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Abstract. It is a long-standing question in exoplanet research if Hot Jupiters can influence the
magnetic activity of their host stars. While cool stars usually spin down with age and become
inactive, an input of angular momentum through tidal interaction, as seen for example in close
binaries, can preserve high activity levels over time. This may also be the case for cool stars
hosting a Hot Jupiter. However, selection effects from planet detection methods often dominate
the activity levels seen in samples of exoplanet host stars, and planet-induced, systematically
enhanced stellar activity has not been detected unambiguously so far. We have developed an
approach to identify planet-induced stellar spin-up avoiding the selection biases from planet
detection, by using visual proper motion binaries in which only one of the stars possesses a Hot
Jupiter. This approach immediately rids one of the ambiguities of detection biases: with two
co-eval stars, the second star acts as a negative control. We present results from our ongoing
observational campaign at X-ray wavelengths and in the optical, and present several outstanding
systems which display significant age/activity discrepancies presumably caused by their Hot
Jupiters.
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1. Introduction

Almost all planet-hosting stars known today are cool stars (spectral types F-M). All
cool stars display stellar activity — a summarizing term for the occurrance of magnetic
phenomena including flares, spots, and coronal high-energy emission. The magnetic ac-
tivity of planet-hosting stars is an important factor to understand the evolution of exo-
planets. High-energy irradiation of close-in planets can lead to atmospheric evaporation
(Vidal-Madjar et al. 2003; Lecavelier Des Etangs et al. 2010), and coronal mass ejec-
tions and the stellar wind can strip away parts of the planetary atmosphere (Penz et al.
2008). The stability and chemistry of exoplanetary atmospheres are both influenced by
these stellar activity phenomena. Recent transit observations in the UV (Bourrier et al.
2013) and in X-rays (Poppenhaeger et al. 2013) have demonstrated that atmospheres of
Hot Jupiters are strongly extended. Modelling of such atmospheres suggests that time-
variable phenomena like bow-shocks and variations in the stellar wind may play a role,
too (Vidotto et al. 2012).

Stellar activity levels of stars with and without planets have received much scrutiny
in recent years. Activity is well-known to be a function of stellar rotation and therefore,
due to magnetic breaking, of stellar age. Stellar X-ray luminosity therefore declines with
stellar age, as shown in Fig. 1, left panel.t Several studies have noted that exoplanets

1 For a summary of age-activity relations using the fractional X-ray luminosity Lx /Lo
instead of Ly, see Jackson et al. (2012).
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Figure 1. Left: Magnetic breaking causes cool stars to spin down over time, which can be
measured as a decline in magnetic activity indicators such as X-ray emission.” Right: In wide
stellar binaries in which one of the stars hosts an exoplanet, some of the planet-hosting stars
display a much higher magnetic activity level than expected for their age. This is the case for
systems with strong tidal interaction between planet and host star.

* Age-activity data from Preibisch & Feigelson (2005), Jeffries et al. (2006), Schmitt & Liefke
(2004), Damiani et al. (2004), Engle & Guinan (2011), Hawley & Feigelson (1994).

may also have an influence on the stellar magnetic activity. The underlying idea is that
massive close-in exoplanets should be able to interact with their host star magnetically
and/or tidally (Cuntz et al. 2000; Shkolnik et al. 2005; Kashyap et al. 2008). However,
because stellar activity effectively masks signals used to detect exoplanets, one has to be
careful not to interpret intrinsic biases in samples of planet-hosting stars as a physical
interaction effect (Poppenhaeger et al. 2010; Poppenhaeger & Schmitt 2011; Miller et al.
2012).

A useful way to test for activity enhancements caused by Hot Jupiters is to look at
wide stellar binaries, in which only one star hosts a planet massive and close enough
for strong tidal interaction. The star without a planet then acts as a negative control,
because its activity evolution should be unperturbed by any planetary effects. One can
thus test if both stars display magnetic activity levels appropriate for their common stellar
age (taking into account slight differences due to spectral type). We are conducting an
observational program using X-ray data and optical spectra to test for such activity
differences.

