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A GLIMPSE of the Galactic mid-plane



Techniques developed to analyze YSO SEDs

➡ Grid of SED models

➡ SED fitting using pre-computed models

Modeling large numbers of YSOs in GLIMPSE

➡ Catalog of ~25,000 IR excess sources

Applications and caveats for MYSOs



• Developed by Whitney et al.

• 3D Monte-Carlo code

• Computes SEDs, images, polarization maps

• For this grid of models, assume an 
axisymmetric dust density distribution

Whitney et al. (2003)

The Radiation Transfer Code



Grid of YSO SED models

• Aim is to learn about the physical conditions in 
thousands of YSOs

• 20,000 RT models (65,000 CPU hours)

• Large range of stellar masses (0.1-50 Msol) and 
evolutionary stages (embedded protostars to 
dispersing disks)

• Each model predicts an emergent SED at 10 viewing 
angles

• 200,000 SEDs in total



• Ingredients:
➡ Pre-main sequence star
➡ Disk
➡ Infalling envelope
➡ Bipolar cavities

• Sampling of parameter space 
includes previously observed or 
predicted geometries

14 parameters - not all important at all stages of evolution

For more details, see Robitaille et al. (2006)

Grid of YSO SED models



Example SEDs

Robitaille et al. (2006)



Results

• The near-IR and mid-IR colors of disk-only sources are mainly sensitive to the 
stellar temperature, disk inner radius, and disk scaleheight (e.g. h100AU)

• Embedded sources can have a very large range of mid-IR colors, overlapping 
with disk colors. Very blue colors are possible in IRAC wavelengths due to 
scattering in bipolar cavities

• Data beyond 20µm crucial to reliably estimating evolutionary stages

Fig. 23.—Approximate regions of JHK (left), IRAC (center), and IRAC + MIPS 24 !m (right) color-color space where the different evolutionary stages lie. From
dark to light gray: the regions where most models are Stage I, II, and III, respectively. The hashed region in the JHK and IRAC color-color plots are regions where
models of all evolutionary stages can be present. The dark gray region in the JHK color-color plot is also hashed to indicate that this region, although never occupied by
Stage II and III models in the absence of extinction, would easily be contaminated by Stage II and III models for high values of extinction. The Stage II area in the IRAC
color-color plot is hashed to show that although most models in this region are Stage II models, Stage I models can also be found with these colors. The orange region in
the JHK color-color plot represents the location of reddened stellar photospheres. The yellow disk in the IRAC and IRAC +MIPS 24 !m color-color plots represents the
approximate location of stellar photospheres in the absence of extinction. The blue rectangles show the approximate regions where only disks with large inner holes lie.
The reddening vectors show an extinction of AV ¼ 20, assuming the Indebetouw et al. (2005) extinction law.

Fig. 24.—Dependence of the JHK, IRAC, and IRAC +MIPS 24 !m colors on the envelope accretion rate Ṁenv/M? (the values are shown above each box; the unit is yr
"1).

Robitaille et al. (2006)



Constraining parameters

Robitaille et al. (2007)
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Constraining parameters
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Constraining parameters

Robitaille et al. (2007)



Constraining parameters

Robitaille et al. (2007)



http://www.astro.wisc.edu/protostars

Back to Homepage Online SED model fitter Reset Form

Before you continue :

You can easily save this result page for future use. To do so, simply add this page to your
favourites/bookmarks. If you need to add/remove datapoints, or change the distance and extinction
range you will have to modify the original form and re-submit (and the link to this page will be different).

Report bugs or leave feedback using our feedback form.

MAKING YOUR OWN PLOTS AND ADDITIONAL INFORMATION

If you are happy with your model SED fits, and would like to produce your own plots using ASCII files,
proceed to this page which includes all the information you might need (e.g. extinction). 

ACKNOWLEDGING THE USE OF THIS TOOL

If you use the SED fitting tool, please reference Paper II:

Robitaille, T. P., Whitney, B. A., Indebetouw, R., and Wood, K. 2007, ApJS, 169, 328
Download BiBTex entry from ADS

SED Preview

(if plot does not appear below, try and refresh this page)

Set of best YSO SED fits Best stellar photosphere fit

(for fits since March 12th 2007)

This is simply to check whether your source cannot be fit simply
by a star with interstellar extinction.

