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State of the Art:

eSB2s: ~only way to
directly measure M, R

Torres et al. (2010)
A 94 eSB2s + aCen

A 3% precision on
mass and radius

Problems:
A 4 stars < 0.5 M_sun

A Few with
metallicities
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Why Precise Masses and Radii?

1. Inflated M dwarf radii
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A ABad models?

A(e.g. Mann+15,
Boyajian+12)

1 AStellar activity?

A(Lopez-Morales
07, Birkby+12)
ABinary physics?
A(Kraus+11,
Birkby+12)
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Inflated M Dwarf Radii T Binary Physics?

Birkby+12
AKraus+11: Inflaton |, e ]
decreases for -- [ e ]

P_orb > 3 days b [

ABirkby+12: Bigger 1% i | i
sample, inflation at d b } g
higher periods e §
ALarge errors :
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Single vs. Binary Stars

Alnterferometric M dwarfs are also inflated
AUncorrelated with activity (Mann+15)

ASingle-binary
comparisons are
difficult:

A EB Teffs lower by 200-
300K

A Single star masses
from M-L relation
(Delfosse+00)

A 5% scatter

Boyajian+12
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Why Precise Masses and Radii?

AExoplanet composition

AF dwarf rotational
mixing

Can use single-lined
EBs found from planet
searches!
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Why Single-lined Eclipsing Systems?

Like Double-lined EBs:

AExoplanet transit/RV
surveys find them for free

AlLarge sample volume
A Hundreds of pc

AMasses without models or
empirical relations

Unlike Double-lined EBs:

AOne set of spectral lines

A Easier primary log(g), Teff,
[Fe/H]

A Tougher for companion

ANeed more than
RV+eclipseé

ATransiting/RV exoplanets!
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How 1t Works

AFrom transit/eclipse:

AMeasure period, depth,
FHWM/ingress durations

A=>a/R_1,R 2/R 1
Alnfer primary density:

3
p1+ kP py = ST (&
GP? \ Ry

ARV semiamplitude:

L H
g :

ZtIII [ IV
Winn (2010)
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Complementary Constraints

APrimary log(g)
ASpectroscopy
AAsteroseismology
AFlicker

APrimary radius
AParallax + SED
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Precise Parameters from Parallax

ALinear error propagation:
2 2 2 2
JMI ~ 36 G'Teff?l _|_ g U'}Tp —|— g 'G'Fbal —l— g (E)Q
My Tepra Tp 4 \ Fpo 4 \ 1
or, Tyra ) or )\, 1
[ty Lepra Tp 4
2 2 2 2
"-’-’Mz ~ 16 Tesrn iy Tmp I (k2 ™I R (U_K)Q 4+ (E)Q
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ORy ’ o g TTessn ’ ) ’ —l—l O Fyop ’ —l—l (ﬁ)z
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APrecise radii easier than masses, but still difficult!
AHow low can we go?
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Kilodegree Extremely Little Telescope

AAll-sky transit survey
AT5>V>12
A9 published planets

A>200 eSB1 candidates
A0.5d < P_orb <30d

A~80 could have M dwarf

companions y |
JE——— KELT-North (Sonoita, AZ) KELT-South
= S (Sutherland, S. Africa)
7. R\ Aperture: 42 mm
; % ?‘,’ /jw“rwﬁh.w , WM CCD: Apogee AP16E 4k x 4k
= ) i ’~ #= | Pixel Size: 9 microns
. Field-of-View: 26x26 sg. deg.

Plate Scale;:

23 arcsec/pixel
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KELT Follow-up Network




Parallax: Gaia

5-10 micro-arcsec
for bright stars

(de Bruijne+15, de
Bruijne 12)

~unaffected by
iIce/straylight

~0.1% distances for
KELT stars
(<~300pc)

End-of-mission parallax standard error [pas]
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SED Bolometric Fluxes and More

ASPHEREX spectrophotometry
ABands 1-3: 750nm 1 4.1 microns (R =41.5)
ABand 4: 4.1 microns i 4.8 microns (R = 150) A\
A Rayleigh-Jeans talil ?"
A More flux for K and M dwarfs

AGala low-resolution spectrophotometry
A Blue-pass (BP): 330nm T 680nm

ARed-pass (RP): 640nm i 1050nm
A SED peak

ASPHEREX + Gaia: Measure most of the energy!

(spherex.caltech.edu)
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Example: KELT-3 £ "’34\\ /
Pepper+13 ¥ ;gg J\\{“_W

V=98 % e
AP = 2.7 days g2 B e
. o= -30t | ! 1
A9mmag transit 00 02 04 06 08 10
. . Phase + (Tp - T)/P + 0.25
A25min ingress
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Example: KELT-3

Pepper+13

ANOW: 5

2%!

Observations
miss 20% of cri‘E“ 1ok SPHEREX  :
flux G : ;
ASPHEREX = & |
+ Gaia: = -T2 7 :
(@)] C -

Only miss o 3 :

N

1.0 10.0
A (um)
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KELT-3 SED: Literature Observations

AF _bol :
2.94x10"-9
erg/s/cm”2

A~6% error

AAv = 0.02 + 0.02
ATeff = 6350 + 150 K
Alog(g) =4.0+0.5
AFe/H =0.0 *0>_ 4