2. Initial results

We have collected observational data for five exoplanet systems with wide stellar bi-
naries so far, using XMM-Newton and Chandra for X-ray observations of the stellar
corona, as well as FLWO’s TRES spectrograph for optical high-resolution spectra. We
list the observed X-ray luminosities for both stellar components of each system in Ta-
ble 1. We estmate the age of the system from the X-ray brightness of the secondary
(non-planet-hostimg) star. This yields an estimate for the X-ray luminosity of the pri-
mary (planet-hosting) star, assuming that both stars are co-eval. More detailed analyses
of the spectral X-ray properties of some of the stars can be found in Pillitteri et al.
(2010) and Poppenhaeger et al. (2013) for HD 189733 A and B, Schréter et al. (2011) for
CoRoT-2 A, Poppenhaeger et al. (2012) for 7 Boo and Poppenhaeger & Schmitt (2011)
for v And A.

For three of the systems we find that the expected and observed X-ray luminosities for
the planet-hosting stars are in agreement; for two systems, however, the expected and

https://doi.org/10.1017/51743921314002178 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921314002178

Planets spinning up their host stars 241

Asem Mp logLx p agep log L‘;(”p') logLf(("bS’)
System SpT A SpT B (AU) (Myup) (erg/s) (Gyr) (erg/s) (erg/s)
HD 189733 AbB K1V M4V 0.03 1.138 26.67 5 27.1 28.2
CoRoT-2AbB G9V K9V 0.01 2.0 <26.95 3 27.3 29.3
55CncAbcdeB K2V M3V  0.03 >0.0001 26.02 10 26.8 27.12
7Boo AbB F6V M3V  0.03 >1.0 27.61 2 28.2 28.35
vAnd AbB F7v. M4V  0.03 >1.0 26.43 7 27.2 27.65

Table 1. Observed X-ray luminosities of the planet-hosting primaries and the secondaries which
are not known to possess planets. The X-ray luminosity of the secondary is used to estimate
the age of the system. Assuming that both stelar components are co-eval, we can derive an
a priori estimate how X-ray luminous the primary should be (column logLx 4 (csp.)). The
actual observed X-ray luminoities of the primaries are given in column log Lx 4 (obs.)-

observed X-ray luminosities disagree by an order of magnitude or more; see Fig. 1, right
panel. These systems both host a Hot Jupiter in a very close orbit, and the host star is a
late G or K dwarf. For the systems in which no discrepancy is found, the innermost planet
is either small (55 Cnc) or the host star is an F star with a very thin outer convective
envelope (7 Boo and v And).

We interpret our initial findings as a manifestation of tidal interaction between the
planet and the host star. Theoretical studies show that Hot Jupiters induce tidal bulges
on the host star; cool stars can dissipate the energy contained in the bulges much more
effectively than hot stars due to turbulent eddies in the convective envelopes, see Zahn
(2008) and Torres et al. (2010). Observationally, stars with substantial convective en-
velopes have also been found to have exoplanets in orbits with low orbital obliquity,
which is also believed to be a consequence of tidal interaction (Winn et al. 2010; Al-
brecht et al. 2012).

The Hot Jupiters in the HD 189733A and CoRoT-2A systems may therefore have
inhibited the spin-down of their host stars, by transferring angular momentum from the
planetary orbit into the stellar spin.

To test this hypothesis further, we are collecting high-resolution optical spectra for
our sample to measure the projected rotational velocities vsini of the stars as well as
chromospheric activity indicators such as Ca II H and K and H «a.

3. Conclusion

Our initial data suggests that there is indeed a large difference in activity levels for
systems in which the planet exerts a strong tidal interaction on its host star, while
systems with weak tidal interaction do not show elevated activity levels. Observations of
a larger number of systems which can be tested for possible tidal effects from the planet
are under way.

