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ABSTRACT

We study the density structure of the candidate contracting starless core L694-2 using 1.3 mm dust
continuum observations from the IRAM Plateau de Bure Interferometer (PdBI) and the Berkeley-
Illinois-Maryland Association (BIMA) array, which probe spatial scales from 10,000 to 500 AU. The long-
baseline PdBI observations detect no emission from the core and limit the maximum contamination from a
compact component: Fc < 2:7 mJy. The flux limit corresponds to a very small disk mass, Mdiskd5� 10�4

M� (60 K=Tdisk), and bolsters the ‘‘ starless ’’ interpretation of the L694-2 core. The shorter baseline BIMA
data are compared to a series of density models using a physically motivated temperature distribution with a
central minimum. This analysis provides clear evidence for a turnover from the steep density profile observed
in the outer regions in dust extinction to substantially more shallow behavior in the inner regions (<7500
AU). The best-fit Bonnor-Ebert, Plummer-like, broken power law, and end-on cylinder models produce very
similar flattened profiles and cannot be distinguished. We quantify the sensitivity of the inferred structure to
various uncertainties, including the temperature distribution, the accuracy of the central position, and the
presence of a weak, unresolved central component. The largest uncertainty comes from the temperature
assumption; an isothermal model modifies the best-fit parameters by �2 �, with the inferred density profiles
more shallow. Dust emission and extinction profiles are reproduced by an embedded isothermal cylinder with
scale heightH ¼ 13>5 inclined at a small angle to the line of sight. The turnover observed in the L694-2 den-
sity distribution suggests that pressure forces still support the core and that it has not fully relaxed, as in the
inside-out collapse model, despite the extended inward motions inferred from molecular line observations by
Lee, Myers, & Tafalla. In the context of the cylindrical density model, these inward motions may represent
the contraction of a prolate core along its major axis.

Subject headings: ISM: globules — ISM: individual (L694) — radio continuum: ISM — stars: formation

1. INTRODUCTION

The observed properties of dense cores (see, e.g., Benson
& Myers 1989) form the basis of the standard model of iso-
lated star formation. In this model, the ‘‘ starless ’’ dense
core represents the earliest identifiable stage of the star for-
mation process. The physical conditions in this early stage
have a profound effact on the evolution of protostars
toward the main sequence. The initial density structure, par-
ticularly in the innermost regions, affects the collapse
dynamics and the time dependence of the mass accretion
rate and therefore many of the observable properties of
protostars, including luminosity.

A quantitative understanding of the collapse dynamics
has been hindered by uncertain knowledge of appropriate
initial conditions (André, Ward-Thompson, & Barsony
2000). In the popular theory of ‘‘ inside-out ’’ collapse, a
spherical starless core loses turbulent and magnetic support
and relaxes to a balance between gravity and thermal

pressure, an r�2 density distribution is established, and the
core collapses from the inside out with a constant mass
accretion rate (Shu 1977). However, if collapse begins
before the density distribution fully relaxes, then a central
region of relatively constant density remains, and the mass
accretion rate is an order of magnitude larger at early times
(Foster & Chevalier 1993). This phenomenon has been iden-
tified with the youngest ‘‘ Class 0 ’’ protostars, which exhibit
especially powerful outflows (Henriksen, André, &
Bontemps 1997; André et al. 2000). Better observations of
starless cores are needed to determine the initial conditions.

The L694-2 dense core is one of several ‘‘ strong ’’ infall
candidates among starless cores, based on observations of
molecular line profiles with redshifted self-absorption in a
systematic search of more than 200 targets (Lee, Myers, &
Tafalla 1999). Molecular line maps of these objects provide
strong evidence of inward motions, with a speed of�0.1 km
s�1 over a radius of �0.1 pc (Lee, Myers, & Tafalla 2001).
The physical basis for these motions is unclear. The speeds
are subsonic and may be associated with condensation
through ambipolar diffusion, or perhaps a magnetically
diluted gravitational collapse (Ciolek & Basu 2000). Alter-
natively, pressure-driven motions due to the dissipation of
turbulence may be responsible (Myers & Lazarian 1998).

1 Basedonobservations carriedoutwith the IRAMPlateaudeBure Inter-
ferometer and the Berkeley-Illinois-Maryland Association (BIMA) array.
IRAM is supported by INSU/CNRS (France),MPG (Germany), and IGN
(Spain). The BIMA array is operated by the Berkeley-Illinois-Maryland
Association, under funding fromtheNationalScienceFoundation.
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Observations of dust column density provide a means to
infer the structure and dynamical state of a dense core.
Harvey et al. (2003a) describe near-infrared extinction
measurements toward L694-2 that show a very steep density
profile in the region r ¼ 3000 8300 (0.036–0.1 pc, or 7500–
20,000 AU), where background stars were detectable for
extinction measurements. The extinction data can be fitted
by a number of models that produce nearly degenerate col-
umn density profiles, including a simple power law with
index p ¼ 2:6� 0:2, a supercritical Bonnor-Ebert (B-E)
sphere with dimensionless outer radius �max ¼ 25� 3, and a
nearly end-on isothermal cylinder with scale height
H ¼ 13>5� 1>5. The latter two models provide a physical
description of the core that represents an unstable configu-
ration of material that is consistent with the infalling
motions inferred from molecular spectral line profiles. In
particular, the slightly tilted cylindrical model that provides
a basis for interpreting the asymmetry of the L694-2 core
should be highly unstable to gravitational collapse along its
axis (close to the line of sight), consistent with the strength
and orientation of the observed velocity structure. The
model also provides a framework for understanding
the very high extinctions observed in L694-2, namely, that
the core has prolate structure with the full extent (mass) of
the core being missed by analysis that assumes symmetry
between the profile of the core in the plane of the sky and
the profile of the core along the line of sight.

Observations of long-wavelength dust emission provide
another means of probing density structure. This technique
is almost as direct as observations of dust extinction. The
intensity of the optically thin emission provides an integral
along the line of sight of the product of the density, tempera-
ture, and opacity of the dust. The analysis of dust emission
complements dust extinction work because the dust emis-
sion method becomes most effective in the high column den-
sity inner regions of dense cores, where dust extinction
becomes large and difficult to penetrate.

