
Flux	  vs.	  radius	  at	  800	  and	  350	  
microns	  for	  source	  VLA1623	  
(Andre	  et	  al.	  1993).	  At	  the	  
distance	  of	  this	  source,	  1”	  =	  
130	  AU	  



OuFlow	  in	  CO	  J=2-‐1	  emission	  in	  the	  Taurus	  cloud	  (Tafalla	  et	  al.	  2004)	  



Fig. 1.— SEDs for a starless core (Stutz et al., 2010; Laun-
hardt et al., 2013), a candidate first hydrostatic core (Pineda et al.,
2011), a very low-luminosity object (Dunham et al., 2008; Green
et al., 2013b), a PACS bright red source (Stutz et al., 2013), a
Class 0 protostar (Stutz et al., 2008; Launhardt et al., 2013; Green
et al., 2013b), a Class I protostar (Green et al., 2013b), a Flat-SED
source (Fischer et al., 2010), and an outbursting Class I protostar
(Fischer et al., 2012). The + and × symbols indicate photometry,
triangles denote upper limits, and gray lines show spectra.

core and disk material has dissipated. Chen et al. (1995)
proposed the following Class boundaries in Tbol: 70 K
(Class 0/I), 650 K (Class I/II), and 2800 K (Class II/III).
With the sensitivity of Spitzer, Class 0 protostars are rou-

tinely detected in the infrared, and Class I sources by α are
both Class 0 and I sources by Tbol (Enoch et al., 2009).
Additionally, sources with flat α have Tbol consistent with
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Fig. 2.— Comparison of Lsmm/Lbol and Tbol for the protostars
in the c2d, GB, and HOPS surveys. The PBRS (§4.2.3) are the
18 Orion protostars that have the reddest 70 to 24 µm colors,
11 of which were discovered with Herschel. The dashed lines
show the Class boundaries in Tbol from Chen et al. (1995) and in
Lsmm/Lbol from Andre et al. (1993). Protostars generally evolve
from the upper right to the lower left, although the evolution may
not be monotonic if accretion is episodic.

Class I or Class II, extending roughly from 350 to 950 K,
and sources with Class II and III α have Tbol consistent with
Class II, implying that Tbol is a poor discriminator between
α-based Classes II and III (Evans et al., 2009).

Tbol may increase by hundreds of K, crossing at least
one Class boundary, as the inclination ranges from edge-on
to pole-on (Jorgensen et al., 2009; Launhardt et al., 2013;
Fischer et al., 2013). Thus, many Class 0 sources by Tbol

may in fact be Stage I sources, and vice versa. Far-infrared
and submillimeter diagnostics have a superior ability to re-
duce the influence of foreground reddening and inclination
on the inferred protostellar properties. At such wavelengths
foreground extinction is sharply reduced and observations
probe the colder, outer parts of the envelope that are less
optically thick and thus where geometry is less important.
Flux ratios at λ ≥ 70 µm respond primarily to envelope
density, pointing to a means of disentangling these effects
and developing more robust estimates of evolutionary stage
(Ali et al., 2010; Stutz et al., 2013). Along these lines, sev-
eral authors have recently argued that Lsmm/Lbol is a better
tracer of underlying physical Stage than Tbol (Young and
Evans, 2005;Dunham et al., 2010a; Launhardt et al., 2013).
Recent efforts have vastly expanded the available 350

µm data for protostars via, e.g., the Herschel Gould Belt
survey (see accompanying chapter by André et al.), sev-
eral Herschel key programs (e.g., Launhardt et al., 2013;
Green et al., 2013b), and ground-based observations (e.g.,
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range	  of	  sources	  
(Dunham+,	  2014,	  
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one Class boundary, as the inclination ranges from edge-on
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and submillimeter diagnostics have a superior ability to re-
duce the influence of foreground reddening and inclination
on the inferred protostellar properties. At such wavelengths
foreground extinction is sharply reduced and observations
probe the colder, outer parts of the envelope that are less
optically thick and thus where geometry is less important.
Flux ratios at λ ≥ 70 µm respond primarily to envelope
density, pointing to a means of disentangling these effects
and developing more robust estimates of evolutionary stage
(Ali et al., 2010; Stutz et al., 2013). Along these lines, sev-
eral authors have recently argued that Lsmm/Lbol is a better
tracer of underlying physical Stage than Tbol (Young and
Evans, 2005;Dunham et al., 2010a; Launhardt et al., 2013).
Recent efforts have vastly expanded the available 350

µm data for protostars via, e.g., the Herschel Gould Belt
survey (see accompanying chapter by André et al.), sev-
eral Herschel key programs (e.g., Launhardt et al., 2013;
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Tbol	  vs.	  Lsmm	  /	  
Lbol	  for	  a	  
collecVon	  of	  
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(Dunham+	  
2014,	  PPVI)	  





SEDs	  of	  class	  I	  protostars	  in	  
Taurus	  (Furlan	  et	  al.	  2008)	  



SEDs	  of	  class	  II	  sources	  in	  Serpens	  
(Pontoppidan	  et	  al.	  2004)	  



MulVple	  system	  
fracVon	  vs.	  spectral	  
type	  for	  Hipparcos	  
members	  of	  the	  Sco	  
OB2	  associaVon	  
(yellow:	  Upper	  Sco;	  
red:	  Upper	  Centaurus	  
Lupus;	  blue:	  Lower	  
Centaurus	  Crux)	  
(Brown	  2001)	  



Binary	  period	  distribuVon	  for	  solar	  neighborhood	  G	  dwarfs	  (Duquennoy	  
&	  Mayor	  1991)	  



IMFs	  in	  many	  regions	  (BasVan	  et	  al.	  
2010)	  
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Figure 3
The derived present-day mass function of a sample of young star-forming regions (Section 2.3), open clusters spanning a large age
range (Section 2.2), and old globular clusters (Section 4.2.1) from the compilation of G. de Marchi, F. Parsesce, and S. Portegies Zwart
(submitted). Additionally, we show the inferred field star initial mass function (IMF) (Section 2.1). The gray dashed lines represent
“tapered power-law” fits to the data (Equation 6). The black arrows show the characteristic mass of each fit (mp), the dotted line indicates
the mean characteristic mass of the clusters in each panel, and the shaded region shows the standard deviation of the characteristic
masses in that panel (the field star IMF is not included in the calculation of the mean/standard deviation). The observations are
consistent with a single underlying IMF, although the scatter at and below the stellar/substellar boundary clearly calls for further study.
The shift of the globular clusters characteristic mass to higher masses is expected from considerations of dynamical evolution.

2008; Kruijssen 2009). Hence, there is an expected, and observed, correlation of mp with the cluster
relaxation time (G. de Marchi, F. Paresce, and S. Portegies Zwart, submitted).

2.3. Young Clusters and Associations
2.3.1. Primordial and dynamical mass segregation. An additional complication in IMF studies
comes from the spatial distribution of stars within a cluster or association. The most massive stars
in large, young clusters are often located in a cluster’s innermost regions. This phenomenon is
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Bolometric 
luminosity per 
unit star 
formation and 
per unit stellar 
mass, as a 
function of age 
of population, for 
two different 
IMFs (dashed 
and dotted lines) 
(Krumholz & Tan 
2007) 



Integrated optical spectra for nearby galaxies of varying 
Hubble type (Kennicutt 1998) 



Ionizing	  luminosity	  vs.	  mass	  for	  ZAMS	  stars	  (from	  a	  simple	  
fidng	  formula)	  



IR SED of Arp 220 



GALEX bandpasses, compared to other filters 