Download EPS version of above plot Download EPS version of above plot

Caption

The above left plot shows all the YSO model SEDs which fit the data with a chi^2-chi_best^2 (per
datapoint) of less than 3. However, lower down on this page you can produce any plots you want (for
example just the best fit) as well as plots of the parameters which provide a good fit.

The dashed line shows the stellar photosphere model that was used as input to the radiation transfer
code for the best-fit model, with the best-fit insterstellar extinction taken into account (this differs from the
model grid browser where photospheres are shown free of interstellar extinction).

The black or colored lines show the best-fit model, and the pale lines (grey or pale colors) show
subsequent fits. A black or grey line indicates that the SED is the same in all the apertures specified.
Colored lines shows the same SED model in different apertures:

Download EPS version of above plot

The above right plot shows for comparaison the best fit that can be achieved using only stellar
photosphere models, and allowing the luminosity and interstellar extinction to be free parameters (with
the insterstellar extinction limited to an Av of 100 at the most).

Top 10 YSO SED fits

This table lists the top 10 models which fit the data (subsequent fits are not showed). The links in the
table below will open up the SED at the correct viewing angle, but will always open the models at the
same aperture (~3,000 AU). You will then need to select the appropriate aperture based on the best-fit
distance and the angular aperture entered for the fluxes.

# Model name Inclination (°) !! (total) Av Log[d/1kpc] View Model

1 3000865 31.79 142.29 0.12 -0.92 View

2 3003490 18.19 152.48 2.16 -0.80 View

3 3015785 31.79 163.95 0.00 -0.92 View

4 3006608 18.19 164.18 1.85 -0.84 View

5 3017504 18.19 167.91 0.75 -0.87 View

6 3005446 31.79 180.95 1.23 -0.90 View

7 3015361 18.19 185.71 2.14 -0.83 View

8 3011950 18.19 204.93 1.71 -0.92 View

9 3016447 18.19 207.92 0.88 -0.92 View

10 3014494 18.19 211.24 1.92 -0.85 View

Best stellar fit (for comparison)

Type Temperature Log[g] Log[Z/H] !! (total) Av Log[d/r]

Phoenix 2000 5 -4. 7770.20 6.56 -2.64

Note - the phoenix models do not go above 10,000K, while the Kurucz models go up to 50,000K 

Full results

Download complete results (ASCII file)

NEW : Download results column description. (ASCII file)

WARNING : as of the 15th of March 2007, a few columns have been removed in the above results file. 

Comment: The above ASCII file contains the list of the 1,000 best fits, ordered from best to worst fit. The total chi^2 value (not per
datapoint) is given, along with the best fit extinction, log(distance) (in kpc), and the parameters of the models. If you require
subsequent worse fits, please let us know.

Custom plots

Below you can generate any of the following plots: plots showing the data
with the SED fits, histograms showing the parameter values of the good-
fitting models, and plots showing the parameter values of the good fitting
models in 2D parameter space.

Make SED plot

Select from the options below whether you want to produce one plot
showing the data along with all the SED fits, or whether you want to
produce one plot for each fit, e.g. one plot for the best fit, one for the
second best fit, etc: 

All model fits on one plot  

Plot all models fits with a chi^2-chi_best^2 per datapoint below:  3  

Generate plot(s)

Comment: The solid black line on the plot is the best fit, and the solid grey lines are the
remaining fits.

Make parameter histogram

Select which parameter you would like to plot a histogram for: 

Envelope Accretion Rate (Msol/yr) [MDOT]  

Plot all models fits with a chi^2-chi_best^2 per datapoint below:  3  

Generate plot(s)

Comment: The grey histogram shows the distribution of models in the model grid, and the
hashed histogram shows the distribution of best-fit models.

Make 2d parameter plots

Select the two parameters you would like to create a 2D parameter plot
for: 

Back to Homepage Online model SED browser Reset Form

Enter numbers in decimal (e.g. 0.0002) or exponential (e.g. 1e-6) form.

Select the range of parameters to search

Parameter Minimum Maximum
Models

Remaining

Stellar Mass (Msol) [MASSC] 1 2 2162

Show models!  Add parameter range  Remove parameter range

Display parameters

Sort by Increasing  Model ID [ID]  

Display 50  models per page

Show models!

