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Outline

« Basic properties of stars

« Importance in the context of extrasolar

planets (=St ar s . -as . -homes for
Systegmso

« Other applications of stellar properties

« How are the fundamental properties of stars
determined?

* Precision and accuracy: status

* Practical determination of M, R, and T for
exoplanet hosts
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Fundamental Properties of Stars L

« Stellar mass (drives
evolution): usually:
available only In binaries

« Stellar radius
« Effective temperature
« Chemical composition

« Age: only from models;
Important for theory of
planetary evolution
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EXeplanets and Their Host Stars

« Why do we care about the host star properties?
~ They influence habitability
A They are needed to determine the planetary properties

*Basi-c dgata-.l-nvoelved I n d
properties (mass and radius):
A Radialk: vel ocl ty measur ement

42 Photometric observations of transit

s lonf.ormation that <can be
properties:

M, sini=4.919 103 P13 (1i e?)12 K.[(M+M,)/M,,]??
R,/R. (transit depth), i (or b, impact parameter), a/R.
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Other Applications of Stellar
Properties

* Improve our understanding of the structure and
evolution of single stars: tests of models (with
cosmological implications: globular cluster ages,
etc.)

« Use of general mappings such as the mass-
luminosity relation to estimate the total mass in
star clusters

« Use of binaries with well-determined properties as
distance indicators in the Milky Way and beyond

26 July 2010 Sagan Exoplanet Summer Workshop 5



Classical Methods for Determining Stellar Masses, Temperatures, and Radii

S

Stellar Mass Determinations

« Eclipsing double-lined binaries — P, K, K,, e, i

Mysin®i o« P(1—e?)%%(K, + K2)%K,
Mysin®i « P(1—e*)%?(K, + K5)*K;

GG Lup

Andersen, Clausen & Giemez (1993), A&A, 277, 439
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Mysin®i o« P(1—e?)%?(K, + K2)%K,
Mysin®i o« P(1—e®)¥?(K;, + K3)?K;
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« Absolute astrometry (orbits measured for

poth stars)

(No spectroscopy)

GJ 1005

Hershey & Taff (1998),
AJ, 116, 1440

(af +a8)®

73 P2
M>/My = ay/aj

My + M,

Period = 4.566 yr
Distance = 6 pc

V mag=11.5 and 14.4
Spectral type = dM4.5
M; =0.179 0.003 M,,
M, =0.112 0.002 M.,
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(c.) L722-22, Orbital Mation, (proper motion, parallax removed)
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(a.) L722-22, Proper Motion, Parallactic, & Orbital Motion
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Solid Curve: Path of Star A

Dotted curve: Path of Star B
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« Single-lined spectroscopic binary + relative
orbit + parallax
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* Other configurations
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Astrometric Requirements on Precision

Precision needed in the inclination
angle of astrometric binaries, in
order for the mass determinations
not to be limited by the astrometry:
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Mysin®i o« P(1—e?)%%(K, + K2)%K,
M, sin®i o P(1 - 62)3/2(K1 + K3)’K,
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Stellar Radius Determinations

« Eclipsing double-lined spectroscopic binaries
are the primary source of precise radius
determinations: errors can be <1%, and the
measurements are independent of distance

l I, Ri/a, Rs/a asini < Pv1—e?(K;+ Ko

« Angular diameters (£ ) + parallaxes

» Relatively few angular diameter measurements for
dwarfs (especially for late spectral types)

4 Difficult in binaries
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Fig. 4. Distribution of diameters. Note that the scale of the + Distribution of spectral type.

horizontal axis is arbitrary.

Catalog of High Angular
Resolution Measurements
(CHARM)
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Richichi & Percheron (2005), | o
A&A, 431, 773 I IHla HIb I IV

Luminosity Class

. Distribution of luminosity class.
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Effective Temperature
Determinations

« Fundamental relation based on angular
diameters and bolemetric fluxes:

92

o0
47Td2/ fin)\ = 47TR20'Te4ﬁ‘ — fl??)l — Z O'Télﬁ, . g = 5.67 X 10—5 erg S—l Cm_2 K_4
0

s Relatively insensitive to errors in dand f,
A Very minor dependence on models (limb darkening)

~ Not applicable to every star (relatively few have
accurate dand f,,®)
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« Infrared Flux Method (Blackwell et al. 1980,
1990): combines f,,© and NIR f,® with model
atmospheres to ebtain T (and &)

(Teff7 g, A)

Can be calculated

Measured
from models

» R, oc T2, andis relatively insensitive to extinction

» Line blocking in the infrared is small, so result is
Insensitive to abundance; gravity effect is small
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« Practical determination of effective temperatures
through celoer-temperature calibrations

7000

6000 - o - Caution:
Colors may
be affected

5000 0 04 PR by interstellar
reddening!

4000

Gonzlez-Hernandez & Bonifacig2009), A&A, 497, 497
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