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Abstract. Stars interact with their planets through gravitation, radiation,
and magnetic �elds. I shall focus on the interactions between late-type stars
with an outer convection zone and close-in planets, i.e., with an orbital semi-
major axis smaller than � 0:15 AU. I shall review the roles of tides and
magnetic �elds considering some key observations and discussing theoretical
scenarios for their interpretation with an emphasis on open questions.

1. Introduction

Stars interact with their planets through gravitation, radiation, and magnetic
�elds. I shall focus on the case of main-sequence late-type stars and close-in
planets (orbit semimajor axis a �< 0:15 AU) and limit myself to a few examples.
Therefore, I apologize for missing important topics in this �eld some of which have
been covered in the contributions by Jardine, Holtzwarth, Grissmeier, Je�ers, and
others at this Conference.

The space telescopes CoRoT (Auvergne et al., 2009) and Kepler (Borucki et
al., 2010) have opened a new era in the detection of extrasolar planets and the
study of their interactions with their host stars because they allow us, among
others, to measure stellar rotation in late-type stars through the light modula-
tion induced by photospheric brightness inhomogeneities (e.g., A�er et al., 2012;
McQuillan et al., 2014; Lanza et al., 2014). Moreover, the same ux modulation
can be used to derive information on the active longitudes where starspots pref-
erentially form and evolve (e.g., Lanza et al., 2009a; Bonomo & Lanza, 2012)1.
Combining all the information together, we can study the correlation between
stellar rotation, spot activity, and close-in planets as well as investigate the rela-
tionships between di�erent stellar and orbital parameters as derived by follow-up
observations. A recent result obtained by studying the rotation of Kepler plan-
etary candidates is the paucity of close-in planets around fast-rotating stars. I
shall discuss models to account for this intriguing phenomenon in Sect. 2.

Optical spectroscopy allows us to study the emission of stellar chromospheres
in lines such as Ca II H&K or H� . Some indication of chromospheric features as-
sociated to close-in planets have been reported. Stellar coronae can be monitored
through X-ray observations and also in that case there have been reports concern-

1Detailed tests of the capability of spot modelling to recover the actual distributions of the active
regions have been performed, e.g., for the Sun as a star (Lanza et al., 2007), CoRoT-2, using
starspot occultations during transits (Silva-Valio & Lanza, 2011), and HR 1099, using Doppler
imaging (Lanza et al., 2006).
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ing possible planetary e�ects. Therefore, I shall consider interactions potentially
leading to chromospheric and coronal features in Sect. 3. The high-energy radi-
ation emitted by stellar coronae plays a fundamental role in the evaporation of
the atmospheres of close-in planets, but other kinds of interactions can play a
role as well (cf. Sect. 4.). The presence of close-in planets may a�ect the evolu-
tion of the stellar angular momentum and this aspect will be briey discussed in
Sect. 5. Finally, circumstantial evidence for photospheric starspot activity related
to close-in planets will be introduced in Sect. 6., while some general conclusions
will be reported in Sect. 7.

2. Some tidal e�ects in star-planet systems

A general introduction to tides in stars and planets is provided by, e.g., Zahn
(2008), Mathis et al. (2013), Zahn (2013), and Ogilvie (2014). A remarkable
observational result that has been connected to the action of tides is the dearth
of close-in planets, i.e. with orbital period Porb �< 3� 5 d, around rapidly rotating
stars, i.e, with a rotation period Prot �< 3 � 5 d, among Kepler candidates (see
Fig. 1 and McQuillan et al., 2013; Walkowicz & Basri, 2013).

Teitler & K•onigl (2014) proposed an interpretation based on the tidal evo-
lution of the orbits of close-in planets. Their model included the evolution of
the rotation of the host stars under the action of tides, stellar wind and internal
coupling between the radiative interior and the convection zone. In their model,
the tidal interaction between stars and planets is quite strong with a stellar mod-
i�ed tidal quality factor Q0

� ' 105 � 106, leading a remarkable fraction of close-in
planets to end their evolution by falling into their hosts.

A di�erent explanation was proposed by Lanza & Shkolnik (2014) by consid-
ering that most of the Kepler planetary candidates have radiiRp �< 3� 4 R� and
are probably members of multi-planet systems. In such systems secular chaotic
interactions generally develop. They can induce large excursions in the orbital
eccentricity of the innermost planet, while its semimajor axis stays nearly con-
stant (Laskar, 1997, 2008; Wu & Lithwick, 2011). When those systems reach a
stationary dynamical regime, the distribution function of the eccentricity of the
innermost planets f (e) is predicted to follow a Rayleigh distribution, i.e.:

f (e) / eexp

 

�
e2

2� 2

!

