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Analyses of butterfly pitch angle distributions of ions observed at magnetic equatorial
region.
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Charged particles moving in the electromagnetic field of magnetosphere show various pitch angle distributions (PADs), sucl
as isotropic, pancake, and butterfly PAD. A PAD of charged particles tells us the physical processes occurring along their orbits
Since one can know these processes from the PADs, it is important to investigate PADs. So far, processes creating the butter
PAD, which can be seen in data of both ions and electrons, have been proposed by a lot of researchers. For example, magt
topause shadowing (Pfitzer et al., 1969), radial flux gradient (Sibeck et al., 1987), pitch angle scattering caused by wave-particl
interaction (Lyons et al., 1972; Lyons and Williams, 1975), and the effect of change of magnetic field configurations with con-
servation of the first and second adiabatic invariants of charged particles (Ebihara et al., 2008).

In this study, we investigate the butterfly PADs of ions observed by the THEMIS spacecrafts detected at L™5-6 and dusk-
midnight sector near the magnetic equatorial region. We found that the shapes of the butterfly PADs and their occurring region
are dependent on energies of ions and L values. These results lead us to propose a new creating process different from t
previous ones. Assuming a curved magnetic field configuration, we can describe the north-south directed motion of an equator
ally westward drifting ion as a non-linear second differential equation. This type of equation is known as Mathieu’s differential
equation. Some physical parameters in this differential equation determine whether the solution will diverge or not. Using the
Tsyganenko magnetic field model (Tsyganenko, 1989, 1993; Tsyganenko and Sitnov, 2005), we made a survey for ion energ
and L value if the solution is diverging, and found that the parameters giving a diverging solution are roughly consistent with
those of the butterfly PADs observed by the THEMIS spacecrafts.

Computing the trajectory of an ion with the same parameters by solving the Lorentz equation, we can also find that the ion:
oscillate to north-south direction with gradually increasing amplitude (diverging solution), violate the first adiabatic invariant
(Buchner and Zelenyi, 1989), and finally start chaotic motions.

In this way, ions drifting magnetic equatorial regions with pitch angle of 90 degrees may violate the first adiabatic invariant
through this process. We suppose that this new process can explain the observed butterfly PADs.
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