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Maximum-J capability in a quasiaxisymmetric stellarator
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Maximum-J (J is the second adiabatic invariamapability, i.e., the radial derivative dfhas the same sign
as that of pressure, is investigated in a quasiaxisymm@@#) stellarator to investigate improved confine-
ment. Due to the existence of nonaxisymmetry of the magnetic field strength, a local maxindusncoéated
to cause the drift reversal. External controllability of the maximiigendition is also demonstrated, by which
the impact of magnetic configuration on turbulent transport can be studied.
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Improved plasma confinement has been realized in toroiration control which has not been realized in axisymmetric
dal plasmas with the transport barrier formatidn-5]. The  configurations. This feature is favorable to investigate the
sharp gradient of plasma parameters is realized at the locémpact of magnetic configuration on turbulent transport in a
tion of barrier, which is associated with the suppression otontrolled manner. It is noted that the importance of
turbulent transport. The transport barrier formation in toroi-maximumJd condition for the design of helical systertia-
dal plasmas has been one of the most interesting and attraclhuding stellaratorshas already been pointed out about one
tive subjects not only in plasma physics, but also in moderrdecade agdl8]. Its quantitative evaluation is now available
physics, i.e., the structural formati¢6]. to a design of a QA stellarator.

The turbulent fluctuation suppression in these improved This paper is organized as follows. First, the calculation
modes has been considered to be consistent with theoreticalethod ofJ is simply explained. An example QA configu-
prediction for the stabilization of microinstabilities. Several ration (vacuum caseis evaluated from the viewpoint of
kinds of microinstabilities appear when directions of the dia-maximumdJ capability. External controllability of the
magnetic drift andv B drift (B is the magnetic field strength maximumd condition through the configuration control is
are in the same direction for trapped partidl@s]. The ve-  also examined. Finally, summary is given.
locity of the toroidal precessiony,, can be expressed in The second adiabatic invariadtfor trapped particles is
terms of the radial derivative of the second adiabatic invari-defined as
antJ. TheJis an invariant for a periodic bounce motion of a

particle which is trapped in a magnetic mirf®]. The sta- J= dl
bility condition for them is derived with scalar plasma pres- I e
sureP as

whered| denotes the line element of a magnetic field line
VP-VJ>0, and the integral is performed over a bounce period. The cal-
culation ofJ is performed by following guiding center of low
which is frequently called the maximuth-condition. This  energy trapped particles whose deviation from a magnetic
indicates that microinstabilities can be stabilized if the direcfield line is negligibly small. The guiding center equations
tion of the toroidal precession of trapped particles is in a19] are expressed by use of the Boozer coordinafe$,()
favorable @J/dr<0) direction. This condition can be real- [20], with ¢ being the normalized toroidal flux ar#{{) the
ized by q (safety factoy profile control (such as reversed poloidal (toroida) angle, respectively. The motion of the
shear tokamaRks[8], plasma cross section contrgduch as guiding center is defined by five variablggy, 8,{) for the
ellipticity) [10], plasma diamagnetispd1], and strong inho- real spacep| and particle energyWV]. Since the direction
mogeneity of the radial electric fie[d2]. The experimental (sign of the toroidal precession is the key for the stability
demonstration of significant increase of confinement time ircondition, theW dependence is not important here so that
a spheratof13] when trapped particles are localized in good particles with fixedW are considered. Also, the integral is
curvature region is also considered as the remarkable eyperformed along the particle trajectory so that one oud of
ample. The impacts of geometric parameters of magnetiand { dependence is omitted when the launching points of
configuration on microinstabilities and turbulent transportparticles are specified. To obtain the radial profile,afacer
have been investigated both in theoretical and experimentalarticles which are to be reflected at the sd@rare launched
ways for axisymmetric configurations. from #=0. This is the location where the toroidicity-induced
QuasiaxisymmetridQA) stellarator configurations have magnetic ripple gives the deepest wighle minimum ofB on
been widely studied recent[ft4—17. In this Rapid Commu- a flux surfacg The launching points are distributed in the
nication, maximum3 (or dJ/dr<0) capability of a QA con-  (¢,¢) plane, and they,{) dependence of is analyzedthe
figuration is examined. The magnetic configurations in stel dependence must be kept due to the nonaxisymmetry of
larators are mainly provided by the external coils rather tharB). The particle energy i8V= 10 eV for configurations with
the plasma current. This gives a unique flexibility of configu-Bo=1 T and Ry,=2 m. Here B, is the magnetic field
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FIG. 1. Contours ofl on the {/a,{y) plane forB,.;=1.0 for a
QA configuration(vacuum). The tracer particles are launched from
6n=0. The region oflocal) minimum and maximum are indicated
with “Min” and “Max,” and the region with favorabledJ/dr
<0 is hatched.

strength on the magnetic axis aRg the geometrical major
radius of a device. The initial parallel velocity, ., is de-
fined as

FIG. 2. Contours ofy=(1/B)(dB/d{) on the (y,6y) plane
W B (—0.25< 6y=<0.25 for two toroidal periodsat r/a=0.6 and 0.9.
U,st= ZE 1- B ), The outer side of a torus correspondség=0. The contours of
ref y=0 are shown by dashed curves and the interval of contours is
2.5%. The region withy>5% is hatched. Trajectories of tracer

particles launched frorfiy=0 and 0.5 are also shown by thick solid
lines.

