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Some Interesting Background

Low-mass stars (cool stars;      
M dwarfs     dM)

Most populous type of  star in the 
Galaxy (>70%; West et al. 2008)

Extremely faint (can’t see any with 
the naked eye from Earth)

Penchant for building terrestrial 
planets (Dressing & Charbonneau 
2013)
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Credit: RECONS/GSU
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Formation and Evolution of  Stars and Disks
Observable (SED) ModelTimescale
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Adapted from Lada (1987)
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Formation and Evolution of  Stars and Disks
Observable (SED) ModelTimescale
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Adapted from Lada (1987)

Canonical picture for solar-type stars
(FGK-spectral type)
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Disk Removal Mechanisms
(Radiative Examples)

Poynting-Robertson
Frame 
of  
the 
grain

Frame 
of  
the 
star
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Particle will decelerate and spiral inwards

Photoevaporation
(Radiation Pressure)

Adapted from Williams & Cieza (2011)

Credit: Michael Schmid
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Disk Removal Mechanisms
(Grain Growth/Planets)
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Credit: NAOJ
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Disk Removal Mechanisms
(Grain Growth/Planets)
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Credit: NAOJCredit: ALMA
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Motivating Questions
What is the timescale for disk dispersal around low-mass 
stars?

Multiple mechanisms play an important role in removing disks 
around stars. What are the dominant dispersal mechanisms for 
low-mass stars, and how does that affect their disk evolution?
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What’s up with M dwarfs?
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What’s up with M dwarfs?
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The Wide-field Infrared Survey Explorer
(WISE)
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Credit: NASA/IPAC
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Strength in Numbers
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Mass Increasing

West et al. (2011)

SDSS spectroscopic sample
of  many low-mass stars 
(70,841; West et al. 2011).
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Strength in Numbers
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Mass Increasing

Theissen & West (2014)

West et al. (2011)

Excess significance

Stars

Stars with
excess 
IR flux

SDSS spectroscopic sample
of  many low-mass stars 
(70,841; West et al. 2011).

WISE color-magnitude 
criteria to select stars 

with excess IR flux.
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Other Explanations for IR Excess -
Ultra-cool Binaries
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Adapted from Theissen & West (2014)
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Other Explanations for IR Excess -
chance alignment with a Galaxy
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Other Explanations for IR Excess -
chance alignment with a Galaxy
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Theissen & West (2014)
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The Final Sample
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Theissen & West (2014)
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Where did we find them?
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Theissen & West (2014)
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Galactic Coordinates

Wednesday, July 22, 15



Where did we find them?

l →

b ↑ . 04590135180 -135-90-45

-90

-60

-30

30

60

90

200 400 600 800 1000 1200 1400

Distance (pc)
Theissen & West (2014)

13

Galactic Coordinates

Wednesday, July 22, 15



Combining Surveys for SEDs
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Combining Surveys for SEDs
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Adapted from Theissen & West (2014)
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Combining Surveys for SEDs
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Combining Surveys for SEDs
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Combining Surveys for SEDs
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Combining Surveys for SEDs
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Adapted from Theissen & West (2014)
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Combining Surveys for SEDs
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Adapted from Theissen & West (2014)
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Aging a Star:
Part 1: Surface Gravity aka log(g)
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Aging a Star:
Part 1: Surface Gravity aka log(g)
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Mann et al. (2012)
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Aging a Star:
Part 1: Surface Gravity aka log(g)
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Aging a Star:
Part 2: Hydrogen Balmer emission 
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Morgan et al. (2012)
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Aging a Star:
Part 2: Hydrogen Balmer emission 
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West et al. (2008)
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Aging a Star:
Part 2: Hydrogen Balmer emission 
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Adapted from Theissen & West (2014)
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Motivating Questions
What is the timescale for disk dispersal around low-mass 
stars?

Multiple mechanisms play an important role in removing disks 
around stars. What are the dominant dispersal mechanisms for 
low-mass stars, and how does that affect their disk evolution?
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We don’t have the ability to probe ages < 100 Myr, but 
the majority of  our stars appear to have ages > 1 Gyr.
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Motivating Questions
What is the timescale for disk dispersal around low-mass 
stars?

