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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.

precision pr1 s13(a)n

noun [ mass noun |

the quality, condition, or fact of being
exact and accurate: the deal was
planned and executed wnth military

precision.
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Kepler-16: Accurate Masses and Radii
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Parameter

Value and Uncertainty

Mass, My (M)

Radius, R4 (Rp)
Viean Density, pg (gcm
Surface Gravity, log g4 (cgs)

Effective Temperature, Tefr (K)
Metallicity, [m/H]

+0.0035
+0.0013

2055016
40.0017
4.6527 40016

4450 4150

—0.3+0.2

Mass, Mg (M)
Radius, R (Rp)

+0.00066
+0.00059

—0.15
+0.0014
5.0358 50017

Mass, M, (MJupiter)
Radius, R, (RJupiter)

Surface Gravity, g; (m s72)

+0.016

0'333—0.016
0.0026
0.75383)_0023




High Res, high SNR Spectra
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Interferometry
+ parallax & SED

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

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

Color-Magnitude

Neves et al. 2012
Schlaufman & Laughlin 2010

Johnson & Apps 2009
Bonfils et al. 2005
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1 log(M/Mg) = 1073x[0.3 4+ 1.87x My + 7.6140x My
| —1.6980x My + 0.060958x My *] for My € [9,17]

| log(M/Mg) = 10-3x[1.6 + 6.01x M + 14.888x M ;*
{1 —5.3557x M ;> +0.28518.10 4 x M ;%] for M; € [5.5,11]

| log(M/Mg) = 10-3x[1.4 + 4.76 x My + 10.641x My>
1 —5.0320x My> + 0.28396 x My*] for My € [5,10]

log(M/Mg) = 1073 x[1.8 + 6.12x My + 13.205x M k>
—6.2315x Mx° + 0.37529x My * for My € [4.5,9.5]

| log(M/Mg) =107*%[7.4 + 17.61x(V — K)
+33.216% (V — K)* + 34.222x(V — K)®
1 —27.1986% (V — K)* + 4.94647x(V — K)°

b : . - L —0.27454x(V — K)° forV — K € [4,7]
0.7 0.5 0.3 0.2 10

Parallax + Johnson-Cousins-CIT

M Used for RV host stars (SWEET-Cat)
star

Santos et al. 2013

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



Spectra
Models

Boyajian et al. 2012
Mann et al. 201 3

M2 MO K5
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Spectra / Photometry
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Borucki 201 |: Low-mass stars with planet candidates!
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But the “photometric” parameters are not the expected ones (



Characterizing the Cool KOIs

3000 M dwarfs were observed by Kepler
* 100 show transit signals (The Cool KOls)

* The Cool KOI Program is a ground-based follow up program of these
stars to determine their stellar and planetary parameters:

Phil Muirhead (BU)

— Muirhead, Hamren, Schlawin, Rojas-Ayala, Covey & Lloyd 2012, ApJL (Cornell)
Johnson et al. 2012, AJ - BT T -
Muirhead, Johnson et al 2012, ApJ
Swift et al. 2013, ApJ
Muirhead et al. 2013, ApJ

Muirhead, Becker et al. 2014 (last results) Hamren  Schlawin Rojas- Ayala Covey% Lloyd
(UCSC) (Cornell) (IA/CAUP) (WWU)  (Cornell)

Mars KOl KOl KOI Kepler-20e Earth Kepler-20f
961.03 961.02 961.01

‘ { Qe E Juliette Becker

U of Michigan

slide courtesy of R Muirhead



K-band Na |, Ca | and water reveal the metal
abundance Of M dwar’fs Rojas-Ayala et al. 2010, 2012
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Stellar Radius [Rs,.]
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Considering the uncertainties, methods are in “agreement”

KIC+2MASS + Dartmouth Models photometry give lower masses
and smaller radii than NIR+ 5 Gyr Dartmouth isochrones
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Considering the uncertainties, methods are in “agreement”
optical [Fe/H] + Teff (BTSETTL) + Teff-R relations from Boyajian
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CHARACTERIZING THE COOL KOIS: A FAKE GIANT
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CHARACTERIZING THE COOL KOIS: A FAKE GIANT

gpm

Relative Flux, Arbitrary Normalization (ergs cm? s A™)

15 {

Strong CO bands are a

10 1

1000 — signature of Giant stars
KOI-977(MiIIl)
3 I'MM
MMWW\?‘WWN“WL rﬁ
i
«_ KOI-3497(2) mlv’wff i
o, "
i
l "
" !“W»\,Iﬁ.m
100 — T W“’
|

Na and Ca features
consistent with dwarf star . |,

2.0 2.2 2.4
ngth (um)
. Giants
L
¢ .‘.. o K '~° o. ®
: & - }" ..z:. ® . .:0 .
., .:‘ ooe e o .o o ®,
. ¢
KOI-3497 Dwarfs
4.0 4.5 5.0 5.5

F/F{2.23um)+ Cons

Muirhead et al. 2014

Martinache, Rojas-Ayala et al. 2009

30 T T 7 T T L T T
Nal Cal CO(2,0) 7
B ] I I CO(3,1) 7
| GJ 164 | CO(4.2) -
2.5 —1 CO(5,3]
| W »
| PHOENIX: M4 W‘-«
20 —
| PHOENIX: M4 + M8 binary %
1.5 -
| PHOENIX: Binary -M4 i
:'"‘ v v T WM
1 .0 1 l 1 L L 1 L 1 1 1 L 1 1 L 1
2.1 22 24

A (um)

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

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

arcsecond diameter



Spectroscopic characterization of
CARMENES target candidates

Preliminary Results
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Conclusions

» Jo get precise masses AND radil, look for planets around EB stars!
(down to %) Interferometry for radi of bright M dwarfs (2-5%)

» Exoplanets era: alternative ways to obtain fundamental parameters

[E@RIEIRciArS ... IL depends on the detection technigUe:
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