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Magnetic field models of Jovian magnetosphere using Euler potentials
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Since the first observation by Pioneer 10 in 1973, observations around Jupiter have been carried out by several
spacecrafts up to the currently operating Juno, and thus magnetic field data have also accumulated. One of the main
researches on them is the magnetic field modeling in and around Jupiter, which is divided into the Jovian intrinsic and
magnetospheric field models.

Many magnetospheric field models have followed a procedure in which current systems are placed within the
magnetosphere or on the magnetopause. The current sheet is considered as a typical current system of the former. The
model by Connerney et al. [1981] is a good example in the early stage, and the magnetospheric field was calculated
assuming a current sheet in the azimuthal plane on the Jovigraphical equatorial plane. There are also many studies on
the shape of the current sheet such as Goertz [1981] and Khurana and Schwarlz [2005], and it eventually became a
consensus that the current sheet changes its shape due to the tilt of the magnetic dipole, the delay from Jovian co-
rotation, and the solar wind.

In this study, we adopted the formulation by Khurana [1997] as a magnetic field modeling method, and redetermined
the Jovian magnetospheric field model including the data by Galileo and Juno obtained after the publication of Khurana
[1997].

The adopted modeling method consists of two steps: (1) approximation of the current sheet by a hinge model, and
(2) construction of the magnetospheric model by the Euler potentials. (1) was adopted by Khurana [1992]. The current
sheet was assumed perpendicular to the magnetic dipole in the vicinity of Jupiter, and perpendicular to Jupiter's rotation
axis when it is away from Jupiter in the anti-sun direction. It also included the delay of the co-rotation of both plasma
and current sheet caused by the radial movement of the plasma. When a spacecraft crosses the current sheet, the radial
magnetic component is expected to be zero. So, we first estimated crossing points using the observed data. Then, 3
parameters of the hinge model were determined by a least square method to give the best fit to the observed crossing
points. (2) is the modeling method adopted by Khurana [1997], in which the hinged current sheet model by Khurana
[1992] is included. The magnetospheric field itself was formulated using two Euler potentials.

Since the magnetic field vector, B, is solenoidal, it can be expressed by two scalar functions. B can be expressed in
the form of V{* Vg by setting the magnetic vector potential, A, as {V g where f and g are the Euler scaler potentials.
The magnetic field lines satisfy f=const. and g=const. The first Jovian magnetic field model using the Euler potentials
appeared in Goertz et al. [1976], which became a prototype of the Khurana's [1997] model. In their model, both
intrinsic and magnetospheric magnetic fields were expressed by the Euler potentials. In Khurana [1997], however, only
the magnetospheric field was expressed by the Euler potentials, and an existing model was adopted for the intrinsic
field. In this study, we also adopted the latest model of Jupiter's intrinsic field by Connerney et al. [2018], i.e., JRMO09.

Specifically, since the observed data can be considered as a sum of the intrinsic and magnetospheric fields, we
subtracted JRM09 from the observed data in advance, and defined the residual as the observed magnetospheric field.
Using the residuals, 14 model parameters of the two Euler potentials were determined by another least square method.

In the presentation, we will also argue comparison of averaged magnetospheric field models for each of the three
legendary periods, viz., pre-Galileo, Galileo and Juno to confirm whether there are secular changes in the Jovian
magnetospheric field in nearly half a century from Pioneer 10 to Juno. We will further discuss whether seasonal changes
(w.r.t. orbital positions of Jupiter) and changes due to solar activities during each period exist or not.
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