Much of the detailed information on starless core struc-
ture comes from observations of dust emission, using data
from bolometer cameras (e.g., Ward-Thompson, Motte, &
André 1999; Shirley et al. 2000; Visser, Richer, & Chandler
2001). An important conclusion from these studies is that
starless cores appear to show flat density profiles in their
inner regions, with extended envelopes that fall off rapidly
in power-law fashion. Recently, the predominance of the
flat central density gradients has been called into question,
as more sophisticated analysis including self-consistent
temperature calculations indicate much smaller regions of
flattening or no flattening at all, in large part because the
cores are cooler in their deep interiors than assumed previ-
ously (Evans et al. 2001; Zucconi, Walmsley, & Galli 2001).
In addition, the central regions of even the nearest protostel-
lar cores are generally comparable in size to the beamwidths
of these telescopes and are poorly resolved. The density
structure at smaller scales can be probed with interferome-
ters. Strong constraints can be derived by analyzing interfer-
ometer data from dense cores directly in the visibility
domain, although this approach has been rarely used
(Keene & Masson 1990; Hogerheijde et al. 1999; Harvey
et al. 2003b; Looney,Mundy, &Welch 2003).

L694-2 has been mapped at 850 lm with SCUBA on the
JCMT by Visser (2000) and at 1.2 mm with the IRAM 30 m
telescope by M. Tafalla et al. (2003, in preparation). The
two maps have similar resolutions, 1400 for SCUBA and 1100

for IRAM. The dust emission profiles suggest a steep outer
density gradient (p ’ 2:7 from SCUBA, p ¼ 2:5 from
IRAM) consistent with that inferred from dust extinction
(Harvey et al. 2003a). The usual isothermal analysis sug-
gests a flattening of the density gradient within a radius of a
few thousand AU. Visser (2000) fits a broken–power law
model that suggests an inner power-law index of p ¼ 0:8
within a break radius of 8000 AU (�3000). Although no
radio point source has been detected in the L694-2 core (see,
e.g., Harvey et al. 2002), the measurement of the inner
power-law index suffers a potentially large systematic error
from possible point-source contamination to the central
beam (Shirley, Evans, & Rawlings 2002). In this paper, we
present observations of dust continuum emission from
L694-2 at 1.3 mm obtained with the IRAM Plateau de Bure
Interferometer (PdBI) and the Berkeley-Illinois-Maryland
Association (BIMA) array. The long-baseline observations
from the PdBI limit the contribution to the flux from any
embedded point source, while the BIMA observations sam-
ple the dense core structure on size scales from �10,000 to
�1500 AU (resolution to 600). Together, these observations
provide conclusive evidence of a flattening in the density
profile within�3000 from the center of the core.

2. OBSERVATIONS

2.1. IRAMPdBI

Continuum emission from L694-2 was observed at 1.3
mm (231.32 GHz) with the IRAM PdBI in the compact D
configuration on 2001 November 20 (four antennas) and
2002 April 3 (six antennas). Table 1 lists the observational
parameters. A single pointing was used, with center
19h41m04 944, 10�57000>9 (J2000.0) chosen to coincide with
the position of peak emission in the N2H

+ (1–0) spectral line
measured at BIMA (J. Williams 2002, private communica-
tion). The half-power field of view for PdBI at this wave-
length is 2200 (5500 AU). The PdBI observations provide
measurements at baseline lengths from the shadowing limit
of 15 m to a maximum of over 100 m (resolution�2>6). The
absolute flux scale was set by observations of the standard
source MWC 349, assumed to be 1.71 Jy. The estimated
uncertainty in the flux scale is roughly 20%. Frequent obser-
vations of nearby calibrators J1751+096 and J1925+211
were used to determine time-dependent complex gains.
Continuum visibility records were formed for each 60 s inte-
gration of the digital correlator (3� 160 MHz bandwidth,
tuning double-sideband). The correlator bandpass was mea-
sured with observations of the strong sources 3C 345 (2001
November 20) and 3C 273 (2002 April 3). The data were
calibrated using the IRAM software package CLIC and
comprise a total of 7240 records (2040 records from 2001
November 20, 5200 from 2002 April 3). In addition to
amplitude and phase, each record contains a variance
measure, determined from the system temperature and
antenna gains.

2.2. BIMA

Continuum emission from L694-2 was observed at 1.3
mm (231.32 GHz) with BIMA in the compact D configura-
tion on 2001 September 22 and 29, 2002 June 8, and 2002
September 9 and in the more extended C configuration on
2002 March 31. Table 1 lists the observational parameters.
A single pointing of the nine antennas was used on each
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occasion. The pointing center for the BIMA observations is
displaced from the PdBI pointing, by �R:A: ¼ �1>8,
�decl: ¼ 5>2. The half-power field of view for the BIMA
antennas is 5000 (12,500 AU). The BIMA observations pro-
vide measurements at baseline lengths from the shadowing
limit of 6 m to a maximum of 70 m (resolution �3>7). The
bandpass and flux calibration were determined through
observations of Uranus, using the a priori antenna gains.
The estimated uncertainty in the flux scale is roughly 15%.
Frequent observations of J1925+211 were used to deter-
mine time-dependent complex gains. Continuum visibility
records were formed for each 23 s integration of the digital
correlator (700 MHz bandwidth). The data were calibrated
in the BIMA software package MIRIAD. The resulting
�2� 105 records were then averaged in time bins of 3.45
minutes (9 records). This choice of binning was made to
reduce the number of visibilities to a more manageable size
for analysis without introducing significant phase error at
the longer baselines. The resulting data set contains 22,327
records. As with the PdBI data set, a variance measure for
each visibility measurement is also recorded.

3. CONSTRUCTING MODEL VISIBILITIES

The visibility measurements are analyzed directly, with-
out producing images that are limited by standard Fourier
inversion and deconvolution techniques. This approach is
computationally intensive, but it allows a much more direct
comparison with models than analyzing images. In particu-
lar, the results are not compromised by problems with the
synthesized beam characteristics and dynamic range.

The L694-2 visibilities are compared to theoretical
models of protostellar envelope structure by constructing
synthetic visibilities, taking account of (1) the dust con-
tinuum radiative transfer and (2) the specifics of the obser-
vations, including the exact u; vð Þ sampling and primary
beam pointing and attenuation for the two telescopes. The
models necessarily include an assumed temperature distri-
bution and (constant) specific mass opacity, in addition to
the model density field. We do not consider an exhaustive
list of starless core models but instead fix attention on a few
widely promoted density fields, including B-E spheres,
Plummer-like models, broken–power law descriptions, and
isothermal cylinders. These models can all match the steep
density gradient inferred for the outer regions of the core.

