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Abstract

The output signal voltage of the pulsed ionization chamber (PIC) was mea-
sured for a range of electron density (10'*-10'm-® of the °He plasmas. This
experimental data was in excellent agreement with the theory including space

charge effects.

As an application of the PIC techniques, two-body recombination coefficients

were obtained with electron densities measured from output signal voltage of
the PIC. These values as a function of pressure were in good agreement with
theoretical predictions and ranged from 5X10-' to 3X10-** (m®/sec) at 300° K

for 1 to 10 atmospheric *He plasma.
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1. Introduction

A recent application of the ionization cha-
mber has been in the study of ionized gas
kinetics in high radiation fields by the appli~
cation of a pulsed high voltage collection
potential instead of a constant high voltage.
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Since this pulsed ionization chamber (PIC)
has shorter measuring times for measurements
of electron densities (~107® sec) compared
with other diagnostic tools, for example, the
Langmuir probe does (>102 sec), it can be
used exclusively for the plasma kinetic study
such as the plasma growth and decay proce-
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sses within the gas filled pipe in the nuclear
reactor core.

The theory of the pulsed ionization chamber
concerning space charge effects has been
recently made by the authors of this paper
for measurements of high electron densities
ranging from 10' to 10°*m™2 ¥, The following
in this paper is the detailed description of
electronic setups with 3He filled ion chambers
of coaxial geometry, operated in the PIC
mode. With these setups, the pulse profiles
are measured, and compared with the nume-
rical results based on the above theory. As
an application of this technique, the recomb-
ination rate of the helium is measured by
measuring either the electron density at steady
state or its time dependency during growth
interval using the *H(np)t reaction for prod-
ucing electron densities ranging 10" to 10" m3
within the sensitive  volume of the ioniza-
tion chamber.

This paper should be read in conjunction
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of Ref. 1. The authors will follow the nota-
tion of Ref. 1, and equations given there will
not be repeated here.

2. Experimental System of Pulsed Signal

Measurements

The chamber having cylindrical coaxial
electrode geometry is shown in Fig. 1 where
guard rings establish the limits of the sensi-
tive volume and minimize the effects of
diffusion into and out of the sensitive volume.
This chamber is placed in the radiation field.

The circuit shown schematically in Fig. 2
is a simplification of the one that is used for
the pulsed high voltage mode of operation.
In the figure C, is the capacitance of the
ionization chamber, C. the stray capacitance
associated with high voltage pulser coupling
circuit and the collection output circuit,
R the net shunt resistance of the collection
output circuit. The sequence of operation of

and

such electronic system is shown in Fig. 3.
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Fig. 1. Tonization chamber coufiguration.
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Fig. 2. Schematic diagram of equivalent circuit
for pulsed ignization chamber cirguit,
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Switches S; and S; in this figure represent a
fast rise high voltage pulser and a fast swi-
tching biased diode, respectively.

During the sequence of on and off operations
of switches S) and S., the charge and voltage
configurations of the ionization chamber and
its external RC circuit are in the following:

1) During the initial period from ¢; and 2,
the switches S, and S; are opened. The plas-
ma is generated within the sensitive volume
of 3He filled ionization chamber, placed in the
thermal column of the nuclear reactor. During
the slow down of the charged products of an
exoergic nuclear reaction *He--n-»'H+*H+-764
Kev. The Q of the reaction is partitioned
between the two products as kinetic energy.
Through the slowing down process, the kin-
etic energy is dissipated in the helium gas as
jonization and excitation, producing on the
average approximately 2 to 3X10" ion pairs
per interaction. This ionization is allowed to
build up in the gas within the ionization
chamber.

The time rate change of the plasma density
N during growth can be represented by the
equation
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where

S=source term

a;=two body recombination coefficient

a;=three body recombination coefficient

D=ambipolar diffusion coefficient

L=diffusion length

k=electron attachment coefficient.
The soure term S which represents the rate
of ionization of the helium gas can be written
as

S=¢Nu.o E/W

were

@

¢=termal neutron flux density

Nu,=%He atom density

a=5400 barns,
cross section

W =average energy required to produce an
ion pair

thermal neutron reaction

E=average energy deposited in the gas by
the (%,p) reaction products.

2) During ¢, to t;, the switches S; and S,

are closed. The ionization chamber having the

capacitance C,; is rapidly charged by the
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Fig. 4. Circuit of pulser and signal collection.
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Detailed blockdiagram of experimental appratus for measuring

signal voltage and saturation current.

voltage supply pulser. This is accomplished
through the application of a negative potential
(—10V) to the grid of the GR-1398A triode
(duration time of about 0.5ms), switching
the tube off as seen in Fig. 4 and 5, 0.4 ms
ptior to the application of high voltage
supply pulse(about 200V/cm). The high
voltage supply pulse has a rise time of about
a nanosecond and 1is constant afterwards.
The diode (FD 200) becomes
approximately 0.5 ms later due to the positive
potential (2V) supplied by the off-set DC
battery which supplies the zero reference
bias (see Fig. 4). This forward-biasing of
the diode causes the capacitance of the

conductive

ionization chamber C, to be charged in the
order of 0.5ms due to the lowest impedance
state of the external circuit(theoretically
zero RC time constant). As this charging
time is very short compared with that
required for the total electron collection
(t.~10mc), the former time interval (from #,
to ;) can be neglected with respect to the
electron collection time. This allows that C,
is initially charged (go=C.Vy).

