The Importance of Stellar Properties
to Estimating Planet Characteristics




Fundamental observables - transits

e Fundamental
observables:

— transit depth
— transit duration
— impact parameter

* Derived quantities:
— R/R.
— R./a
* Need to know:
— M*
— Limb darkening

— cf. Jason Eastman’s & Eric
Agol’s talks yesterday

Durati ion t; (days) Depth AF/F Mstar, /Msun

Bryan et al 2012 (Qatar-2b)



Transit Duration (i =90°)

Consider circular edge-on orbit:
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Transit Period (Years)
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The T, vs p~/3HR diagram
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 R./ais adirect measure

of stellar density:
R\ 37w 4aR’
a GP* 3M,
1/3
_ R, _ 3_717 p23 ,0*_1/3
a G

e Stellar mass estimates
are as good as the
models that produce the
tracks and isochrones!



Empirical mass-radius relation: 94 EBs

logM = a1 + as X + c13X2 - a4X3 + as(log g)2 + ag(log g)3 + a7[Fe/H]
log R = by + bo X + bsX? + by X" + bs(log g)* + bg(log g)° + br[Fe/H] , where X = log Tog — 4.1.

T T I T T T T I T T T T I T T T T I T T

2.0 —

- ) -‘.‘ -

15F ) -

> ]
m - -
~ 10 -
5 i ]
ap . . .
1) | 4
3 | h _
05 o -

I "?-\_oo ]

0.0 - _

- % N -

I 1 1 I 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 i

2.0 3.0 4.0 5.0
Log g

Fig. 14 Deviation of the observed radii from a polynomial ZAMS relation in Teg and [Fe/H],
Alog R vs. log g. Open symbols denote stars below 0.6 M, and pre-main-sequence stars. The
dotted line represents the remaining fitted dependence on log g.

Torres, Andersen & Giménez 2010, A&ARyv, 18, 67



Observed mass

Empirical mass-radius-relation 2

N
logM = a; +a X + a3X2 + aq log p + as log p”
+dg logp3 + a7[Fe/H]

logR - b] + [)2X + 1)3 lng + [)4[F€/H]

Mass calibration Radius calibration
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38 binary components with well-determined [Fe/H] from Torres et al 2010.

Enoch et al 2010, A&A 516, A33



Normalized Flux
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AV (magnitude)

Weighted ACF

kepler—22.csv
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P/sqrt(t)

P/sqrt(t)

2 o ) LI LA LA AL B LR B b2 0 N I B B L B B
: Open clusters ] [ Young Mt.Wilson stars added
<~ [Gyrochronol
-~ _|Gyrochronology
N Barnes 2007, ApJ 669, 1167 .
1.0F o - g T-U - :
L . o 4 n -
<
[ ] N [
0.5F . 0.5
[ o ] I
O'O_I= —— 0.0,
1.0 : 1.00F E
z i
(o] n
0.1 AL 5
OO0l v v v v v v vy 00T L v v 0w v o e e
04 06 08 1.0 1.2 1.4 16 0.4 0.6 08 1.0 1.2 1.4 16

(B=V)o (B=V)o



Transit Depth

Find star radius from its spectral type.

Observed depth tells us planet’s radius.



Normalized Flux
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Starspots as vermin

R. Alonso et al.: CoRoT-Exo-2b
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Relative flux

Depth [%]

Constant flux deficit? HAT-P-11
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Transit depth
amplification
by uneclipsed
starspots

Constant flux deficit at all times except
when planet occults a spot.

Lightcurve

Phase (Hours)

Animation courtesy of Joe Llama, St Andrews



Transit depth amplification
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=1 Limb darkening and
| . atmospheric structure

* Depth dependence of source
l function maps on to angular

¢ eTeases dependence of emergent specific
u=cost  jntensity via Laplace transform:
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Relative Flux

Wavelength dependence

KNUTSON ET AL.
s ® . Knutson et al 2007
e STIS spectrophotometry of
HD 209458b transit
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1D versus 3D atmosphere models

": 0.5;_ 3D model . . _
o oof fpy Ty Ry @R S
(. - e P ... o‘ 0- E
< =0.5F r
N 05k 1D model — 3[?—10
o o et 3
= oof-fy y :
% _0.5: ' e ' :
1.000 [ \ ]
0.995F | .
x - \ [ e Visit 1]
£ 0.990F [ —3
: — 10
0.985 -]

-0.04 -0.02 0.00 0.02 0.04

Phase
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Transit depth reduction by eclipsed
spots

Which effect wins?

Depends on spot coverage and active-belt location.
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Fig. 1. Transit equivalent width (TEW) versus transit continuum level

as well as the best-fit linear model.
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Fig. 2. Average transit light curves obtained by combining the ten pro-
files exhibiting the highest (thick dashes) and lowest (thin dashes) con-
tinuum levels. The crosses indicate our lower envelope estimate and
the color gradient (red) illustrates the distribution of data points for all
available transits.

Czesla et al 2009, A&A 505, 1277: CoRoT-2



RV [m.s']

CoRoT-7: Spot-induced RV jitter
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Decorrelation against activity proxies

CoRoT-7 2009 HARPS campaign
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CoRoT-7:
HARPS CCF
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Flux and RV variations: isolated spot

RV variation is closely approximated by product of light curve and its first derivative
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RV variations from photometry

RV and FF’ model
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AV (magnitude)

How are flux, CCF and RV jitter related?
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SDO/HMI Quick—Look Dopplergram: 2011.03.28_13:23:15_TAl




2011.03.28_13:23:15_TAl

SDO/HMI Quick—Look Dopplergram:




SDO/HMI Quick—Lock Continuum: 2011.03.28_13:23:15_TAl



2011.03.28_13:23:15_TAl

SDO/HMI Quick—Look Dopplergram:




SDO/HMI Quick—L

kK Magnetogram: 2011.03.28_13:23:15_T4




Using asteroid 4/Vesta to obtain the Sun’ s

radial velocity variations
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Using asteroid 4/Vesta to obtain the Sun’ s
radial velocity variations

Vesta
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HARPS detects
... Spots on the
Sun!

HARPS CCF of asteroid 4 Vesta

2011 September 29 — December 7

(R Haywood et al, in prep.)
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HARPS detects
... Spots on the
Sun!

HARPS CCF of asteroid 4 Vesta

2011 September 29 — December 7

(R Haywood et al, in prep.)
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The Sun’s radial-velocity jitter




The Sun’s radial-velocity jitter




The Sun’s radial-velocity jitter




Next step: model line-profile distortions
caused by sunspots, granulation, faculae,...
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The Sun’s radial-velocity jitter
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Summary — this was meant to be easy?

Lo i
g8 Unechp;gdﬁ Starspot
Spectral Analysis—»Teff == Limb darkening ‘ﬂU/XdeﬁC't coverage
l Transit light
[Fe/H] curve fitting

R,/R«

R./a b 0 &
/ / Planet radius Rp

Stellar _—7 Stellar radius R* |
density P« / Rotational
ll / P \ vsini modulation

Isochrone fitting > SteIIar mass M* /

Radial velocity
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The Last Word (courtesy Stephen Kane)

(S—DRRY Buopy! I ™
You WANT TO
Sruoy) My Arm OSPHERE
THEN “ou ANJEED To
TAKE IT UP WITH

| THIS QU7

IS
-(7'\;




CoRoT-7: FWHM of CCF dip
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CoRoT-7: Nightly RV zero-point
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Phased RV curve of CoRoT-7b

orbital phase



Gyrochronology



Asteroseismology

* See Bill Chaplin’s talk on Friday!



