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Abstract. The wealth of information rendered by Kepler planets and planet candidates is indispensable for
statistically significant studies of distinct planet populations, in both single and multiple systems. Empirical
evidences suggest that Kepler’s planet population shows different physical properties as compared to the
bulk of known exoplanets. The SOAPS project, aims to shed light on Kepler’s planets formation, their
migration and architecture. By measuring v sin i accurately for Kepler hosts with rotation periods measured
from their high-precision light curves, we will assess the alignment of the planetary orbit with respect to
the stellar spin axis. This degree of alignment traces the formation history and evolution of the planetary
systems, and thus, allows to distinguish between different proposed migration theories. SOAPS will increase
by a factor of 2 the number of spin-orbit alignment measurements pushing the parameters space down to
the SuperEarth domain. Here we present our preliminary results.

1. INTRODUCTION
After the discovery of the first Hot Jupiter [1], several scenarios have been proposed to explain the
migration of planets into the observed close-in orbits, including disc migration, planet-planet scattering,
and Kozai perturbations. The true obliquity between the planet orbit and the stellar spin axis, is a current
observable that can distinguish between the different migration scenarios. For example, classical disc
migration theory (e.g., [2]) suggest that the tidal interaction between the planets and the planetary
disc yields aligned systems, where the stellar spin axis is perpendicular to the orbital plane. Other
scenarios, like planet-planet scattering (e.g., [3, 4]), and perturbations induced by a distant, more massive
object (Kozai effect,[5]), predict spin–orbit misalignment. The currently available information about
the planetary spin-orbit alignment mostly comes from measurements of the Rossiter–McLauglin (RM)
effect [6, 7], or , the sky-projection of the true spin–orbit alignment  (see Fig. 1 from [8]; and also
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Figure 1. Left-panel shows an extract of the Subaru/HDS spectrum for Object-1 after the continuum normalisation.
The spectrum was obtained with an exposure of 780s and a peak S/N of 24 at  = 5700 Å. Right-panel shows the
Fourier transform of the LSD profile for Object-1. We assumed a rigidly rotating star and a linear limb darkening
model. See text for more details.

[9, 10]) and show that ∼40% of the systems are substantially misaligned challenging the previously
favored disc migration theory. Winn et al. [11] suggest that a possible correlation between misalignment
and stellar convective turn-over time exists. Given a few exceptions, only hot stars (Teff > 6250 K)
with thin convective zones, are misaligned because tidal dissipation causes cooler hosts with larger
outer convection zones to realign. The misaligned cool stars are those with the weakest tidal effects
(i.e., longest P). Independently, [12] found that more massive stars (> 1.2M ) harbouring transiting
exoplanets have estimated v sin i ’s smaller than expected for a given age, as compared to a large
sample of random field stars from [13]), supporting Winn’s hypothesis (see Fig. 4 by [12]). Despite
the numerous discoveries, Kepler transiting systems are too small (> 76% are smaller than Neptune
[14]), and their host stars are too faint and too slowly rotating to allow measurements of their RM
effects. Thus, only by comparing the stellar spin axis, I , to the planets orbital inclinations (via v sin i
and Prot measurements), we can probe their spin–orbit alignments.
In Sect. 2 we describe the analysis method and our observations. In Sect. 3 we present some
preliminary result in Sect. 3.
2. THE SOAPS PROJECT
With the SOAPS project we will investigate, for the first time, planetary architectures and compare
the evolution histories of: (1) single planet systems to multi-planet systems; (2) hot Jupiters to cooler
Jupiters; and (3) gas giants to rocky planets. For any star with accurate measurements of v sin i and
rotation period (Prot ), the stellar inclination (I ) in the line of sight is determined as per sinI =
v sin i Prot /2R . In addition, in transiting systems the orientation of the planetary orbital plane is
known. Thus, transiting systems for which the stellar Prot and v sin i are measured, allow their spin–orbit
alignment to be examined. We note that a similar study has been done by [8]. However, our approach
and method of analysis are significantly different and explained below.
