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Orthopositronium decay rates are measured in MgO-lined cavities with various volumes and entrance apertures. Systemat-
ic effects of the entrance aperture, cavity geometry, and collisional pick-off are measured. The vacuum decay rate is deter-

mined to be 7.050 + 0.013 us~1.

We report the results of our continued investigation
of the annihilation decay rate, A, of orthopositronium
(o-Ps) (13S,) formed in an evacuated MgO-lined cavi-
ty. Our first measurement [1] in 1976 using this
method yielded a value of 7.09 £ 0.02 us~1. Since
then a new theoretical value [2] of 7.0386 + 0.00016
has been calculated and we have measured A = 7.056
+0.007 us~ ! in isobutane gas by extrapolation to zero
gas density [3]. In a recent letter, Canter et al. {4]
have reported that the decay rate of o-Ps formed in a
MgO-lined rf cavity is 7.122 + 0.012 us~1 and they
suggest that the high decay rates measured using this
method may be due to pick-off quenching of Ps during
wall collisions. However, our new result for A is signifi-
cantly lower than these two previous measurements. It
is in agreement with both the experimental value mea-
sured in gases and the theoretical value. We will discuss
the systematic errors associated with interpreting this
result as the vacuum decay rate and show why our ear-
lier result is too high.

The interaction region is shown in fig. 1 (also see
ref. [1]). A beam of slow positrons (=400 ¢V) are
electrostatically focused onto the MgO-coated cone of
a channel electron multiplier (CEM), where positro-
nium is formed with about 15% efficiency. Secondary
electrons, expelled by the incident positron, are de-
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Fig. 1. Evacuated interaction region.

tected by the CEM and serve as the “start” signal. o-Ps
is confined to a region of nearly uniform 7 ray detec-
tion efficiency by an MgO-coated cavity and the anni-
hilation 7y rays (“‘stop” signal) are detected by 3 scin-
tillation detectors surrounding the interaction region.
More details of the apparatus and the timing system
can be found in ref. [1].

Since the earlier experiment a number of improve-
ments have been made. The time-to-amplitude convert-
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er has been replaced with a Hewlett Packard 5345A
time digitizer interfaced with the MCA memory. Tim-
ing accuracy is better than 1 ppm and tests at the 0.1%
level have not revealed any non-linearity. The positron
beam strength has been increased by a factor of three
to 1500 s~1 and focusing improved so that the cavity
entrance hole diameter can be as small as 2 mm. Re-
placement of the 10 cm X 10 cm Nal vy detectors with
Pilot B scintillator and elimination of the prompt re-
jection system have allowed us to reduce the timing
electronics to a very simple system: an amplifier and a
leading-edge discriminator for each of the 4 detectors,
a stop signal OR gate, and the digitizer-MCA system.

Each lifetime spectrum of typically 30 million o-Ps
events was fitted by a three-parameter maximum-likeli-
hood program [5] to

N(t)=Ae ™!+ B, 6y

where A is the decay rate of o-Ps in the cavity and B
is the intensity of uncorrelated background events.
Typically A/B = 500 at 80 ns beyond the prompt peak.
The fitted decay rate is observed to decrease by about
0.4% and asymptotically approach a constant value as
the starting point of the fitting program is successively
stepped out in 48 ns intervals from ¢ = 76 ns to £ = 700
ns. Consistent with ref. [4] the decay rate is a constant
beyond ¢ = 300 ns and we interpret this asymptotic
value to be the o-Ps decay rate in the cavity. In our
previous experiment the asymptotic approach was ob-
scured by an apparent systematic oscillation in the
fitted decay rate of 0.015 us~!. The decay rate at ¢
=300 ns was about 0.015 us—! below the value quoted
in ref. [1]. A second correction to this earlier work
will be discussed later.

If 0-Ps is free in the evacuated cavity with an aver-
age wall collision rate, v, the observed decay rate, A,
should be

ANg=A+Pw+ cvA/[S, 2)

where P, is the probability of annijhilation per wall col-
lision, S is the surface area of the cavity, 4 is the area
of the entrance hole and c is the probability that Ps
escaping out the entrance hole will not be detected.
The second term is the collisional pick-off rate and the
last term is the “disappearance” rate of Ps through the
entrance hole. If Ps bounces isotropically from a wall
the collision rate is proportional to the surface-to-
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volume ratio of the cavity and the average velocity, U,

v=(0/4)(S/V). (3)
Eq. (2) becomes
0 SNEP (V/A(S/V) +c(v/4)A/V). 4)

The decay rates observed using 3 different cavity
volumes (13 cm3, 29 cm3, and 58 cm3) with different
entrance hole areas are plotted versus A/V in fig. 2.
The fact that all the data lie on the same straight line
indicates that the dominant effect is due to the en-
trance hole. Since the surface-to-volume ratio (S/V)
for the smallest cavity is 1.7 times higher than the
largest cavity and the data are within one standard de-
viation (0.005 us—1) we estimate the pick-off term to
be less than 0.1%. For 1 eV Ps this corresponds to P,
<3 X 10™* compared to P, ~ 106 in bulk MgO
powder. In addition, the slope of the line in fig. 2 can
be related to the average velocity using eq. (4) once ¢
is known. We find that 0 corresponds to an energy of
approximately 0.7 eV, in good agreement with pre-
vious estimates of about 1 eV [1,6].