First Page - Previous Page - Next Page - Last Page 

Click on model ID to view SED

Click on the column headers for the full parameter description

ID MASSC RSTAR TSTAR MDOT RMAX THETA MDISK RMAXD RMIND RMINDAU ZMIN B RHOCONST RHOAMB MDOTDISK LTOT H100

[info] [info] [info] [info] [info] [info] [info] [info] [info] [info] [info] [info] [info] [info] [info] [info] [info] [info]

                  

3000003 1.72 2.87 4657 0 - - 8.58e-6 3.03e+2 3.73e+0 4.69e-1 0.835 1.111 - 5.94e-22 5.52e-11 3.49e+0 3.81

3000029 1.36 1.68 4591 0 - - 9.62e-5 4.28e+3 1.00e+0 7.12e-2 0.755 1.069 - 6.35e-22 3.51e-11 1.12e+0 2.29

3000038 1.99 3.33 4730 0 - - 1.48e-4 1.86e+1 1.78e+0 2.69e-1 0.817 1.043 - 1.17e-21 3.69e-10 5.00e+0 2.41

3000045 1.93 2.95 4753 0 - - 4.34e-6 1.30e+2 1.20e+1 1.62e+0 0.747 1.103 - 1.24e-21 2.52e-11 4.00e+0 3.14

3000047 1.92 4.71 4603 1.37e-7 8.61e+3 27.9 2.08e-4 7.82e+1 1.00e+0 2.01e-1 0.813 1.018 6.91e-22 4.25e-22 1.81e-10 8.94e+0 2.37

3000052 1.02 9.81 3999 1.18e-4 3.12e+3 3.5 6.65e-3 1.80e+1 1.00e+0 3.12e-1 0.886 1.181 4.74e-20 4.33e-22 4.42e-8 2.22e+1 11.25

3000054 1.41 7.52 4276 2.91e-5 7.62e+3 31.4 1.06e-3 2.40e+2 1.25e+0 3.44e-1 0.737 1.085 4.07e-21 7.44e-22 8.74e-9 1.70e+1 4.31

3000059 1.78 5.58 4504 5.67e-7 2.88e+3 52.4 5.50e-2 1.30e+2 1.00e+0 2.50e-1 0.960 1.166 6.32e-21 4.75e-22 3.02e-7 1.41e+1 7.61

3000061 1.14 7.90 4135 4.13e-4 2.18e+3 18.1 1.58e-3 4.72e+1 1.00e+0 2.74e-1 0.967 1.072 8.50e-21 6.88e-22 1.75e-7 1.70e+1 5.80

3000066 1.64 3.08 4605 0 - - 3.14e-2 7.86e+1 1.00e+0 2.88e-1 0.978 1.143 - 6.95e-22 1.06e-6 1.89e+1 5.76

3000072 1.21 2.21 4411 0 - - 1.85e-7 9.48e+1 1.00e+0 8.63e-2 0.615 1.013 - 3.74e-22 3.58e-13 1.66e+0 1.45

3000077 1.47 11.91 4124 2.38e-4 5.78e+3 2.6 6.60e-3 1.71e+1 3.42e+1 1.46e+1 0.803 1.146 1.72e-20 2.49e-22 1.43e-6 4.12e+1 7.56

3000080 1.32 4.23 4400 3.73e-6 1.18e+3 29.1 1.50e-3 1.18e+3 8.77e+1 1.44e+1 0.985 1.073 1.91e-21 3.65e-22 7.51e-11 6.02e+0 4.49

3000081 1.07 1.53 4303 0 - - 4.76e-7 6.65e+1 1.00e+0 5.69e-2 0.750 1.018 - 2.73e-22 9.44e-13 7.25e-1 1.60

3000107 1.34 9.89 4147 4.95e-5 3.61e+3 22.8 1.21e-1 2.97e+1 1.00e+0 4.83e-1 0.943 1.158 2.22e-20 7.38e-22 8.03e-6 5.55e+1 9.37

3000122 1.73 2.74 4673 0 - - 1.79e-8 3.08e+2 1.59e+0 1.92e-1 0.712 1.117 - 1.00e-21 5.02e-14 3.21e+0 3.33

3000139 1.44 7.28 4296 1.59e-5 4.72e+3 31.0 1.21e-4 9.55e+1 2.30e+1 6.19e+0 0.697 1.081 9.22e-21 4.17e-22 3.80e-10 1.62e+1 3.91

