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A variety of corpuscular measurements have been developed
D-3)

for the diagnostics of hot plasmas. The particle measurements

can be divided into two categories: mass and energy analysis of

particles emitted from plasmas and methods of beam probing. In

the latter case one injects particle beams into the plasma and

observe the interaction between the beam particles and the plasma

particles. In this review we treat the particle measurements

which are applicable to the closed magnetic confinement system.

A) Measurement of particles emitted from the plasma

1. neutral particle

Fast neutral particles produced by the charge exchange

reactions between the plasma ions and the residual gas come out

of the system across the confining field. Mass and energy

analysis of such neutrals offer the informations about the

energy distribution (in the most cases, about the temperature)

and the ion species of the plasma. The particle loss rate by

charge-exchange is estimated from the absolute intensity of the

emitted neutrals. Figure 1 shows the apparatus of measurement

which has been applied to a toroidal pinch devices. For the

Maxwellian plasma the detector current resulting from the ions

with the energy of from W to W+AW is given by

AJ(W) = AOHVOO^WW^ exp(-W/feTi), (1)

where A is constant, <Ĵ (W) is the lonization cross section of

neutrals in the stripping cell, (J7E(W) Is the charge exchange

cross section In the plasma, and &71 Is the ion temperature.
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The ion temperature is deduced from the ii iHnation of plot of

JLf UJ/(<n 07E VI
s*1)} vs W.

2. charged particles

Since the trajectories of charged particles emanating from

the plasma across the confining field is much complicated, it is

usually different to relate the experimental results to the plasma

parameters. The measurement may be fruitful if the observed

results are interpretable by the recently developed diffusion
5)

theory of toroidal plasma. In that case it is necessary to

analyze and detect the charged particles at tlie plasma surface.

Several types of the analyzer and the detectors have been develop-
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ed for such applications,

3. nuclear reaction products

Nuclear reaction rate in a hot plasma is given by

10)
For the Maxwellian deuterium plasma, this comes to

where R, n, and -iT; are in units of m"*^s~ , m~ , and keV,

respectively. We can estimate the ion temperature from the

observed total neutron yield,if the plasma density is known.

It should be noticed that the reaction rate Is much sensitive

to the high energy part of the energy distribution and the

deviation of the distribution from the Maxwellian leads to a

large error. When the neutron production is not due to the

thermonuclear origin but due to anomalously accelerated ions,

the emission of neutron occurs anisotroplcally.

B) Beam probe

lo neutral particle beam

When the neutral particle beam traverses across the plasma,



it Is predominantly attenuated by charge exchange reactions

and electron-impact ionizations. Beam intensity after trans-

mission of the plasma with the thickness of L and the density

*n, is given by

I = lo exp f-nL ( fl£x + ~ ~ - ) \ . W

where Io is the initial intensity of the beam, VB is beam

velocity, <3jTx is the charge exchange cross section and <ô - UP*

is the product of the electron impact ionization cross section

and the relative velocity between the beam and the plasma

electrons averaged over the electron velocity distribution.

By selecting the beam species and energy, one can measure the
11)-lfc)

several kinds of plasma parameters and cover wide range. Figure 2

shows a beam probe system used for the measurement of ion density.

20 haavy-lon beam-probe

He.avy-ion beam-probe technic has been developed for the
15)

measurement of ST TOKAMAK plasma. The apparatus of the measure-

ment system is shown in Fig.3. Singly ionized thalium beam is

injected into the plasma region where they are ionized by electron

impact ionlzatlon. The intensity and the energy of doubly ionized

ions gives the electron density and the plasma space potential,

respectively. The toroidal current distribution can also be

obtained by measuring the deviation of the thalium beam from its

original path. The measurement of current distributions by a
high energy alpha particle beam is now under investigation in

16)

JFT-2 TOKAMAK.

3» electron beam probe

Electron beam has been used for the measurement of space
1?)

potential and the trace of magnetic field. For the latter use

a pulsed electron beam is injected along the magnetic lines of

force by an election gun with 2 mm outer diameter, and detected



with a small sized probe (0.5 mm in diameter). The magnetic

surface and the rotational transform angle of a stellarator

field is directly obtained by this method.
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PIG. 2. Diagram of apparatus fot investigating neutral particles emitted
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