IONS LOSSES IN MULTISLIT ELECTROMAGNETIC TRAP “JUPITER 2M”*
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The results of ions losses researches through magnetic slits and axial holes of a multislit electromagnetic trap “Jupiter
2M” are submitted. Plasma potential in the central area of a trap and potential depression in a ring magnetic slit are
experimentally measured. The potential barriers to ions in ring magnetic slits are determined. It is shown, that the ions
losses in the axial holes make no more than 4 % of total ions losses from the trap. The reason of low ions losses in axial
holes is the additional forces arising at plasma interaction with crossed electrical and magnetic fields.
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The plasma in the electromagnetic traps is created by
the neutral gas ionization with the help of high-energy
electron injection. Electrons are confined by magnetic
field of the multipole structure, and in the ring slits and
axial holes - by electric field, ions are confined in the
potential well of electron’s space charge [1]. Such
configuration of electric and magnetic fields is the main
criteria ensuring the stability of plasma.

The experimental researches of ion losses in ring
magnetic slits and axial holes were carried out on
installation "Jupiter 2M"[2] - multislit electromagnetic
trap of high-temperature plasma with axisymmetric
magnetic field geometry.

It was experimentally shown, that the channels of
electrons and ions losses in electromagnetic traps are
divided in space. Under enough high negative potentials
locking magnetic slits, electrons can leave a trap only as a
result of cross transfer through a magnetic field. The ions,
being kept in a potential well of a volumetric electrons
charge, leave a trap only through magnetic slits (in
systems with axisymmetric magnetic field geometry -
through ring magnetic slits and axial holes), where the
potential barrier is reduced because of potential depth in a
slit. It allows to make separate registration of electron and
ion losses flows from plasma and to compare them with
theoretical models. The ion losses from a trap are
coordinated on a charge with electron losses. The balance
of currents 1% + Iy =I%q, is carried out, where I - total
losses of ions from a trap through magnetic slits, L -
current of high energetic electrons injection and I*. - total
electron losses from a trap across a magnetic field.

Plasma confinement in axial holes is basic question of
the research program of axisymmetric traps. The
conditions for ions confinement in ring magnetic slits
essentially differ from conditions in axial holes. The
plasma flow in ring magnetic slits is limited by anode
diaphragm and has the cross size of 4 mm. Electrostatic
division of plasma components and their confinement by
longitudinal electrical field is possible in this case. The
magnetic flow, which is limited by anode diaphragm in a
ring slit, passes through an axial hole, being condensed in
a beam of circular section. The sizes of electron
circulation area in an axial hole grow in many times,
increasing sagging of a volumetric charge potential. The
electrostatic division of plasma components in the area of
an axial hole and its confinement by a longitudinal
electrical field become impossible.

The experiments for definition of ions losses ratio
(through ring magnetic slits and axial holes) were carried
out in the following way: electron injection was made
through one of the edges of a trap, and opposite injector
was used as a locking electrode and receiver of ions. The
system of the automatic collection, processing and storage
of the experimental information, which is made on the
basis of a digital transformation SDI-AD12-128H card,
allowed to register electron losses on each of 17
electrodes (anodes and limiting diaphragms), limiting area
of plasma accumulation, simultaneously during one pulse
of injection and ion losses in each of 7 ring slits and axial
hole. The total ion losses (top curve), total electron losses
(bottom curve) and flow of ions in an axial hole (average
curve) are given in fig. 1 at injection from the left gun (a)
and from the right gun (8). The current of ions in an axial
hole from fig. 1a in increased scale is given in fig. 1c. The
results of comparison of electrons and ions flows on
electrodes of electrostatic system and restrictive
diaphragms with total electrons and ions losses allow to
make a conclusion that plasma accumulation, heating and
confinement process in a trap does not depend on the fact,
which electron injector works at the moment (left, right or
they work both simultaneously). It is visible from the
fig.1, that the ion flow in each of axial holes does not
exceed 2 % from total ion losses through magnetic slits. It
is possible to make a conclusion, that ion losses through
axial holes, despite of their large size (d = 26 mm) and
absence of a potential barrier, do not exceed 4 % of total
losses of ions through magnetic slits. This very important
result for axisymmetric traps is explained by action on
ions of the additional forces arising at plasma interaction
with crossed electrical and non-uniform magnetic fields.
It will be well coordinated to results of theoretical
accounts of charged particles losses through axial holes in
a multislit electromagnetic trap [4].

