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1. Introduction

Confinement of aphaparticles is acrucid research item for redizing helical fusion reactors.
From this viewpoint, we have studied behavior of energetic (E<1keV) eectrons at relaively
low magnetic fied intensity (B~500G) in the Hdliotron DR using the stellarator tetrode method
[1,2]. The experiment has shown that eectron confinement becomes worse when eectrons are
launched from the outboard side of the torus at relatively high energies. This result has been
explained by increase of electrons which have higher pitch angles and easily lost the vessel wall.
Confinement improvement by inward shift of magnetic axis has aso been observed in
consistent with theoretical prediction. A problem of the tetrode method is that a transparent
screen must be set in apoloidd cross section of thetorus.  In the present study, we have tested
a new stellarator diode method and investigated eectron confinement in the Heiotron DR.
Figure 1 shows schematicaly principles of the stellarator diode methods. In conventiona
method [3,4], a small voltage (10~20V) is applied between filament and vacuum vessd and the
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Fig.1 Principles of (a) conventional and (b) modified

2. Experimental procedure

We have applied this method to the Heliotron DR which is a conventiond =2
heliotron/torsatron device (mgor radius = 0.9m, the average plasma minor radius ~0.07m,
central and edge rotationd transform = 0.8 and 1.9) [5]. The experiment has been done at the
toroidal magnetic field on the minor axis, B,~500G. The eectron gun has a tungsten filament
(0.1mmdia) and acylindrica (3mm dia.) stainless-sted mesh anode (transparency ~50%). The
bias voltage between the filament and the anode, V has been changed from 10V to 800V. Thus,
the dectron Larmor radii normalized by the plasma minor radius become those for apha
particles in fusion reactors. Although the electrons are supposed to be emitted from the filament
in dl directions, ther pitch angle distribution would not be uniform when they pass through the
anode. Previously, the pitch angle distribution was caculated and shown to be rather uniform
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a the high bias voltages of V;~800V [1]. Before the experiment of the diode method, we
measured spatia potential distributions in the vacuum vessd generated by eectrons emitted
from the fixed electron gun.
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Fig.2 Potential distributions measured by a Langmuir probe for different
emission currents .

Figure 2 shows horizonta distributions measured with an electrostatic probe for different

emission currents |,. At relatively low emission currents (1,<200pA), sharp double pesks are
observed which suggests that the electrons distribute around annular magnetic surfaces. At
higher emission currents, however, the pesks become broader and merge with each other
indicating increased space charge and/or collision effects. The broadening of the 5profi|e aso
occurs when the back ground neutral pressure becomes higher than p~1x10~ torr. The

experiments of the diode method were done mainly at |, <150pA and p<0.7x10°%orr. During
the dectron gun was scanned horizontaly from inboard side to outboard side of the torus
(~20s), the emission currents |, the currents flowing into the anode (I, ) and into the vacuum
vessel wall (1,,) were measured.

3. Results and discussions

Figure 3 shows typicd dectron 150
currents flowing into each electrode — |
as a function of the horizontd & 100F E
electron gun position R. Here, the 50 “LCFS AXIS LCES =
gectron energy is rather low NS 2N A 2
(VB:55V) md the r$UIt mlght 150 LI | LILELEL | LI | LI | LILELEL
represents magnetic surface structure. E 3
The arrows meen the magnetic axis = 190 s 3
(AX1S) and the last closed flux = 50F =
surface (LCFS), respectively. The = S <N
amission current |T~120|JA, whichis ST O JN o i O
neaxly same a that in the T 100EF 3
conventiond diode method for = . E
magnetic surface messurement [3]. = S0 F E
In the conventional method, I, = I, O-*...|....|....|....*....
and it changes depending on the 80 85 90 95 100 105
length of magnetic field line on Gun Position [cm]
which the filament is located. In the Fig.3 Electron currentsinto each electrodeas a function of
present case, however, I, is kept the horizontal electron gun position R.

amost constant and only 1,6 is

w
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changed. When the eectron gun is located at the centra part (86cm < R < 95cm), dmost al
dectrons emitted from the filament flow into the anode and the wall current is amost O.

However, it grows up at outer region of 1/2rt > 1 indicating possibility of magnetic surface

destruction. We aso observe a pesk of |, & R~84cm (1/2r~1.3) of which the reason is not
clear.

Radia distributions of the wall currents for different bias voltages are shown in Fig.4.
Here, the data obtained in three magnetic configurations with different magnetic axis positions

(A) are presented. We can see that with increase of V;, the dectron confinement becomes

worse in the periphera regions at both outboard and inboard (pesk a R~84cm in A=0mm
case) sides of the torus. We dso see that the confinement deterioration starts even at low
vaues of V;~10V. This result is not consistent with that from the tetrode method in which the
confinement deterioration is observed
only a high voltages of V;~800V. A S
possible reason of the ~ difference A=+9mm VE=800V ™
might be different methods for 100
confinement evduation. In the
tetrode method, measure of the
electron confinement is the screen 00, .
current and it depends on the S
transparency of the screen. When the
transparency of the screen is lower, ¢
confinement is estimated better. =
Direct comparison of data obtaned 3=
by both methodsis not so ssimple.

We have calculated drift orbits of 0
the eectrons launched from R=84cm
(inboard side of the torus) and 97cm
(outboard side of the torus) with 100
different energies E, and pitch angles

0. It has been confirmed that all

eectrons launched from R=84cm are 0
wdl confined in the vacuum vessd
even a high energies of E~800eV.
On the other hand, the orbits of
eectrons launched from R=97cm are
various depending on ther initid
pitch angles and energies. Figure 5
shows such trgectories projected to a

poloidal cross section. The eectrons are passing particles at al energies for 8<55° whereas
they become helicdly trapped particles for 6265°. When 6~60°, the electrons are hdicdly

passing particles a low energies but they become trapped particles a E=200eV. Although the
threshold pitch angel tends to decrease with increase of the particle energy, its dependence is
not so strong. Thus, we consider that the confinement deterioration is due to incresse of
electrons with higher pitch angles with increase of the bias voltage.

As for the effect of magnetic axis shift, we can see improvement of confinement by the
inward shift of magnetic axis (Fig.4). At the outboard side of the torus, when the magnetic
axis is shifted inward, the bad confinement region is not shifted and therefore good
confinement region expands relatively. This result is consistent with the result obtained by the
tetrode method [1] and agrees qudlitatively with theoretical predictions. At the inboard side of
the torus, the pesk of the wall current is adso decreased by the inward shift of the magnetic
axis.
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Fig.4 Radial distributions of the wall currents for
different bias voltages Vg.
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Fig. 5 Drift orbits of electronswith different pitch angles and energies.
The circles denote the vacuum vessdl wall of the Heliotron DR.

4. Summary

Electron confinement in Heliotron DR has been studied experimentally and theoreticaly. A
new (modified) stellarator diode method was developed in which éectrons with defined
energies (10eV ~800eV) were launched from a smadl eectron gun (3mm diam.) and the current

to the vessd wall was detected. By using this eectron gun at smal emission current (<150u4A)

and low back ground neutra pressure (<0.7x10°®torr), the effects of space charge and collisions
are sufficiently decreased. Electron confinement was observed to be deteriorated with increase
of the bias voltage a both outboard and inboard sides of the torus. We aso observed
confinement improvement by inward shift of magnetic axis in quditaive agreement with
theoretica predictions. Drift orbits of eectrons launched from both inboard and outboard sides
of the torus were computed. It is shown that the threshold pitch angle a which dectron changes
from passing to helically trapped particle tends to decrease with increase of electron energy.
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