The consequences of planet-induced stellar high activity are substantial for under-
standing exoplanetary systems and, on a larger scale, stellar evolution. For systems with
Hot Jupiters, age estimates can no longer be derived from stellar rotation and activity;
also, the time-integrated high-energy irradiation of exoplanets will be much higher due
to the prolonged high activity of the host stars, so that planetary evaporation may have
had a much stronger influence on the planet zoo we observe today than current models
suggest. In terms of stellar evolution, stellar population synthesis models are just begin-
ning to include the star’s spin as a parameter. First results show that the stellar rotation
is a fundamental parameter for its evolution (Levesque et al. 2012), so that it is crucial
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to know if Hot Jupiters significantly change the spin of their host stars, which comprise
ca. 1% of all cool stars (Wright et al. 2012).

References

Albrecht, S., Winn, J. N., Johnson, J. A., et al. 2012, ApJ, 757, 18

Bourrier, V., Lecavelier des Etangs, A., Dupuy, H., et al. 2013, A¢éA, 551, A63

Cuntz, M., Saar, S. H., & Musielak, Z. E. 2000, ApJL, 533, L151

Damiani, F., Flaccomio, E., Micela, G., et al. 2004, ApJ, 608, 781

Engle, S. G. & Guinan, E. F. 2011, in Astronomical Society of the Pacific Conference Series, Vol.
451, Astronomical Society of the Pacific Conference Series, ed. S. Qain, K. Leung, L. Zhu,
& S. Kwok, 285

Hawley, S. L. & Feigelson, E. D. 1994, in Astronomical Society of the Pacific Conference Series,
Vol. 64, Cool Stars, Stellar Systems, and the Sun, ed. J.-P. Caillault, 89

Jackson, A. P., Davis, T. A., & Wheatley, P. J. 2012, MNRAS, 422, 2024

Jeffries, R. D., Evans, P. A., Pye, J. P., & Briggs, K. R. 2006, MNRAS, 367, 781

Kashyap, V. L., Drake, J. J., & Saar, S. H. 2008, ApJ, 687, 1339

Lecavelier Des Etangs, A., Ehrenreich, D., Vidal-Madjar, A., et al. 2010, A6 A, 514, A72

Levesque, E. M., Leitherer, C., Ekstrom, S., Meynet, G., & Schaerer, D. 2012, ApJ, 751, 67

Miller, B. P., Gallo, E., Wright, J. T., & Dupree, A. K. 2012, ApJ, 754, 137

Penz, T., Micela, G., & Lammer, H. 2008, A&A, 477, 309

Pillitteri, I., Wolk, S. J., Cohen, O., et al. 2010, ApJ, 722, 1216

Poppenhaeger, K., Giinther, H. M., & Schmitt, J. H. M. M. 2012, Astronomische Nachrichten,
333, 26

Poppenhaeger, K., Robrade, J., & Schmitt, J. H. M. M. 2010, A&A, 515, A98+

Poppenhaeger, K. & Schmitt, J. H. M. M. 2011, ApJ, 735, 59

Poppenhaeger, K., Schmitt, J. H. M. M., & Wolk, S. J. 2013, ApJ, 773, 62

Preibisch, T. & Feigelson, E. D. 2005, ApJS, 160, 390

Schmitt, J. H. M. M. & Liefke, C. 2004, A&A, 417, 651

Schroter, S., Czesla, S., Wolter, U., et al. 2011, A&A, 532, A3+

Shkolnik, E., Walker, G. A. H., Bohlender, D. A., Gu, P., & Kiirster, M. 2005, ApJ, 622, 1075

Torres, G., Andersen, J., & Giménez, A. 2010, AARev, 18, 67

Vidal-Madjar, A., Lecavelier des Etangs, A., Désert, J., et al. 2003, Nature, 422, 143

Vidotto, A. A., Fares, R., Jardine, M., et al. 2012, MNRAS, 423, 3285

Winn, J. N., Fabrycky, D., Albrecht, S., & Johnson, J. A. 2010, ApJL, 718, L145

Wright, J. T., Marcy, G. W., Howard, A. W., et al. 2012, ApJ, 753, 160

Zahn, J.-P. 2008, in EAS Publications Series, Vol. 29, EAS Publications Series, ed. M.-J. Goupil
& J.-P. Zahn, 67-90

https://doi.org/10.1017/51743921314002178 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921314002178

