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The possibility to study experimentally the effect of AC electric field on the transit particles is considered on the
example of the small stellarator device. This study is important for the development of scenario for the ambipolar
electric field control in plasma due to injection of the particles into plasma core in the fusion devices.

MOTIVATION OF STUDY

Transit particles are the particles that transfer from the
different states from passing to trapped in the interaction
with the waves — static such as the modulated in the space
magnetic filed and usual electromagnetic waves. They are
very interesting subject of study and very important one
for stellarator type devices. At the beginning of the
stellarator study transit particles were considered as the
obstacle on the way of the plasma confinement improving
and many efforts were made to decrease the amount of
particles with transit orbits and even eliminate the transit
particles due to optimization the magnetic configuration.
However, later [1,2] it was found that these particles
could be used to control radial electric field in plasma in
order to improve the confinement. Injected outside of the
last closed magnetic field these electrons being trapped
with the helical magnetic field move across the magnetic
surfaces and then transfer into particles toroidally trapped
in the center of the magnetic confinement volume and
stay there for a long time. They can affect the radial
electric field in plasma. The use of AC electric field can
prolong the time of the staying into the center of
confinement volume and increase the fraction of particles
with the transit orbits [1,2]. This physics mechanism can
be used to remove the “cold” alpha particles and impurity
ions from the plasma center to the periphery of plasma
and confinement volume [3,4]. Therefore transit orbits
without AC electric field and transit orbits with AC
electric field should be studied experimentally.

Particle detrapping / retrapping process without AC
electric ~ field applied externally was studied
experimentally on the Heliotron D device of the torsatron
type [5]. It was shown that the electrons with the transit
orbits of injected outside the last closed magnetic surface
can penetrate into the center of the magnetic field
confinement volume as it is predicted in theory [2]. Next
step in the study of the particle detrapping / retrapping
process can be carried out with AC electric field.

The experimental study can be carried out on the setup
with the 16 toroidal coils and helical field coils [6]. The
magnetic field intensity is up to 1 kGs. The helical
magnetic field is produced with the |=2 and m =8
stellarator type helical windings. The small and large radii
of the helical coils are 6 cm and 42 cm correspondingly.
The rotational transform at the boundary of the plasma

column #(@, ) is equal to 0.02. Electrons with the energy

up to 1 keV are confined in such magnetic configuration.

The calculations of the drift trajectories in this
configuration show the possibility to observe the transit
orbits under the special range of the pitch velocity

V| /V and angular variable 3, values. The effect of

AC electric field in this device is being studied
numerically now. In future the experimental results can be
applied for the torsatron Uragan-2M because of the
similarity of the pitch angle of the helical windings.

TRANSIT PARTICLES without AC ELECTRIC
FIELD

Model of the magnetic field.
Magnetic field in the stellarator mentioned above can be

described as follows
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Here I',$,@ are quasi-cylindrical coordinates connected

with the circular axis of the torus; the amplitudes of the
magnetic field toroidal and helical in-homogeneity are the

following: & =1/7 and & , = &,¢ =0.03. The magnetic

surfaces are shown in Figure 1 and Figure 2 as the
background of the trajectories of test particles.

Main equations. In order to study particle orbits we use
the guiding center equations
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which are the common well known tool for the study of
particle confinement (see, for example [2]). Here T is the

radius-vector of the particle guiding center trajectory; B
is the magnetic field, E is the electric field, V, and V

are the parallel and the perpendicular velocities of the
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particle, M jand €; arethemassandthe« g TART

particle; W and g are the kinetic energy and magnetic
MVE
2B

moment of the particle: U=
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volume. The time of the staying in the f{ .

