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Neoclassical (NC) transport analysis in stellarator / heliotron configurations has more important
role than that in tokamaks, because of its large amplitude, stronger dependence on radial electric
field and collisionality. Moreover, the radial electric field can be expected through the ambipolar
NC flux condition. Since it is time-consuming to solve the drift-kinetic equation (DKE) in
helical geometry, local and mono-energy approximation models are have been adopted in the
NC transport codes (DKES[1], GSRAKE[2], DGN/LHD[3], etc.). These local codes have been
benchmarked in detail [4], and it has been reported that in some ion-root (negatpksmas

of which ion and electron collisionality are close, fairly good agreement was found between
NC particle and energy fluxes from local codes and those analyzed from the particle and energy
balance in the experiments|8].

On the other hand, according to the progress in large-scale computation method and re-
sources, now it is possible to solve 5-dimensional DKE without relying on the local and mono-
energy approximation by using FORTEC-3D code we have developed[5] in arbitrary helical
configuration. It is expected that the non-local nature in NC transport, which is originated from
the finite magnetic drift of guiding-center motions in both perpendicular and tangential to the
flux surfaces, will change NC flux and ambipolar condition[6, 7]. In order to improve the pre-
dictability of NC transport in helical plasmas, in this paper we benchmark the local and non-
local codes in several helical configurations such as LHD, TJ-1l, W7-AS. Also, by comparing
the non-local calculation with the experimental observations shown in [8], the impact of the

non-local effect on transport analysis is investigated.
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The DKE for the perturbation of distribution functi@ (r,0,{,v,&§) = f — fu(r,v) is

a5t .0 .0 a .0
—t (V|+VEXB+VB)'D+V0.,—\/+E$] 5f=—<vB-DrE+va—v> fm(r,v) +C(3f), (1)

wherev is absolute velocityé = vH/v, VExp andvp areE x B and magnetic drift velocity, re-
spectively, andC(df) represents the linearized collision operator. The local and mono-energy
NC codes adopts the following approximations : (i) Collision operator is approximated by pitch-
angle scattering (diffusion only in th&-space), (ii) Zero-orbit-width approximationvg - Cr
andvd/dv terms in the LHS of DKE is neglected. Under these approximatio@sdv be-

come mere numerical parameters which does not change along the guiding-center trajectories.

In DKES code, further approximation is used by

neglecting completely theg - O term in the LHS. _O """ B
GSRAKE solves the ripple-averaged DKE with keep-ﬁ 0
ing the (vg-[60) term. The expression of the mag-% 5 \\
netic geometry is simplified in GSRAKE. On the other

hand, FORTEC-3D solves Eq. (1) as itis by using the _ | & ==
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two-weight 4 f-PIC method[5]. The most important ; | "
difference is that FORTEC-3D code keeps the whole . i
(vg-O+vd/0dv)df terms. This is referred as the "non-mz ° “ f \
local" treatment of DKE in this paper. : 3 ._ ' \

To demonstrate the difference in local and non- . \
local calculations, we show here simulation results * / \\
of a W7-AS case in [8] (shot #34313), where - e '
Figures 1 show the radial profiles of ambipo&rand : mmfs?s — A
NC fluxes evaluated from DKES and FORTEC-3D . ——]
codes. The ambipold: does not change so muchs _ \
inside r < 0.6a, but the difference becomes clearerf’yf » / """ ‘ E:’\n«
towards the edge. ThE; profiles are determined in  » BE:J" \,}\
both codes so as to satisfy(r,E;) = e(r,E). In o os o5 e

r/a

figures 2, the dependence Bfe on E; around the

ion-root is shown on two flux surface, = 0.56a Figure 1: Comparison of NC ambipo-
(where Egn{FORTEC-3Dk EamdDKES] )andr = lar E;, NC particle flux, NC ion and
0.96a (opposite). We speculate the effect of finite maglectron energy fluxes in a W7-AS
netic drift term in non-local NC simulation in two waygplasma.

as follows. Onr = 0.56a surface, FORTEC-3D; is
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much smaller than DKES around the ion root. Actually, the assumptiog > vg used in
DKES is not valid for ions if thdegnp is close to zero. Finitgg - (160 term in non-local calcula-

tion allows ripple-trapped particles to precess in poloidal directions even wihg rotation

and prevents large radial excursion of trapped ions. Thus the amboteeomes smaller in
amplitude in non-local calculation an= 0.56a surface. On the other hand at the edge region

r = 0.96a, we found FORTEC-3D'; becomes larger than DKES solution. Thg.g > vg as-
sumption is valid there, since ion temperature is lower while the ion¥paimplitude is very
larger compared to the those oB6a surface. Therefore, the differencelgfon this flux surface

Is not from thevg - [10 term, but it is speculated that another non-local effedt;cappears here.
Basically, the radial magnetic drift velocity is proportionabtB/0 6 anddB/d{ terms, and the
magnetic ripple amplitude in helical devices is larger towards the edge in general. Therefore,
the finite radial drift motion in non-local codeg - Or, is considered to enhance the NC flux
compared to local NC calculation. On the other hand, we can see in Fig.2 that the difference in
I'e between local and non-local calculations is small. It is simply because the radial orbit width
of trapped electrons are much smaller than ions and zero-orbit-width approximation is well sat-
isfied. MoreoverJ ¢ depends weakly of,. Thus the ambipolar fluk ;mp does not differs so
much everEymp is different between two calculations, especially g4 > 0.8. The small but

finite difference i gmpatr < 0.8ais found to originate from the overestimationlafin DKES

code if|E,| ~ 0, sincevg g > vg assumption is not valid also for electrons in such a case.

The most clear difference between two NC calcu- WIAS 3431310223 - ec0.5625

lations appears in the ion energy fl@. FORTEC- T
3D Q; is about half of the DKES one. The energy.
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flux is v3-moment of 5f and therefore more high- = Ko K e
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v particles in the distribution function contributes to °

Qi compared td’j. Then the non-local effect by the .- ... . . . . . |
E [kv/m]

finite magnetic drift can be more effective on en-

W7AS 34313 10323 : r/a=0.9625

ergy flux. The same tendency is found when we com- “[ g — /
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pared local and non-local NC simulation results for
LHD(shot #109696) and TJ-lI(shot #19065) in [8]. AS® -
TJ-lI case is most collisional (plateau-regime) among *

the 3 cases, differences Eymp and Q; are smallest. _—

Finally, we compared the simulation results with ex- Efevim)

perimental analysis. Figure 3 compares Eeand Q;

from NC simulations with the experimental analysE:Igure 2: Dependence of NC flux on

E, a W7-AS plasma.
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by TASK-3D package[9] in the LHD case. In the previous analysis[8],BEhrofile from

CXRS measurement was found to more negative than local NC simulation, but the NC energy
transport is comparable to that evaluated from power balance. It was expected that non-local
NC simulation would explain the disagreementtn but we found the difference cannot be
fully compansated by non-local NC simulation. Therefore, some unconsidered mechanism of
ion particle loss other than bulk NC flux is expected to explain the mea&garébncerning;,

as non-local calculation gives about 1.5 times la@eatr > 0.7a, the difference between NC

and the analyzed total energy flux becomes smaller at edge region. This suggests that the pre-
cise non-local NC calculation also affects the expectation of turbulent transport level in helical
plasmas, which is considered to explain the differeQg#otal)—Q;(NC). Since the difference
between local and non-local NG differs as much as factor 2 at the ion-root, this difference is

not negligible in analyzing energy confinement of helical devices.
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