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INFLATION OF A DIPOLE FIELD IN LABORATORY EXPERIMENTS: TOWARD AN UNDERSTANDING
OF MAGNETODISK FORMATION IN THE MAGNETOSPHERE OF A HOT JUPITER

V. M. Antonov !, E. L. Boyarinsev?, A. A. Boyko?, Yu. P. Zakharov !, A. V. Melekhov !,
A. G. Ponomarenko!, V. G. Posukht, I. F. Shaikhislamov?, M. L. Khodachenko

s, at which the balance between the stellar wind ram
pressure and the pressure of the planetary magnetosphere field
non-thermal erosion by the stellar wind (Khodachenko et al.
2007a). To explain the survival of hot Jupiters in extreme con-
ditions near their host stars, Khodachenko et al. (2012) pro-
posed a more generic view of a hot Jupiter’s magnetosphere. A
key element in the proposed approach is to take into account
the 1inner atmosnhere of a nlanet ac an exnandina dvnamical

magnetopause. In this paper, the basic features of the formatio
of a laboratory experiment. A localized central source produce
the dipole and inRates the magnetic bPeld. The observed struc
density indicates the formation of a relatively thin current disk €
the current disk, an induced magnetic Peld was found to be se
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1. INTRODUCTION

More than half of all known exoplanets have orbits around
their host stars shorter than 0.6 AU. An evident maximum in the
orbital distribution of exoplanets takes place in the vicinity of
0.05 AU. The majority of this population is represented bg@fdat
2007h).

The magnetosphere of a close-in hot Jupiter is a com-
plex object dependent on (a) stellar factors, e.g., stellar radi-
ation, stellar wind plasma flow, and stellar magnetic field, and
(b) planetary factors, e.g., orbital characteristics, escaping mate-
rial outflow, and planetary magnetic field. Its morphology also
depends on the speed of the stellar wind plasma relative to
the planet (Erkaev et al. 2005; Ip et al. 2004). At sufficiently
large orbital distances the stellar wind is supersonic and super-
Alfvénic, and a Jupiter-type magnetosphere with a bow shock,
magnetopause, and magnetotail is formed. The size of such a
magnetosphere is characterized by the magnetopause standoff
distance R

a), Where the
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. _ Table 1 and without inclusion of a magnetodisk, respectively. Therefore,

Dimension and Dimensionless Parameters both experimental and theoretical studies predict the increase of
Parameter Experiment Hot Jupiter  planetary magnetosphere size by approximately double due to
Planet radiusR, (cm) 45 1010 the presence ofa magnetOdls.k' . . .
Magnetic moment (A m?) 3x 10° 102D 187 Finally, itis also worth mentioning a certain physical analogy
TemperatureTe (€V) 5 1910 of a hot JupiterOs magnetodisk to some other astrophysical disks
Plasma velocity/ (km s51) ) 30D50 10 (Belenkaya & Khodachenk@012 and space phenomena. In
Gravitational escape velocity (kY 0 50 particular, it is similar to a heliospheric (astrospheric) current
Rotation velocity aR, (km s°*) 0 110 sheet formed under the conditions of the expanding solar
Alfv enic radiusRa/ Ry 3 5D10 (stellar) wind and a slowly rotating magnetic Peld of the Sun
Interaction timefV/ Ra 6 1 (star). The Jovian and Saturnian magnetodisks, in spite of their
Reynolds number, 4R aV/c? 30 L different origin mechanism, may also sometimes be referred
Hall parameter, 4eneRaV/cB 15 ! to as analogous to a hot JupiterOs magnetodisk. Therefore, to a
GyroradiusR./ Ra 1 1

certain extent, the reported experiment and numerical simulation
may be related to these astrophysical objects as well.
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gyroradius. For planets they are negligibly smaller than the the projects P21197-N16, P25587-N27, and S11606-N16 of the
scales of interest. Taking the experimental parameters measure@ustrian Science Foundation (FWF). The authors are grateful
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ion RBux density 1 A cr?, one Pnds that kinetic scales are IMPEx for partial support of experimental work as well as
approximately equal to the same 30 cm. Thus, kinetic effects follow-up research communication and collaboration visits.
cannot be totally neglected (Moritaka et 28010. However,
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