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Rosenbluth–Hinton collisionless gyrokinetic model for ZFs [5] 

Here, ௝ ௝ ௝,௞ ௞ ௝,௞
௜௞ೝ௥.  Source term is written as[3] 

Solution is given by Eq.(1 - 3) [7],
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• In summary, we have investigated effects of impurities on
mesoscale ZFs in tokamak plasmas. 

• The presence of impurities increases the total ion mass density 
of plasmas, and thus significantly reduces the amplitude of 
mesoscale ZFs driven by the main ion density and temperature 
perturbations. 

• The driving effects of impurity temperature perturbations on 
ZFs can be ignored, due to the low concentration of impurities.

1. ZF at the edge plasma

2. ZF at the core plasma

turbulent poloidal Reynolds stress [6]

Combining Eq.(4) and Eq.(5), we get

ெ ௝ ௝௝ୀ௜,௭ is the total ion mass density. 
௥

ଶ is the neoclassical polarization factor [5],

• the qualitative conclusions remain unchanged for non-flat equilibrium profiles 
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• Recently, several studies [1,2] show that the presence of impurities
has a very weak influence on the residual zonal flow (ZF) level  driven
by initial charge density perturbations in the long-wavelength  limit.

• Gyrokinetic theory [3] and simulation [4] indicate that  temperature 
perturbations induced by turbulent energy flux are  also important 
in driving ZFs.

• Main findings:
(1)  The presence of impurities increases the total ion mass density
of plasmas, and thus significantly reduces the amplitude of mesoscale
ZFs driven by the main ion density and temperature perturbations.
(2)  The driving effects of impurity ion temperature perturbations
on ZFs can be ignored, due to the low concentration of impurities.

NLT: Gyrokinetic global initial-value   code, which solves gyrokinetic
Vlasov  equation by using the numerical Lie-transform method[8].

  
  

 
  

•  the presence of impurities increases the
  classical relative dielectric constant,  thus

decreases the value of the initial zonal
potential.

turbulent energy flux[3,4]

• the presence of impurities decrease the 
amplitude of ZF driven by  ௜  .

Effects of impurities on ZFs:

  impurities increase  ெ  → enhance classical polarization process
→ reduce the amplitude of the zonal potential.
 the driving effects of  ௭,௞  on ZFs are much weaker than 

those of  ௜,௞  , since  ௭  ௭  ௜  ௜  while  ௭  ௜  .

To compare with the previous theory[1], the initial zonal potential 
excited by initial perturbations is considered,


