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Introduction

According to the hypothesis [1], an asymmetrical
character of the shell expansion observed at many
Novae may be associated with influence of an inherent
star magnetic field. Magnetization of Novas' cores
reaches the field value B~10°10® gauss [2]. Typically, a
magneto-dipole energy of a Nova (10%-10* ergs) is
much less than a kinetic energy of an exploding
envelope (10*-10*%ergs). By this reason the
conventional hydrodynamic models of point-like
explosion with a spherical outward-directed shock wave
do not consider effects of the star magnetic field on
plasma movement [3]. The approach has been
developed in [4] to account for a certain spatial scale of
formation of initial perturbations. In this case the
magnetic field can play a “work body” role with
pronounced anisotropic properties and effect upon an
interaction of the shell with the near-star media.
Mentioned peculiarities have been studied in [4] using
the numerical model based on the kinetic-hydrodynamic
description of plasma dynamics. The possibility is of
interest to perform a laboratory simulation of a magnetic
star’s shell outburst at the KI-1 facility (ILP SB RAS,
Novosibirsk) by the laser-produced-plasma methods.
Formerly the braking of supernova shells in the
interstellar magnetic field was simulated there [5].

1. Physical model

In the approximation of the star by a gravitating
magnetized sphere from incompressible fluid the
gravitation may exert influence only upon a total scale
(not a structure) of initial perturbations (102107 of the
star radius R) by compression action of the exploding
envelope [4]. This allows to do not include the star
gravitation into the model under our consideration. A
role of magnetic field is described by two parameters,
First of them governs the scale of perturbations
associated with magnetic field compression and equals
to a ratio of the shell’s kinetic energy (E) to the
magneto-dipole energy of Nova star in external space:

®=12E/(B’R*}~10*+10%. Second parameter is the Mach-

Alfven number determined by a ratio of the shell
velocity (V) to Alfven velocity (V,) in plasma medium
in vicinity of the star: Ma=V/V . Due to a high density
of the star wind by the early burst when the surface
temperature reaches ~10°K with the surface density
~10*r/eM® [6], the plasma shell movement after the
explosion may be of super-Alfven character at distances
of the order of R from the star: M,>>1. That is the

magneto-laminar mechanism [7] of interaction between
expanding plasma flows and a background dominates.
Given conditions determine parameters of the physical
model [4], which includes an uniformly magnetized and
perfectly conducting sphere, a thin exploding envelope
around it, and a rarefied ionized gas in surrounding
space.

2. Numerical simulation of a Super-Alfven
expansion of magnetic Nova shell

The numerical model of plasma is based on the system
of equations of the hybrid type [8]. It gives an
opportunity to consider a complicated multi-flow
motion of particles in plasma at M,>>1. At the
beginning (=0), there is an immobile (cold) background
plasma of a homogeneous concentration in a cylindrical
region with a dipole magnetic field. Into the central
spherical region of radius R, where the magnetic field
remains uniform and constant at all times, the external
plasma does not penetrate with elastic reflections of ions
at the spherical core surface. This boundary is spaced at
AR<<R of the spherical envelope which consists of the
ions with the total energy E. At t=0 the radial velocities
of the envelope ions are distributed in the interval [—
V,V] from the law providing auto-modeling expansion
in free space. In one of the variants the core field is
2.6'10" gauss; the ions velocity is V=3-10%cm/s;
E=10%ergs and 2~10”. Nearby the core surface the
hydrogen background density is 7-10”cm?, the Mach-
Alfven number M,=5. Some preliminary results of
simulation [4] are presented in Fig.1-2, where the
distribution of the combined concentration of the
envelope and the background as the isodensity lines,
and also the perturbed magnetic lines of force are shown
at the moment t=t"-V/AR=4 (AR=0.2R). The symmetry
and the structure manifested are similar to the
morphological features observed under development of
outbursts of those Novae whose shells took an ellipse-
like form and had the characteristic structure as polar
fragments and equatorial belts [1]. With decreasing the
number M, from 5 down to 2.5 at @~const, the
envelope-background interaction efficiency drastically
drops and a picture of expansion becomes close to a
spherically homogeneous one. The effect of the
magnetic perturbations of quadrupole symmetry (see
Fig.2) is disappeared as well as its associated magnetic
lines reconnection and the generation of fast waves in
directions making 45° with the dipole axis. The similar
modifications also take a place with increasing the
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Fig.1. Isodensity lines at M,=5, =107, =4 (magnetic
axis is horizontal; the star core looks as a light circle).