The model data sets are constructed using the recipe
described in Harvey et al. (2003b). In brief, a 512� 512
model intensity image of resolution 0>5 pixel�1 is calculated
using the full Planck function for the emissivity and inte-
grating the radiative transfer equation through the model
globule. Each model is normalized to a flux at 1.2 mm of
800� 80 mJy within a circular aperture (top hat) of radius
3000, calculated from the continuum map of L694-2 made by
M. Tafalla et al. (2003, in preparation) with MAMBO on
the IRAM 30 m telescope (assuming a dust opacity spectral
index of unity). We adopt an outer boundary of Rout ¼ 0:15
pc in the models, based on the extinction observations
(Harvey et al. 2003a), although the results are not sensitive
to this assumption. Observations are simulated by perform-
ing a fast Fourier transform and assuming a Gaussian form
for the primary beams (PdBI FWHM 2200, BIMA FWHM
5000). The exact u; vð Þ sampling is achieved by interpolating
the real and imaginary parts of the resulting visibility grid.
The center for each model is assumed to be at the pointing
center of the PdBI observations, and in x 5.2.1 we discuss
the slight sensitivity of the results to this assumption.

3.1. Model Selections

As detailed above, the model visibilities are derived from
the assumed (1) mass density distribution � rð Þ, (2) dust tem-
perature distribution Td rð Þ, and (3) specific mass opacity of
the dust �1:3mm (normalized to a constant flux within a 3000

circular aperture). We consider the expected form of these
quantities and their uncertainties.

3.1.1. Density

The main goal is to constrain the density distribution of
L694-2, given a realistic choice for the temperature distribu-
tion and specific mass opacity. We consider four models of
starless core density structure that can match the steep
density gradient in the outer regions inferred from the
near-infrared extinction.

Bonnor-Ebert spheres.—These models are pressure-
confined isothermal spheres, for which the solution remains
finite at the origin (Ebert 1955; Bonnor 1956). They are
solutions of a modified Lane-Emden equation:

1

�2
d

d�
�2

d 

d�

� �
¼ exp � ð Þ ð1Þ

(Chandrasekhar 1967, p. 156), where � ¼ r=R0ð Þ is the

TABLE 1

Summary of Instrumental Parameters

Parameter PdBI Value BIMAValue

Observation dates .......................................... 2001Nov 20, 2002 Apr 3 2001 Sep 22 and 29, 2002Mar 31, Jun 8, and Sep 9

Configuration (number of antennas) .............. D (4), D (6) D, D, C, D, D (9)

Pointing center (J2000.0)................................ 19 41 04.44, +10 57 00. 9 19 41 04.32, +10 57 06.1

Observing frequency (GHz) ........................... 231.3 231.3

Phase calibrators............................................ J1751+096, J1925+211 J1925+211

Bandpass calibrator ....................................... 3C 345, 3C 273 Uranus

Flux calibrator ............................................... MWC 349 Uranus

Primary beam FWHM (arcsec) ...................... 22 50

Bandwidth (MHz).......................................... 480 700

rms (mJy) ....................................................... 0.9 1.6

Note.—Units of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and
arcseconds.

426 HARVEY ET AL. Vol. 597



dimensionless radius, R0 ¼ a= 4�G�cð Þ1=2 is the (physical)
scale radius, and  �ð Þ ¼ � ln �=�cð Þ is a logarithmic density
contrast, with �c the (finite) central density and a the effec-
tive sound speed in the core (we adopt a ¼ 0:20 km s�1 on
the basis of an assumed central temperature of 9K, with tur-
bulent component aturb ¼ 0:09 km s�1, as in the extinction
study). Configurations with �max > 6:5 are unstable to
gravitational collapse. A highly supercritical dimension-
less radius of �max ¼ 25� 3 was found to reproduce the
extinction observations of L694-2 for radii r � 3000.

Plummer-like models.—These are empirical models
suggested by Whitworth & Ward-Thompson (2001) that
capture the essential observed properties of starless cores
with a minimum of free parameters. The model assumes
that when a prestellar core becomes unstable against col-
lapse at time t ¼ 0, it is static and approximates to a
Plummer-like density profile (Plummer 1911), of the form

� r; t ¼ 0ð Þ ¼ �0
R0

R2
0 þ r2

� �1=2
" #�

: ð2Þ

The initial density is therefore uniform for r5R0 and falls
off as r�� for r4R0. Whitworth & Ward-Thompson (2001)
propose a fixed value of � ¼ 4 in the model in order to
reproduce the relative lifetimes and accretion rates for the
Class 0 and Class I phases. For L694-2, the density power-
law index in the outer regions inferred from near-infrared
extinction is p ¼ 2:6� 0:2 if the core is assumed to be
unobscured, but it has a steeper value of p ¼ 3:7� 0:3 if the
core is embedded in a more extended uniform distribution
of material, as is suggested by the flattening in the radial
profile beyond re0:1 pc (Harvey et al. 2003a). A Plummer-
like core with � ¼ 4 embedded in a more extended cloud can
therefore reproduce the extinction observations. The scale
radius R0 is not constrained by the extinction measure-
ments, because no flattening is evident in the data (which do
not penetrate the rd3000 inner region).

Broken power law models.—These models represent a
variation of the Plummer-like model, to allow for an
inner density power-law index that is nonzero. The density
distribution we adopt is of the form

� rð Þ ¼ �0�
r=R0ð Þ2pþ r=R0ð Þ2�

�1=2 : ð3Þ

For r5R0, the density falls off as r�p, and for r4R0, the
density falls off as r��. We choose this continuous prescrip-
tion to prevent discontinuities in the first derivatives (which
show up in the visibility profile) that would result from
including an unphysical sharp break in the density distribu-
tion. We choose � ¼ 2:6 to reproduce the observed extinc-
tion without introducing additional structure components.
There is some degeneracy between R0 and p in the resulting
visibility (or intensity) profile, since decreasing R0 or
increasing p both produce a steeper emission profile or a
flatter visibility profile. The visibility amplitude for a typical
starless core profile falls rapidly and is already very low at
baselines that are long enough to sample the inner structure
that cannot be probed with extinction. Even the high-
quality visibility data set that we have obtained from BIMA
and the PdBI therefore does not provide sufficient sensitiv-
ity to constrain both parameters simultaneously. We there-
fore choose a fixed value of R0 ¼ 3000 in order to quantify
the effect of the inner power-law index p. This choice is made

on the basis that R0 ¼ 3000 is the largest value of R0 that is
consistent with the extinction data, which will lead to the
largest possible value of p allowed by the data set (since a
smaller value of R0 will necessarily require a shallower p to
produce a given visibility amplitude at a given baseline).