2.1 Sample selection and observations
We obtained our Kepler targets from the 1235 Kepler candidates of [14] and we selected only objects
for which we measured, reliably, rotation periods from the Kepler first data quarter. The light curves
were analysed using the method from [15]. Targets were selected by magnitude (V < 14), spectral type
(5500 < Teff < 7100 K) in the range to straddle the boundary identified by [11, 12], and also by planet
multiplicity, in order to maximise the parameter space sampled. The resulting sample is composed of
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about 80 objects however, with the new Kepler release [16], and more available Kepler data, our sample
will increase. Our sample includes slow and fast rotators, however below we describe the sample of
slow rotators; observations for the sample of fast rotators are ongoing. We observed with the Subaru
8-m telescope and the high resolution echelle spectrograph HDS. With 1 night of HDS time (July 2012)
we observed about 40 targets and 15 standard stars (slow rotators) with spectral types similar to that
of the planet host in order to calibrate the shape of the intrinsic profile, plus instrumental broadening
from their least–square deconvolution (LSD) profile, as described below (Sect. 2.2). We aimed to reach
a peak S/N of ∼20 with a 0.2 slit, and the standard setup Yc, centered at ∼5700Å, with a spectral
resolution of R = 160 000. An extract of a HDS spectrum is shown in Fig. 1–left panel. The median
Kepler magnitude of our targets is V = 13.5, with a typical exposure time of ∼800s. The spectral
resolution is the major limiting factor in determining the expected low v sin i values of our targets
(2.0 < v sin i < 6.0 km s−1 ). With the selected instrumental setting we were able to measure, reliably,
v sin i as low as 2.0 ± 0.3 km s−1 , and even lower. The HDS data (including calibrations) have been
reduced using IRAF1 and the Subaru data reduction tools.
2.2 Analysis method
We measure v sin i using the Fourier transform methods (e.g., [17] to distinguish between the rotation
and macro-turbulence (vmac ) contributions. Each spectral line is a convolution of various overlapping
profiles: intrinsic line profile (determined by stellar and atomic parameters), plus instrumental, rotational
and vmac broadening. With the Fourier technique v sin i and vmac can be independently extracted.
Assuming a rigidly rotating star and linear limb darkening, the zeros of the Fourier transformed line
profile scales with v sin i [18], while the side lobes structure provides information on vmac , albeit at
high enough S/N. Because the majority of Keper transiting planet host-stars is far too faint to obtain
high resolution spectra with the necessary high S/N, we will extract an overall high S/N line profile for
each star applying the LSD technique [19]. We will then derive the shape of the intrinsic profile, plus
instrumental broadening, in two different ways: i) from the LSD profile of very slowly rotating stars
with similar spectral type (also included in our HDS target list); ii) from the LSD profile of synthetic
spectra, calculated with the appropriate stellar parameters, given in the Kepler input catalog [20], and
broadened with the HDS spectral resolution. Finally, we will use LSD profiles calculated from synthetic
spectra broadened with various combinations of v sin i and vmac (treated as radial-tangential) values to
v sin i and vmac , in the Fourier space, with a similar approach to that of [21].
3. PRELIMINARY RESULTS
Here we present our very preliminary results for two targets in our sample. Object-1 is a F5-F6 star
with a temperature of Teff ∼ 6130 K hosting a SuperEarth with an orbital period of about 2.8 days.
From our analysis we obtain a v sin i of 7.2 ± 0.15 km s−1 , significantly lower from the value listed
in the KIC catalogue. For Object-1 the lower v sin i gives a low sinI value = 0.27 ± 0.08, which in
turns suggest that Object-1 has a significant spin-orbit mis-alignment. In Fig. 1–right panel, we show
the Fourier transform of the LSD profile for Object-1. Object-2, is a G-type star with Teff of 5627 K
hosting two planets a SuperEarth and a Neptune size planet. For Object-2 our analysis yields a v sin i of
∼1 and thus we can not conclude on the spin-orbit orientation of this system. This is because of the
degeneracy in the measurement of I along the line of sight. Thus the case of I = 90◦ (i.e., sinI = 1)
is analogous to the case of  = 0◦ for an RM measurement, which does not always imply a spinorbit alignment. Therefore statistical treatments are essential to compare the observed distributions
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with planetary migration theories. The SOAPS project will provide a much larger sample of systems
with measured spin-orbit alignment, testing formation and evolution theories for different planetary
architectures.
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