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The heliosphere is a bubble formed by the interaction of the solar wind and the interstellar medium, and its boundary is
the limit of the influence of the solar wind. The Interstellar Boundary Explorer (IBEX) satellite observes energetic neutral
particles called Energetic Neutral Atoms (ENAs) coming into the heliosphere from the outer heliosphere. IBEX observations
have shown that the ENA forms a narrow band-like distribution on the sky maps, which is called the IBEX Ribbon. The
most likely origin of the IBEX Ribbon is that the charge exchange occurs twice in the outer heliosheath. First, the protons in
the solar wind and neutral particles of interstellar origin charge exchange in the heliosphere, and the protons become neutral
particles. Some of these neutrals reach the outer heliosheath and become charged particles again through a second charge
exchange. These charged particles are picked up by the interstellar magnetic field, and the pickup ions form a ring distribution
in velocity space. The pickup ions with this ring distribution and the interstellar neutrals then charge exchange for the third
time, and the solar wind-originated neutrals return to the heliosphere in this scenario. To explain IBEX Ribbon in this model,
the ring distribution must remain stable from the second to the third charge exchange, but the ring distribution is generally
known to be unstable and excites waves which make the original ring distribution isotropic through pitch angle scattering
(e.g. Coates et al., 2009). In many cases, Alfven ion-cyclotron (AIC) instability dominates and contributes significantly to
the isotropization of the ring distribution; Florinski et al. (2016) showed that if the thermal velocity of the ring component is
lower than that of the background protons, the AIC is stable in the linear phase and the ring distribution may be maintained.
On the other hand, Min et al. (2018) performed simulations under conditions where AIC is stable. However, their results
showed that even if the AIC is stable in the linear phase, the ring component is scattered by the mirror and the ion-Bernstein
modes, which makes the AIC unstable in the nonlinear phase, and the ring distribution is not maintained stable. However,
the hybrid simulation has low resolution and may not properly account for the effects of relatively short-wavelength ion-
Bernstein modes. The ion-Bernstein modes may also be affected by the kinetic effects of electrons, and the validity of hybrid
simulations that treat electrons as a fluid also needs to be examined.

We report the results of the study of the ion-Bernstein modes excited by ring distributions. Although the ring velocity
and density differ from Min et al. (2018), high-resolution hybrid simulations show that short-wavelength and the near-
perpendicular propagating ion-Bernstein mode were confirmed. This excitation of ion-Bernstein modes was not confirmed
with the resolution used in Min et al. (2018), suggesting that high-resolution simulations are needed to accurately discuss the
short-wavelength ion-Bernstein mode. In the hybrid simulation, the ion-Bernstein mode had a strong growth rate at an angle
of 50 ~ 90 degrees relative to the background magnetic field. On the other hand, the propagation angles are 50 ~ 70 degrees
in particle-in-cell (PIC) simulations with the same parameters and the growth rates obtained with PIC simulations are lower
than that of the hybrid simulation. This difference may be attributed to the fact that the hybrid simulation ignores electron
kinetic effects. We have indeed confirmed that the results of the linear analysis and the PIC simulation agree with each other,
suggesting that the hybrid simulation does not accurately describe the ion-Bernstein mode.

In the future, we plan to investigate the influence of the ion-Bernstein mode and the validity of the hybrid simulation for
parameters closer to the outer heliosheath.
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