Multiple mechanisms play an important role in removing disks 
around stars. What are the dominant dispersal mechanisms for 
low-mass stars, and how does that affect their disk evolution?

What are the possible causes of  warm dust around (older) 
field stars?

Formation theories suggest that field stars should have already 
dispersed their primordial disks.
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Simple Disk Modeling
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Adapted from Theissen & West (2014)
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Simple Disk Modeling
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Adapted from Theissen & West (2014)
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Motivating Questions
What are the possible causes of  warm dust around (older) 
field stars?

Formation theories suggest that field stars should have already 
dispersed their primordial disks.

21

1) Primordial disks. Stars appear to be too old.
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Possible Clues Leading to Collisions -
The Grand Tack Scenario

22Adapted from Walsh et al. (2013)
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Kepler has found lots of multi-transiting and single-transiting planetary systems.

 - Both populations cannot be explained by the same planetary architecture 
(Ballard & Johnson 2014).

Possible Clues Leading to Collisions -
The Kepler Dichotomy

23
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slower stellar 
rotation rates

faster stellar rotation 
rates

farther from the 
Galactic plane

closer to the 
Galactic plane

Ballard & Johnson (2014)
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Kepler has found lots of multi-transiting and single-transiting planetary systems.

 - Both populations cannot be explained by the same planetary architecture 
(Ballard & Johnson 2014).

Possible Clues Leading to Collisions -
The Kepler Dichotomy

23

Singles Multis

slower stellar 
rotation rates

faster stellar rotation 
rates

farther from the 
Galactic plane

closer to the 
Galactic plane

Older?
Younger?

Ballard & Johnson (2014)
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Motivating Questions

What is the timescale for disk dispersal around low-mass 
stars?

Multiple mechanisms play an important role in removing disks 
around stars. What are the dominant dispersal mechanisms for 
low-mass stars, and how does that affect their disk evolution?

What are the possible causes of  warm dust around field 
stars?

Formation theories suggest that field stars should have already 
dispersed their primordial disks.

How frequently do we see warm dust around low-mass 
field stars?

Potential effects on the formation of  (exo-)planetary systems and 
habitability of  said systems.
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Back of  the Envelope

25

Number of collisional events per star 
(over the lifetime of stars surveyed), Ng
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Back of  the Envelope
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Number of collisional events per star 
(over the lifetime of stars surveyed), Ng

Ng ~ 100

For solar-type stars, Ng ~ 0.2
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Motivating Questions
How frequently do we see warm dust around low-mass 
field stars?

Potential effects on the formation of  (exo-)planetary systems and 
habitability of  said systems.

26

Far more frequently than around Solar-type stars. 
This is possibly due to a higher-number of  terrestrial 

planets formed around low-mass stars, all with close in 
orbits.
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Current & Future Work
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SDSS Data Release 10: Over 50 million photometric   
                                       M dwarfs!
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Current & Future Work
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Proper Motions)

SDSS Data Release 10: Over 50 million photometric   
                                       M dwarfs!

Wednesday, July 22, 15



Final Thought

If  terrestrial planets around M dwarfs are prone to 
collisions, this is just one more complication in finding 

a “habitable” Earth analog around a low-mass star.
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Other Explanations for IR Excess
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Possible Clues Leading to Collisions -
The Kepler Dichotomy (Part 2)

30Ballard & Johnson (2014) Ballard & Johnson (2014)
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Back of  the Envelope

31

Lifetime of collisional products, L
Age of stars surveyed, A

Fraction of stars observed with dust, f 

Ng =
f x A

L

Number of collisional events 
per star, Ng

L ~ 105 years
A ~ 2.6 x 109 years

f ~ 4 x 10-3

Ng ~ 100

For solar-type stars, Ng ~ 0.2
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Is There an Age Effect?

Adapted from West et al. (2011)
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Galactic Stratigraphy
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Is There an Age Effect?

Adapted from West et al. (2011)

Theissen & West (2014)
32

Galactic Stratigraphy

# stars w/ IR excess
Total # stars =
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