Study of the X-ray Emission of Stars with Hot Jupiters.
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Abstract. The number of exoplanets is to date higher than the number of participants to PPVI (850). The search of Astre ' Flt ?4*;,.,'. E

effects of star-planet interaction (SPI) on the host stars has given controversial results, with some systems showing variations
of the activity phased with the planetary motion. We present the results of the search of SPI in X-ray band, focusing on
3 systems: HD 189733, HD 162020 and WASP-18. HD 189733 shows many signs of boosted X-ray activity due to SPI.
HD 162020 has a variability phased with planet motion of marginal significance. WASP-18 (F6 V) is the most controver-
sial system: it has a 10M j,,, planet rotating at 3.5 stellar radii, it is completely dark in X-ray, at odds with an estimate of
age of 600 Myr. In this case the massive planet could have a role in modifying or destroying the thin convective layer of the star.

Table 1: Basic data of the HD 189733 system SP| at work in HD189733
HD 189733: signs of SPI in X-rays HD 189733A | HD 189733b| HD 1897338
Type K 1.5V planet M4V

e the hot Jupiter of HD 189733 has likely modified the Mass 0.81 M 1.15M 0.2M¢ -

evolution of the angular momentum of the parent star, Radius 0.76 R 2O 535 -

resulting in a fast rotating > 2Gyr old star with en- Orbital Period - 2.219d 3200yr

hanced X-ray and chromospheric activity:. Mean orbital radius - 0.003 AU 216 AU
e high X-ray resolution spectroscopy shows that the corona HD 189733 |

of this star is cold and dense, and similar to those of Table 2: best fit results of EPIC spectra from 2007, 2009, 2011, .

accreting active Pre Main Sequence stars. and 2012 in the phases pre-flare, flare and post-flare.
. . Phase kTy kTy kTs E.M 4 E.M.9 E.M.g log fx log Lx
e [In X-rays, our observations at the secondary transit (keV)  (keV)  (keV) 1070 em™3 1070 em™3 10°0 cm ™3 (erg s~ em™2) (erg s~1)
: e : 2012 Pre|0.19 7003 0.7 T943 - 107733 89773 - -12.6 28.07 -~ 1
reveal enhanced X-ray time variability after the eclipse Flae | (019)  (0.7) 08200 (07)  (89) 760197  -12.37 2827 — Evaporation
of the planet, perhaps phased with the planet motion. Post | (019)  (0.7) 07235 (107)  (89)  18%% 1254 2811
2011 Pre|0.24 1902 0.73 008 — 5.8 140 361070 - 96 28.17

—0.9 —0.9
e SPI can mimick a younger age in stars with hot Jupiters, Flare | (024)  (073) 09%4 (58  (36)  30%y:  -1236 2829
, , , o Post | (0.24)  (0.73) 06203  (58) (3.6) 1351003 -12.41 28.24
this places a warning on using activity to date these 2009 Pre| 0187008 0473008 T ggFIS pema 1250 2815
stars. Flare | (0.18)  (047) 099708 (4.1) (5.6) 32702 -12.37 28.29
Post | (0.18)  (0.47) 0757010 (4.1) (5.6) .31 -12.4 28.22 . . .
2007 | 024700 o7 FUE g p0d e lE 112,60 28.05 A scenario for HD 189733A+b: the planet has migrated inward and the par-
ent star has exchanged angular momentum with its hot Jupiter. Faster stellar
6042 044 046 048 05 052 054 056 058 0.6 062 066 066 0.68 07 072 rotation increases the efliciency of the stellar magnetic dynamo, and this has
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i W oeo enhanced X-ray activity. The enhanced activity (Lx > 10 X Lxq) implies
v O 2009 1.5E+08 . . . c o o 3
< 8 5.9E+07 stronger interaction with the magnetic field of the planet. It implies also vigor-
T 8.7E+06 . .
s | B4E+06 ous evaporation of the planet’s atmosphere because of the copious X-rays, FUV
Y © . 5.0E+05 ’ ’
_ i and UV fluxes from the parent star.
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Fig. 1: PN light curves in 2009, 2011, 2012. Strong flaring activity Fig. 2: MHD simulations with realistic maps of stellar magnetic
is observed after the eclipse of the planet (¢ = 0.5, 1st, 2nd, 3rd, 4th field (Cohen et al., 2011). The planet can trigger reconnection Fig 3: HD189733 shows larger variability amplitudes of X-ray luminosity
contact marked with vertical lines). No similar flaring activity seen at events and plasma detachment from its cometary tail at partic- with respect to field stars (left panel), and different from that of young
the transit phase (¢ = 0). The planet could trigger flares on the stellar ular phases, similarly to what we observed in X-rays after the Pleiades (right panel). Pleiades and field stars data from Marino et al.
corona when crossing a region of space with stronger stellar magnetic secondary transit. (2003).
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b =40 —110 & and a loop length Fig 4b: reconstructed light curve T
estimate of 2 — 44, The large size using the periods between 3.1 and fesenne @
of the loop suggests a magnetic SPI 5 1. Fig. 5. Left: sum of RGS spectra collected in 2007, 2009, and 2011, portion around OVII/OVIII lines. The
origin for the flare. corona appears denser than stellar coronae of field stars, and more similar to young active coronae (right

panel, other data from Robrade et al. 2007).

HD 162020b: an eccentric orbit. —— L — T | — _ WASP-18: a controversial system.
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This is one of the stars with the closest, massive and fast hot  Fjg. 9: Chandra-ACIS image toward WASP-
Jupiter. The estimate of the age for this system is about 600 18 (cross marks the optical position). After
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sizes of the star and the planet, and the inclination Vvations. Lop row phase: per.iasﬁr.onj. bottom row phage:
with respect to the observer. We obtained a series aPastron. Some enhanced variability is seen (at 1o signifi-

of XIS-Suzaku observations to probe changes of X- ~ cance level) when the hot Jupiter is close to the periastron s | ]
ray emission at apoastron and periastron phases. (top row observations) ; i o 20 fﬁég L ' Contflicting facts about WASP-18:
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e HD 162020 has a massive hot Jupiter in an ec- a | g ol 0 e : | e null chromospheric activity (from He, Ca lines

centric orbit. _: : ° ° - etc.)
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e The star-planet separation varies between 16 | L et - e Strong Li absorption

and 28 stellar radii. | | ST NI £ e Low activity implies an old age of the star
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o In a system with varying planet-star separation e g e The close orbit suggests a short life left to the

planet

. D | e Why WASP-18 is so dark in X-rays”
Fig. 8: phase folded light curve. The e-fold time is the Fig. 10: Lithium in WASP-18 (4642 A, red dot), In e Does the planet destroy/modify the thin con-

orbital period of the planet (8.42 days). Some hint of Hyades and M67 (from Pace et al. 2012; Takeda et vective layer and any dynamo?

modulated emission at the periastron (¢ = 0.0) is visible al. 2012). The strong Li absorption conflicts with
at 1o significance level. the X-ray darkness of the star.

we expect systematic evidence of SPI.
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