Cylinder models.—The isothermal cylinder model is a
two-dimensional analog of the B-E sphere. The density is a
function of the radial coordinate only:

� r; zð Þ ¼ �c

1þ r2=8H2ð Þ½ �2
ð4Þ

(Ostriker 1964), where H ¼ a= 4�G�cð Þ1=2 is the scale height
that is equivalent to the scale radius R0 in the B-E analysis.
The density is uniform near the axis of the cylinder but
decays ever more rapidly with increasing radius, asymptot-
ing to a power law of index p ¼ 4 for r4H. The filament is
supported radially by pressure gradients but is unstable in
the direction along its axis. The density distribution of the
isothermal cylinder is a two-dimensional case of the
Plummer-like model, with

ffiffiffi
8

p
H ¼ R0 and with a physical

basis for the normalization of the density profile. A cylindri-
cal model can therefore reproduce the observational proper-
ties of prestellar cores that provided the motivation for the
Plummer-like models. In addition, because the isothermal
cylinder and the B-E sphere both represent equilibria
between self-gravity and gas pressure, the spherically aver-
aged density profile of an isothermal cylinder can also
mimic closely that of a B-E sphere, in particular a flat inner
region with a steeply falling envelope (Boss & Hartmann
2001). The cylindrical model also provides a basis for inter-
preting the departures from spherical symmetry in the
L694-2 core (Harvey et al. 2003a). A slightly tilted,
embedded cylinder with scale heightH ¼ 13>5� 1>5 repro-
duces the extinction profile for the inner 8300 (0.1 pc) of the
core. In the present study, we consider isothermal cylinders
viewed along the axis, since the subtle effect of a small tilt
angle cannot be constrained with the visibility data set.

3.1.2. Extended Cloud Structure

Both Plummer-like and isothermal cylinder models can
successfully describe the near-IR extinction observations, if
the cores are embedded in an extended distribution of gas.
This additional component to the density structure is sug-
gested by the shape of the radial extinction profile and must
be accounted for in the fitting of these types of model. We
include the extended cloud structure in the visibility analysis
as follows. The extended structure is assumed to be smooth
and is therefore resolved out by the interferometers. The
only effect of the additional structure is to reduce the total
flux that is attributable to the core in this context. The
extinction profile of the L694-2 core asymptotes to a color
excess that is approximately 0.2 mag higher than the back-
ground and about a tenth (1/10) of the color excess at a 3000

radius (the edge of the flux normalization aperture). We
approximate the intensity profile to be flat within 3000 of the
core and assume that the temperature of the extended gas is
equal to that in the core, so that the extended structure
accounts for 10% of the flux normalization for each of these
types of model.

3.1.3. Temperature

A detailed study of the expected dust temperature distri-
bution in starless cores has been performed by Evans et al.
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(2001). They calculate the temperature distribution Td rð Þ
self-consistently, using a one-dimensional radiative trans-
port code and assuming Ossenkopf & Henning (1994) opac-
ities for grains that have grown by coagulation and
accretion of thin ice mantles. They find that the interstellar
radiation field (ISRF) dominates the heating in the core and
is roughly a factor of 3 stronger than heating due to cosmic
rays, even at the center of an opaque core. The effect of the
opacity law on Td rð Þ is small; the largest difference is at the
center of the core, where opacities for coagulated grains that
lack mantles cause a lower value of Td by�0.5 K.

Evans et al. (2001) present the dust temperature distribu-
tion Td rð Þ for a B-E sphere with outer radius Rout ¼ 0:17 pc
(35,000 AU) in which the gas is isothermal at 10 K (their
Fig. 3). The model has a central density of n ¼ 1� 106 cm�3

and a dimensionless outer radius of �max ’ 42 and is heated
by an ISRF that combines the infrared behavior from
COBE (Black 1994) and the ultraviolet behavior from
Draine (1978). The dust temperature varies from a
minimum of �8 K in the inner 1000 AU of the core to a
maximum of �14 K in the outer regions. The model is simi-
lar in radius but somewhat more centrally condensed than
the B-E sphere that best fits the extinction in L694-2
(Rout ¼ 0:17 pc, R0 ¼ 3>4 in the computed model;
Rout ¼ 0:15� 0:14 pc, R0 ¼ 4>9� 0>6 for L694-2). In addi-
tion, the Evans et al. (2001) analysis neglects any shielding
by an extended component of material that surrounds the
core, as is seen around L694-2 in near-infrared extinction
(Harvey et al. 2003a). The degree to which the interior of the
L694-2 globule is shielded from the ISRF will differ some-
what from that in the Evans et al. (2001) model. However,
the Evans et al. (2001) model likely provides an accurate
description of the actual temperature profile in L694-2 to
within the uncertainties that stem from the inhomogeneities
of the ISRF.We therefore adopt the Evans et al. (2001) tem-
perature distribution for use in our modeling. We investi-
gate the sensitivity to the assumed temperature distribution
by also exploring models that assume a constant dust
temperature of Td ¼ 12 K.

The B-E and cylinder models used in the model fitting are
based on hydrostatic equilibrium density configurations for
a gas cloud that has an isothermal kinetic temperature TK .
The Evans et al. (2001) temperature distribution is calcu-
lated using a density model that obeys the same assumption.
At high densities efficient gas-dust coupling forces TK to
equal the dust temperature Td , while at low densities
(nd104 cm�3) TK 6¼ Td (Takahashi, Hollenbach, & Silk
1983; Doty & Neufeld 1997). The B-E model that best fits
the L694-2 extinction has central density n � 3� 105 cm�3,
with a center-to-edge density contrast of �400. In the inner
regions of L694-2, the kinetic temperature of the gas should
decrease in a fashion similar to the dust temperature, but in
the outer regions the two temperature distributions may
depart. An entirely self-consistent approach to the problem
would include a full calculation of the gas energetics, includ-
ing dust coupling to calculate simultaneous density and
(dust) temperature distributions. Such an approach has
been followed by Galli, Walmsley, & Gonçalves (2002).
However, to zeroth order, small departures from isother-
mality in the kinetic temperature have little effect on the
density profile, since the pressure gradient of the gas is
dominated by the gradient in the density and not the tem-
perature. The effect of non-isothermality on the resulting
emission profile is therefore dominated by the dust tempera-

ture dependence of the Planck function. Since the uncertain-
ties that surround the calculation of the dust temperature
profile are substantial, the computational overhead of a
more self-consistent approach is not justified at this time.
We separate the problem into two parts, modeling density
profiles assuming a constant gas kinetic temperature but
relaxing the isothermal assumption in order to model the
resulting thermal emission from the core.

