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KINETIC STUDIES OF FISSION FRAGMENT, “He(n,p)t,
AND GAMMA RAY PRODUCED PLASMAS*

W. H. Ellis and K. Imanit
Department of Nuclear Engineering Sciences
University of Florida

Gainesville,

Abstract

The pulsed ionization chamber diagnos-
tic technique has been applied to the
study of plasmas produced by nuclear
methods. Loss coefficients have been
measured for pressure (temperatures) of
1-27 atm (300-823CK), ionization rates of
107-10'% em~3sec™!, and densities of
10°-10%! em™?, Second order loss co-
efficients obtained at 300°K were
w2 (1-10 atm 3He) = 5.3-30 x 10-7,

w (1810 atm “He) = 7,0¢l6 x 10"5

2z (1610 atm *He-CO.) = 1.8 x 107°,

and ¢z (1 atm Ar=Nz) = 9.2 x 10~%(cm®/sec).
Fission produced plasmas yielded a,;'s 3-4
times larger than gamma rays. The enhance-
ment, shown to be due to columnar reccmbi-
nation, agreed with that calculated from
theo;v‘to within 3-4%. He «;'s exhibited
a Na *° atom density dependence and maxima
at approximatg}y 4509k, thereafter
assuming a T~° dependenc;. The N: and
CO; mixtures exhibited T~%/? dependence
throughout .

Introduction

At the First Uranium Plasma Conference
in 1970 early results of the study of the
equilibrium electron-ion kinetics of
plasmas produced by the charged products
of the *He(n,p)t reactio? }n high pressure
helium gas were reportedl?) , together with
the theory and description of the opera-
tional characteristics of the pulsed ion-
ization chamber (PIC) plasma diagnostic
system that was used to obtain the kinetics
data. Subsequent to that time, the kine-
tics measurements have been extended to
include the pressure and temperature
dependence of plasmas produced with fission
fragment and gamma ray ionization in pure
helium gas (*He and 'He) and other rare
gas mixtures including ‘He~CO; and Ar=N;.
The kinetics measurements of the fission
fragment produced plasmas have yielded
results indicative of the columnar recom-
hinat'op effects of the type alluded to by
orvis‘?) in his paper presented at the same
conference and pr?d}cted in theoretical
papers by Wilhelm(3), Jaffé(*), and clay(®),

In his paper Orvis described the
results and implications of a numerical
study that he was undertaking on the
dynamics and kinetics of ionization
columns produced in non-electron-attaching
gase? by energetic charged nuclear parti-
cles(®). He established the criteria for

3
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collective (retarded) diffusion to occur,
described its space and time characteris-
tics and conducted a trial calculation
with which to campare the predictions of
the the?rfes of Jaffé-Clay(®! and
wilhelm'®’, and to evaluate the effect of
columnar recombination on the conductivi-
ties that could be expected for a plasma
that could be produced in the core of a
high temperature gas cocoled nuclear reac-
tor by fission fragment ionization. The

data he presented indicated that Wilhelm's

theory of columnar recombination under-
estimated the density loss, while that of
Jaffé-Clay's overestimated the loss. The
subsequent observation of columnar re-
combination type kinetics for fission
fragment produced plasmas has permitted
an experimental evaluation of the analyti
treatments of Jaffé-Clay and Wilhelm, and
the numerical calculations of Orvis. The
present paper is principally addressed tg
such an evaluation.

Equilibrium Electron-Ion Kinetics =--
Measurement and Systematics

At the previous conference the methods

of nuclear ionization and equilibrium
plasma kinetics parameter measurements an
the results of such measurements for room
temperature helium plasma were described
in which the slowing down of the 'He(n,p)
reaction products were used to generate

plasma within the sensitive volume U of

ionization chamber and a combination of

saturation ion current and pulsed modes o
operation was used to measure guantities

ol

£

plasma density Ny could be directly

from which the source S and the homogenoI

determined. The source term S was obtaine

from saturation ion current [; measureme
where

S = Is/eU. (1

The steady state equilibrium ionizati
density, Ng, for an ion chamber of cylin-

drical coaxial electrode gecmetry was show

to be related to the output voltage signal
v{t.) at the time of electron collection

te Eor the pulsed mode of operation of the

ion chamber in the following manner

1
V(tc) = -(NSGU/C) [1 - m] (2

where C is the anode <ircuit load capaci-
tance and b/a is the ratio of the outer t
inner electrode radii.
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