Fig.2. Perturbed magnetic field (an ellipse-like
counter shows the outer boundary of expanding
shell).

energetic parameter by three orders of magnitude up to
the level 2~10 at the fixed number M,=5.

3. On laser-produced-plasma experiments
with magnetized spherical target

By now we have made first samples of the target in the
form of the uniformly magnetized neodymium-iron-
boron balls of @8 and @16mm. To impart high
conductivity features to them, the magnetic cores are
covered by the Imm copper layer. The target outside is
the caprolactam (H;,C¢ON) envelope of the lmm
thickness. The core is magnetized up to the field level
about of 7 kilogauss. Preliminary results have been
obtained in the laser-produced-plasma experiment with
the flat caprolactam target irradiated by the 100
nanosecond and 100 Joule pulse of the CO, laser with
the focal spot sizes 1x1.4cm’. Fig.3 shows the typical
oscillogram of the current density at the cylindrical
Langmuir probe removed at the distance 20.5 cm from
the target. The formed flow of ions is characterized by a
steep forward front, having the speed of
V=(4+5)-10"cmo/s, and the slower main plasma. Total
number of ions in the plasma expanding into a cone
with an angle of spreading of 90° is about of
(1+3)10", a mean charge number Z=2.7 and the total
kinetic energy about of 10 Joules (the magnetic energy
of the @8mm core is about of 0.1 Joules, or &~10?).

In the experiment on quasi-spherical irradiation (using
two laser beams) of the magnetized target in vacuum we
intend to study diamagnetic features of the exploding
plasma envelope [4]. In the variant with placement of
the target into a gas medium we assume to use an
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Fig.3. The typical oscillogram of the current density

J=Zen;V; at the Langmuir probe placed at 20.5cm
from the target with the focal spot sizes 1x1.4cm?.

inherent VUV radiation of laser-produced plasma to
create a background “cold” plasma satisfied to
conditions of super-Alfven expansion of the envelope.
Necessary ion concentration of a background
n.2B.’M,*/(4nm.V?) and n.«B.*(87kT) may reach the
value nv=(1+2)-10"cm for hydrogen plasma at B+=200
gauss and Ma~3 (M, can be increased if to replace
hydrogen by nitrogen).

Conclusions

Calculation results give an indication of emergence of
characteristic inhomogeneities in distribution of plasma
and field perturbations under super-Alfven expansion of
a magnetic Nova’s shell in near-star medium. Main
features of such a magnetic field-plasma configuration
can be simulated in experiments at the KI-1 facility.
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1. INTRODUCTION.

We developed a neutral beam injector based on RF-
discharge plasma source for beam emission spectros-
copy in TEXTOR tokamak [1]. The injector was de-
signed to be rated at energy 50 keV, equivalent neutral
beam current (for hydrogen) of up to 1A and pulse du-
ration of up to 10s. The developed power supplies for
the injector were designed to provide beam modulation
at 500Hz frequency. In the ion source, the plasma for
the beam extraction is produced by RF plasma emitter.
In the paper we describe the experimental results ob-
tained in the RF-discharge plasma emitter studies.

2. 10N SOURCE

In the injector ion source (see Fig.1), plasma emitter
is produced by an inductively driven RF-discharge
with a frequency of about 4.6 MHz. Hydrogen gas is
puffed into the ceramic discharge chamber (1) with in-
ner diameter of 103mm and axial length of 90mm
through dielectric tubing (2) installed at the copper end
flange. The permanent magnets (3), that improve plasma
homogeneity at the plasma grid, are located at the end
flange. The plasma discharge is exited by 6-turn loop
antenna (4). To initiate the discharge we used a trigger-

ing electrode installed at the end flange.
1 4
Jik

Iy

-
Fig.1. lon source layout:
|-ceramic discharge chamber; 2-dielectric tubing for gas puff;
3-permanent magnets; 4-RF coil; 5- grids.

The beam is extracted and accelerated by a four-
electrode ion-optics system (5) with the 163 circular
apertures each 4mm in diameter [2,3]. Geometry of the
elementary cell was optimized to obtain minimal beam
divergence [3]. The grids are spherically formed in or-
der to obtain the beam focusing at 4m downstream from

the source. The thickness of the grids was 2mm,

4mm, 4mm, and 2mm for the plasma grid, extracting
grid, accelerating grid and grounded grid correspond-
ingly. Initial beam size (~ 70mm) is defined by the grids
diameter.

