
Modeling

To characterize the observed dust emission, we adopted the grain 
model of Wolfire & Cassinelli (1986) and calculated self-consistent 
temperature profiles for all cases.  We modeled the envelope 
emission as arising from a spherically symmetric dust envelope with 
TM2005 radial density and self-consistent temperature profiles, and 
an embedded circumstellar disk represented by an envelope-
attenuated point source.  For each object, we did a parameter fitting 
of the model to the observational data with four degrees of freedom: 
evolutionary phase (density profiles) in the TM2005 magnetic cycle, 
outer cutoff radius of the envelope, envelope mass, and central point 
source flux.  

Introduction

The accretion process after a protostar has formed at the center of 
the prestellar core has been studied by Tassis & Mouschovias 
(2005a,b; hereafter TM2005), which we have used to compare with 
observations. Their simulation starts with a magnetically supported 
parent cloud.  Ambipolar diffusion leads to the formation of a 
magnetically supercritical core that begins to contract dynamically 
and forms a hydrostatic core in the center.  In the infalling envelope, 
a region of enhanced magnetic field, called the ‘’magnetic wall'', 
forms and disperses in a quasi-periodic manner, causing the 
episodic accretion. The density goes through a cycle profile that is 
largely invariant with time from 15 to 255 kyr after the formation of 
the protostar.  Figure 1 shows the phases of a typical magnetic 
cycle.   We used the interferometric data of 2.7mm dust continuum 
with resolutions from 0.5’’ to 50’’ in Looney et al. 2000 (as in Figure 
2), and compared the predicted density profiles from TM2005 to four 
Class 0 sources (NGC 1333 IRAS 4A, NGC 1333 IRAS 4B, NGC 
1333 IRAS 2A, and L1448 IRS 3B) in Chiang et al. (2008).  
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Figure 4 
The solid curves show the example u-v visibilities from an optically 
thin envelope with outer radius 5000 AU, mass 5 Msun, and 
various evolutionary phases, based on the observational 
parameters of NGC 1333 IRAS 4A.  The observational data are 
also shown for comparison.   Different colors correspond to 
different phases in the TM2005 model.  The dashed curve is the 
flux density with the initial density profile of TM2005, which is a 
nearly power-law profile with index -1.7. The power-law envelope 
itself (the dashed curve) is not a good fit; adding a point source 
flux, representing an unresolved disk, to it cannot fit the data 
either (the dotted curve). However, the predicted envelope 
emission from the TM2005 model is very different and a better fit 
to the data. 

Figure 1 
The number density profiles of neutral particles in a typical 
magnetic cycle at different phases from the TM2005 model. The 
color curves show phase 1, 2, 3, 5, 8, 11, and 14 in a magnetic 
cycle.  The shock driven by the “magnetic wall'' forms, propagates 
outward, and disperses throughout a cycle.  

Results

Figure 3 shows the data and the best fit for each source.  We fit all 
sources with more than 90% confidence level with parameter ranges 
given in Table 1.  With the TM2005 theoretical model, we can easily 
fit the observations without conflicts of ages, unlike the fits using the 
Larson-Penston or Shu models (Looney et al. 2003).  Figure 4 
Illustrates the different predictions of the TM2005 model and the 
power-law density profiles (implying the Larson-Penston or Shu 
models). 

Although our fittings do not require the existence of circumstellar 
disks, we can place upper limits on the disk masses. We can use HL 
Tau (Mundy et al. 1996) as a standard candle to estimate the mass 
of the disks in our modeled systems. In general, the disks are less 
massive than ~0.1 Msun.  Reliable detection of the embedded 
circumstellar disk requires a good knowledge of the physical 
parameters of the inner envelope.  Given the good consistency 
between TM2005 and the observational data, the magnetic envelope 
model provides a good way to understand the earliest disks.  
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Figure 3 
The flux density of the observational data and the best fit for each 
source. The chi-square values are 1.49, 0.22, 1.30, and 0.41 for 
NGC 1333 IRAS 4A, IRAS 4B, IRAS 2A, and L1448 IRS 3B, 
respectively. 
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Figure 2

The 2.7mm dust continuum of BIMA 
observations from Looney et al. (2000). 
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Table 1.   Parameter Ranges of Good Fits