3) During # to ts', the switch S, is opened

while the switch S; remains closed,: This-is

accomplished by removing the negative
potential (—10V) from the grid of the triode
as explained in (2). The anode output circuit
becomes high impedance circuit, consisting
of the shunt capacitance C, and resistance
R. The potential drop across the anode
circuit load V (t), the voltage observed as the
PIC signal, is given in Ref. 1. This signal
V(¢ is amplified with the 1A4 prea-
mplifier of TEKTRONIX 547 oscilloscope,
and smpled at the appropriate time by a linear
gate window controlled manually by adjusting
the time delay of the slice or automatically
by a slew method as shown in Fig. 5.

3. Measurements of Recombiation
Coefficients

Plasma is generated in localized columns
around the paths of the proton and triton
products of the (n#,p) reaction in the JHe
gas. Hence, the plasma density is not homo-
geneous over the sensitive volume of the
ionization chamber. This inhomogeneous di-
stribution of electrons and ions enhances the
average recombination rate over the sensitive
volume higher than that for the homogeneous
distribution of the same number of electrons
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Fig. 6. Simplified version of Fig.5.

and ions in the same volume, (volume reco-
mbinate rate)®. The recombination rate ob-
served by the following PIC techniques is
the former one.

A) Growth Method.

The general expression for the time rate
of change of the electron density N during
growth is given Eq. 1. However, this ex~
pression can be simplified as the two~body
recombination is the predominant loss mecha-
nism for the *He plasma.?®*% Hence, the time
dependency of the electron density can be
written

N=1v'5/a,[exp(2v Sast)—11/

[exp(2v/Sayt) +1] (3)
by integra{tion when the terms other than S
and a; are small in Eq. (1).

By measuring the electron densities at the
different plasma growth time, ¢,-f, in Fig. 3,
we can trace the time dependency of electron
density within the ionization chamber under
the constant neutron flux as shown in Fig.9.
Comparison of this measured time dependency
of electron density with Eq. (2) can determine
the two-body recombination coefficient. .

The source term S needed in the measure-
ment can be determined experimentally by

measuring the steady state chamber saturation

ion current with a constant high voltage
potential applied across the chamber electrodes
as shown in Fig.5 and 6. During the measu-
rement, is measured with a

picoammeter to establish the source ionization

the current

rate for each reactor power level for which
data is taken. The relationship between the
saturated ion current I and the source term
S is given by

S=1I/ev (ion pairs/cm?® sec) (4)
where » is the sensitive volume of the ioniza-
tion chamber.

B) Steady State Method.

The electron density finally reaches its
steady-state asymptotic limit, at which time
the generation and the loss by two-body
recombination are balanced. Hence, Eq. (2)
becomes

a’z=S/ N? (5)
at the steady state. Thus, a, is determined
by N and S at the steady-state measured by
the PIC technique and the saturation current
measurement in (A), respectively.

4. Experimental Results

In Fig.7, dots are the signal voltages sliced
by a linear gate window at the appropriate
time as shown in Fig. 6 for RC,), after the
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Fig. 8. Maximum signal voltage Vna.x 0s electron
density N from experiment and theory.

electron densities reachs its steady-state asy-
mptotic limit (about 70 ms for ¢,-¢, in Fig.3)
These are compared with theoretical curves
based on computer integrations of Egs. (26)
and (27) of Ref. 1. The nuclear reactor
power, the collection voltage, and the gas
pressure of the chamber are treated as para-
meters. The nuclear power and the gas
pressure of the chamber gives the initial

< 10 0% jloid
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electron density and the mobility, respecti-
vely.®
In Fig. 8, the maximum signal voltage

Vues is measured in dependency of the initial
electron density N at the steady-state. The
electron density of abscissa is calibrated by
making use of the following relationships

N=v'§/a? (6)
from Eq. (5), and
_CtVllax 1____ -
N=Cm(1— 7 Tog(b/a) ) @

from Eq. (32) of Ref. 1 for the linear region
of Ve vs v P(P=nuclear reactor power,
P«cS) curve. These data are compared with a
solid theoretical curve based on a numerical
evaluation of Eq. (30) and (31) (N)>Nc¢) and
Eq. (32) (N{Nc), respectively, of Ref. 1.

In Fig. 9, the measured time dependence
of electron density during growth is compared
with the theoretical curve where the two
body recombination is predominant in loss
mechanism.

In Fig.10, the measured two-body recomb-
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Fig. 9. Time dependence of electron density
during growth from both experiment
and theory.
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ination coefficient by both the growth method
and the steady-state method are compared
with the theoretical values of Bates and
Khare for that of volume recombination. ©

5. Conclusions

The experimental results of signal voltage
are in excellent agreement with the theore-
tical prediction, showing nonlinear pulse pro-
files in Fig. 7 and slope change in Fig. 8
for high electron density. Thus, it is possible
to apply this technique to measure the electron
density of the plasma produced by radiations
such as g-ray or r-ray or by the thermal
ionization in high temperature gas. This
method has the advantage especially in high
pressure gas where the drift velocity of
electron is linearly proportional to the electric
field, which is the basic condition for the
applicability of the theory.

The comparison of the measured time de-
pendence electron density with the theoretical
curve shows that the two-body recombination
is predominant loss mechanism even for the
electron density lower than 10Y/m3 7.

The observed two-body recombination rate
by the PIC techniques, which is an average
of the locally inhomogeneous recombination
rate over the sensitive volume of the cha-
mber, is insignificantly different from the
theoretical volume recombination rate for

the low neutron flux(<10%/cm?-sec) producing
plasma in *He gas.

Combining the ionization source rate term
measured by direct current type operation of
the chamber and the electron density obtained
from steady-state as well as growth period,
the recombination coefficients for electrons
were determined as approximately 35X1074,
3X1073(m3/sec) in 1, 10 atmospheric He?® at
room temperature.
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