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The lifetime of the first excited state of Ne?! was measured using a 50-channel time analyzer.
The measurements gave the value T1/42 =(6.2+6.2) X 107! gec. A brief description of the

time analyzer is given.

THE lifetime of the first excited state of Ne?!, at
0.35 Mev, has been measured with a Po-O'® neu-
tron source. The source was a solution of Po?!?
nitrate in water enriched to 24% in O, The

o8 (q, n) Ne?! reaction in the source is accompa-
nied by the 1.38 — 0.35-Mev gamma cascade. The
intensity of the direct transition from the second
excited state to the ground state is lower by at
least a factor of ten than the cascade transition.

The lifetime was measured using a multichannel
time analyzer. The use of multichannel analyzers
has various advantages over delayed coincidence
methods. In multichannel analyzers, the whole
time distribution of the pulses is taken simultane-
ously. This enables one to shorten the measuring
time, reduce the effect of instability of the appa-
ratus, and improve the statistical accuracy of the
measurement. Green and Bell! used a multichan-
nel analyzer successfully to measure the lifetime
of positrons in quartz crystals.

Our analyzer was built following the time-to-
pulse height conversion scheme proposed by Neil-
son and James.? A block diagram of the apparatus
is shown in Fig. 1. The detectors of the radiation
were 40 X 40 mm crystals of Nal (Tl) and FEU-1V
photomultipliers. The output signals from the anode
of each multiplier pass through the broadband am-
plified UR-3 to a pulse-shaping circuit. The posi-
tive rectangular pulses after shaping have an am-
plitude ~ 1.5 v and a duration of 2 X 1078 sec. The
time-to-pulse-height conversion circuit was built
like the one described in the paper of Neilson and
James.? The converter element was a 6A3P tube,
cut off by a pair of grids. When the positive rec-
tangular pulses are applied to both grids of the
tube, a charge is produced in the anode circuit
which is proportional to the time of overlap of the
input pulses. The output pulses from the converter
are amplified and pass through a gating circuit to
an AI-50 50-channel pulse analyzer. The gating
circuit is opened by pulses from a slow coincidence
circuit.
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FIG. 1. Block diagram of multichannel time analyzer.
1-FEU-1V; 2-200 Mcs amplifier; 3 — pulse-shaping cir-
cuit; 4 — converter circuit; 5-—delay line; 6 — preamplifier;
7 — linear amplifier; 8 —single-channel pulse analyzer;

9 — coincidence circuit with T = 2 x 1077 sec; 10— gating
circuit; 11— 50-channel pulse analyzer.

Amplitude discrimination on the pulses from
each detector is accomplished by using single-
channel analyzers in a slow coincidence circuit
with a resolving time of 2 x 1077 sec. The single
channel analyzers enable one to select gamma lines
of definite energy in each detector, and enable one
to improve the resolution of the time analyzer. A
calibration curve taken using self-coincidences
showed that the analyzer linearity is good in the
range from 3 X 10~ to 18 X 107? sec. The width
of the analyzer channels was 4.6 X 10710 sec.

After calibrating the analyzer, we introduced a
fixed delay line with a delay of 11 X 107? sec into
the second channel between the anode of the multi-
plier and the UR-3 amplifier. In this way the
“null” of the time analyzer was shifted to the
middle of the linear region of the calibration curve.
The single-channel discriminator of the first
counter was set to record y quanta with energy
0.35 Mev, the discriminator of the second counter
was set to record 7y quanta with energy 1.38 Mev.
The channel width of each discriminator was set
equal to the width of the photopeak.

With this setup, we used a Co% source to meas-
ure the resolution of the time analyzer. The first
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FIG. 2. Resolution curve of time analyzer.

counter recorded part of the Compton distribution
from the 1.17-Mev line, the second counter re-
corded the photopeak of the 1.33-Mev line. Since
the lifetime of the first excited state of Ni®® ig®
1.1 x 10712 sec, we could assume for our measure-
ments that the 1.17- and 1.38-Mev quanta are
emitted simultaneously. The resolving time was
27 = 4.5 x 107 sec (see .Fig. 2). The asymmetry
of the distribution curve is due to the difference
of excitation energy in the first and second crystal.
The operation of the analyzer was checked on a
source with an artificial “lifetime.” For this pur-
pose the Co®® source was placed between the de-
tectors, and the time distribution curve of artifi-
cially delayed pulses was measured. This curve
was determined from the sum of ten measurements,
made with different delay times of t; = At/2, t,
=ty + At, etc. A step delay line with At =4 x 1071
sec was introduced into the first channel of the
analyzer. The time of the measurement for each
delay t, was determined from the expression
Tp = const + exp (—-t,/®), where @ is the “life-
time.” The distribution curve of the delayed pulses
was compared with the prompt curve of the distri-
bution (Fig. 2), using Bay’s* method. For a source
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with an artificial “lifetime” ® =1 x 10~? sec, we
found experimentally a value (1.1 +0.1) X 107 sec.

The lifetime of Ne?! was measured by compar-
ing the distributions from the Po-0O! and Co®’
sources. The data were treated by Bay’s method*
and Newton’s method.” The half-life, found from
an average of nine measurements, is T, /2 = (6.2
+£6.2) x 1071 gee (where we give the mean square
error of the average). A correction for internal
conversion is not necessary in this case, since it
is 8 x107°,

Thus the upper limit on the half-life of the first
excited state of Ne?! is 1 x 107! sec.

Middleton and Tai® have shown that the spins
and parity of the ground and first excited states
of Ne? are %* and %"*. From measurements of
y-y angular correlation’ for Ne?! it follows that
the 0.35-Mev transition is dipole. The single par-
ticle model® gives a half life for a magnetic dipole
transition of Ty =6 % 107" sec.
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