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THE
LMC

- nearby (~50kpc) 
proxy for high-z 
star formation, 
illustrating 
standard HII 
region emission 
line diagnostics

- c.f. galactic star 
forming regions at 
<1-2-8 kpc where 
spectra of 
individual stars 
are feasible. 



SOME FAVORITE GALACTIC REGIONS ARE WELL-SUITED FOR JWST

Lu (2019)

Hosek et al. (2019, DSWP)

~2-6 Myr old

Each cluster has ~100-150 O-type stars and contains 
total stellar mass >104 Msun.

Spatial resolution, sensitivity, infrared all required. 
Currently sampled to only 1.8 Msun.

d ~8kpc



• Stars are born mainly in 
clusters/groups, within GMCs.

• Spatial-temporal star formation 
scenarios are complex.

• In massive star-forming regions,  
UV radiation from the most massive 
stars can have significant effects on 
the environment.

GALACTIC STAR-
FORMING COMPLEXES

slide courtesy of 
M. Kuhn

d ~0.4kpc



STILL OPEN 
QUESTIONS 
REGARDING:

Cluster formation/dispersal timescales.   

Gas expulsion processes.

Connection between gas kinematics                 
and young star kinematics

Fraction of clusters that remain bound.

Age spreads and sequencing of s.f.

IMF and variations.

Mass segregation.

Multiplicity fractions and binary parameters.

Povich et al 2019

d ~2.7kpc



WE HAVE A NON-IDEAL 
VANTAGE FROM WHICH 
TO UNDERSTAND
GALACTIC STAR FORMATION



TRADITIONAL SURVEYS COVER ONLY 
SMALL TO MODERATE FIELDS OF VIEW

Kuhn et al.



X. Koenig

• Infrared 
excess

• Photometric  
variability 

• Halpha
emission

• X-ray 
emission

• CMDs

5o

WIDE-FIELD AND ALL-SKY SURVEYS 
HAVE IDENTIFIED EXTENT OF YSOS
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KINEMATICS NOW TOO!



INSATIABLE 
APPETITE 
FOR   
WIDE-FIELD 



Ophiuchus

Pipe
Lupus Coalsack

Taurus
Perseus Orion

Serpens
Cepheus

Chamaeleon
VelaCygnus

ESA/Gaia

THE ASTROMETRIC BOUNTY OF GAIA



-Photometric surveys

-Astrometric capabilities of Gaia

Statistical methods e.g. UPMASK, 
HDBSCAN used to identify 
kinematically associated and 
evolutionarily related sources.

• WISE – mid-IR
• 2MASS – near-IR
• K2/ZTF/VVV - variability
• PanSTARRS – red optical
• Gaia – blue optical
• GALEX – UV

• proper motions
• parallaxes
• radial velocities

2-4 x pi fields:

2-4 X PI 
FIELDS NOW 
AVAILABLE



THE EXTENT AND POPULATION STATISTICS  
OF THE NEAREST OB ASSOCIATION           
ARE STILL BEING DISCOVERED 

Kerr+
2021

d ~0.15kpc



Krause, Burkert



Pictures – glimpse



NEW CATALOG OF >105 YSOS 
Kuhn, de Souza et al. 2021



BOTTLENECK IS STILL SPECTROSCOPY

A. Kospal

photometry è SEDs (cheap) spectroscopy è physics (expensive)



PRE-MS EVOLUTIONARY THEORY



CARTOON OF AN INDIVIDUAL YOUNG STAR 
ACCRETION/OUTFLOW SYSTEM



YSO SEDS CONSIST OF UNDERLYING STELLAR 
PHOTOSPHERE + CIRCUMSTELLAR DUST/GAS



WHAT CAN ATLAS DO?
1-4 um spectrophotometry

R = 1000 spectroscopy è spectral typing; emission lines

YSOs at SNR=60 out to beyond 2.5-3 kpc!
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young stellar objects with good astrometry

range of SED shapes at K=14 mag
(current sample limited by Gaia sens.)



BUILDING HR DIAGRAMS 
FOR YOUNG STARS

graphic courtesy of Y.-S. Ting

Spectral type from optical or 
infrared spectra used to estimate 
photospheric temperature.

Accretion effects need to be  
taken into account.

De-reddened photometry plus 
bolometric correction and distance 
allows luminosity estimate.

Few months of ATLAS with multiple 
DMD reconfiguations per pointing 
to survey entire galactic plane.



COMPLEMENTS JWST-TARGETTED NEARBY STAR FORMING REGIONS

graphic courtesy of M. McCaughrean


