeled as bow shocks caused by the wind from θ1C Orionis. The positions of the stars associated with the PIGs in
the observational HR diagram indicate they are pre-main-sequence stars with masses less than ∼ 3M�, with ∼ 1M�
being typical. Their median I-K color is 2.9.
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Accepted by Astrophys. J.

Continued Decline in the 1–5µm Brightness of B5 IRS1: 1990–93

T.J.T. Moore1 & J.P. Emerson2

1 Physics Department, University College, University of New South Wales, ADFA, Canberra, ACT 2600, Australia.
(email: tjm@phadfa.adfa.ph.oz.au)
2 Department of Physics, Queen Mary & Westfield College, Mile End Road, London E1 4NS, UK

J H K L L′ & nbM photometry of B5 IRS1 in 1992 and 1993 shows that this low-mass YSO continues to fade in the
near-infrared at an average rate around 0.24 magnitudes per year and that by September 1993 the J to K luminosity had
fallen to one third of its December 1988 value. The change in luminosity continues to be virtually colour-independent
between J and K, although the K–M colour is increasing with time. The changes are consistent with an increase
in extinction by a dust population depleted of grains with radii smaller than ∼0.4µm, or with the short-wavelength
emission (λ <∼ 3µm) being dominated by light scattered in a changing circumstellar geometry.

Accepted by MNRAS

Molecular Shocks in Herbig-Haro 1

A. Noriega-Crespo1,2 & P.M. Garnavich3

1 Infrared Processing and Analysis Center, California Institute of Technology, JPL, Pasadena, CA 91125, USA
2 Maria Mitchell Observatory, Nantucket, MA, 02554, USA
3 Dominion Astrophysical Observatory, Herzberg Institute of Astrophysics, Victoria, B.C., V8X 4M6, Canada

We present low resolution, infrared spectroscopic observations (1.2−2.4µm) near two optical condensations (A &
G) of the leading working surface of Herbig-Haro object 1, in order to study the nature of their molecular shocks.
Condensation A spectra show several molecular hydrogen lines, besides the strong (1,0) S(1) 2.121µm and (2,1) S(1)
2.247µm lines, as well as [Fe II] 1.257µm and [Fe II] 1.644µm. Condensation G does not show H2 lines, but its [Fe II]
lines are as strong as those in A. We compare the H2 column densities of HH 1A, with those predicted by J-type and
C-type shock models. It is difficult to distinguish between these models given our observations. From the [Fe II] lines
we estimate an extinction of AV = 6.7±1.4 magnitudes (or an E(B − V ) of 2.2±0.4 magnitudes), which it is higher
than what it is obtained from the [S II] lines measurements.

Accepted by Revista Mexicana de Astronomı́a y Astrof́ısica

The active source in the region of the Herbig stars BD+40◦4124.

F. Palla1, L. Testi2, T.R. Hunter3, G.B. Taylor3, T. Prusti4, M. Felli1, A. Natta1 & R.M. Stanga2

1Osservatorio Astrofisico di Arcetri, L.go E. Fermi, 5, I-50125 Firenze, Italy
2Dipartimento di Astronomia e Scienza dello Spazio, Universitá di Firenze, L.go E. Fermi, 5, I-50125 Firenze, Italy
3Department of Physics, Mathematics and Astronomy, Caltech, Pasadena, CA 91125, USA
4Astrophysics Division, Space Science Department, ESTEC, Postbus 299, NL-2200 AG Noordwjik, The Netherlands

We present new near-infrared, millimeter and radio observations of the region associated with BD+40◦4124, a Herbig
Be star located in the direction of the Cygnus arm. BD+40◦4124 is the optically brightest member of a small group
of young emission line stars, including V 1318 Cygni and V1686 Cygni. Near-IR broad-band imaging of V 1318 Cygni
reveals the presence of two distinct stellar components oriented north-south, a result recently reported by Aspin et al.
(1994). On a larger scale, the near-IR images also indicate the presence of many highly embedded sources concentrated
in the vicinity of the bright visible stars. In the central part of the cluster, the near-IR sources outnumber the optically
visible ones by a factor of three.