The measurements of plasma potential and potential
depth in a slit are carried out for finding - out of ions
losses character through a ring magnetic slit. Plasma
potential was measured with the help of single lengmure
probe. The method of potential depth measurement is
based on measurement of volt-ampere characteristic of an
overbarrier ions current. The ions from a tail of power
distribution overcome a potential barrier, leave through an
aperture in a locking electrode and get on the negatively
charged collector, if potential of a collector is more than
potential depth on absolute value. The grid was
established before collector.
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Analyzing voltage close to a sawtooth one fed on this
grid. Analyzing potential, at which measured ion current
begins to decrease, determines value of potential depth for
given magnetic slit. Oscillograms of plasma potential ®,,
analyzing potential @., and current of ions on a probe I,
are given in fig. 2.

Volt-ampere characteristics of ions flow in a ring
magnetic slit are given in fig. 3.

The value of a potential barrier for ions in a ring magnetic
slit was determined from a ratio ®; = @, - AD. It was
noticed that the potential depth grows with plasma density
growth. Plasma potential changed within the limits of 40 -
200 V, and the value of a potential barrier for ions
achieved 70 V depending on mode of installation
operations.
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The received results allow to make a conclusion about
existence of potential barrier for ions in ring magnetic
slits. They will be well coordinated with results of
theoretical accounts of the charged particles losses
through ring magnetic slits in a multislit electromagnetic
trap [4].
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BTPATH IOHIB B BATATOIIIJIMHHINA EJTEKTPOMATHITHIM ITACTII “FOIIITEP 2M”

0. O. Jlagpenmoues, B. O. Macnos, M. I. Hozopauos, B. Il. O603nuii

B poboti mpexacraBieHi pe3ynbTaTH AOCHIIHKEHb BTpAT iOHIB depe3 MAarHiTHI OIUIMHA Ta OCBOBI OTBOPH
GaraToUIIMHHOI eJeKkTpoMarHiTHOl mactku “FOmitep 2M”. EkcnepyMeHTanbHO BHMIpSHI IOTEHIIAJ IIa3MU B
[EHTPANBHIH 00JacTi MACTKA Ta MPOBHCAHHS MOTCHIIANTY B KiJBIICBUX MAaTHITHUX INIMHAX. BU3HadeHi MOTEHIIiHHI
Oap’epu Ui 10HIB B KUIBIIEBUX MAarHiTHUX wOIiiMHaX. Iloka3zaHo, IO BTpaTH IOHIB 4epe3 OCbOBI OTBOPH HE
NepeBUIYIOTh 4% 3araJbHAX BTpAT 10HIB 3 MAacTKH. [IpHYMHOI0 ManuxX BTpaT i0HIB 4epe3 OChOBI OTBOPH € JOAATKOBI
CHJIM, II0 BHHHKAIOTB IIPU B3a€MOJII IUIa3MHU 3 CXPEILEHUMH EIEKTPHYHUM Ta MATHITHUM MOJISAMH.

MOTEPA NOHOB B MHOTI'OIIEJIEBOM DJIEKTPOMATHUTHOM JIOBYIIKE «OITUTEP 2M»
0. A. Jlagpenmoves, B. A. Macnos, M. I'. Ho30paues, B. I1. O603nvtii

B pabore npescTaBiIeHbI pe3ynbTaThl HCCIIEI0BAHUS TIOTEPh HOHOB Y€Pe3 MArHUTHBIE MIEIH U OCEBBbIE OTBEPCTHS
MHOTOIIENIEBON 3JIEKTPOMAarHUTHOW JIOBYIKH «tOmurep 2M». DKcrepruMeHTaIbHO M3MEPEHBI MOTEHINAN IIa3MBl B
LEHTpaJIbHOW 00JacTH JOBYIIKM W MPOBHUCAHME TOTEHIMAJa B KOJBIEBBIX MArHUTHBIX mIensax. OmpeneneHbl
MMOTCHIINANBHBIE Oapbephl [UII MOHOB B KOJIBIIEBBIX MArHUTHBIX IIesaX. [loka3aHO, 94TO MOTEpH HOHOB B OCEBBIC
OTBEpCTHS HE TMPEBHIIAIOT 4% OOMMX MOTEph MOHOB W3 JIOBYIIKH. [IpUYIMHOI MalbIX MOTEPh MOHOB Yepe3 OCEBBIC
OTBEPCTHUS SBISIOTCS JOMOJHUTEIBHBIC CHJIBI, KOTOPbIE BO3HUKAIOT MPU B3aMMOAEHCTBUHU IIIa3Mbl CO CKPEILEHHBIMU
IIEKTPUYECKUM M MarHUTHBIM ITOJISIMH.
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