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The annihilation of positrons in argon as a function of argon density at densities from 10 to
65 amagats has been investigated at room temperature. The direct annihilation rate, the
reciprocal of shoulder width, and the quenching rate of 0-positronium are found to be linearly
dependent on argon Pensity in the density range investigated within the range of the experi-
mental error. The value of Z ff of the direct annihilation rate is found to be 26.2 for an ar-
gon density up to 50 amagats.

I. INTRODUCTION

In a recent paper (I), Orth and Jones investigated
the annihilation of positrons in argon as a function
of argon density at densities less than 20 amagats.
They have also compared their results with the re-
sults obtained by many previous workers, in
which the densities of the argon investigated were
all below 20 amagats.

Recently, we have investigated the annihilation of
positrons in argon as a function of argon density at
densities from 10 up to 65 amagats. The results
will be briefly described here.

II. EXPERIMENTAL

The pressure chamber is a spherical vessel with
a 5 in. diam, made from stainless steel with a
polished surface. The whole gas system, including
the gas inlet and the vacuum side for the evacuation
of the system, is made from stainless steel. All
joints are either welded or sealed by metal packings.
The system is designed to sustain a maximum
pressure of 1500psia. The argon gas used in this
experiment is the "ultra pure" grade supplied by
Matheson. The maximum amounts of impurities
certified by them are (in ppm): CO2, 1; Oz, 5;

H&, 1; CO, 1; N~, 5; H&O, 2. 1; and CH, 2. The
filling of the gas chamber was done by evacuation,
followed by purging. The purging was performed
by filling to a pressure of more than 500psia, and
then discharging to a pressure of about 20psia. This
procedure was repeated five or more times. No

purification of the gas was made since we have
learned that certain ordinary methods of purifica-
tion, such as passing the gas over melted calcium,
may introduce more impurities into the argon gas.
The experiments were carried out at a room tem-
perature of about 22 'C.

The lifetime spectra were measured by a sophis-
ticated system of time-to-amplitude converters.
The details of the system will be described else-
where. The timing pulses produced by the photo-
multipliers are split into two pairs and are fed into
two time-to-amplitude converters of different ranges:
a short-range one with a linear region of 32nsec,
and a long-range one with a linear region of 320
nsec. These two time-to-amplitude converters
are gated by a single gate pulse which is controlled
by a fast side-channel energy selection system.
The outputs of these two time-to-amplitude convert-
ers are accepted by a ND2200 multi-channel analyzer
and put in separate halves of the memory using a
digiplex and two analog-to-digital converters. One
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of the outputs of the time-to-amplitude converters
is delayed in order to allow the memory to receive
the two outputs at real time. This system, when
it serves a pair of 56AVP photomultipliers coupled
with NATON136 phosphors having a 1& in. diam
and 2 in. length, gives a resolution that is better
than 0.6 nsec full width half-maximum.

The positron source is 5-JL1,C Na22 deposited on a
very thin mica sheet that is centered in the gas
chamber. A pair of the lifetime spectra is shown
in Figs. 1 and 2 as examples. The spectrum in
Fig. 2 actually is an enlarged portion of the peak
and shoulder of the spectrum in Fig. 1. The data
in the portion of the spectrum below the shoulder
are fitted with a curve of two-component exponen-
tial decay by using a standard procedure. ' The
mean life of the short-lifetime component repre-
sents the direct annihilation of thermalized or
nearly thermalized positrons; and the mean life
of the long-lifetime component, the annihilation
of o -positronium.

III. RESULTS AND DISCUSSION
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FIG. 2. Positron annihilation lifetime spectrum in
argon at a density of 63.8 amagats (from the short-range
time-to-amplitude converter) .

A. Direct Annihilation Rate

Figure 3 shows the dependence of the direct anni-
hilation rate (X,) on argon density. The densities
of the argon were calculated based on a correction
formula. " The deviation of the density due to va,r-
ious causes was estimated to be less than 3%.

The data, were fitted with a simple linear function
of

&g = (5. 09 a 0.24)D,

where the units of &, are (p,sec) and D, are amagats.
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FIG. 1. Positron annihilation lifetime spectrum in
argon at a density of 63.8 amagats (from the long-range
time-to-amplitude converter) .