3000154 1.17 1.33 4519 0 - - 5.71e-8 8.04e+2 1.00e+0 5.46e-2 0.974 1.142 - 7.08e-22 3.00e-15 6.62e-1 4.93

3000161 1.10 7.98 4115 1.68e-4 1.43e+3 12.5 3.55e-2 1.37e+1 1.14e+1 3.18e+0 0.891 1.135 1.61e-20 3.28e-22 3.40e-7 1.76e+1 7.89

3000172 1.55 11.94 4148 9.86e-6 1.90e+3 17.9 2.56e-2 6.26e+1 1.00e+0 4.12e-1 0.964 1.133 1.41e-20 5.82e-22 1.60e-7 3.84e+1 8.30

3000186 1.67 13.32 4144 5.41e-4 5.42e+3 4.5 1.97e-1 1.18e+1 2.05e+0 1.66e+0 0.903 1.204 3.09e-20 4.84e-22 3.12e-5 1.49e+2 11.41

3000193 1.42 3.54 4479 1.11e-8 6.09e+3 45.1 4.56e-5 1.43e+2 1.00e+0 1.43e-1 0.986 1.047 8.97e-22 8.38e-22 2.03e-10 4.52e+0 3.42

3000204 1.47 1.73 5222 0 - - 8.44e-5 2.84e+2 4.08e+0 3.92e-1 0.793 1.085 - 3.89e-22 4.82e-11 1.99e+0 2.95

3000237 1.64 2.72 4629 0 - - 5.12e-5 6.83e+1 1.00e+1 1.18e+0 0.736 1.109 - 6.71e-22 8.86e-11 3.06e+0 3.30

3000254 1.98 3.58 4703 0 - - 1.23e-6 8.47e+1 1.00e+0 1.60e-1 0.639 1.042 - 5.42e-22 2.36e-12 5.64e+0 1.92

3000258 1.21 1.85 4409 0 - - 3.36e-5 5.42e+1 1.00e+0 7.21e-2 0.919 1.120 - 5.21e-22 3.62e-11 1.16e+0 4.30

3000263 1.41 1.72 4635 0 - - 6.93e-5 2.93e+2 1.42e+1 1.06e+0 0.942 1.161 - 5.33e-22 1.60e-11 1.23e+0 5.57

3000292 1.49 8.85 4246 1.42e-5 1.27e+4 24.9 8.32e-4 1.95e+2 1.86e+0 5.95e-1 0.805 1.103 4.69e-21 7.39e-22 3.97e-9 2.29e+1 5.43

3000296 1.98 4.99 4605 5.92e-6 1.08e+4 32.5 8.73e-5 2.23e+3 1.77e+0 3.76e-1 0.994 1.010 3.58e-21 3.91e-22 8.85e-12 1.00e+1 2.79

3000304 1.72 2.17 4832 0 - - 1.49e-7 1.98e+2 1.00e+0 1.02e-1 0.992 1.035 - 9.33e-22 4.23e-14 2.30e+0 2.49

3000310 1.05 2.18 4306 0 - - 4.67e-7 2.74e+2 1.37e+0 1.11e-1 0.948 1.077 - 3.21e-22 3.48e-12 1.47e+0 3.70

3000314 1.72 2.39 5655 0 - - 4.33e-7 4.33e+2 1.00e+0 1.57e-1 0.611 1.112 - 9.54e-22 8.83e-13 5.23e+0 3.07

3000322 1.74 14.15 4144 8.37e-4 2.34e+3 6.2 1.27e-1 2.61e+0 1.00e+0 1.27e+0 0.970 1.159 4.83e-20 1.08e-21 9.92e-5 3.84e+2 9.60

3000333 1.92 2.90 6449 0 - - 3.30e-5 2.32e+2 1.00e+0 2.51e-1 0.627 1.156 - 3.23e-22 1.59e-11 1.30e+1 4.65

3000346 1.16 2.15 4375 0 - - 3.34e-8 2.37e+3 1.00e+0 8.25e-2 0.766 1.118 - 2.89e-22 2.54e-15 1.52e+0 3.82

