Contact: zrt7qc@virginia.edu

The SOMA Survey:

Probing massive star formation across Galactic
environments

Zoie Telkamp?,

Jonathan Tan 2, Adele Plunkett3, Rubén FedrianiZ, Mengyao Liul, James M. De Buizer4, Yichen Zhang},
Juan Farias?, Yao-Lun Yang?!, Prasanta Gorai?, Maria T. Beltran>, Jan E. Staff®, Kei E. |. Tanaka’, Barbara Whitneys?,
Viviana Rosero?

1 University of Virginia, 2 Chalmers Institute of Technology, 3 National Radio Astronomy Observatory (Charlottesville) , 4 SOFIA-USRA, 5 INAF-

Osservatorio Astrofisico di Arcetri, 6 University of Virgin Islands, 7 National Astronomical Observatory of Japan, 8 University of Wisconsin-Madison, 9
National Radio Astronomy Observatory (Socorro)

U IVERSITY
AIE "7\ /IRGINTA

!



mailto:zoietelkamp@berkeley.edu

Massive Star Formation Theories

n Orion KL

Competitive Accretion (e.g. Bonnell, Clarke, Bate, Pringle 2001; Grudié et al. 2022)
Protostellar Collisions (e.g. Bonnell, Bate & Zinnecker 1998; Bally & Zinnecker 2005; Bally et al. 2011)

Core Accretion (e.g. Myers & Fuller 1992; Caselli & Myers 1995; McLaughlin & Pudritz 1997; Osorio+
1999; Nakano+ 2000; Behrend & Maeder 2001; McKee & Tan 2002)
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SOFIA Massive (SOMA) Star Formation Survey:
Overview

SOMA Project Goal: To observe ~50 protostars with SOF/A-FORCAST from
7-37 um, with sources spanning a range of environments, evolutionary stages,
and core masses, to test theoretical models of star formation

Paper I: 8 massive protostars (De Buizer et al. 2017)

Paper ll: 7 high luminosity sources (Liu et al. 2019)

Paper lll: 14 intermediate mass protostars (Liu et al. 2020)

Paper IV: 10 relatively isolated sources (Fedriani et al., in prep 2022)
Paper V: 8 clustered regions (Telkamp et al., in prep 2022)
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SOFIA Massive (SOMA) Star Formation Survey:

Methods

Observations: SOF/A-FORCAST
7,19, 31, 37 ym data, along with
Spitzer 3.6-8.0 um and Herschel
70-500 um archival data

RGB images constructed using
SOFIA data enable examination of
image morphologies + testing of
Turbulent Core Accretion model
predictions

Spectral Energy Distributions
(SEDs) are built by performing
aperture photometry on images to
measure flux densities
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SOFIA Massive (SOMA) Star Formation Survey:

Methods
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SOMA IV: Isolated Sources and New Methods
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Introduces...
e Algorithm to automatically select aperture radii
e Sedcreator Python package for automated aperture photometry and SED fitting

e Averaging of best-fit models to account for degeneracies in SED fitting results

Re-analyzes SOMA [-11l sources with new methods
Zoie Telkamp (zrt7qc@virginia.edu)
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SOMA IV: Isolated Sources and New Methods
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Introduces...
e Algorithm to automatically select aperture radii
e Sedcreator Python package for automated aperture photometry and SED fitting
e Averaging of best-fit models to account for degeneracies in SED fitting results

Re-analyzes SOMA [-11l sources with new methods
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Comparing Algorithmic to By-Eye Results

Flux for OPTIMAL Aperture radius (Jy)
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e Flux measurements are typically within ~10% when using the “optimal” radius
v.S. choosing aperture radius by eye

e Algorithm returns radii that are too large in crowded regions
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SOMA V: Clustered Environments

W3 IRS5

SOFIA 19um

e Presents 8 clustered regions,
each one with multiple sources

e Adds ~30-40 sources to the
SOMA survey, providing better
constraints on environmental
trends of massive star
formation

Herschel 70um

e Presents automated aperture
radius selection algorithm for
crowded regions

W3 IRS5: Protostellar number density of ~ 10® pc™ (Roddn et al. 2008)
Zoie Telkamp (zrt7qc@virginia.edu)
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SOMA V: Clustered Environments
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e Excludes flux that belongs
to another source when

determining the optimal
aperture radius of a target
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SOMA V: Clustered Environments
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Results from SOMA |-V...



