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Abstract: We perform 2.5D hybrid simulations to study the importance of obliquely propagating Alfven-cyclotron waves for the heating of minor ions in the 
solar wind. To demonstrate the preferential heating for the minor ions and the onset of temperature anisotropies for both ion species we start with initially 
isotropic plasma with equal temperatures for the protons and the He++ ions. Next we construct initial broad-band wave spectra to resemble observations of 
solar wind turbulence at 1 AU. We initialize the simulations with observed ion densities, temperatures and relative drifts, and study the different heating rates 
resulting from pitch angle scattering and wave-particle interactions between drifting ion populations and parallel or oblique Alfven-cyclotron waves, which 
propagate along or at an angle with respect to the ambient interplanetary magnetic field. Within the chosen parameter study typical for high beta fast solar 
wind, the parallel waves appear more efficient in heating the minor ions than the oblique waves. In the course of nonlinear evolution of the system when initial 
parallel wave spectra is assumed we observe substaintial anisotropic cascade of the magnetic field power spectra towards perpendicular wave numbers. The 
nature of the anisotropic turbulent cascade depends on the differential streaming between the different ion populations and is affected by the solar wind 
expansion.
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Conclusions:
We have investigated the ion heating and differential acceleration by broad-band 
spectra of parallel and oblique Alfven-cyclotron waves in 2.5D hybrid simulations. We 
have compared the ion heating and acceleration rates corresponding to different 
angles of propagation (0○, 30○, 60○) and found prominent perpendicular heating for the 
minor ions, which is strongest in the case of parallel waves. For all cases considered 
the initially isotropic protons experience strong perpendicular cooling and acquire 
related parallel temperature anisotropies. Next, we investigate the power spectra of the 
magnetic fluctuations and find limited turbulent cascade in the perpendicular direction 
for the parallel case and further oblique mode generation in the oblique case. We 
further study a gradual solar wind expansion which leads to perpendicular cooling, but 
overall has insignificant effect on the ion distributions. The velocity distribution 
functions show signatures of wave scattering, although no prominent beams are 
formed. We have investigated the evolution of a stable region within the velocity 
distribution functions of proton and alpha particles in anisotropy- β space. The initial 
isotropic distributions of the minor ion species interact with the wave spectra and 
acquire slightly higher perpendicular temperatures. In contrast the protons cool down, 
as there is no wave energy at the proton scales. 
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