
THE SMALL STARS AND THEIR SMALL PLANETS

Bárbara Rojas-Ayala	

IA-CAUP

TOE II- The precise characterization of stars with planets
Credit: D. A. Aguilar & C. Pulliam(CfA)



The SOC suggested your name as an invited speaker for the session	

"The precise characterization of stars with planets", and we 

would kindly ask you to give a review addressing in particular 	

M dwarfs in this context.
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red points are CBP host EBs

slide courtesy of B. Welsh



Kepler-64 B

Kepler-38 B

red points are CBP host EBs precision < 10 %
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slide courtesy of B. Welsh



red points are CBP host EBs precision < 5 %
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red points are CBP host EBs precision < 3 %
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red points are CBP host EBs precision < 1 %
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Interferometry	

+ parallax & SED Binaries

High Res, high SNR Spectra

Hard to calculate for M dwarfs 
Complex atmospheres, faint objects, activity 

Most of attempts have been done using FGK+M CPM systems 
Need of alternative/exotic methods



Bonfils et al. 2005
Johnson & Apps 2009

Schlaufman & Laughlin 2010

Color-Magnitude 

Rojas-Ayala et al. 2010, 2012
Terrien et al. 2012

Mann et al. 2012, 2014
Newton et al. 2014

NIR “Modest Res”

Gl 

Önehag et al. 2011
Bean et al. 2006

High Res

MK vs V-Ks Ca, Na, Water in JHK Fe I, Ti I, Ca I, etc

[M/H] measurements rely on FGK+M CPM systems 

The planet-metallicity relation found for FGK stars motivated 
the development of [Fe/H] techniques for M dwarf hosts

Neves et al. 2014Neves et al. 2012

Sara Lindgren’s talk

Check Session 5 for metallicity and planets!



Teff [M/H] Log g

Mstar Rstar

Spectra 
Models

SED & Parallax     
L=4πR2σTeff4
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Models

g = GM/R2

SED & Parallax     
L=4πR2σTeff4



Teff [M/H] Log g

Mstar

Parallax + Johnson-Cousins-CIT  

Used for RV host stars (SWEET-Cat) 

Delfosse et al. 2000

Mass

Mk

Relations between [Fe/H] and Mass see V. Neves talk on Thursday

Santos et al. 2013



Teff

Mstar Rstar

Spectra 
Models Boyajian et al. 2012	


Mann et al. 2013
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Borucki 2011: Low-mass stars with planet candidates!
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Parameters from Borucki et al (2011)

(RPlanet/RStar)2

But the “photometric” parameters are not the expected ones  :(



• 3000 M dwarfs were observed by Kepler 
• 100 show transit signals (The Cool KOIs) 
• The Cool KOI Program is a ground-based follow up program of these 

stars to determine their stellar and planetary parameters: 

!
– Muirhead, Hamren, Schlawin, Rojas-Ayala, Covey & Lloyd 2012, ApJL (Cornell) 
– Johnson et al. 2012, AJ 
– Muirhead, Johnson et al 2012, ApJ  
– Swift et al. 2013, ApJ 
– Muirhead et al. 2013, ApJ 
– Muirhead, Becker et al. 2014 (last results)

Characterizing the Cool KOIs

slide courtesy of P. Muirhead

Phil Muirhead (BU)

Hamren 
(UCSC)

Schlawin 
(Cornell)

Lloyd 
(Cornell)

Covey 
(WWU)

Rojas-Ayala 
(IA/CAUP)

Juliette Becker 
U of Michigan



Dartmouth 
Stellar  

Evolution 

M Dwarfs

K-band Na I, Ca I and water reveal the metal 
abundance of M dwarfs Rojas-Ayala et al. 2010, 2012

Na and Ca EW trace 	

Metallicity 

Deformation from H2O	

traces Teff 



Dartmouth 
5-Gyr Isochrone

Muirhead et al. (2012a)

courtesy of P. Muirhead



Dartmouth 
5-Gyr Isochrone

KOI-254/Kepler 45 
Metal-rich Hot 
Jupiter Host 

Johnson et al. (2012)

KOI-961/Kepler 42 
Metal-poor Sub-Earth Host 

Muirhead et al. (2012b)

KOI-256
Post common envelope binary 
Muirhead et al. 2013

KOI-952/
Kepler 32
5 transit system 
Swift et al. 2013

courtesy of P. Muirhead



KIC+2MASS + Dartmouth Models photometry give lower masses 
and smaller radii than NIR+ 5 Gyr Dartmouth isochrones

challenging to	

get from colours!

DC13: Dressing & Charbonneau 2013

Considering the uncertainties, methods are in “agreement”



optical [Fe/H] + Teff (BTSETTL) + Teff-R relations from Boyajian 
et al. 2012.

Teff (BTSETTL) + Teff-R relations + M-Teff relation 

Considering the uncertainties, methods are in “agreement”

Mann+13b

Mann+13c



CHARACTERIZING THE COOL KOIS:  A FAKE GIANT 
Muirhead et al. 2014

Na and Ca features 
consistent with dwarf star

Strong CO bands are a 
signature of Giant stars

KOI-977(MIII)

KOI-3497(?)
Dwarfs

Giants
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Dwarfs

Giants

CHARACTERIZING THE COOL KOIS:  A FAKE GIANT 

Na and Ca features 
consistent with dwarf star

Martinache, Rojas-Ayala et al. 2009

early M + late M binary spectrum should exhibit stronger 
CO bands

KOI-3497: RoboAO 
Image reveals two 
objects within a 1 

arcsecond diameter

Strong CO bands are a 
signature of Giant stars

Muirhead et al. 2014

KOI-3497

KOI-977(MIII)

KOI-3497(?)



Poster P6.2

Preliminary Results



Poster P6.2 Rojas-Ayala et al. 2012
Teff: TiO-bands around 

 705-718 nm and 843.7 nm    
 PHOENIX-ACES 

High Res 
Fit all

Deformation due  
to water bands in K band 

BT-SETTL 
Low Res 

Fit H2O-K2 index 
FIX [M/H] and Log g 



• To get precise masses AND radii, look for planets around EB stars! 
(down to 1%) Interferometry for radii of bright M dwarfs (2-5%)	


• Exoplanets era:  alternative ways to obtain fundamental parameters 
for M dwarfs … it depends on the detection technique.	


• More has to be done to                                                      
improve the precision                                                                  
and the techniques.  	


• [Fe/H] > 0.08 dex	


• Teff >100K
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Conclusions

Agreement?