Results for Clustered Region G18.67
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Results for Clustered Region G18.67

e Four 8 Mg, stars forming in a “line”

e One lower luminosity, 4

M, source

e Most sources display similar 2 (all
have low x? fits at 2, = 3.16 g/cm?)

128.0 1
2
20{ g4 ® ®
B
= 8.0 4 '
2.0 4
0'5 T T T T
0.1 0316 1.0 316

Y lgem =)

Zoie Telkamp (zrt7qc@virginia.edu)

1.6
128.0 1 3
[} a
32.0 1 = .
8.0 1 -
2.0 1
04 051 ‘
0.1 3.16

128.0 1
1
32.0 1 -
u O
- 8.0 B #
2.0 1
0.5 T T T T
0.1 0316 1.0 316
.\:_|L":l.'l -
19 12807 4
O O
320{ ® I =
]
801 ® O
2.0 1
0.1 0'5 1 T T T T
0.1 0316 1.0 3.16
Yilgem -

1.9 & Herschel 70um
%
2 1 3 4
0.6 d = 10.8 kpc
1.6
128.0 1 5
[m}
32.0 1 =
] o
8.0 4
+
2.0 1
0'5 T T T T
0.1 0316 10 3.16
Y lgem )


mailto:zoietelkamp@berkeley.edu

SOMA I-IV SED Fitting Results
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De Buizer et al. 2017
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SOMA I-1V SOFIA Imaging Results

e Shorter wavelengths point to blueshifted
outflow cavities, as predicted by the Turbulent
Core Accretion model

Side-on view

Cepheus A
8 microns

outflow wind
approaching

*

On-sky view

outflow wind
receding




Spectral Energy Distribution Fitting Results
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Spectral Energy Distribution Fitting Results

e SOMA data is inconsistent with the
Krumholz & McKee (2008)
prediction that 10 M, stars require
2> 0.3 gcm™ to form

e The most massive (=25 M) stars
are predicted to form more
efficiently in X,= 1 g cm™
protostellar clump environments

e This is indicative of special
conditions needed to form massive
stars, consistent with the Turbulent
Core Accretion model

Zoie Telkamp (zrt7qc@virginia.edu)

(M.

m

Y (gem2?)

O O ] ..
L . I
O
n n® o
mE g [ |
g
L] |
= [
-
B SOMAI
O Bl SOMAI
O B SOMATII
B SOMAIV
m B SOMAV
| 10 M.
O 25 M .
« lgem :
¥ LA Y | i . L4 * L LA L ]
101 100



mailto:zoietelkamp@berkeley.edu

Using ALMA Archival Data to Probe the Disk Scale

G339.88
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e Use high-resolution continuum long-baseline ALMA archival data
to measure fluxes within ~100 AU and probe the disk scale
e Fit 2D Gaussians to estimate projected disk orientations
Zoie Telkamp (zrt7qc@virginia.edu)


mailto:zoietelkamp@berkeley.edu

Using ALMA Archival Data to Probe the Disk Scale
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Summary and Conclusions
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The SOMA survey has uniformly observed ~50 protostars
with SOFIA-FORCAST spanning a range of core masses,
evolutionary stages, and environments

SOMA I-IV show that we can fit the SEDs with the ZT
radiative transfer models, based on the Turbulent Core
Accretion model, with some degeneracies

Some models, such as the Krumholz & McKee (2008)
model, are challenged by the initial SOMA results

SOMA V (Telkamp et al., in prep. 2022) will...

O
O

Roughly double the size of the SOMA survey
Present new algorithms for protostellar analysis in
clustered environments

Enable detailed exploration of how massive stars
form in clustered environments
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x> Metric (Zhang & Tan
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Automating the Aperture Finding Process
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Calculate the background-subtracted flux enclosed for a range of aperture radii
Find the point at which a 30% increase in aperture radius results in a 10% or smaller
increase in flux



Using ALMA Archival Data to Probe the Disk Scale
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e (Goal: Use high-resolution continuum long-baseline ALMA archival data to measure fluxes within
~100 AU and probe the disk scale
e Want to select relatively simple sources and fit 2D Gaussians