A remaining issue deals with the appropriate temperature
distribution to use for the cylindrical models, since these are
by definition not spherically symmetric. Since no self-
consistent three-dimensional dust radiative transfer results
are available for this type of model, we have made a very
simple approximation, assuming the filament to have an
aspect ratio of 2 : 1 and stretching the Evans et al. (2001)
temperature distribution appropriately along the line of sight.

3.1.4. Mass Opacity

The mass opacity of dust grains in the millimeter region
of the spectrum in protostellar envelopes is uncertain but
generally assumed to follow a power law with frequency,
�� / �	. The power-law index varies depending on the dust
properties but tends to be bounded by a small range,
roughly 1–2 (Ossenkopf & Henning 1994). The opacity of
the dust affects the temperature distribution of the dust, as
described above. For our purposes, only the spectral index
is of importance, since we assume a constant opacity (inde-
pendent of r), and the overall normalization is fixed by
matching the MAMBO single-dish observation. The spec-
tral index affects the normalization of the models only
weakly, since the MAMBO flux constraint is made at a
wavelength very close to that of the PdBI and BIMA obser-
vations. We have adopted 	 ¼ 1; the extreme alternative of
	 ¼ 2 leads to only a 4% change in flux normalization (for
Td ¼ 12 K), which is small compared to the overall 10%
uncertainty in the normalization itself.

4. METHOD FOR FITTING MODEL PARAMETERS
AND EVALUATING FIT QUALITY

The basic procedure is to maximize the probability
distribution:

P modeljdatað Þ ¼
Y
i

e� Zi�f xi ;p;mð Þ½ �2=2�2i e� m�m0ð Þ2=2�2m ; ð5Þ

where the Zi are the visibility data points with uncertainty
�i, f xi; p; mð Þ are the model data points, p is a free parame-
ter in the models, and m is a model parameter about which
we have a constraint (namely, that it is a Gaussian random
variable with mean m0 and standard deviation �m). Maxi-
mizing the probability distribution is equivalent to minimiz-
ing the logarithm of its inverse. Taking into account the fact
that the Zi are by nature complex visibilities, we want to
minimize a modified 
2:

~

2 ¼
X
i

Zi � f u; v; p;mð Þj j2

�2i
þ m�m0ð Þ2

�2m
: ð6Þ

The sum/product can extend over any suitable subset of the
visibility points. It is useful to be more explicit about the
parameters p andm. The free parameter p is used to describe
the shape of the model, e.g., the index of the inner part of
the broken–power law density distribution. The parameter
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m allows us to include the observational uncertainties, e.g.,
the �10% uncertainty in the normalization of the models
derived from the M. Tafalla et al. (2003, in preparation)
map and the �15% uncertainty in the flux calibration for
the BIMA data. This is achieved by allowing the BIMA
model visibilities to be scaled by a constrained parameterm,
assumed to be a Gaussian random variable with mean
m0 ¼ 1:0 and standard deviation �m ¼ 20%. The longer
baselines of PdBI do not detect any signal from the L694-2
core. These measurements are used to constrain a limit on
the point-source contamination and are not included in the
model fitting.

For a given model, we evaluate the best-fit parameters by
minimizing the modified 
2 distribution. Uncertainties in
the parameter values are analyzed using the Monte Carlo
technique known as the bootstrap (Press et al. 1992, p. 691).
In brief, the data set is resampled n times (typically
n � 200), each time the fitting process is repeated and the
best-fit parameters recorded, until the distribution of best-
fit parameters is well sampled. The width of the distribution
provides an estimate of the uncertainty in the parameters
that best fit the original data set.

This numerical approach is made necessary by the non-
linear nature of the fitting parameters and is especially use-
ful for this analysis because small variations in the value of
the modified 
2 as defined above may represent surprisingly
large variations in fit quality. The nature of the visibility
data set, comprising a very large number of very low signal-
to-noise ratio measurements, means that even a model with
zero signal will on average reproduce each visibility mea-
surement to within its uncertainty. The resulting shallow-
ness of the 
2 wells causes two models with slightly differing
parameters to seem almost equally good, despite the fact
that there is ample signal to distinguish them. The numerical
approach essentially bypasses this complication. The issue
could also be circumvented by binning the visibilities [e.g.,
radially in u; vð Þ distance], to increase the signal-to-noise
ratio, and then performing a 
2 fit to the binned values. We
avoid this solution because the visibility profiles for the vari-
ous models are falling steeply at the baselines of interest,
and binning the data inevitably introduces a bias in the fit
due to contracting the range of baseline vectors to a single
length at the center of the bin. We use binning only as a
graphical tool in order to demonstrate the fit quality of a
particular model.

5. RESULTS AND ANALYSIS

5.1. Limits on Point-Source Flux

The PdBI data set covers baselines from 12 to 80 k�, with
an overall rms noise of 0.9 mJy. The visibility data are con-
sistent with the noise. The long baselines covered by the
PdBI data therefore provide an important constraint on the
maximum compact component of the flux from the L694-2
core, Fc < 2:7 mJy (3 �). For optically thin dust, this limit-
ing flux corresponds to an implied (disk) mass limit of
Md5� 10�4 M� (60 K=Tdisk) for an opacity �1:3mm ¼ 0:02
cm2 g�1. This limit is roughly an order of magnitude lower
than the 0.002–0.3 M� range of disk masses observed
around T Tauri stars by Beckwith et al. (1990), and it
further demonstrates the starless nature of the L694-2 core.

The flux limit allows an estimate of the maximum bolo-
metric luminosity for any compact component embedded in

the L694-2 core. For a simple estimate, we assume a dust
opacity spectral index of unity and model the compact
component as a graybody of the form

F� ¼ B� Tdusth ið Þ 1� exp ���ð Þ½ ��S ; ð7Þ

where B� Tdusth ið Þ denotes the Planck function at frequency
� for a mean dust temperature Tdusth i, �� is the dust optical
depth, and �S is the solid angle subtended by the source
(see, e.g., Beckwith et al. 1990). Since the envelope is entirely
optically thin at 1.3 mm, the graybody must have a flux that
is 	2.7 mJy at this wavelength. For a given mean dust
temperature, this constraint fixes the mass of the compact
component. The only remaining parameter is the radius R
of the component, which essentially identifies the wave-
length at which the emission becomes optically thick.