FIG. 3. Dependence of the direct annihilation rate of
positrons on argon density. The solid line represents
the line ) ~=5.09 &&10 D sec . The dashed line represents1

the line X& = 5.27 x 10 D sec
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The confidence level from which the deviation
0.24 was calculated is 0.05. The same confi-
dence level is used for the rest of the straight-line
fits. The formula (1) is represented by the solid
line in Fig. 3. The rate constant 5.09&&10 sec
amagat is lower than the averaged value of 5.27
&&106 sec ' amagat ' of the formula (3) in I.

However, if the three pointsrepresenting the data
for densities greater than 50 amagats are excluded,
the data can be fitted with a function of

.02—
C3
(D
V)

.01

Xg = (5. 27 + 0.23)D (2)

where the units of A.~ and D are the same as the
ones used in formula (1). This rate constant agrees
very well with the value formula (3) in I. The for-
mula (2) is represented by the dashed line in Fig.
3.

No attempts were made to improve the goodness
of fit by using a more complicated function. How-

ever, the nonlinear dependence of the direct anni-
hilation rate on argon density for densities lower
than 20 amagats, as represented by formula (4) in
I, is not observed for argon densities greater than
20 amagats. It is reasonable to say that the for-
mula (2) or the formula (3) in I is good for argon
with density in the range from 15 to 50 amagats.

B. Shoulder Width

Figure 4 shows the dependence of the shoulder
width on argon density. The criterion for the de-
termination of the shoulder width is similar to the
one used by Paul and Leung. " The reciprocal of
the shoulder width is actually plotted against the
argon density. The data were fitted with a linear
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FIG. 5. Dependence of the o-positronium annihilation

rate on argon density. The solid line represents the

line ~~ =0.255&&10 D sec with intersect at A2=0.72&&10
-1sec

function of

1/(S. W. ) = (2.73+0.23)D

where theunits of 1/(S. W. ) and D are the same as
the ones in formula (1). The formula (3) is repre-
sented by the solid line in Fig. 4. From the slope
of the formula (3) the width-density product was
calculated to be 366 nsec amagat. This value is
slightly greater than the rather large value of 340
nsec amagat reported in I. Impurities generally
do reduce the thermalization time of positrons in
argon, and hence the shoulder width in the anni-
hilation lifetime spectrum; thus the greater width-
density product may be due to the fact that a purer
gas was used in this experiment.
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FIG. 4. Dependence of the shoulder width on argon
density. The solid line represents the line 1/(S.W.) = 2.73
X10 D sec

C. Quenching of o-Positronium

A.q
= (0.255 s 0.015)D (4)

where ~, is the o-positronium quenching rate and
the units of X, and D are the same as the ones in
formula (1). The formula (4) is represented by a
solid line in Fig. 5.

%hen the data of the o-positronium annihilation
rate are fitted directly to a function of X&=ao
+a&D, the corresponding values of the coefficient
are found to be

Figure 5 shows the dependence of the o-positro-
nium annihilationrate(A2) on argon density. If the
annihilation rate of the 0-positronium in a free
space is assumed to be the theoretical value 7.2
&10 sec-, ' the data fits a linear function of
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ao=(6. 7+0.4)&10 sec ~

a, =(2.7+0. 5)&&10' sec ' amagat '

provided the three points representing the data
displaying large deviations at argon densities
lower than 15 amagats are neglected. If these
three poor points are included, the calculated value
of ao will be too small to be meaningful.

The results agree well with the values obtained
in I:

a o
= (7. 53 a 0. 18) && 10 sec '

a&= (2.4+0. 2)&&10 sec amagat

and with the values obtained by Beers and Hughes":

ao = (V. 29 a 0.03) && 106 sec '

a, = (2. 36 a 0. 16) && 10' sec amagat ~

D. Effect of High Density

The above results suggest that the direct positron
annihilation rate, the reciprocal of shoulder width,
and the quenching rate of o-positronium are lin-

early dependent on argon density and can be rep-
resented by a function of A. = aD up to a density of
at least 50 amagats.

This implies that at the high density of 50 amagats
the effect of multicollision, i.e. , the interaction
of the positron or the o-positronium with more
than one argon atom at a time, is negligible. If it
is present, it does not change the linear dependence
of the direct annihilation rate, the o-positronium
quenching rate, or the momentum transfer cross
section which is related to the shoulder width on
argon density.

Certainly the nonlinearities present at lower den-
sities, such as the one for direct annihilation re-
ported in I and the one for the o-positronium quench-
ing rate, require further study and explanation.
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