The distribution of the high density molecular gas traced by the CS J=5→4 emission is highly concentrated around
V1318 and V1686 Cygni, while the total column density of gas traced by the C18O J=2→1 shows a ridge morphology
centered on these sources. The Herbig star BD+40◦4124 lies at the edge of both structures. From the otpically thin
C18O emission, we derive a total molecular mass of Mcore=280 M�. A molecular outflow has been detected in CO
J=2→1. The high velocity gas is confined to a compact region of size ≈ 20′′, corresponding to a physical length of
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0.1 pc. The outflow is not well resolved, or collimated, on the observed scales. We have also detected H2O maser
emission at 22.2 GHz at a position coincident with the center of the bipolar outflow. Both the maser and the outflow
are located at the position of the southern source V 1318 S which we identify as the source responsible for the activity
observed in the BD+40 region.

Accepted by Astronomy & Astrophysics

Extended mid infrared emission around Herbig Ae/Be stars

T. Prusti1, A. Natta2 and F. Palla2

1 Astrophysics Division, Space Science Department, ESTEC, Postbus 299, NL-2200 AG Noordwijk, The Netherlands
2 Osservatorio Astrofisico di Arcetri, Largo Enrico Fermi 5, I-50125 Firenze, Italy

We have observed 7 young intermediate mass stars in the mid infrared with two diaphragms of different sizes in
order to detect extended emission. The mid infrared part of the spectral energy distribution of HD 97048, HD97300,
and HD176386 is dominated by extended emission. The extended mid infrared emission can best be explained with
emission from large molecules and small grains in a dust shell with a large inner cavity devoid of small particles. The
4 strong mid infrared sources of our sample (T CrA, R CrA, HD 104237 and IRAS12496−7650) are dominated by
emission within the smallest diaphragm (5.4′′) used in this work. When extended emission around Herbig Ae/Be stars
is present, it contributes significantly to the mid infrared luminosity and must be taken into account both in future
observational and theoretical studies.

Accepted by Astron. & Astrophys.

The Evolutionary Status of the Stellar Population in the ρ Oph Cloud Core

Karen M. Strom1,2, Jeremy Kepner1,2 and Stephen E. Strom1

1 Five College Astronomy Department, Graduate Research Center,517-G,
University of Massachusetts, Amherst, MA 01003, USA
Electronic Mail: kstrom@hanksville.phast.umass.edu; kepner@donald.phast.umass.edu;
sstrom@donald.phast.umass.edu
2 Visiting Astronomer, Infrared Telescope Facility, which is operated by the Institute for Astronomy, University of
Hawaii, under contract to the National Aeronautics and Space Administration

This contribution reports the results of an infrared imaging survey aimed at characterizing the stellar populations
associated with the three densest star-forming cores in the Ophiuchus molecular cloud complex. The survey has
sufficient sensitivity at J, H and K (at 5σ limits of 16.5, 15.4 and 14.2) to provide a complete census of embedded
YSOs with masses greater than the hydrogen-burning limit, provided that their ages are less than 3 Myr, and that
they are obscured by no more than ∼18 magnitudes of visual extinction. Our data suggest that (1) a large fraction
(> 70 %) of the sources located within the cores are still surrounded by circumstellar disks and/or envelopes; and
(2) the shape of the initial mass function for masses, M < 1 M�, appears to be consistent with that derived for the
solar-neighborhood.

We also report the results of a deeper imaging survey of cm-continuum sources (14 sources) in these star-forming
cores and in the larger Ophiuchus complex (8 sources). A large fraction (11/14) of the radio sources associated with
the cores appear to have infrared excesses diagnostic of circumstellar accretion disks and/or infalling circumstellar
envelopes. In these cases, the cm-continuum radiation most likely diagnoses the ionized component of energetic winds
or jets which characterize YSOs during the disk accretion phase. By contrast, of the 8 radio sources located outside
dense cores, only 2 show infrared excesses. For the sources which lack infrared excesses, the cm-continuum emission is
probably produced by gyrosynchrotron radiation arising in the stellar magnetospheres of weak emission T Tauri stars.

There is some evidence that the frequency of binary companions among the sample of cm-continuum sources in the
molecular cores may be higher (by as much as a factor of 3-4) than that among the older, distributed population of
young stars in the larger Ophiuchus cloud complex.

(A preprint of this paper may be found at http://www-astro.phast.umass.edu/sfpreprints.html where all new
preprints from the Five College Astronomy Department Star Formation Group may be perused.)