For a compact component to remain undetected in our
PdBI observations implies that its bolometric luminosity is

Lbold0:07 L� R=100 AUð Þ0:1 Tdiskh i=50 Kð Þ3:9 : ð8Þ

Note that these power-law dependencies are an approxima-
tion and are not accurate for changes in the parameters by
factors of more than �2. The dependences on temperature
and radius can be understood in the following way. The
dominant contribution to the luminosity comes from the
Rayleigh-Jeans region of the Planck function, in which
the emission is optically thin (for this typical size scale and
temperature, the compact component becomes optically
thick slightly to theWien side of the peak in the Planck func-
tion). If the emission from beyond the peak in the Planck
function is entirely negligible, then the luminosity is propor-
tional to L /

R �max

0 ���2 d�. Note that the flux constraint at
1.3 mm causes there to be no temperature dependence in the
integrand. Using the Wien law for �max / Th i, and �� / �,
then gives Lbol / Th i4. The contribution of the optically
thick emission causes the actual temperature dependence to
depart from this relation and introduces a weak dependence
on the radius of the compact source.

The limit the PdBI observations place on the maximum
bolometric luminosity of any embedded compact object is
substantially lower than the IRAS limit for L694-2 of �0.3
L�. Reprocessing of the warm compact emission to long
wavelengths by the envelope essentially allows a large
bolometric luminosity to remain hidden below the IRAS
detection limit.

5.2. Density Structure

The PdBI data constrain the maximum compact compo-
nent of dust emission, which allows us to proceed to fit for
the envelope structure using the BIMA data at shorter base-
lines. The envelope visibility profiles fall steeply with
increasing baseline. (Note that a flatter emission profile
leads to a steeper visibility falloff.) At the longer BIMA
baselines, the visibility amplitudes for the best-fit models fall
well below the signal-to-noise ratio of the entire BIMA data
set. This makes restricting the visibility fitting to the shorter
baselines advisable, since extending the fitting range to lon-
ger baseline adds noise but no signal. Having experimented
with various upper limits on the baseline length, we found
that an upper limit of 10 k� was optimal. Increasing the
upper limit to 15 or 20 k� did not change the results but pro-
duced higher values of the reduced 
2. The visibility data set
to which the models were fitted contains 6424 visibility
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measurements (each a 3.45 minute integration) and covers
baselines from 5 to 10 k�. The rms noise in this reduced data
set is 3.3 mJy. Table 2 summarizes the results from the 
2 fits
to the four types of model described in x 3.1. Below we
describe these results.

Bonnor-Ebert sphere.—Themodel that best fits the visibil-
ity data has dimensionless outer radius �max ¼ 18þ3

�4 (fit I).
At the 2 � level this is consistent with the results of the
extinction study, where a B-E sphere with �max ¼ 25� 3
reproduced the observed color excess.

Plummer-like model.—The embedded model that best fits
the visibility data has scale radius R0 ¼ 26þ4

�3 arcsec, or
6500þ1000

�750 AU (fit II). This turnover radius is consistent with
the Visser (2000) analysis of SCUBA data, which fitted a
broken power law with a transition to a shallower index
within a break radius of�3200 (8000 AU).

Broken power law.—The model that best fits the visi-
bility data has a power-law index in the inner region
(r < 3000) of p ¼ 0:9þ0:12

�0:16 (fit III). The turnover radius used in
this model is similar to that from the Visser (2000) analysis,
and the fitted inner power-law index is consistent with their
result of p ¼ 0:8 (no uncertainties are given), despite her use
of an isothermal dust temperature distribution. Note that
the use of a smaller turnover distance results in a lower fitted
value of p. The above result should therefore be construed
as a ‘‘ mean ’’ index in the r < 3000 (7500 AU) region, or as
an upper limit on the power-law index in the innermost
regions.

Cylinder.—The end-on cylindrical model that best fits
the visibility data has a scale height H ¼ 12þ3:0

�1:5 arcsec, or
3000þ750

�400 AU (fit IV). This is consistent with the results of
the extinction study, where a slightly tilted cylinder with
H ¼ 13>5� 1>5 best matched the observed color excess.

For each of the best-fit models, the fitted value of the scal-
ing parameter is m ’ 0:9� 0:05. That the preferred value is
similar for each model and not unity suggests that the data
prefer a particular slope of visibility profile that when
extrapolated back to zero baseline has 10% lower normal-
ization than the MAMBO flux. This difference is well within
the combined uncertainties of the MAMBO flux measure-
ment and the BIMA calibration accuracy (total�20%).

Figure 1 shows plots of visibility amplitude versus u; vð Þ
distance for the various best-fit models and models that dif-
fer by �2 � in the fitting parameters. The profiles of the
best-fit models are remarkably similar, and we return to this
point in x 5.3. The mean signal in the BIMA data set used to
fit the models is shown on the plots (circles) with �2 � error
bars. The binning introduces an uncertainty (and/or bias)
in the appropriate u; vð Þ distance for the data point that is
not present in the model-fitting procedure. For each type of
model, we have adopted the u; vð Þ distance that provides a
match with the best-fit model. This is motivated by purely
graphical reasons, but we note that the mean baseline length

weighted by the signal-to-noise ratio of the best-fit model
(for constant noise on each baseline) provides an essentially
indistinguishable u; vð Þ coordinate. However, the greater
spread of the fitted models compared to the binned data
point demonstrates the effect of this ‘‘ smearing ’’ of the
signal in u; vð Þ distance.

The plots in Figure 1 also show �2 � confidence intervals
of an azimuthally averaged synthetic visibility profile
derived from the M. Tafalla et al. (2003, in preparation)
MAMBO map of L694-2. The visibility profiles are com-
puted assuming the MAMBO map to be the true intensity
distribution convolved with a Gaussian beam of 1100

FWHM. No assessment has been made for systematic
errors in the profile due to chopping and subsequent recon-
struction of theMAMBO observations. The synthetic confi-
dence intervals are extended until the signal to noise drops
below 2 (i.e., the intervals become consistent with zero
signal).

5.2.1. Systematic Uncertainties

Table 3 lists the main sources of systematic uncertainty,
along with the level of uncertainty they produce in the fitted
density parameters (�max, r0, p, and H ). The various
systematic errors are discussed below, in rough order of
importance.

Dust temperature distribution.—This is the largest source
of systematic uncertainty. The temperature distribution that
has been assumed in the analysis varies from �8 K at the
center to �14 K in the outer regions, and it is motivated by
physical argument. Nevertheless, the profile is probably
uncertain at the level of �2 K. To study the effect of this
uncertainty on the inferred density structure, we have
repeated the analysis for each model, replacing the physical
temperature distribution with an isothermal distribution at
12 K. The removal of the central minimum in the tempera-
ture profile results in a given density model producing a
steeper emission profile and a shallower visibility profile.
The density structure inferred is therefore less centrally con-
centrated than with the physical temperature profile. The
effect is of a similar magnitude for all of the models: the
best-fit parameters are changed by close to 2 �.

