
Based on nonlinear gyrokinetic simulations, a model
for ion heat transport in helical plasmas is investigated,
taking account of effects of ion temperature gradient
(ITG) turbulence and zonal flows. Local gyrokinetic
simulations for helical field configurations are carried
out by using the GKV-X code1) with various input pa-
rameters such as the density and temperature gradients
and local shears. In general, the turbulent transport
level is determined through the interactions of turbu-
lent fluctuations and zonal flows2). In order to quan-
titatively clarify the effects of turbulence and zonal
flows on the transport level in helical plasmas, we use
two nonlinear quantities, the squared turbulent poten-
tial fluctuation T = (1/2)

∑
kx,ky �=0〈|eφkx,kyR0/Tiρti|2〉,

and the squared amplitude of zonal flow potential Z =
(1/2)

∑
kx
〈|eφkx,0R0/Tiρti|2〉. Here, ρti is the ion ther-

mal gyro radius, R0 is the major radius of the field,
the flux-surface average is denoted by 〈· · ·〉, and (kx, ky)
represent wavenumbers in radial and poloidal directions,
respectively. Figure 1 shows the simulation results ob-
tained in LHD plasmas3) for time evolutions of T ,Z
and the ion heat transport coefficient in the gyro-Bohm
unit χi/χGB

i for two field configurations of LHD with
R0 = 3.75 m and 3.6 m, where χGB

i = ρ2
tivti/R0. While

the squared turbulent fluctuations T for the two cases
are comparable, the squared zonal flow amplitude Z for
R0 = 3.6 m is greater than that for R0 = 3.75 m. Con-
sequently, the transport level cannot be determined only
the turbulent fluctuations, and it is reduced by the en-
hanced zonal flow generation for R0 = 3.6 m.

From twenty and more nonlinear ITG turbulent
transport simulations for helical plasmas with changing
values of various parameters such as the temperature gra-
dient, radial location, and safety factor, the dependence
of χi on (T ,Z) is found with the following the function,

χi

χGB
i

=
C1 T α

C2 + Z1/2/T
≡ F(T ,Z), (1)

for the simulation data at a wide range of the
parameters4). Here, α = 0.36, C1 = 0.067 and C2 =
0.0082, In the definition of F(T ,Z), the numerator
C1 T α indicates the enhancement of χi with increasing
the turbulent fluctuations while Z1/2 in the denomina-
tor represents the regulation of χi due to zonal flows.
Comparisons of χi/χGB

i obtained from the GKV-X sim-
ulations with the model function are shown in Fig.2(b),
where F(T ,Z) agrees with the simulation results better
than another function G(T ) defined without the zonal
flow effects as G(T ) ≡ C0T δ with C0 = 0.11 and
δ = 0.83. The function in Eq. (1) will contribute to con-

structing a reduced model for the ITG turbulent trans-
port in helical plasmas. Of course, we should perform
more nonlinear simulations and investigate the depen-
dencies on other parameters.
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Fig. 1: Time evolutions of T ,Z and χi/χGB
i result-

ing from the gyrokinetic simulations. Solid curves corre-
spond to the case for R0 = 3.75 m, and dotted curves for
the vacuum magnetic configuration with R0 = 3.6 m.
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Fig. 2: Comparisons of χi/χGB
i obtained from the sim-

ulations and the functions G(T ) and F(T ,Z). Here,
the relative errors are given by σG = 0.271 and σF =
0.158, where σ’s are defined as the root mean square of
[χi/χModel

i − 1] with χModel
i /χGB

i = G and F .
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