The Mo-grids of ion-optics system are soldered to
copper holders and then fixed to the supports also made
of copper. We designed a thermal inertia-type ion opti-
cal system with «thick» electrodes whose distinctive
feature is that the grids are cooled between pulses by
water flowing in the tubes soldered to the supporting
flanges [4]. Application of this method of grids cooling,
of course, becomes possible if the time-averaged heat
loads on the grids are small enough as it is for the given
source parameters.

2. EXPERIMENTAL RESULTS

2.1 RF- power dependence of the current density.

Two miniaturized Faraday cups were inserted into
the two apertures of I0S. One of those cups was located
in the center and another at the periphery of the plasma
grid (r=35mm). It was observed that with the increase of
RF-power, the current measured in the center beamlet
increases faster than that on the periphery. Fig.2 shows
the current density measured by the cups as a function of
the power consumption of RF generator. The RF power
absorbed in the discharge was measured to be about 20-
25% of the power consumed by the generator.

We found that to achieve the required 120mA/cm’
current density of the plasma emitter about 3.5kW of ab-
sorbed RF power is required (that corresponds to about
12kW consumed from the grid).

J.mA/cm?
150 —

125 —

100 —

0 2 4 6 8 10 12 14 PXW
Fig.2. The current densities measured in the center (j,) and
at the periphery (j,) vs. the power consumed by the RF-
generator,

2.2 Gas pressure dependence of the current den-
sity and plasma homogeneity over the emitter.

Gas puffing into the discharge was varied by
changing the gas pressure in the gas valve and, alterna-
tively, by changing the diameter of the hole through
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which the gas was entered the discharge chamber. The

average current density ja=(Jo*Jp)/2 as a function of
pressure for the fixed RF power is shown on the Fig.3.

Ja,mA/cm?
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Fig.3. The average current density as a function of pressure in
the valve.

For the same conditions relative difference between

the measured current ((jo-Jp)/ja) which characterize ho-

mogeneity of plasma emitter is shown on the Fig.4.
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Fig.4. Non-homogeneity of plasma emitter vs. gas pressure in
the valve.

2.3 Variation of extracted beam composition with
pressure in the valve.

For the certain diameter of the gas inlet hole the
plasma species in the discharge (Fig.5) were measured
for different gas pressures in the valve.

70 —
=] %/0—&0\_0
50 — ~'€>-' H+
i —@— H2+
§ ¥ —— Hae
b+
8 30 —
w
20 —
10 —
0 T T T T T T T
05 1.0 15 20 P.Atm

Fig.5. Shows the plasma species measured for certain gas
puffing.

Typical dependence of the gas puff rate vs. the gas
pressure inside the valve is shown in Fig.6. for the outlet
hole diameter of 0.1mm.

FI*Torr/s
4,00
3.00
200
1.00
] T T T T T T
1.00 1.50 2.00 2.50P Atm.

Fig.6 Gas puff rate vs. the gas pressure inside the valve.
2.4 Variation of the plasma composition over the
emitter.
Measurements of the beam composition 4m down-

stream from the source indicated the the beam composi-
tion is radius dependent.

In the optimal conditions with the extracted current
of 2A (averaged current density of 120mA/cm?), the ion
beam species were measured on the beam axis to be
74% for H,", 13% for H,  and 13% for H;". On the
beam periphery, at radius 2.5cm , the beam species
were: H," -60%, H," -27%, H;" -13%. The difference of
beam species in the center and at periphery leads to dif-
ferent beam profiles (Fig.7) measured by making use of
an array of secondary emission detectors and the calo-
rimetric detectors measured at the focal plane of the ion-
optical system.

I,rel.un

T T T T T T T T T T

5 A, 3 .E2c 1.0, 1 2 3 4. 5-Rem
Fig.7 The current density profiles measured by making use of
an array of secondary emission detectors (1) and the calo-

- rimetric detectors (2).

4.CONCLUSIONS

The main objective of the experiments was to study
characteristics of the RF-plasma emitter for different gas
puffing rate and absorbed RF power.

As a result of these studies we optimized the condi-
tions in the RF-discharge to provide the required more
than 2A of extracted ion current. The plasma species
measured for this beam current amount for H," -70%,
H," -15% and for H;" -15% for optimal gas puffing rate.
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