state is near 50x107¢s. 4
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field
Particle orbit study. For the test particles the launching
parameters are chosen in such way that the particle
transforms from the helically trapped one into the
toroidally one. These are so called the particles which
belong to the loss cone. In figures below we can see
typical trajectory in 3D real space (Figure 1) and velocity
as the function of time (Figure 2). The starting point

coordinates are the following I,=8.868170, 3 = -

4.712859, ¢,=37.017930; the launching velocity pitch
Vio /V = -0.1777049. The parameters are pointed here

exactly because as it is known the transition of particle
depends strongly on the launching poloidal angle and
velocity pith [2-5]. There is rather narrow ranges of both
parameters: poloidal angle and pitch velocity, - when
transition particle and penetration of these particles from
the outside of the confinement volume into inside it can
occur. From the figures mentioned above we see the time
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Fig.2. V”/\/ as the function of time without AC electric
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Fig.3. 3D trajectory of the electron with AC el

TRANSITION OF PARTICLES wit/
ELECTRIC FIELD

~

Model of the AC electric field E .

To affect the electron motion we use the AC el
in the form

E(p = I§¢0 cos(I3—me)cos(Qct+5, ) -

In our study the AC electric field frequency is c
helical field bounce frequency of the
(Qg = @ ). We assume that the electric fi

the particle motion not from the beginning bu
certain time t =1, .
@

Results of modelling
For our case this time is close to the moment

re-trapping in the helical magnetic well. The tr:
the particle under AC electric field is shown ir
This time of the AC electric field switching on
Figure 4. The particle does not become helical
again as it is without AC electric field. Th
remains in the center of the confinement volumc

DISCUSSION AND CONCLUSIO

1. We see the possibility to observe the tra
particles from the state of helically trapped par
the toroidally trapped ones wunder the high-—
electric field effect. This effect can be studi
stellarator type device with the small pit
windings (with the small angle of the helical
inclination).

2. Under the increasing the existing magnetic fic
times (up to 4 kG) the effect becomes more noti
3. Sometimes the question arises about the vali
guiding center equations for the study of AC el
on the particle motion. The best way to co
validity is to illustrate the same effect with the i
of the Newton — Lorentz equations. Such study
carried out and the results will be published in t
future.
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BY KOHTPOJIb ITPOHECCA «3AXBAT / OCBOBOXJIEHUE» YACTHUL bI
B CTEJIVIAPATOPE

Anexcandp llluwkun, Hzopv Tapacoe u Bnaoumup Deoopuenko

PaccmoTpeHa BO3MOKHOCTD SKCIIEPUMEHTATBHOTO H3YYCHHUS BIUSAHUS TIEPEMEHHOTO JIEKTPHUECKOTO OIS Ha YaCTHITHI
C TIEPEXOJHBIMH TPAEKTOPUSAMH Ha MpHUMepe HEOOIBIIOro MprOopa CTEIUIapaTOPHOrO THIA. DTO U3yUCHHE BAXKHO IS
pa3BUTHS CIICHAPHUS KOHTPOJISE aMOHUIIOJSIPHOTO 3JICKTPUUECKOrO TOJsl B IUIa3ME B TEPMOSICPHBIX CHCTEMaX, 4ero
MOJKHO JIOCTHYb WHXKEKIUEH YacTHIl B LICHTP TIa3MBbl.

BY KOHTPOJIb ITPOLECY «3AXBAT / OCBOBOXJIEHUE» YACTUHKHU
Y CTEJIAPATOPI

Onexcanop Hluwkin, I2op Tapacoe ma Bonooumup @edopuenxo

Po3risiHyTa MOXKIIMBICTh €KCIIEPUMEHTAIBHOIO BUBYCHHS BIUIMBY 3MIHHOTO €JIEKTPOMArHiTHOTO IMOJIsl HA YaCTHHKU 3
NEePeXiTHUMH TPAEKTOPIAMU HA MPUKIIAAl HEBEIMIKOTO MIPUCTPOIO CTEIAPATOPHOrO TUITy. Take BUBUCHHS BaXKIJIUBE JIJIS
PO3BUTKY CIICHAPiI0 KOHTPOJIO aMOIMOJSIPHOIO CJIEKTPUYHOIO IOJIAi B IUIa3Mi B TEPMOSIACPHHX CHCTEMax 3a
JIOTIOMOT'OI0 1HXKEKIIiT YACTHHOK Y IICHTP IIa3MH.
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