3000359 1.26 3.16 4424 6.83e-9 5.04e+3 45.3 5.80e-5 1.26e+3 1.00e+0 1.24e-1 0.753 1.054 1.57e-21 3.91e-22 2.88e-11 3.44e+0 2.73

3000372 1.80 2.25 4899 0 - - 1.99e-5 1.56e+2 1.00e+0 1.10e-1 0.685 1.136 - 5.43e-22 9.30e-11 2.63e+0 3.45

3000391 1.10 8.68 4092 7.54e-5 1.88e+3 8.9 2.25e-3 2.50e+1 1.00e+0 2.93e-1 0.820 1.143 2.42e-20 1.85e-22 1.65e-7 1.95e+1 7.84

3000393 1.49 2.19 4577 0 - - 3.91e-5 1.47e+2 5.56e+1 5.14e+0 0.863 1.042 - 6.74e-22 2.70e-11 1.89e+0 2.33

3000400 1.04 6.53 4147 1.06e-5 4.42e+3 24.8 3.08e-3 1.47e+2 1.00e+0 2.26e-1 0.986 1.034 7.24e-21 1.90e-22 6.54e-8 1.16e+1 4.55

3000405 1.84 15.35 4131 3.19e-4 2.39e+3 5.3 3.56e-3 7.06e+0 7.76e+0 4.06e+0 0.771 1.105 2.48e-20 8.59e-22 6.47e-8 6.18e+1 5.76

3000422 1.63 1.97 4860 0 - - 1.69e-2 1.17e+2 1.00e+0 1.16e-1 0.834 1.141 - 1.02e-21 4.90e-8 3.01e+0 4.32

3000428 1.69 2.50 4678 0 - - 2.03e-4 1.22e+3 1.00e+0 1.10e-1 0.812 1.111 - 9.73e-22 1.55e-11 2.69e+0 3.57

3000430 1.47 6.34 4351 4.16e-5 2.14e+3 41.2 3.15e-2 2.40e+2 1.00e+0 2.41e-1 0.637 1.110 1.21e-21 8.72e-22 3.89e-9 1.30e+1 4.04

3000435 1.89 13.40 4202 1.66e-4 4.87e+3 12.5 4.49e-2 7.67e+0 1.00e+0 6.19e-1 0.907 1.164 4.89e-20 1.15e-21 1.04e-5 9.01e+1 8.80

3000446 1.15 1.54 4367 0 - - 9.73e-5 1.54e+3 1.00e+0 5.88e-2 0.666 1.062 - 4.28e-22 8.16e-12 7.73e-1 1.92

3000449 1.25 13.41 3986 5.33e-5 1.10e+4 4.6 8.94e-4 3.10e+1 5.79e+0 2.45e+0 0.946 1.179 2.95e-20 8.26e-22 2.64e-8 4.08e+1 11.80

3000450 1.24 1.52 4482 0 - - 2.95e-5 1.44e+3 1.05e+2 6.46e+0 0.961 1.040 - 4.94e-22 4.91e-12 8.42e-1 2.31

3000455 1.28 7.66 4214 1.25e-4 3.40e+3 35.4 5.07e-3 7.68e+1 1.00e+0 2.78e-1 0.952 1.004 2.98e-21 8.21e-22 1.90e-7 1.75e+1 3.63

3000456 1.66 12.86 4156 7.16e-5 8.09e+3 5.9 3.59e-2 5.94e+0 4.94e+0 3.94e+0 0.740 1.137 6.55e-20 9.44e-22 2.88e-5 1.39e+2 6.49

[First Page] - [Previous Page] - [Next Page] - [Last Page] 
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Techniques developed to analyze YSO SEDs

➡ Grid of SED models

➡ SED fitting using pre-computed models

Modeling large numbers of YSOs in GLIMPSE

➡ Catalog of ~25,000 IR excess sources

Applications and caveats for MYSOs



Modeling Massive YSOs

• Many MYSOs, for which near- to far-IR data are 
available (e.g. in the GLIMPSE and SAGE surveys)

• We can model their SEDs in order to determine 
some of the physical properties but we need to 
keep in mind the assumptions we make for the 
models (e.g. axisymmetry, single source, scaling up)



The RMS survey

• SED fitting tool is being used to determine luminosities 
of sources in the RMS survey (Hoare et al.)