where B(B,cf) is the magnetic field strengttnormalized
with Bg) at the initial(bounce point andm the particle mass.
An example QA configuration with the toroidal field pe-

riod number(M) of 2 is considered in this paper after Ref. 4ies rise to a localized region with enhancedrhe particle
[16]. The aspect ratio of this particular configuration is about, hich is launched fromiy,=0.5 passes this region with en-

4.3. T_he r_otational transform lies between 0.37 and 0.4 _Wi”hancedy>0 in their initial and final phase of motion. This is
the s_llght increase towards the edge. The several nonaxisyyoye pronounced for outer radius addbecomes smaller
metric components 0B appear near the edge with a few o nareq to that of inner radius by reducingargely. This
percent of the uniform magnetic field. Figure 1 shows contgaqre is unique in QA stellarators, which can be utilized as
tours of J on the (/a,{y) plane(only half of the toroidal 0 ey way to establish favorabt&l/dr<0 region (drift
peno_d due to the symmetry with respectdig=0.5) for the  (q\ersq) It is noted that the nonaxisymmetric contribution is
Bfe_f_l_'o case._Ther/a IS the_ label 9f the plasma radius |esq influential for particles which are launched frgg=0
which is normalized by the minor radius of a plastagand  ,o-5,se they go through a region with smaject. Fig. 2.

{\ the toroidal angle normalized with the angle of one period-l-hiS gives monotonic increase dftowards the edge fofy
(2m/M). It shows the significantly unique feature compared__

to axisymmetric tokamak cases. That is, the existence of lo-

cal maximum Of.‘]’ .Wh'Ch gives favorabledJ/dr_<O inthe o4 that externally controlled experiments are possible. A pro-

outer radius. This is created by the decreas&iofthe edge 5504 QA stellarator device has several kinds of coils such as

region. In the following, this unique feature is consideredy, in modular coils, auxiliary coils, and vertical field coils to

b_ased on magnetic field structure and tracer particle trajectQsonirol properties of magnetic configuratiofsee Ref[16]

res. ., for detailg. Here, the controllability of maximuni-region is
Figure 2 shows contours of the measure of the toro'daanmined by taking an inward-shifted configuration as an

inhomogeneity ofB, y=(1/B)(JB/d¢), on magnetic sur- oy ample Figure 3 shows contoursldn the ¢/a lane
faces (—0.25< 9y=<0.25 for 2 toroidal periodsat two radii. pie. F9 ta.inp

The trajectories(bold straight lines of particles launched ¢
from {y=0 and 0.5 on each surface are also shown. The 0’?‘5
contours ofy=0 are shown by dashed curves and interval of
contours is 2.5%. The region with>0(<0) indicates that 04
B increaseqdecreasesas ¢y is increased. This contour is 0.3
0.2
0.1
ciated with the circular current due to the cyclotron motion 0.25 05,, 075 1
of a gyrating particle. It is seen that the toroidal inhomoge-
neity of B is enhanced as/a is increased(compare the FIG. 3. Contours of on the {/a,{y) plane forB,¢=1.0 for an
hatched region withy>5%). The nonaxisymmetry ofB inward-shifted QA configuratiofvacuun).

It is important to have the controllability of maximudn-

valuable in order to clarify the contribution from nonaxisym-
metry of B to v through the conservation of magnetic mo-
ment. The magnetic moment is an adiabatic invariant asso-

o
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for the B,.s= 1.0 casdvacuum case The local maximum of also demonstrated. This allows us the systematic study for
J shifts towards the edge and the maximdmregion the impact of magnetic configuration on turbulent transport.
(hatchedl is radially shrunk as compared to that shown in  Finally, it is noted that the results in this paper have been
Fig. 1. This is because the nonaxisymmetryBas weakend obtained in an example QA configuration. A similar
in an inward-shifted configuration. Thus, external controlla-maximumd property has been found in a few other ex-
bility of the maximumd region through magnetic configura- amples[21,27. It is a very interesting subject to examine
tion control is demonstrated. This enhances attractivenessther QA configurations to investigate whether the
and significance of experiments of a QA stellarator to invesyaximumd capability holds in general in QA configura-

tigate improved confinement. _ _ _ tions. The maximund- capability of present stellarators or
The maximumd capability has been investigated in a pgligtrons should also be the interesting subject to consider

quasiaxisymmetri¢QA) stellarator configuration to investi- he nossibility of drift reversal in a wide range of helical
gate improved confinement through the possibility of turbu-configurations.

lent transport suppression realized by the drift reversal. The

local maximum ofJ is created to give favorableéJ/dr<0, The author gratefully acknowledges productive and fruit-
which is due to the nonaxisymmetry Bf This is a different  ful discussions with Professor J."Nienberg. This work has
way to realize the drift reversal, which is not the case inbeen supported by grant-in-aid from the Ministry of Educa-
axisymmetric configurations. External controllability of tion, Culture, Sports, Science, and Technoldijonbuka-
maximumsd region through magnetic configuration control is gakushg, Japan.
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