Accepted by Ap. J.
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Dense clumps in the Mon R2 outflow

M. Tafalla1,2, R. Bachiller3, and M.C.H. Wright1

1 Astronomy Department and Radio Astronomy Laboratory, University of California at Berkeley, 601 Campbell Hall,
CA 94720, USA
2 Harvard-Smithsonian Center for Astrophysics, MS 42, 60 Garden Street, Cambridge, MA 02138, USA (present
address)
3Centro Astronómico de Yebes (IGN), Apdo. 148, E-19080 Guadalajara, Spain

We present high-resolution CS and 13CO observations of the central part of the MonR2 outflow. We find that the
accelerated gas is distributed in two opposed, highly fragmented, limb-brightened shells. The fragments in these shells
correspond to clumps of gas, that although partaking in the outflow motion, have their own peculiar velocities. The
clumps appear in the spectra as secondary components, well separated in velocity from the ambient line. They are
as dense as the ambient cloud (few 105 cm−3), and each of them contains several MO of gas. From the clumps we
directly observe, and from those whose presence we infer by the sudden changes in the shape of the spectra from one
position to the other, we conclude that very likely most of -if not all- the gas in the MonR2 outflow is in the form of
dense clumps.

Accepted by Astrophys. J. Letters

Monte Carlo simulation of light scattering in the envelopes of young stars

N.V. Voshchinnikov1,2, V.P.Grinin3 and V.V.Karjukin4

1 Max-Planck-Gesellschaft, AG ”Staub in Sternentstehungsgebieten”, Schillergäßchen 3, D-O7745 Jena, Germany
2 Present address: Astronomical Institute, St. Petersburg University, St. Petersburg-Petrodvoretz, 198904 Russia,
E-mail: nvv@aispbu.spb.su
3 Crimean Astrophysical Observatory, Nauchnyi, Crimea, 334413 Ukraine
4 Laboratory of Statistical Modelling, Institute of Mathematics and Mechanics, St. Petersburg University, St. Peters-
burg-Petrodvoretz, 198904 Russia

We present the results of Monte Carlo simulations of light scattering in the non-spherical envelopes of young stars.
The parameters of the circumstellar dust envelopes have been taken from our previous single scattering modelling
of colour excesses and linear polarization variations during deep minima for two Herbig Ae/Be stars, UX Ori and
WW Vul. The calculations of intensity and linear polarization were carried out for the wavelength range from 1000 Å
to 1 µm.

It is shown that the contribution of the scattered light to the total radiation of a homogeneous oblate spheroidal
envelope with a central star can reach 20–30% in the ultraviolet region of the spectrum near 2000–3000 Å. A minimum
influence of the dust envelope occurs at about 1 µm where the scattered stellar radiation as well as the obscurity of
the star by circumstellar dust are already quite small, whereas thermal dust emission is not large yet. This wavelength
region may be used for investigations of the stellar continuum unpolluted by circumstellar dust. In the envelope of
WW Vul, the wavelength dependence of circumstellar extinction (taking into account scattered radiation) is almost
neutral.

The degree of linear polarization does not exceed 1% for the shell models of both stars, but it increases tremendously
when circumstellar dust clouds screen the star. When a full stellar eclipse occurs, the maximum polarization is 8–10 %
in the red part of the spectrum. The polarization shows the local minimum at wavelengths 1300–2000 Å for WW Vul
and the double polarization reversal at wavelengths 1600–1700 Å and 1900–2000 Å for UX Ori.

Accepted by Astron. Astrophys.
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X-ray emission from colliding winds in pre-main-sequence binary systems.

S.A. Zhekov1,2, F. Palla1 & A.V. Myasnikov3

1Osservatorio Astrofisico di Arcetri, L.go E. Fermi, 5, I-50125 Firenze, Italy
2Space Research Institute, Sofia, Bulgaria
3Institute for Problems in Mechanics, Prospekt Vernadskogo 101, Moscow 117526, Russia

We present model calculations of the X-ray emission from colliding supersonic winds in young binary systems. For
typical winds with velocities between 300 and 500 km s−1 and mass-loss rates 10−8 − 10−6 M� yr−1 we find that
the X-ray luminosity of the interaction region amounts to 1030 − 1033 erg s−1 for binary separations less than 50 AU.
While the luminosity is in accordance with the observed range for pre-main-sequence stars, the bulk of the emission
occurs in the soft part of the spectrum below 1 keV.

We have considered the effects of the interaction of winds with different velocities. In this case, the X-ray emission
consists of a “soft” component, due to the slower wind, and a “hard” component from the fast one. Such a double-
peaked spectrum is also found in the case where, in addition to the shocked emitting gas, a stellar emission with
temperature ∼1 keV is present. Thus, the soft X-ray excess represents the signature of interacting stars and can be
used as an effective diagnostic to search for binary systems.

Accepted by Monthly Not. Roy. Astron. Soc.
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