Unresolved compact component.—The PdBI data limit the
maximum contribution to the emission from an unresolved
compact component: Fc < 2:7 mJy (3 �). Including a
dimmer compact component in the model fitting essentially
reduces the visibility amplitude that is attributable to the
envelope and results in fitted density structures that are
more shallow. For a point-source flux of Fc ¼ 2 mJy, the
density structure parameters are changed by roughly 1 �.

Central position.—The flatness of the inner density profile
and the lack of a detected compact component make the
appropriate central position for the L694-2 core uncertain.

TABLE 2

Summary of the Density Model Fits

Fit DensityModel FittedModel Parameter Calibration Scaling (M ) 
2
�

I ................. B-E �max ¼ 18þ3
�4 0.90 � 0.04 1.2520

II................ Plummer-like R0 ¼ 26þ4
�3 arcsec 0.90 � 0.05 1.2521

III .............. Broken power law p ¼ 0:9þ0:12
�0:16 0.92 � 0.04 1.2519

IV .............. Cylinder H ¼ 12þ3:0
�1:5 arcsec 0.90 � 0.05 1.2520
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However, the baselines of the BIMA visibilities from which
the density structure is inferred are short and correspond to
a fringe size of�2000. This means that the results are not very
sensitive to small changes in the adopted central position
(the pointing center of the PdBI observations). The signal in
the combined visibilities peaks at 10 mJy within 100 of the
adopted central position—the peak of N2H

+ (1–0) emission.
A shift in the central position of 500, i.e., the shift between
the fitted center from the extinction study and central posi-
tion assumed here, leads to a �2 mJy reduction in the
binned signal and a 1 � change in the density structure
parameters, corresponding to shallower density profiles.

Extended structure.—A leading source of systematic
uncertainty in the L694-2 extinction study was the effect of
the contribution of the extended structure in which the core
appears to be embedded (Harvey et al. 2003a). Including
this additional component to the models led to inferred core
density profiles that were significantly more steep, consis-
tent with Plummer-like and isothermal cylinder models. In
the present study, this uncertainty has much smaller effect
on inferred structure. Since the extended structure must be
largely resolved out by the interferometers, neglecting the
extended structure entirely leads to only a 10% increase in
the amplitudes of the visibility profiles of the model cores.
Repeating the fitting analysis for the two types of model
in this context results in inferred density profiles that are
�0.5 �more shallow.

Outer boundary.—The outer boundary of the L694-2 core
has little effect in the modeling because of the limited field of
view of BIMA and PdBI. For BIMA, the intensity distribu-
tion at the assumed outer edge of the core is suppressed by a
factor �0.05 because of the antenna pattern. Moreover, the
intensity at the edge is already lower than the intensity at the
center by a factor of �500 (fit I). Modifying the outer
boundary therefore has no effect on the shape of the inferred
density profile. However, for the B-E sphere (fit I), changing
the outer radius does modify the density structure param-
eter �max, because this parameter describes the dimension-
less profile, not the physical profile. For this fit, the alterna-
tive structure parameter, the scale radius r0 ¼ Rout=�max, is
unchanged.

Dust opacity spectral index.—The dust opacity adds sys-
tematic error via the use of the spectral index to transform
the flux normalization from MAMBO to the frequency at
which our observations were made. To some extent, the
appropriate MAMBO frequency itself depends on the spec-
tral index, because of the broad bandwidth used in the
single-dish bolometer observations. The spectral index of
the dust opacity should lie in the range 	 ¼ 1 2. We have
used 	 ¼ 1 throughout; an alternative extreme, 	 ¼ 2, leads
to only a 4% reduction in the flux normalization and to
inferred density structure that is more shallow, but to a
degree that is negligible in comparison to the other sources
of error (both systematic and random).

5.3. Discussion: A Physical Density Distribution for L694-2

The fitted physical models demonstrate clearly that the
steep density gradient observed in the r > 3000 region with
extinction (Harvey et al. 2003a) does not continue in the
inner region that could not be probed in that study. This is
consistent with the modeling of single-dish dust emission
observations by Visser (2000) and M. Tafalla et al. (2003, in
preparation).

Fig. 1.—Visibility amplitude vs. u; vð Þ distance for L694-2 at 1.3 mm, for
the best-fitting models (dashed lines) and models that deviate by�2 � in the
fitting parameters (dotted lines). The binned BIMA visibility amplitude in
the baseline range 5–10 k� is also shown (circle), with a�2 � error bar. The
PdBI limit on a pointlike component (>12 k�) is shown as a horizontal line.
The solid lines represent �2 � intervals of the azimuthally averaged
synthetic visibility profile derived from the MAMBO map. See text for
further explanation.
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The visibility profiles of the best-fit models shown in Fig-
ure 1 are remarkably similar to each other, only the power-
lawmodel differing enough to be distinguishable by eye, and
then only at long baselines. This provides an interesting
demonstration of the degeneracy of the various models for
starless core density structure. Figure 2 presents a plot of
the best-fit density models. The normalization of the density
assumes an opacity of �1:3mm ¼ 0:02 cm2 g�1, which is

uncertain by a factor of �5 or more (Ossenkopf & Henning
1994). At large radii the B-E and power-law models differ
from the Plummer-like and cylinder models as a result of
the fact that the latter models are assumed to be embedded
in an extended uniform distribution of gas. The Plummer-
like and B-E models are almost identical and have central
densities that differ by only 5% [n H2ð Þ ¼ 1:4� 105 cm�3,
with uncertainty �50%]. The density profile of the end-on
cylinder departs significantly from the B-E and Plummer-
like profiles. The profile is more shallow, with a much lower
central density [n H2ð Þ ¼ 5:1� 104 cm�3 with uncertainty
�30%]. This occurs despite the identical form of the expres-
sions for the cylinder and Plummer-like models (with
R0 ¼

ffiffiffi
8

p
H) and the fact that the cylinder and B-E models

both represent a balance between self-gravity and thermal
pressure. The difference derives from the lower dimensional-
ity of the cylindrical model; a given line of sight corresponds
to a constant ‘‘ radius,’’ and hence there is no radial integra-
tion that for the spherically symmetric models makes the
column density profiles more shallow than the density pro-
files. In addition, the extension of the cylinder along the line
of sight means that the densities are correspondingly lower
at a given radius. The asymmetry of the L694-2 core viewed
in extinction provides a basis for preferring the cylindrical
model over the others. A tilted cylinder with H ¼
13:5, L sin
 ¼ 0:14 pc (L ’ 0:2 0:5 and 
 ’ 20� 45�),
and central density n H2ð Þ ¼ 4� 104 cm�3 embedded
in a uniform distribution of gas with column density
N HþH2ð Þ � 6� 1021 L=0:5 pcð Þ cm�2 successfully repro-
duces the dust emission visibility profile, as well as the
profile and asymmetry of the dust extinction map. The
instability of the cylindrical model along its axis is also
consistent with the inward motions in L694-2 inferred from
molecular spectral lines (Lee et al. 2001).

