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Introduction
For heliotron/torsatron devices the use of inward shiftafigurations has been recommended
in a number of references in order to reduce the neoclassaaport in the fusion-relevant
long-mean-free-path regime. In particular, Refs. [1,2tdss such a possibility for CHS and
LHD. In the pertinent experiments an improvement of the fessical transport has been ob-
served for inward shifted configurations. In Ref. [2] it wasrid that good MHD stability and
favorable transport are compatible in inward shifted camgjons.

Together with reduced neoclassical transport, the deeda®llisionless high-energy charged
particle losses (in particular-particle losses in a reactor plasma) is also importanttidiasa-
tor type devices. Here, this question is considered in a nigalestudy ofa-particle confine-
ment in magnetic configurations corresponding to the helndtorsatron devices CHS, LHD
and Uragan-3M [3] (U-3M). All these configurations are a@ajb reactor plasma parameters
using an average plasma radiusacf 1.6 m and a magnetic field @& = 5 T. Calculations are
performed in real space magnetic fields for vacuum configanmst The code, which is described
in Ref. [4], is applied for direct computations of particlsses solving the guiding center drift
equations in real-space coordinates. This code allowsmaedlyze the particle confinement in
magnetic fields with a three-dimensional inhomogeneityrespnce of stochastic regions and
magnetic islands.

Computational procedure and initial conditions

In the approach proposed in Ref. [4], a sample of 1000 pastittapped plus passing) is fol-
lowed. They are started at random points on an initial magsetface with random values of
pitch angles. Every particle orbit is followed until the pele reaches the boundary surface of
the confinement region where it is recorded as lost. From ¢neigl sample aofr-particles the
sample of trapped particles gives the principal contrdouto the collisionless particle losses. In
the calculations all classes of trapped particles are takeraccount, i.e., particles trapped not
only within one magnetic field ripple but also trapped witk@veral magnetic field ripples. Cal-
culations are performed for the life time oB53VieV a-particles, which are started on magnetic
surfaces corresponding tga = 0.25 andr /a~ 0.5 with r being the magnetic surface average
radius. The influence of an ambipolar radial electric fieldas taken into account because it
has only negligible effect orr-particle motion. To accelerate the computations, the &age
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polynomial interpolation of the magnetic field is applied @HS and LHD.

The CHS and LHD configurations are characteristid fer2 torsatron/heliotron devices with
a rather large number of magnetic field periods along thest@weriods for CHS and 10 pe-
riods for LHD). As it is known, an optimization of the trappedrticle confinement in such
devices can be obtained by using an additional vertical miagheld of appropriate value, thus
creating a so-called “inward shifted configuration”. Thegerties of such a configuration are
rather close to those forg” optimization” [5]. For CHS an optimized configuration of sugh
kind had been proposed in Ref. [1] (the drift-orbit-optindZ8HS configuration) together with
the standard CHS configuration. Improvement of neoclasseasport properties for LHD us-
ing the inward shifted configurations has been discusse@aalgzed in Refs. [2,6]. Note, that
good MHD stability and favorable transport are compatihléhie inward shifted configuration
of LHD [2].

In the present study af-particle confinement in CHS and LHD the vacuum magnetic fields
for both devices are calculated in the same way as in Refd.Wh&re the neoclassical trans-
port has been calculated for these devices using the codg®JE® standard as well as inward
shifted configurations. For this purpose, the Biot-Savartdade is used for CHS and decompo-
sitions into toroidal harmonic functions containing the@sated Legendre functions are used
for LHD with decomposition coefficients, which are obtaidgdminimizing the magnetic field
component that is normal to the boundary magnetic surfacesiffrom VMEC equilibria. With
this, configurations with magnetic axis positiong®m and 3565 m (according to Refs. [6,8])
are determined as standard and inward shifted configusatieapectively, of LHD.