From fig. 2 it can be seen why the 1976 data are
too high. The relationship between cavity volume and
entrance hole effect was not understood. Only the 58
cm?3 cavity was used to estimate the effect of the en-
trance hole to be 0.01 us—! at 4/V'=15.5 X 10~3
cm~1L. This correction should have been 0.016 us—!
for the large cavity and 0.032 us~! for the two runs

(Psec-‘l) T T r T T T T T T LA S S

nr

708 H

7\107_ §/ plem) Llem) |
I §/ 0...25..25 *
/é'/ A... 38..25 )
705F e .38..5
7038, 4 8 12 16 20 24 . 28(x1073)
A/v {cm™)

Fig. 2. Plot of decay rate versus the entrance hole area-to-cavi-
ty volume ratio for three different cavities. Chi-square devia-
tion of weighted least-square linear fit is 1.3 for 5 degrees of
freedom. The probability for a chi-square so low is only 7%
and indicates that using the error estimate for the fitted decay
rate at ¢ = 300 ns is conservative.
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with the shorter cavity. With this correction and using
the fitted decay rate at ¢ = 300 ns the average of the
three 1976 runs is 7.053 + 0.008 us .

The data in fig. 2 are subject to a small volume-de-
pendent systematic shift in the horizontal axis due to
a small annular opening of 0.1 mm between the CEM
cone and the cavity wall. The resultant increase in the
Ps disappearance rate, assumed to be proportional to
A/V, was determined by using an enlarged opening of
1.0 mm. The intercepts in fig. 2 for the large and small
cavities should be decreased by 0.001 us—1 and 0.004
us~! yielding 7.052 £ 0.004 us~! and 7.050 * 0.005
us—1, respectively.

Fig. 3 shows the results of using the 29 cm3 cavity

with the CEM cone sealed to the cavity wall. The inter-

cept is 7.049 + 0.004 us—1. Averaging the intercepts
for each of the 3 cavity volumes yields 7.050 + 0.0025
us—1, This result is in agreement with the corrected
1976 data. The decay rate obtained by Canter et al.,
7.122 £ 0.012 us—1, even when corrected for an esti-
mated 0.025 us—! entrance hole effect is still signifi-
cantly higher than our present value.

In order to determine the vacuum decay rate of
0-Ps we have shown that the major correction to the
observed decay rates is associated with the cavity en-
trance hole and that it is well described by eq. (4). The
systematic error in making this extrapolation to A4/V
= 0 is negligible. By using cavities with S/V between
1.4 cm~1! and 2.4 cm~! we have shown that the col-
lisional pick-off term in eq. (4) is consistent with zero
at the level of 0.1%. The most significant remaining
systematic effect is due to the diffusion of o-Ps into
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Fig. 3. Plot of A versus 4/V for a 3.8 cm X 2.5 cm cavity. Chi-
square is only 0.1 for 2 degrees of freedom (see fig. 2 caption).
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the MgQ layer on the CEM cone where the decay rate
is about 3% higher [1] than the vacuum value. Since
the coating thickness of 0.05—0.1 mm is estimated to
be at least one diffusion length for 1 eV :Ps and all Ps

is formed on or in the cone layer some fraction of the
0-Ps will decay in the powder. In ref. [1] we showed
that after # = 35 ns no more than 10% of all o-Ps anni-
hilations occurred in the vicinity of the cone. At longer
times this fraction should decrease as Ps escapes from
the cone. The 0.4% drop in the fitted decay rate be-
tween ¢ = 76 ns and ¢ = 300 ns may be a manifestation
of the escape of Ps from the MgO coating. This effect
is further complicated by the nonuniform vy-ray detec-
tion efficiency since a systematically lower fitted decay
rate may result from the time-delayed escape of Ps
from a region of lower to higher detection efficiency.
However, if 5% of the o-Ps is inescapably trapped on
the MgO-coated cone with a 3% pick-off rate the ob-
served decay rate will be 0.15% higher than the vacu-
um value. Such an error cannot be ruled out at this
time since the effect would be independent of the cavi-
ty dimensions and show no decrease in the fitted decay
rate as the start channel is stepped out.

Adding the possible systematic errors in quadrature
yields, as a measurement of the vacuum decay rate of
0-Ps, A = 7.050 + 0.013 us~1. We note that if such sys-
tematic errors exist it is more likely that correction for
such errors will result in a lower decay rate.
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