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Measure planet masses

Detect non-transiting
companions

Survey with different
selection function

Measure stellar obliquity
(RM effect)
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Circular orbit
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To Earth

Eccentric orbit
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6 parameters: Offset, Period, Phase, Amplitude, e, w



Radial velocity variations
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Figure 4. Radial-velocity variation of HD 80606, as a function of orbital phase.

Winn et al. (2009)
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Orders of magnitude
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Gas absorption cell
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FIG. 1—The modeling process. Top: The template iodine cell spectrum.

Second: The template stellar spectrum (7 Ceti, G8 V). Third: The points are

an observation of 7 Ceti made through the iodine absorption. The solid line Butler et al. (1996)
is a model of the observation. The model is composed of the template iodine

and stellar spectra. The free parameters consist of the spectrograph PSF and

the Doppler shift of the template star relative to the template iodine.



Simultaneous reference
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Examples:
HARPS and
HARPS-N

Fig. 4. Optical layout of the calibration system in the front end adaptor: 1) tungsten lamp and diffuser, 2) hollow cathode
thorium lamp, 3) colour corrector filter. 4) static beam-splitter, 5) relay achromat, 6) mirrors for beam angular splitting, 7)
removal mirror and beam splitting (part of the accelerometry experiment), 8) optical fibre of the Fabry-Perot light (part of
the accelerometry experiment), 9) circular wedge 10) pupil, 11) achromat (to put the pupil at infinity), 12) calibration mirror,
13) fibre mask, 14) concave mirror with 2 holes, 15) spectrometer linking fibres and aperture converter, 16) aperture converter
optics and rhomboid prisms (to bring the beams closer to the focus of the collimator) Baranne et al. ( 199 6)
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Transits help RV analysis  #w.=-"
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6 parameters: Offset, Period, Phase, Amplitude, e, w
4 parameters: Offset,

4 with transits
: , Amplitude, e, w

circular orbit

2 parameters: Offset, : , Amplitude, -,



Eccentricity
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Stellar mean density

Light curves: time, time™1, dimensionless
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Transit light curves + (e,w) + Kepler’'s 3" law -
Stellar mean density



Planetary surface gravity

Light curves: time, time™1, dimensionless

c—=929979 % 100 em g ! We expgct to learn something
with units cm, cm s72
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Southworth et al. (2007)

Transit light curves + (e,w) + K« + Kepler’s 3 [aw -
Planetary surface gravity



YOUR WEGHT ON DTHER WORLDS

Ever wonder what you might weigh on Mars or The Moon? Here's your
chance to find out.

The Planets

VENUS THE MOON MARS

ur weight is Your weight is

.....
.....



relative flux + constant

Case StUdy: TrES—4 Mandushev et al. (2007)
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relative flux + constant

Case study: TrES-4
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relative flux + constant

Case study: TrES-4
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Az (mag)

Ai (mag)

Case study: HAT-P-34 Bakos et al. 2012)

-0.01 T
2010 May 21 .
Optical
spectrum
Tt aTR 3 ep il 2010 Oct 10
0.01 | ! - T . l
0.02 !
?

E) 0j2 0:4 016 0:8 1j0

0.08 Phase with respect to T,

-0.15 -0.1 -0.05 0 0.05 0.1 0.15
Time from transit center (days)

P, t.
R./R. ¥
b, Duration K-, €, w




Az (mag)

Ai (mag)

-0.01

Case study: HAT-P-34

0.01

0.02

0.03

2010 May 21

2010 Oct 10

-0.15

-0.1

-0.05 0 0.05
Time from transit center (days)

P, t.
Rp/R*
b, Duration

0.1

0.15

Optical
spectrum

Stellar evolution models

M. R.

Bakos et al. (2012)

¢

0.2

0.4 0.6
Phase with respect to T

0.8

K, e, w

> Px €

1.0




-0.01

Az (mag)

Ai (mag)

Case study: HAT-P-34

0.01

0.02

0.03 |

2010 May 21

"
PSR s  20100ct 10

Optical

spectrum
[

Stellar atmosphere models

-0.15 -0.1 -0.05 0 0.05
Time from transit center (days)

P, t.

Rp/R*
b, Duration

-200 +

-400

Bakos et al. (2012)

0 0.2 0.4 0.6 0.8 1.0
Phase with respect to T

K«, e, w




200

100

—100

—200

Radial velocity [m s™']

[Il_l‘_lllllllllllllIlll]lllllllllll IlIIIIII|I|IIIII|I|IIII-

. *% ¢
$ ; ’ 49 w ¢

O I 1 1 1 1 l l

el llllllllllllllllllllIlllllll lllllllIllllllllllllllll—

-1.0 -0.5 0.0 0.5
Days since mid—transit

Winn et al. (2006)



Brightness

Time



Time



Time



Time



Time



-------
-
-------
-
-
-
-
-
~
S

L d
-
-
-
a"—
-
- - =

Time

2
ARV ~ 0.7 \V/ 1 — b2 <%> Urot sSin Irot



Doppler
shift

Time

2
ARV ~ 0.7 \V/ 1 — b2 <%> Urot sSin Irot



The Rossiter-McLaughlin (RM) effect
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Measuring the stellar obliquity
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Queloz et al. (2000); Ohta, Taruya, & Suto (2005); Gaudi & Winn (2007)



...................................... / Ste I I a r
................................ @ T e O b I i q u ity

e Sun’s obliquity is 7° — how typical is this?

e \Whatever produces hot Jupiters may also
perturb inclinations



Eccentricity

1.0

o
(00)
I

O
»
|

o
~
I

O
N
|

Tidal dissipation

High
obllqultyO 8

Few-body dynamics

Disk-planet interactions

0.10 1.00

Orbital distance [AU]



Low obliquity
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High obliquity
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Retrograde
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Three phases of a transit

Spin and orbit aligned

Spin and orbit misaligned by 60°

Gaudi & Winn (2007)



LSD profile

Transit phase
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Obliquities of hot-Jupiter hosts
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