; (1)

where the standard deviation � depends on the mass of the planets and their
perturbers. In Fig. 2 we plot the observed eccentricity distribution for planets
with a projected mass � 0:1 MJ, i.e., massive enough to allow a su�ciently
accurate determination of the eccentricity from their spectroscopic orbits. Only
values ofe > 0:07 have been considered because lower values may be spurious and
result from errors or noise in radial velocity measurements. To reduce the e�ects
of tides that circularize the orbits, only planets with a periastron distance between
0.1 and 10 AU have been considered as in Wu & Lithwick (2011). Fig. 2 shows
that a Rayleigh distribution function with � ' 0:2 is not too a bad approximation
to the observed eccentricity distribution. Of course, it includes systems with very
di�erent ages, i.e., for which secular perturbations have acted for di�erent time
intervals, so the stationary theoretical distribution is not expected to match it
accurately.
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3.5 Noise power

In the subsection above, we have explained how the total �ux power
spectrum is evaluated. However, this power describes both �uctua-
tions due to noise and the cosmological signal we are interested in.
It is fair to assume that noise is uncorrelated with the cosmological
signal, and thus it can be removed at the power spectrum level:

PF (k, z) = Ptot(k, z) Š PN (k, z). (5)

We estimate the noise power by assuming that thePN(k, z) can be
treated as constant ink, and its normalization for each redshift can
be obtained through the variance of the �ux errors as a function
of redshift. To that end, we compute the estimate of the �ux error
variance, at the step when we compute the mean �ux

	 2
N (zj ) =

�

i

	 2
F (� (zi ))

Mj
, (6)

whereMj is the number of pixels that correspond to a redshift bin
zj . The noise power is then given by

F̄ 2(z)	 2
N (z) =

1
�

� �

0
PN (k, z) dk �

1
�

PN (z) (kmax Š kmin) , (7)

wherekmin = 0 for our choice of binning andkmax is equal to Nyquist
scale, which is the largest independent scale we measure through
our Fourier Transform analysis.

The estimate obtained through the above relation is used in our
data analysis as the noise power. This method has been tested on
synthetic data (see the next section) and provides satisfactory results.

4 RESULTS

In this section, we present the results of the data analysis procedure
presented in this paper. First, we show the results and tests of various
methods and approximations used in the analysis of the synthetic
data. We then show the main results of this paper, performed on the
XQ-100 sample of QSO spectra. In the last subsection, we discuss
the way to obtain the estimate of the errors on the �ux power
spectrum bins.

4.1 Power spectrum results on synthetic data

First, we apply the data analysis procedure to the synthetic catalogue
5000 QSO spectra in order to test for possible systematic effects in
our analysis. By using a larger number of QSO spectra, we hope
to beat down the statistical �uctuations and proclaim the deviations
that remain as systematic errors.

The measurements of the mean �ux on synthetic data are pre-
sented in Fig.3. The input mean �ux with which we have calibrated
the simulation outputs is plotted in full black line (BOSS 2013 –
Palanque-Delabrouille et al.2013). Red points with error bars are
measurement from the data analysis procedure presented in this pa-
per. The results agree well with the input version and suggests no
important systematic effects are present in this measurement. The
analysis was also repeated on a synthetic catalogue with only 100
QSOs. The results are plotted in green in Fig.3, and agree well
with the 5000 QSO spectra sample. Note however that the error
bars are very similar, and that is because they are dominated by the
variance of �ux �uctuations. As a comparison, Fig.3 also shows
observed �ux from two other surveys (Kim et al.2007and Becker
et al.2013; Viel et al.2013a) on a different sample of measured real
data spectra.

Figure 3. The mean transmitted �ux as obtained from the synthetic data.
In red, we show results using 5000 mock QSO spectra and using 100 mock
QSO spectra (in blue). In black, we plot the standard observational results by
Kim et al. (2007, dashed), Becker et al. (2013, dot–dashed) and Palanque-
Delabrouille et al. (2013, full line). The input to the mocks was the BOSS
mean �ux. The data points are shifted in redshift (by 0.01) to be readily
distinguishable.

Figure 4. The �ux power spectrum measured on the synthetic data for 5000
(full lines) and 100 (dashed lines) QSO spectra is shown. The three colours
correspond to three (out of seven measured) redshift bins:z = 3.0 (red),
z= 3.6 (blue) andz= 4.2 (green). The dotted lines correspond to the power
spectrum extracted from a simulation at that redshift. The error bars are
evaluated using bootstrap method (see Section 4.4 for details).

Next, the data analysis was tested on the measurements of the
�ux power spectrum. Fig.4 shows the results as a function of
scale (k) for three redshift bins (z = 3.0 – red,z = 3.6 – blue
and z = 4.2 – green). The full lines represent the measurements
performed on the synthetically generated spectra as described in
Section 2.2. For comparison, we show the �ux power spectrum
obtained by measuring it directly on the simulation output at the
speci�ed redshifts (using 5000 lines of sight), without going through
the construction procedure of the synthetic data (dotted lines). The
departures from the input power spectrum at large scales are due to
insuf�cient number of lines-of-sight probing those scales. This is
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