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We present a novel mechanism for producing the equilibrium 
potential well near the edge of a tokamak. Briefly, because of 
the difference in gyroradii between electrons and ions, an 
equilibrium electrostatic potential is generated in the presence of 
spatial inhomogeneity of the background plasma, which, in turn, 
produces a well associated with the radial electric field, Er, as 
observed at the edge of many tokamak experiments. We will 
show that this theoretically predicted Er field, which can be 
regarded as producing a long radial wave length zonal flow, 
agrees well with recent experimental measurements. The work 
is in collaboration with R. B. White [PPPL Report No. 5254 
(2016)].



Naitou, Tokuda and Kamimura, JCP 38, 265 (1980): attempted to eliminate this extra charge density.
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was first discussed from the gyrokinetic point of view.
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Heat Flux with (red) and without (black) 
the equilibrium density term

Zonal flow amplitude with (red) and 
without (black) the equilibrium density term

without (black) the equilibrium density term
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between ions and electrons 



ngc

i

+ npol

i

+ ninho

i

= ngc

e

n(r)

n0
=

1

2
 tanh[(r  r0)/w]

2
+ n

s

n
i

⇡ n
e

⇢2
s

r? · nr?
eφ

T
e

= −δn

e(r)

T
i

=
Z

r

0

dr0
1

2nr0

Z
r

0

0

sds[n00(s) + n0(s)/s],

E(r) =
T
i

2nre

Z
r

0

sds[n00(s) + n0(s)/s]

enE? = (1/2)(T
e

/T
i

)r?pi

Point of View: 

npol

i

+ ninho

i

= 0 ngc

i

= ngc

e

for

  Monogenic Particles: 

n = ngc + δn = ngc +
1

2T
i

⇢2
i

r2
?n

gcT
i

= ngc +
⇢2
i

2T
i

✓
@2ngcT

i

@2r
+

1

r

@ngcT
i

@r

◆

p
i

⌘ ngcT
i



Plots of particle and gyro center densities as a function of minor radius (cm) with particle density in 
red at left, and at the right the difference, shown in black, with the 

analytic expression, shown in red ⇢
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Electric potential and electric field caused by the 
charge density resulting from ion cyclotron 
motion in the density distribution and the 

discharge, shot 86470.

JET Ohmic Discharge
.

Phys. Rev. Letters, 116, 065002 (2016).



NSTX Discharge

Corresponding 
steep gradient region

Electric field  caused by the charge density resulting from ion cyclotron motion in 
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Electric field caused by the charge density 
resulting from ion cylotron motion in the density 

discharge, and the observed temperature 
profile and radial electric field observed.

C. Theiler, R.M. 
Churchill, B. Lipschultz, 
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with the poloidal velocities 
produced by the electric field 
at the tokamak edge, which comes from the charge imbalance.



Conclusions

formation of observed radial electric field wells at edge pedestals 
through finite Larmor radius (FLR) effects of the plasma particles.  
The well can be regarded as producing a long radial wavelength 
global zonal flow. 

equilibrium profiles with no turbulence, and the experimental 
measurements based on steady state profiles with turbulence, 
should be a topic of interest in the tokamak community.  

thermodynamically related. This is the topic for the second part of 
the talk. 
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Gyrokinetic Current Densities
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⌧ 1 F̄ ! F  !  Āk ! Ak v? ·A? ! 0

 a reduced set of equations but in full toroidal geometry
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1. For a given pressure profile, we obtain the pressure driven current from

2. We then solve the coupled equations of 
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5. Perpendicular current is consisted of both a divergent free diamagnetic current and a magnetic 



used to study steady state electromagnetic 
turbulence to understand the physics of radial 
electric field wells. 

absence of fluctuations.

proposal by Lee for opportunities in Basic Plasma 


