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Transit phase

Is the eccentric WASP-118 system misaligned?!
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Introduction 
Close-orbiting gas giants are understood to form beyond the 
snow-line of their stellar host and then migrate inwards to their 
observed separations (Sasselov & Lecar 2000). Observations 
indicate a wide range of obliquities and eccentricities amongst 
the close-in Jovian type planet population. High obliquities are 
particularly found in systems with hot (Teff > 6250 K) stellar hosts 
(Winn et al. 2010; Albrecht et al. 2012). 
Planets with short periods and highly eccentric orbits are 
particularly interesting, as they are potentially in the final stages 
of tidal circularisation following Kozai oscillations. 
 

Further observations 
High cadence radial velocity measurements during transit have 
been requested on HARPS-N on the TNG during 2015B, which will 
allow for the precise determination of the spin-orbit 
misalignment, and further precise radial velocity points 
throughout the orbital period will ascertain the exact orbital 
eccentricity. 
WASP-118 will also be visible on an upcoming K2 campaign, from 
which high precision photometry will complement the radial 
velocity data acquired. 

Parameter                  Value  Units 
Orbital period                         4.04  ± 0.00  days 
Transit duration                0.2018 ± 0.0030  days 
Orbital eccentricity       0.45 ± 0.07 
Orbital separation    0.054 ± 0.005  AU 
Impact parameter         0.32 ± 0.17 
Planetary density        0.30 ± 0.13  ρJ 
Stellar rotation speed      9.68 ± 1.10  km s-1 

Stellar density        0.40 ± 0.14  ρ¤ 

 

Fitting the system 
WASP-118b is a transiting Hot Jupiter, found by the SuperWASP 
consortium, bringing together the WASP photometric data and 
radial velocity observations, an MCMC planet parameter fitting 
code was run in order to determine the appropriate system 
parameters. The data used are plotted on this poster, and the 
results of the fit are shown below. 
The orbital period was well defined by the photometry and the fit 
for eccentricity was far more significant than assuming a circular 
orbit. 

Measuring spin-orbit misalignment 
The orientation of a planet's orbit relative to the sky-projected 
spin direction of the star (obliquity) can be measured through 
taking consecutive spectra during a transit (Queloz et al. 2000). 
The obscuration of a section of the stellar disk during transit 
results in a distortion of the radial velocity (RV) curve during the 
transit due to varying portions of the rotating stellar disk being 
blocked by the planet, which is known as the Rossiter--
McLaughlin (RM) effect (eg. Triaud et al. 2010; Anderson et al. 
2015). Where the portion of the stellar disk obscured is moving 
towards the observer, an increase in radial velocity is observed, 
and vice versa, thus the shape of the RV curve during transit is 
sensitive to the path of the planet across the disk relative to the 
stellar spin axis.  

Measured relative radial velocity as a function of transit phase for 
WASP-118. The RV points were observed from two telescopes -- data 
points in red were observed with the Coralie spectrograph on the 
Leonhard Euler Telescope; and the data points in green and blue were 
observed with SOPHIE on OHP with different calibrations. The eccentric 
shape of the RV curve can clearly be seen, and the couple of in-transit 
RV points are indicative of a high spin-orbit misalignment. 

where I is the orbital inclination with respect to the sky plane. In
the latter equality we have assumed mTM and e ¼ 0.

Assuming that the width of the absorption line is dominated
by rotational broadening, and further assuming that the stellar
Doppler shift is small, the first-moment approximation mentioned
previously gives (Ohta et al. 2005)

!VR(t) ¼ "VS sin IS

R R
xI (x; y) dx dyR R
I (x; y) dx dy

: ð4Þ

Here, VS is the equatorial rotation speed of the stellar photo-
sphere, IS is the inclination of the stellar spin axis relative to the
sky plane, and I (x; y) is the surface brightness of the observed
stellar disk (including the dark spot due to the planet). The sky-
plane coordinates x and y are measured in units of the stellar
radius, have their origin at the projected center of the star, and
are perpendicular and parallel to the projected stellar rotation
axis, respectively. In fact, equation (4) also holds for lines that
have additional broadening mechanisms, such as thermal broad-
ening, provided that the additional broadening mechanisms pro-
duce no net Doppler shift (i.e., the broadening kernel is symmetric
about its centroid).

For convenience, we write the RM effect as

!VR(t) ¼ KRg(t; xp; yp; !; "; : : :); ð5Þ

separating the overall amplitude KR of the RM effect from the
dimensionless function g(t) P 1. The amplitude is given by

KR % VS sin IS
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where ! % r/R. In the latter equality, we have assumed !T1.
For convenience, we will define V % VS sin IS . The dimen-
sionless function g depends primarily on the projected position
of the planet (xp; yp), but also on ! and the limb-darkening
function. For simplicity, we use a single-parameter ‘‘linear’’

description of the limb-darkening law, such that the (unocculted)
surface brightness of the star is

I (x; y)

I0
¼ 1" "

h
1" 1" x2 " y2

# $1=2i
; ð7Þ

with " the linear limb-darkening parameter. Note that in some
circumstances—for example, the case of differential rotation,
as discussed in x 3—the function g will depend on additional
parameters.

Figure 2 shows three different trajectories of a transiting planet
across the stellar disk. These trajectories all have the same impact
parameter b, and consequently they all produce exactly the same
photometric signal.3 However, the trajectories differ in the value
of k, and consequently produce different RM waveforms, as
plotted in the lower row of panels. The sensitivity of the RM
waveform to k is what enables the observer to assess spin-orbit
alignment. The question of the achievable accuracy in k will be
taken up in x 3.

An especially simple case is when the planetary disk is fully
contained within the stellar disk, and limb darkening is negli-
gible (" ¼ 0). In that case, g is the perpendicular distance from
the projected stellar spin axis, g(t) ¼ xp(t). If we consider a
rectilinear trajectory across the face of the star with impact
parameter b, we can write the position of the center of the planet
as a function of time as

xp(t) ¼ # cos k" b sin k;

yp(t) ¼ # sin kþ b cos k; ð8Þ

where # % (t " ttra)/Ttra, ttra is the time of the transit midpoint,
Ttra ¼ R/vorb is the radius crossing time corresponding to the
planet’s orbital velocity at the time of transit [so that the transit
duration is approximately 2Ttra 1" b2ð Þ"1=2], and k is the angle
of the trajectory with respect to the apparent stellar equator. We
define k to be between "180( and +180(, such that for k > 0,
the planet moves toward the stellar north pole as it proceeds

Fig. 2.—Dependence of the RMwaveform on k. Three different possible trajectories of a transiting planet are shown, alongwith the corresponding RMwaveform (as
computedwith the formulae of Ohta et al. 2005). The trajectories all have the same impact parameter and produce the same light curve, but they differ in k and produce different
RM curves. The dotted lines are for the case of no limb darkening (" ¼ 0), and the solid lines are for " ¼ 0:6.

3 The impact parameter is given by b ¼ a cos I /R, where a is the orbital
semimajor axis.
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Diagram to indicate how the shape of the Rossiter McLauglin effect is 
dependent on misalignment angle. Diagram from Gaudi and Winn 2007. 
The current RV data for WASP-118 is indicative of a near polar orbit, which 
makes further observations vital to fully understand this unusual system. 
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Phase-folded transit lightcurves for WASP-118. The upper plot is 
photometry from WASP, with the lower plots showing subsequent Z-
band photometry from TRAPPIST and EulerCam respectively. 
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