As noted above, the inner power-law index of the fitted
broken–power law model (p ¼ 0:9þ0:12

�0:16; fit II) may be con-
strued as both a mean index in the r < 3000 region and an
upper limit on the index in the innermost regions (due to the
trade-off between turnover radius and power-law index in
the inferred visibility profile). The former is illustrated by
the fact that the radially averaged mean effective power-law
index for the best-fit Plummer-like model is �pp ¼ 0:86 over
the range in radius 0 	 r 	 R0 (with R0 ¼ 2600). The profile
is consistent with the study of Visser (2000), who found that
a similar index (p ¼ 0:8) and turnover radius (R0 ¼ 3200)

TABLE 3

Summary of Systematic Uncertainties in Fitted Parameters

Model Assumption Variation

Resulting Systematic Errora

(�)

Temperature distribution................. Td = Tphys(r)�!12 K �2

Central point-source flux.................. F � 2mJy �1

Central position ............................... �h d 400 �1

Neglect extended structureb.............. F0(r < 3000) = 80 mJy�!0 �0.5

Outer boundary of L694-2c .............. �Rout/Rout d 50% 51

Dust opacity spectral index .............. 	 = 1�!2 51

a Systematic error in the fitted model parameter given in units of �, the random error in the
parameter listed in Table 2. Note that each quoted systematic error corresponds to a shallowing of the
inferred density profile.

b Applies to Plummer-like and cylinder models only.
c Does not apply to the B-E sphere; for the B-E model, increasing the outer radius increases �max in

proportion toRout, keeping constant the scale radius r0.

Fig. 2.—Number density of molecular hydrogen vs. radius for the
various best-fit models of L694-2. The number density calculation assumes
a dust opacity of �1:3mm ¼ 0:02 cm2 g�1, a mean molecular weight of
l ¼ 2:29, and a hydrogen mass fraction XH ¼ 0:73. The best-fit B-E (dotted
line) and Plummer-like (dashed line) profiles are nearly identical. The
cylindrical model (solid line) has a density a factor of �2 lower because of
the extension of the cylinder along the line of sight.
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reproduced the SCUBA map. The index in the inner region
is much less than that observed in the outer envelope and
shows that the density distribution in the inner region of the
L694-2 core has clearly not relaxed fully, along the lines
assumed in the inside-out collapse of Shu (1977), despite the
presence of extended inward motion in the gas (Lee et al.
2001). These inward motions may reflect the contraction of
a prolate core along its major axis (Harvey et al. 2003a).

6. SUMMARY

We present a study of the density distribution of the
candidate contracting starless core L694-2 using high-
resolution 1.3 mm dust continuum observations from
BIMA and the IRAMPdBI. In summary:

1. The PdBI visibility data span baselines from 12 to 80
k� (spatial scales from �500 to �5000 AU) and do not
detect any significant emission from the core. This provides
a stringent constraint on the maximum point-source flux:
Fc < 2:7 mJy (3 �). This flux limit corresponds to a very
small disk mass, Md5� 10�4 M� (60 K=Tdisk), and
bolsters the ‘‘ starless ’’ interpretation of the L694-2 core.
2. The BIMA visibility data in the baseline range 5–10 k�

(spatial scales �103–104 AU) detect emission from the core
and are used to constrain models for the density structure.
That no signal is evident on baselines beyond 10 k� confirms
the flat emission profile in the inner regions and a significant
change in behavior from the steep density profile for
re8000 AU inferred from near-infrared extinction of back-
ground stars (Harvey et al. 2003a). We fit four types of
model for starless core density structure that can match the
steep density gradient in the outer regions inferred from
extinction. We adopt a temperature distribution that
decreases in the inner regions because of shielding from the
ISRF (Evans et al. 2001). The best-fit B-E sphere has dimen-
sionless outer radius �max ¼ 18þ3

�4 (1 �). The best-fit
Plummer-like model has turnover radius R0 ¼ 26þ4

�3 arcsec

(6500þ1000
�750 AU). The best-fit broken–power law model has

index p ¼ 0:9þ0:12
�0:16 (this model uses the maximum allowable

turnover radius of R0 ¼ 3000 (7500 AU) and provides an
upper limit on the index at the center of the core). The
best-fit end-on isothermal cylinder has scale height
H ¼ 12þ3:0

�1:5 arcsec (3000
þ750
�400 AU).

3. We consider the effects of various sources of systematic
uncertainty on the derived density structure. The largest
uncertainty comes from the dust temperature distribution;
assuming an isothermal core modifies the best-fit param-
eters by �2 � and makes the inferred density profiles more
shallow. A possible weak, compact component to the emis-
sion (F � 2 mJy) and the appropriate central position
(��d400) are the main remaining sources of uncertainty.
Both of these uncertainties lead to �1 � changes in the
inferred model parameters, again to shallower density
profiles.
4. The density profiles of the various best-fit models are

nearly indistinguishable at baselines shorter than �10 k�.
There is a strong degeneracy between the models for starless
core density structure. The two physical models (B-E sphere
and isothermal cylinder) represent a balance between self-
gravity and thermal pressure, and therefore they produce
similar profiles. The asymmetry of the L694-2 core evident
in the extinction map may provide a basis for favoring the
cylindrical model. A cylinder slightly tilted to the line of
sight with H ¼ 13>5, L sin
 ¼ 0:14 pc (L ’ 0:2 0:5 and

 ’ 20� 45�), and central density n H2ð Þ ¼ 4� 104 cm�3

embedded in a uniform distribution of gas with column
density N HþH2ð Þ � 6� 1021 L=0:5 pcð Þ cm�2 reproduces
both the dust emission and extinction measurements.

We acknowledge the IRAM and BIMA staff for carrying
out the observations. We are especially grateful to Roberto
Neri and Jerome Pety for coordinating remote reduction of
the IRAMPdBI observations.
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