The U-3M device is ah= 3 torsatron with 9 helical field periods along the torus. Auea-
ity of its standard configuration is that it is an outward &dfconfiguration for improving MHD
stability properties. It is found in Ref. [3] that small ersan the U-3M magnetic system exist.
They are equivalent to a small eccentricity in the vertiaatificoils. The corresponding pertur-
bations of the U-3M magnetic field lead to appearance of larggnetic islands corresponding
to 1 = 1/4 inside the confinement region. To demonstrate this phenomé-ig. 1 shows the
corresponding magnetic surfaces for cases without andtixgtindicated perturbations.
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Fig. 1. Magnetic surfaces of the U-3M standard configuration withonotalsccentricity in the vertical
field coils (left) and with such eccentricity (right).

The magnetic field for the U-3M vacuum configurations is clatad using the helical wind-
ing field decomposition into the toroidal harmonic funcgofwith 33 harmonics) and using
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complete elliptic integrals of the first and second kind foe field of the vertical field coils.
This approach was also used in Ref. [10] for computation oh#elassical transport in U-3M
using the code NEO [9]. The inward shifted configuration 08M-is obtained by a certain in-
crease of currents in the vertical field coils (approximalsi 10% as compared to the currents
for the standard configuration). For this configuration tational transformy, changes from

I = 0.254 in the center of the configuration tox 0.42 near the boundary. When taking into
account the indicated small eccentricity in the verticdtifeoils, small magnetic islands, which
correspond te = 1/3 are generated.

Computational results

The results are presented as plots of the collisionlesseirakition of trappedr-particle frac-
tions. A decrease in time corresponds to an increase otfmlbisses. For the CHS and LHD
configurations the corresponding results are presentedgin2k- The results for the inward
shifted configurations are marked with points whereas tharsthe standard configurations are
presented just as lines. It can been seen that the numbeppie particles in inward shifted
configurations is larger than those in standard configuratiBor inward shifted configurations
a delay of particle losses takes place as compared to theflatses in standard configurations.
E.g., in LHD atr /a~ 0.5 during the time M1 s about 8% of the particles (trapped plus pass-
ing) are lost in the inward shifted configuration48— 0.36 = 0.08) whereas for the standard
configuration such losses constitute to 179863- 0.19= 0.17).
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Fig. 2. Collisionless evolution of trappex-particle fraction for CHS (left) and LHD (right) adapted to
reactor parameters for inward shifted configurations (plots 1 and 2, withs) and standard configura-
tions (plots 3 and 4, with lines). Particles are started on the magnetic sutfacesponding to/a~0.25
(plots 1 and 3, black) and/a~0.5 (plots 2 and 4, red).
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For U-3M the collisionless time evolution of the trappedtjzde fraction is shown in Fig. 3.
For both types of configurations, calculations are perfarfioe both cases where island struc-
tures caused by a small eccentricity in the vertical fieldscaie either present or absent. Both
cases show no noticeable difference in the results. Fortdmelard configuration the approx-
imate a-particle loss time is 10¢ s. The loss time is approximately the samerfga = 0.25
andr/a= 0.5. From the comparison it follows that the life time of trapgpearticles for the
standard configuration of U-3M is significantly smaller thtaat for the standard configura-
tions of CHS and LHD. For the inward shifted U-3M configuratibe rate of particle losses
is markedly decreased. The loss time significantly increasel becomes approximately two
orders of magnitude higher than for the standard configurati

Summary

Comparative computations of collisionless high-energyi@arlosses are carried out for stan-
dard and inward shifted configurations of CHS, LHD and U-3Me Humber of trapped par-
ticles in all inward shifted configurations is larger thae tine in standard configurations. For
inward shifted configurations a delay of collisionless tatlosses takes place as compared
to the rate of losses in standard configurations. Transfilomé an inward-shifted configura-
tion increases the trapped patrticle life time for all cossadi configurations. The life time of
trapped particles in the standard configuration of U-3Mgg#icantly smaller than that for the
standard configurations of CHS and LHD. This can be explaineithd fact that the standard
configuration of U-3M is actually an outward shifted configlimn and represents the opposite
case of a &-optimized” stellarator configuration. It is also found i@ standard and inward-
shifted configurations of U-3M the presence of magnetiadtacaused by a small eccentricity
of vertical field coils has no noticeable influence on thepepparticle life time.
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