• See poster by Mottram et al. (#71)

G254.0548-00.0961   -   Lbol~104 Lsun



G34.4MM

IRAC 3.6µm (B), 5.8µm (G), 8.0µm (R) MIPS 24µm



G34.4MM

Shepherd et al., 2007

This source appears can be well-fit by embedded models 
with M ~ 10 Msol.

We can explain the presence of IRAC emission by 
scattered light in a bipolar cavity.



G34.4MM - Caveats

Underlying assumption is that only 
one source is present. 

But CO observations reveal 
outflows from at least two different 
sources in G34.4MM Shepherd et al., 2007

However, if one source dominates the SED at all 
wavelengths, modeling results are still likely to be 
relevant.





• >1000 sources have colors 
consistent with intermediate and 
high-mass YSOs based on color-
magnitude selection (Whitney et al., 
submitted)

• Estimated SFR is 0.1 Msol / yr

➡ Value from UV, Hα and IR fluxes 
is 0.1 to 0.25 Msol / yr

• See poster by Sewilo et al. (#110)

The Large Magellanic Cloud - Results

Mobs=4800 Msol

Lobs=4x106 Lsol

– 55 –

Fig. 16.— Histograms of stellar mass and luminosity functions of the set of well-fit YSO candidates

(Table 3). The dashed line in the left panel is the (Kroupa 2001) initial mass function (see §3.5).

– 55 –

Fig. 16.— Histograms of stellar mass and luminosity functions of the set of well-fit YSO candidates

(Table 3). The dashed line in the left panel is the (Kroupa 2001) initial mass function (see §3.5).



At 50kpc, 6” (~MIPS 24µm) = 3pc

Much more likely to be a proto-cluster than a single MYSO 
with a strange SED. In this case, different sources might 
dominate at different wavelengths.

The Large Magellanic Cloud - Caveats



The Large Magellanic Cloud - Caveats

Mobs=8-10 Msol

Lobs=1000-2000 Lsol



The ‘scaling up’ caveat

• The massive YSO models are scaled-up versions of 
the low-mass picture of star formation

• Above 20 Msol, geometries assumed in the grid of 
models may no longer be appropriate

• Fitting a MYSO well with one of these SEDs is not 
proof that the source is indeed forming in a scale-up 
fashion, simply that its SED is consistent with that 
interpretation

• In future we plan to include models with alternative 
dust geometries, e.g. stars embedded in clumpy 
envelopes 



Indebetouw et al., 2005

Clumpy models : example



Techniques developed to analyze YSO SEDs

➡ Grid of SED models

➡ SED fitting using pre-computed models

Modeling large numbers of YSOs in GLIMPSE

➡ Catalog of ~25,000 IR excess sources

Applications and caveats for MYSOs



The environments of MYSOs

• We can model not only MYSOs, but also lower mass 
YSOs in their vicinity

• Aim is to find out more about the environments in 
which massive stars form (clustering, triggering,... )

• We are compiling a highly reliable catalog of IR 
excess sources in GLIMPSE (~25,000 sources) based 
on the publicly available catalogs.

• Aside from modeling their SEDs, we will look for 
spatial correlations with e.g. dark clouds and bubbles









For more information see poster by Robitaille et al. (#91)

IR excess sources in GLIMPSE

8µm

13CO



Summary

• We have developed a grid of models which we can 
fit to observed SEDs to determine parameter 
constraints. The grid and a fitting tool are available 
online.

• We can apply this technique to MYSOs, but need 
to be aware of where assumptions break down.

• We are compiling a catalog of IR excess sources in 
GLIMPSE I & II, focusing on a high reliability.



Future work

• Improved grid of YSO models

➡ e.g. unbiased gridding

➡ images, visibilities, polarization maps

➡ feedback/suggestions for improving our high-
mass models welcome!

• Study the effects of multiplicity/clustering on SEDs

• Analysis/Follow-up of sources in the GLIMPSE IR 
excess source catalog



See also

• Poster #71 - Mottram et al. (RMS survey)

• Poster #91 - Robitaille et al. (IR excess sources)

• Poster #110 - Sewilo et al. (YSOs in the LMC)

• Poster #139 - Watson et al. (GLIMPSE bubbles)

• Model grid and SED fitting tool:

http://www.astro.wisc.edu/protostars

http://www.astro.wisc.edu/protostars
http://www.astro.wisc.edu/protostars

