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Due to its peculiay profile, the Reversed Field Pinch (RFP) configuration isatigrized
by a wide spectrum ofm, n) resonant tearing modes (Multiple Helicity, MH regime) whos
amplitude is such that typically magnetic surface desimacaiccurs in the plasma core [1]. On
the contrary, theory predicts the existence of Single Hgl{&H) plasmas [2], sustained by a
dynamo mechanism based on an individuwal= 1 resistive instability and characterized by
helical closed magnetic surfaces. Particle orbits andspart in SH regimes are numerically
investigated with the guiding center cod®®T [3]. The study is based on the RFX geom-
etry (R = 2m, a = 0.46m), and in particular the"? order Shafranov equilibrium is built
from experimental values of magnetic field at the edge anshpdecurrent (shot #13250), by
means of the:&p model. The single perturbatiam:, n) = (1,8) is computed solving the
Newcomb equation, and for the present analysis has a peaé NedXb, ) / Baxis ~ 3.5%. In
the following we adopt the poloidal flux,, the poloidal and toroidal anglésand( as flux
coordinates [3].

Collisionless particle orbits

The helical field enriches the trajectory typologies, in pamson with an axisymmetric RFP
[4]. This is due to the fact that the field has two types of igsplthe variation of B| cor-
responds to the superimposition of a toroidal ripple (slovwusoidal variation) and a helical

ripple (faster variation), as shown in

Fig. 1. Trapped particles can be either e
localized or blocked, depending on the o
initial position and pitch, and on the © 0'855
perturbation strengthLocalized parti- -
cles(trapped in the helical ripple), with 2;2
high magnetic momeni = mv? /2B, o 12 : (3de} 49 6

execute thin banana orbits (the ion b%igure 1: Magnetic field ripple (initiakp, = 0.04) with the

nana width is~ 1 mm for a thermal three trapping states: localized (i), blocked (ii) and pagéii).
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ion) with bounce angle®p| < = and a simple toroidal drift across the island, almost in-
sensitive to the helical perturbation; such particles fixeferentially close to the unperturbed
magnetic axis. Thélocked particles (trapped in the toroidal ripple), with a lower magnetic
moment, encounter the mirror points along the helical stinecafter some poloidal turns and
have larger radial excursions inside the island itselfdftge they are subjected to an intrinsic
(non-collisional) radial transport. These particles caridund throughout the plasma section,
but in particular in the exterior region of the island, whéney reach a 50% of the whole
particle population. The transition between these twogiragpstates is possible in absence of
collisions, in analogy with the stellarator behaviour [bhepassing particles have the lowest
magnetic moment: they never bounce back and forth and alstays/ery close to the helical
surfaces. In Fig. 2 three examples of traces of ion trajeeg@n the) = 0 plane are shown.

The single particle orbits have
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ent drift motions across magnetic SUI’-§ 0.03 >
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anisms able to change the status ofa o o1 ¢/

single particle (i.e. its magnetic mo-  0-00 &
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ment) to be decisive in particle con- ¢

finement. This is the case for the pitcﬁigure 2: 6 = 0 section of collisionless localized (green dots),
blocked (blue) and passing (red) ion orbits.

angle scattering, which turns out to be

a fundamental transport mechanism, unlike the standasym@xnetric RFP [4].
Collisional transport

The occurrence of the various types of orbit is studied froooléective point of view, with
the introduction of suitable collision operators, clagkand pitch angle. Pitch angle scatter-
ing is computed following the Monte Carlo approach of [6]teaf: time stepsr an initial
pitch Ay = v)o/v is changed iM\, = A\(1 — vyn7) £ [(1 — A2)vant]'/2, wherey, is the
deflection collision frequency of the test particles on a Melbian distribution of background
particles. Classical effects are modeled in the same \Way, steps relative to a gyroradius

must be added/subtracted at random to the previous fluxigos#o as to give aften time

stepsip,, = Uy,  [va(nT)]' /2 A,
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The present work deals with monoenergetic test particléseabackground plasma tem-
perature, with energy conserving collisions. Simulaticasied out for different values of the
energy have confirmed that the choice of the background textye properly describes par-
ticle confinement of a Maxwellian energy distribution withiudl energy-exchange collision
operator [6].

The transport properties are deduced computing the logsrijra set of particles takes to
exit from a preassigned region, bounded by,a= const surface. For the present analysis
the particles are deposited along the cufyg, §) = (0.025,0), with uniform pitch angle
distribution in the interva]—1, +1]; the loss border is located &}, = 0.060.

As already mentioned, pitch an-
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3.5, both for ions and electrons. The ;

application of both collisional mechFigure 3: Loss time versus toroidal angle for ions and electrons,
with classical (blue lines), pitch angle (green) or botrdjrthe

anisms (full scattering operator) furcollision operators turned on.
ther increases radial transport (red lindg);f ~ 1/7¢ + 1/77. In this case the ratio between
electron and ion loss timesi$ /7!, ~ 20. Concerning classical scattering, it is worth noting

that7¢ /78, < (M/m)'/? due to the presence of toroidal and helical drifts.
Helical electrostatic potentials

The introduction of a helical electrostatic potential makee thermal particle transport am-
bipolar. Such a potential is analytically built in a smalaisd approximation, so that magnetic
and equipotential surfaces coincide (thus the island islemhban that of Fig. 2). We adopt for
the potential a linear dependence on the perturbed helivalfl(y,) = ksgp(tn/21)1)+const
with ¢y, (¢, 0, C) = ¥no(1h,) —11cogmb — n¢) andksep potential between O-point and sepa-
ratrix of the islandy)y, o (v,) = (n/m)¢(v,) — ¢, is the unperturbed helical flux angd is the
perturbation amplitude. The value of the perturbation i@giby ¢, = —¢'(n/m)(w?/16),

with ¢' = dq/dy, calculated at the tearing mode resonance:amgland width. For a poten-
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tial between 0-point and separatfixep ~ 100 eV the two loss curves cross each other. Even
though theE x B component perpendicular to the surfaces vanishes, thatmitprovides
guasi-neutrality acting on the patrticle drifts.

The ambipolar transport is domi-
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nated by the slowest species, electrons in

this case. Atthe O-pointwe find amp~ 5 2.0 T S R
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MH, we find a value,D ~ 0.15m?/sec, ksep (keV)
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two orders of magnitude lower than MH 1 oo
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diffusivity in the core, see [7] for an ex-—

ample. 0.10

In order to estimate the effect of
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the island on the temperature of ions 00T . L. .. L .. .1 ... 1....[.~°.
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and electrons, transport properties of E (kev)

high energy particles interacting withrigure 4: Effect of the helical potential on thermal particles

he bulk-bal . biol .(I250eV).Thetwo loss-curves cross each other for a potentia
the bulk-balancing ambipolar potential 100 eV (a). For this ambipolar potential, superthermal

have been studied. For a particle ener&?ctrons are better confined than superthermal iohs (

3T < T < 6Ty electrons are much better confined than ions: almost one ofdeagnitude
difference in loss time is found in this temperature rangeshown in Fig. 4-b, which suggests

an increased electron temperature within the helical strac
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