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State of the Art: 
eSB2s: ~only way to 

directly measure M, R 

 

Torres et al. (2010) 

Å 94 eSB2s + aCen 

Å 3% precision on 

mass and radius 

 

 

Problems: 

Å 4 stars < 0.5 M_sun 

Å Few with 

metallicities 
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Why Precise Masses and Radii? 

1. Inflated M dwarf radii 

Birkby+12 ÅBad models? 

Å(e.g. Mann+15, 

Boyajian+12) 

ÅStellar activity? 

Å(Lopez-Morales 

07, Birkby+12) 

ÅBinary physics? 

Å(Kraus+11, 

Birkby+12) 

2/25/2016 D.J. Stevens -- SPHEREx Workshop 2016 3 



Inflated M Dwarf Radii ï Binary Physics? 

ÅKraus+11: Inflation 

decreases for 

P_orb > 3 days 

ÅBirkby+12: Bigger 

sample, inflation at 

higher periods 

ÅLarge errors 

 

 

Birkby+12 
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Single vs. Binary Stars 

ÅInterferometric M dwarfs are also inflated 

ÅUncorrelated with activity (Mann+15) 

Boyajian+12 

EB 

Single 

ÅSingle-binary 

comparisons are 

difficult: 

ÅEB Teffs lower by 200-

300K 

ÅSingle star masses 

from M-L relation 

(Delfosse+00) 

Å5% scatter 
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Why Precise Masses and Radii? 

ÅExoplanet composition 

ÅF dwarf rotational 

mixing 

 

 

Fulton+15 

Can use single-lined 

EBs found from planet 

searches! 
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Why Single-lined Eclipsing Systems? 

Like Double-lined EBs: 

ÅExoplanet transit/RV 

surveys find them for free 

ÅLarge sample volume 

ÅHundreds of pc 

ÅMasses without models or 

empirical relations 

Unlike Double-lined EBs: 

ÅOne set of spectral lines 

ÅEasier primary log(g), Teff, 

[Fe/H] 

ÅTougher for companion 

ÅNeed more than 

RV+eclipseé 

ÅTransiting/RV exoplanets! 
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How it Works 

ÅFrom transit/eclipse: 

ÅMeasure period, depth, 

FHWM/ingress durations 

Å=> a/R_1, R_2/R_1 

ÅInfer primary density: 

 

 

ÅRV semiamplitude: 

 

Winn (2010) 
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Complementary Constraints 

ÅPrimary log(g) 

ÅSpectroscopy 

ÅAsteroseismology 

ÅFlicker 

ÅPrimary radius 

ÅParallax + SED 

 

 

Winn (2010) 
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Precise Parameters from Parallax 

ÅLinear error propagation: 

 

 

 

 

 

 

 

 

ÅPrecise radii easier than masses, but still difficult! 

ÅHow low can we go? 
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Kilodegree Extremely Little Telescope 

Aperture: 42 mm 

CCD: Apogee AP16E 4k x 4k 

Pixel Size: 9 microns 

Field-of-View: 26x26 sq. deg. 

Plate Scale: 23 arcsec/pixel 

KELT-North (Sonoita, AZ) KELT-South 

(Sutherland, S. Africa) 

ÅAll-sky transit survey 

Å7.5 > V > 12 

Å9 published planets 

Å>200 eSB1 candidates 

Å0.5d < P_orb < 30d 

Å~80 could have M dwarf 

companions 
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KELT Follow-up Network 
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Parallax: Gaia 

(ESA-D. Ducros, 2013) 

(ESA) 

Å5-10 micro-arcsec 

for bright stars 

(de Bruijne+15, de 

Bruijne 12) 

Å~unaffected by 

ice/straylight 

Å~0.1% distances for 

KELT stars 

Å(<~300pc) 
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KELT 

Hipparcos 



SED Bolometric Fluxes and More 

ÅSPHEREx spectrophotometry 

ÅBands 1-3: 750nm ï 4.1 microns (R = 41.5) 

ÅBand 4: 4.1 microns ï 4.8 microns (R = 150) 

ÅRayleigh-Jeans tail 

ÅMore flux for K and M dwarfs 

ÅGaia low-resolution spectrophotometry 

ÅBlue-pass (BP): 330nm ï 680nm 

ÅRed-pass (RP): 640nm ï 1050nm 

ÅSED peak 

ÅSPHEREx + Gaia: Measure most of the energy! 

 

(spherex.caltech.edu) 
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Example: KELT-3 

ÅV = 9.8 

ÅP = 2.7 days 

Å9mmag transit 

Å25min ingress 

Åd ~ 180 pc 

 

Pepper+13 
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Example: KELT-3 
Pepper+13 
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Gaia 

SPHEREx 

ÅNow: 

Observations 

miss 20% of 

flux 

 

ÅSPHEREx 

+ Gaia: 

Only miss 

2%! 

 



KELT-3 SED: Literature Observations 

ÅF_bol : 

2.94x10^-9 

erg/s/cm^2 

Å~6% error 

ÅAv = 0.02 + 0.02 

ÅTeff = 6350 + 150 K 

Ålog(g) = 4.0 + 0.5  

ÅFe/H = 0.0 +0.5
-1.0 
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