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   Many astrophysical systems, such as accretion 
disks and the solar wind are weakly collisional. 
Therefore, ions and electrons in these systems can have 
different temperatures. Understanding what sets the 
temperature ratio between ions and electrons is crucial 
for identifying the various properties of far-distant 
astronomical objects. The key is the distribution of 
collisionless heating between ions and electrons. While 
there are a number of mechanisms that heat ions and 
electrons differently, in this study, we focus on the 
dissipation of turbulence ―  when turbulence is 
dissipated, how is its energy partitioned between ions 
and electrons? 
   We simulated collisionless turbulent heating using 
the hybrid gyrokinetic (GK) approach [1,2]. Unlike the 
previous full GK simulations [3], which were limited 
to a single parameter case, we revealed the parameter 
dependence of the ion-to-electron heating ratio 𝑄"/𝑄$ 
via examining the wide-range of parameter space 
which covers most space and astrophysical plasmas [4]. 
The parameter dependence of 𝑄"/𝑄$  is especially 
crucial in the context of low-luminosity accretion flows 
[5]. The simulation results show that 𝑄"/𝑄$  is an 
increasing function of ion beta 𝛽"  when 𝛽"	 	10 , 
while 𝑄"/𝑄$ is constant, ~ 30, when 𝛽"	 	10 [Fig.1 
(left)]. We also found that 𝑄"/𝑄$ is insensitive to the 
background ion-to-electron temperature ratio 𝑇"/𝑇$ 
[Fig.1 (right)]. This tendency indicates that a 
collisionless plasma heated by turbulence prefers a 
two-temperature state where ions are hotter than 

electrons.  
   We also analyzed the phase space structure of the 
ion distribution function using Hermite-Laguerre 
spectral decomposition and revealed that ion heating is 
mediated by nonlinear phase mixing [6] when 𝛽"  is 
low and by linear phase mixing when 𝛽" is high. 
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Fig. 1: 𝑄"/𝑄$ vs 𝛽" (left) and 𝑇"/𝑇$ (right) 
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