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Abstract 

 

We propose to couple  

1. GTS [1], a gyrokinetic turbulence code, based on the newly developed 

electromagnetic capability [2], with  

2. SPEC [3], an MHD equilibrium code,  

for the purpose of self-consistently obtaining a new magnetic 

configuration which reduces the anomalous transport due to 

microturbulence.  

 

The proposed iterative scheme, which requires the codes to “talk to 

each other”, is based on a recent realization [4] connecting the 

gyrokinetic Vlasov-Maxwell equations with the MHD equilibrium 

equations via the gyrokinetic vorticity equation and Ohm’s law.               
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Gyrokinetic Current Densities 

[Qin, Tang, Rewoldt and Lee, PoP 7, 991 (2000); Lee and Qin, PoP 10, 3196 (2003).] 
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• Gyrokinetic MHD Equations: a reduced set of equations but in full toroidal geometry 

-- Ampere’s law 

-- Pressure Driven Current: 

-- Vorticity Equation: 

-- Equation of State: 

-- Ohm’s law: 

-- Normal modes:  

Negligible for 



• MHD Equilibrium 
1. For a given pressure profile, we obtain the pressure driven current from 

2. We then solve the coupled equations of  

this is then the equilibrium solution that satisfies the quasineutral condition of   

3. If we look for a solution for              which, in turn, gives                     ,  

  

4. The GK vorticity equation retains all the toroidal physics, different than Strauss‘ equation [PF 77]  

5. Perpendicular current is consisted of both a divergent free diamagnetic current and a magnetic 

drift current. Only the latter was originally included in Lee and Qin [PoP, 2003].   

6.               also corresponds to the condition when fluctuations associated 

microturbulence cease to exist. 



The Scheme 

1. Use SPEC to give basic magnetic configuration to GTS 

 

2. Use GTS to study microturbulence and to produce perturbed pressure and current  

 

3. Give these information back to SPEC 

 

4.  Use SPEC to give a new magnetic configuration to GTC and so on ........ 

 

Since we use the nonlinearly modified profiles at every iteration and 

the equilibrium solutions are supposed to mimic the fluctuation free 

states, we should expect the system to evolve gradually to a state 

where fluctuations become less.  

   



MHD equilibria  constrained, minimum-energy states 

with given pressure, boundary, . . . . .  


