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Big Questions of Relevance to Stellar 
Astronomy* 
Big Questions of Relevance to Stellar 
Astronomy* • How do rotation and magnetic fields affect stars?

• How does the dynamo work?
• How is the corona heated?

• How do stars form?
• How do circumstellar disks evolve, form planetary systems?
• How diverse are planetary systems?
• Do habitable worlds exist on other stars?

X-rays inform each of these topics, 
are vital for understanding how 
stars work and how they interact 
with their environment

Observations with large collecting 
area coupled with high spectral, 
spatial resolution are necessary to 
make progress in answering these 
questions

*From R Osten as informed by the Decadal Survey and more recent results



Why Bother Looking at Young Stars in 
X-rays ?   

Why Bother Looking at Young Stars in 
X-rays ?   

 Young stars are X-ray bright
 HMS- High energy wind shocks?
 LMS- Despite pedestrian 5000K, 

temperatures they have hot 
corona.
 Insight into the interior workings 

of LMS.

 To identify young stars.
 After stars lose their disks X-ray 

surveys are the only way to find 
young stellar objects

 This has allowed us to 
understand the history of star 
formation in the galaxy.

 Direct observation of material 
accreting onto very young stars.

 X-rays are probably responsible 
for rapid heating of 
protoplanetary disks and can 
have deleterious effects on 
young planets.
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Orion is nice, but
 One age

 1-20 Myr (some clusters are 
up to 100Myr)

 One mass distribution
 Not a lot of OB stars, 

especially in Orion A.
 Binarity seems a function of 

stellar density
 One set of initial conditions

 Triggering mechanisms matter 
to the final elemental 
abundances and perhaps 
more.

 One metallicity
 One look angle, M42 has a 

molecular cloud behind, but 
there are other arrangements



 Cluster Census
 Transition disk timescales
 X-ray effects on cluster morphology
 Detecting grain evolution
 X-rays from protostars
 Effect of X-rays on forming planets disks 

 Especially flares.

 Understanding the magnetic fields.
 What are the statistics of radio flaring for young 

stellar objects? 
 Are radio flares correlated with X-ray flares?
 Understanding diffuse emission and feedback. 
 What is the relationship between X-rays and radio 

emission from YSOs?

Specific Science goals for Star Formation Regions

4’



Massive clusters within ~ 3.5 kpc

Kuhn et al. (2014) 



Kuhn et al. (2014) 
The ratio of disked to 

diskless stars

Disk Survival timescales

X-rays 
are 

basically 
limited by 
Chandra 

Sensitivity

IR sources are only 
about 50% of the 

clusters



RCW 108, RCW 38

Serpens, 
NGC 1333,
Rho Oph,
i.e. no O star

Disk-Grain Evolution

Chandra only has sufficient counts statistics for a few sources and 
even then the errors are large 

Winston et al. (2009) 



(Imanishi et al. 2001, 2005)

Disk irradiation: fluorescence

(P
ravdo  2009) 

C
ep A



Science Landscape of ~ 2030Science Landscape of ~ 2030

• TESS (2018), Plato (2024) – Survey millions of stars to find exoplanets.
• Gaia (2013) – 3D maps of the galaxy to 10 Kpc
• JWST (2018), WFIRST(2025)– Deep IR imaging and spectroscopy. 

constraints on stellar populations in crowded stellar clusters down to the 
H-burning limit, properties of starspots in transiting exoplanet systems

• ALMA, VLA SKA (2023+)  – Radio telescopes will study chemistry and 
dynamics of planet-forming disks, non thermal stellar processes

• E-ELT, TMT GMT (2022+) – Ground based optical and NIR telescopes 
will map surface magnetic fields in a variety of stars

• E-Rosita (2018) – All sky survey will increase the number of known 
X-ray emitting stars by about 100x.

• Athena  (2028) – sensitive R~200-500 X-ray spectroscopy (as far as 
stars are concerned). PSF limits utility in crowded regions. 



Gaia will be great, but
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Gaia will be great, butGaia will be great, but
1’
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• Feedback irradiation effects on surrounding circumstellar material: 
ionization, heating, fluorescence

 – Effects on chemistry (=> diagnostics) + heating 
• Studied theoretically on disks & jets 

– Provides ionization fraction: xe = ne/np ~ 10-9 - 10-5

• (ISM + LECR => Xe ≈ 10-7) 
– Effects on cold material: fluorescence (from AGNs) 

• Fe line @ 6.4 keV 
• Ionization provides necessary coupling between circumstellar matter and 
magnetic fields via ambipolar diffusion 
• This coupling regulates large-scale accretion vs. ejection in an otherwise 
neutral environment (e.g., Shu et al., Ferreira et al…)

We might know about 10,000 YSOs in X-rays 
• We know < 100 protostars, 
• they are all faint
• They are all embedded
• They are all close to other X-ray sources

Why are X-rays important/essential in protostars ?
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BN/KL Region

NICMOS 1999      
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Athena 2028       

BN/KL Region

VLA 2016       
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Targets
 30 Dor (LMC) 
 ARCHES (~8000pc) 
 NGC 3603 (6900 pc)
 Carina (2400 pc) 
 NGC 281 (2100 pc)  
 RCW 38 (1700pc)
 Etc. 

 Goals
 Cluster Census
 Transition disk timescales
 X-ray effects on cluster morphology
 Detecting grain evolution
 X-rays from protostars
 Effect of X-rays on planets and 

forming disks 
 Especially flares.
 Understanding the magnetic fields.

 Understanding diffuse              
emission and feedback. 

The program: Study Nearby Massive Star Formation 
Regions

RCW 38 
0.1” Left, 0.5” (Chandra) Right





Athena 2028       

BN/KL Region

VLA 2016       
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What is the Diffuse 
Emission? Diffuse Emission has now been reported in about half a dozen regions 

of massive star formation

 An X-ray halo around IRS 2?
 Diffuse flux is much harder than that of IRS 2.

 Thermal emission?
 Would need to be hot ~ 10keV electrons.
 Pressure would be high leading to shocks.
 No lines seen.
 Wind driven models of diffuse emission tend have cooler & thermal 

emission profiles.

 Spectrum dominated by power-law.
 Synchrotron  B field to excite electrons
 Common in SNR but lack of lines implies a shell type SNR, not consistent 

with the morphology.
 Energetics

 Lx~3x1032 ergs/sec
 Assuming Equipartition 

 B~4.9G
 2.2x1044 ergs in relativistic electrons
 e- should decay in 20,000 years (unique among star forming regions)
 Caused by recent SN? or…
 Replenished by colliding winds ?

 Shell supernovae remnants tend to be symmetric.

 Photoionization

 Perhaps this is a shell supernova with a massive O star wind filling the 
cavity. (ad hoc) 



Athena will be great, butAthena will be great, but





Embedded clusters within ~ 1 kpc

Gutermuth et al. (2009) 



Kuhn et al. (2014) 

IR sources are only 
about 50% of the 

clusters

X-rays are 
basically 
limited by 
Chandra 

Sensitivity

Census
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